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STELLINGEN 

1. 

Uitdrukkingen als "verbreking van diapauze" en "re-activatie van het diapauzerende 

insect" zijn misleidend, omdat ze suggereren dat het insect in diapauze fysiologisch 

inactief is. 

Beek, S.D. (1980). Insect photoperiodism 2nd edition. 

Academie Press, New York. 

2. 

Genetische bestrijding van kaspopulaties van Clepsis spectrana door het inkruisen van 

diapauze heeft geen kans van slagen. 

Dit proefschrift. 

3. 

Succesvolle toepassing van de verstoringstechniek ter bestrijding van schadelijke 

insecten, is in kasteelten wellicht mogelijk. 

Dit proefschrift. 

4. 

Men kan het bestaan van een afzonderlijk biotype van Clepsis spectrana in verwarmde 

kassen opvatten als fase in een proces dat kan leiden tot de vorming van een nieuwe 

soort. Men zou dit proces dan moeten omschrijven als soortvorming onder kunstmatig 

geschapen allopatrische condities. 

S. 

Een optimale toepasbaarheid van het onderzoek naar geïntegreerde bestrijdingsmethoden 

van ziekten en plagen kan slechts gegarandeerd worden indien een goede wisselwerking 

tussen onderzoek, voorlichting en praktijk aanwezig is. 

6. 

Het zoeken naar bruikbare alternatieven voor methylbromide dient hoge prioriteit te 

hebben. Toch is een algeheel verbod op het gebruik van dit middel met ingang van 1 

september 1983 ongewenst. Een selectief toelatingsbeleid verdient de voorkeur. 

7. 

Onderzoek naar de mogelijkheden om natuurlijke vijanden van schadelijke insecten en 

mijten resistent te maken tegen bestrijdingsmiddelen, dient te worden bevorderd. 



In het licht van recente ontwikkelingen is de omschrijving van doeltreffende toelatings

eisen voor andere dan chemische bestrijdingsmiddelen dringend gewenst. 

9. 

Bij de toelating van nieuwe bestrijdingsmiddelen in teelten waarin geïntegreerde 

bestrijdingsschema's goed functioneren, dient na toetsing de voorkeur uit te gaan naar 

niddelen welke bruikbaar zijn in die schema's. 

10. 

Financiering van niet-militaire wetenschappelijke activiteiten door de NAVO is ongewenst. 

Proefschrift van J. van den Bos 

The isolating effect of greenhouses on arthropod pests: a case-study on Clepeis speotrana 

(Lepidoptera: Tortricidae). 

Wageningen, 28 januari 1983 



Cover photo: 

Rose house in Aalsmeer (+ 1905). The walls were only man high, and the glass roof was 

removed in summer. In early spring, coal stoves were sometimes used for heating, to 

hasten the flower production. 

Aan mijn Ouders 

Aan Coby 



CONTENTS 

6 Photoperiodic response in greenhouse populations 

6.1 Laboratory experiments 

6.2 Outdoor experiments 

6.3 Discussion 

List of abbreviations and symbols 

1 Introduction 1 

1.1 The Clepsis speatrana problem 1 

1.2 Rose culture under glass in the Netherlands 2 

1.3 The greenhouse as an ecological island 2 

2 Literature 8 

2.1 Morphological aspects 8 

2.2 Bionomics 8 

2.3 Host plant range 10 

2.4 Distribution 13 

S Materials and methods 15 

3.1 Technical 15 

3.2 Experimental 16 

4 Non-diapause development 17 

4.1 Variability in the number of larval instars 17 

4.2 Rate of development at different temperatures 22 

4.3 Mortality and pupal body width at different temperatures 27 

5 Diapause in field populations 31 

5.1 Photoperiodic response curves 31 

5.2 Outdoor experiments 32 

5.2.1 Induction of diapause 33 

5.2.2 Resumption of moulting in spring 35 

5.2.3 Post-diapause development 35 

5.3 Influence of temperature and photoperiod on the instar in which 

diapause is entered 37 

5.4 Discussion 39 

40 

40 

40 

49 



7 Diapause of a field strain under greenhouse conditions 50 

7.1 Maintenance and termination of diapause without a period 

of chilling SO 

7.1.1 Greenhouse experiments 50 

7.1.2 Laboratory experiments 52 

7.2 Heredity of development duration in diapausing larvae 54 

8 Female sex pheromone 56 

8.1 Composition of the female sex pheromone 56 

8.2 Calling behaviour of virgin females in relation to the 

light-dark cycle 57 

8.3 Pheromonal trapping 58 

8.3.1 Outdoor trials 59 

8.3.2 Greenhouse trials 60 

8.4 Mating preference 62 

9 Hybridization 64 

9.1 Allozyme frequencies 64 

9.2 Crossing experiments 66 

9.2.1 F1 crosses 67 

9.2.2 F2 crosses 68 

9.2.3 Discussion 69 

9.3 Photoperiodic response in F1 hybrids 70 

10 Discussion 72 

11 Prospects of non-chemical control of greenhouse populations 11 

Summary 80 

Samenvatting 83 

Acknowledgements 86 

References 87 

Curriculum vitae 93 



LIST OF ABBREVIATIONS AND SYMBOLS 

STATISTICS 

P 

NS 

S 

n 

S.D. 

S.E. 

r 

t 
2 

X 

probability level 

not significant (P>.05) 

significant (P<.05) 

number of observations 

standard deviation 

standard error of the mean 

correlation coefficient (Pearson) 

t-statistic 

chi-square statistic 

°C 
cm 

h. 

Hz 

LD 

log. 

m 

ym 

mm 
2 

m 

sec. 

W 

degrees Celsius 

centimetre 

hours 

Hertz 

duration of the light period : 

hour cycle 

logarithm (base 10) 

metre 

micrometre 

millimetre 

square metre 

second 

Watt 

: duration of the dark period, in the 24-

SYMBOLS 

L1 

females 

males 

first larval instar 



1. INTRODUCTION 

1.1 THE CLEPSIS SPECTRANA PROBLEM 

The leaf-roller Clepsis spectrana Treitschke (Lepidoptera: Tortricidae, Tortricinae) 

(syn,: Cacoecia aostana F., Tortrix aostana Schiff.) is indigenous in the Netherlands. In 

the field, it is bivoltine (Graaf Bentinck & Diakonoff 1968). The second generation 

hibernates in the larval stage (Balachowsky 1966). In the open air, the larvae only 

occasionally cause damage (Alford 1976). In Dutch greenhouses, however, the species is an 

important source of economic damage. In greenhouse roses (Rosa hybrida) it is even the 

most important arthropod pest (Van de Vrie 1976). C. spectrana is reported to damage 

greenhouse roses in other countries: Denmark (Pape 1964), Germany (Feiter & Henseler 1971), 

and England (Burges & Jarrett 1978), but in contrast to the situation in the Netherlands, 

in these countries it is considered to be a minor pest. 

In greenhouses in the Netherlands, growth and reproduction of C. spectrana continue 

without diapause during winter. This has been observed on roses, Gerbera, Alstroemeria, 

and Bromeliaceae (Van de Vrie 1978, and pers. comm.). This may be due to a genetic 

adaptation to the environmental conditions in these heated greenhouses, where the 

difference between summer and winter temperatures does not exceed a few degrees, and 

suitable food is available all the year round. Artificial illumination is not given in 

these greenhouses, thus the daylength is always the same as outdoors. 

Traps baited with synthetic sex pheromone, that are effective in capturing males in 

the field (Minks et al. 1973), always give very poor results in greenhouses (Van de'Vrie 

1976). Thus the pheromone released by females occurring in greenhouses may be different. 

These phenomena give rise to the hypothesis that a separate greenhouse biotype of C. 

spectrana exists. Whether this biotype can maintain itself depends on the degree of 

isolation between field and greenhouse populations. 

Dutch greenhouse populations of C. spectrana have acquired reduced sensitivity to 

organophosphorus compounds and trichlorphon (M. van de Vrie, pers. comm.). The 

uninterrupted development and overlapping generations in greenhouses necessitate regular 

treatments with insecticides. 

Another major pest in greenhouse roses, the two-spotted spider mite, Tetranychus 

uvticae (Koch), can be controlled effectively in rose houses using phytoseiid predators 

(M. van de Vrie, pers. comm.). Biological control of T. uvticae is only applicable if C. 

spectrana is controlled in a way that does not affect the predatory mites. 



In order to find answers to the following questions investigations were undertaken: 

(a) does a separate greenhouse biotype of C. spectrana exist, and what are the 

characteristics of this biotype? (b) What mechanisms govern the isolation of field and 

greenhouse populations? (c) To what extent are these mechanisms of importance for the 

non-chemical control of C. speotrana populations in greenhouses? 

The following discriminating properties were investigated in both field and 

greenhouse strains: non-diapause development (chapter 4); induction, maintenance, and 

termination of diapause under both outdoor and greenhouse conditions (chapters 5-7); 

female sex pheromone and sexual behaviour (chapter 8); and genetic similarity (allozyme 

frequencies, crossing experiments) (chapter 9). 

1.2 ROSE CULTURE UNDER GLASS IN THE NETHERLANDS 

Rose culture under glass in the Netherlands started at the beginning of this century 

(Augustijn 1953). The culture was concentrated in the area round Aalsmeer until the end 

of the Second World War, since then the region round Naaldwijk has also become important, 

the rose grafts however still come from Aalsmeer (M. van de Vrie, pers. comm.). 

Every phase of the modern culture of greenhouse roses takes place under glass. New 

grafts are produced under glass (Gelein 1965), and new cultivars are developed in 

propagating houses, mainly in the Netherlands, France, England, and Germany (Van 

Marsbergen 1968). 

Greenhouse roses are cultivated all the year round. Sometimes the roses are rested 

for 4-6 weeks during winter, but never in all compartments of one rose house at the same 

time (Gelein 1965). During a resting period a compartment is kept frost free only (W. van 

Marsbergen Ing., pers. comm.). The earliest cultivar suited for cultivation without any 

resting period, "Better Times", was introduced in the spring of 1936 (Anonymus 1936). 

Continuous cultivation became customary, however, only long after the Second World War 

(W. van Marsbergen Ing., pers. comm.). 

1.3 THE GREENHOUSE AS AN ECOLOGICAL ISLAND 

The ecological conditions in greenhouses differ in many respects from those in the 

open field. The crops and the climate are different. A free exchange between the fauna of 

the greenhouses and the open air is hampered by the glass walls and roofs. 

The mean daily temperature in heated greenhouses is always higher than outdoors. In 

rose houses it is about 20°C in summer and 18°C in winter, while outdoors in the 

Netherlands it ranges from about 17°C in July to 2°C in January (Anonymus 1982). 

The difference in temperature in and outside a greenhouse is always greatest around 

2 p.m., even when the sky is cloudy (Hiller 1956). During a hot summer day, the surface 

temperature of leaves oriented perpendicularly to the sun radiation, can rise to 35-37°C 

in a ventilated greenhouse (Kanthak 1973). If these temperatures last for any length of 



time, they are lethal to many arthropod species. In an eggplant nursery in the South of 

France the number of the peach-potato aphid, My zus persiaae (Sulz.)> was considerably 

reduced, without damaging the crop, simply by closing the ventilators for some hours at 

mid-day in April. The air temperature rose up to 45 C, while the relative humidity 

remained at 70-80«. (Rabasse 1976). 

In summer greenhouses are never heated during the day, but incidentally at night in 

order to maintain the inside temperature above a certain level. Greenhouses are heated 

continuously in winter. Solar radiation only provides part of the required energy. At night 

the temperature is maintained at a certain minimum level, depending on the crop (Kanthak 

1973). A current minimum night temperature is 15°C. 

In greenhouses the relative humidity is usually lower than it is outside. The vapour 

pressure in a ventilated greenhouse and outdoors is about the same, but because of the 

higher temperature, relative air humidity is lower in the greenhouse (King 1970). In a 

closed heated greenhouse relative humidity is also lower than outside. The evaporation 

rate of the soil and plants is usually not sufficient to keep it higher than 50°s. The 

relative humidity is similar to that outdoors when heating is cut down, and may 

occasionally approach 100% (Kanthak 1973). The humidity is sometimes increased 

artificially, depending on the requirements of the crop. 

The spectral composition of the radiation inside greenhouses differs from that 

outdoors. The glass walls transmit about 901 of the radiation from 0.4 to 2.7 ym 

wavelength, whereas short wave ultra-violet light is almost completely absorbed (Mackroth 

1971). The absence of ultra-violet radiation facilitates the use of baculoviruses as 

control agents against noxious insects in greenhouse cultures (Vlak et al. 1982). 

The isolating effect of greenhouses on arthropod pests contributes to the 

effectiveness of control measures, but also to the development and maintenance of 

pesticide resistance in greenhouses. Because of the special conditions mentioned above, a 

specific fauna exists in greenhouses, and the use of exotic predators and parasites for 

biological control is possible. The greenhouse environment acts as a "sieve" only allowing 

such species to thrive that are adapted to these conditions. 

Sometimes these are exotic species that cannot thrive in the open in the Hitch 

climate. Some examples of economic importance are: 

a. The beet army worm, Spodoptera exigua Hb. (Lepidoptera: Noctuidae), probably was 

introduced from Florida into Dutch greenhouses on infested Chrysanthemum cuttings. At 

present, it is a serious pest in the Dutch floriculture, especially on Chrysanthemum 

and Gerhera (Van de Vrie 1977). The species does not enter diapause (Fye & Carranza 

1973). In the open in the Netherlands migrants from the Mediterranean area are 

occasionally found (Lempke 1963), which have been transported passively in atmospheric 

depressions (French 1969). Sometimes they reproduce, but the populations invariably do 

not survive the Dutch winter (Lempke 1963). 

b. The leafminer Lyriomyza trifolii Burgess (Diptera: Agromyzidae) is a pest on greenhouse 

Chrysanthemum in North-America (Spencer 1973), and on celery in Florida (Spencer 1982). 



It has recently established in greenhouses in the Netherlands, causing economic damage 

to Chrysanthemum, Gerbera, and Gypsophila. It has also been recorded on tomatoes (M. 

van de Vrie, pers. comm.). The centre of distribution of L. trifolii at present 

appears to be Florida (Spencer 1973). The species is not known to enter diapause. It 

can survive in areas where the winters are invariably severe, with sub-zero temperatures 

for extended periods, but it only thrives in subtropical and tropical conditions. In 

Western Europe there is little likelihood of it ever becoming established as a pest 

outside greenhouses (Spencer 1982). 

c. The greenhouse whitefly, Trialeu.rod.es vaporariorum Westw. (Homoptera: Aleyrodidae), is 

a cosmopolitic species of American origin, and a well-known pest insect on a wide 

variety of greenhouse crops. It is not known to enter diapause. In the open in the 

Netherlands the species is occasionally recorded, overwintering on frost-hardy plants 

in sheltered places. It is still not clear to what degree the species can survive the 

Dutch winter (Bink et al. 1980). 

Indigenous species may penetrate into greenhouse cultures, but in order to pass the 

"sieve" they have to adapt to greenhouse conditions. 

An example is the two-spotted spider mite, Tetranychus urtiaae (Koch). Its diapause 

is induced by short daylength. At 20°C, a regime of short photoperiods evokes only a 

small percentage of diapause forms in rose house populations, while local populations from 

wild plants completely enter diapause under these conditions. This genetic adaptation 

enables year-round development of the mites in heated greenhouses. Rose house populations 

are resistant to organophosphorus compounds, whereas local populations on wild plants are 

not. Diapause and resistance are not genetically linked in T. urtioae (Helle 1962). 

Resistance to compounds that were used until 1966, was still present in 1973, roughly 100 

generations later. This demonstrates that rose house populations of T. urtiaae maintain 

themselves for many years in spite of intensive chemical control (Overmeer et al. 1980). 

The natural enemies of T. urtiaae that are found outdoors, do not occur in greenhouses 

(M. van de Vrie, pers. comm.). 1. urtiaae in greenhouse cucumbers is effectively controlled 

by the release of exotic predators, Phytoseiulus persimilis A.-H. (Woets 1976). Genetic 

exchange between field and rose house populations of T. urtiaae is limited, for several 

reasons (Overmeer et al. 1980): (a) the greenhouse environment holds an ecological paradox: 

short days in the autumn induce diapause, but the period of chilling required for diapause 

termination is absent in heated greenhouses; immigrant mites from outside are trapped by 

the peculiar environment, (b) Hybrid females exhibit partial sterility, (c) Local mites 

from wild plants are very sensitive to the current acaricides, and (d) immigration of 

local mites from the field may be restricted. 

Another example is the peach-potato aphid, My zus persiaae (Sulz.). It usually is 

heteroecious, but anholocyclic forms are often found in Western Europe. These forms 

continue reproducing by parthenogenesis and survive the winter on secondary hosts, either 

in the field on winter-standing crops such as kale or cabbage, or in more sheltered places 

such as greenhouses, if suitable host plants are present. Similar life-cycles, in which 

various overwintering strategies coexist, may apply to a number of other indigenous aphid 

http://Trialeu.rod.es


species (Blackman 1974). Wyatt (1965, 1966) considers that populations of M. persioae in 

Chrysanthemum nurseries are strongly isolated. The same pattern of insecticide resistance 

was found in colonies from six different nurseries, and from a cutting producer, in the 

South of England. Probably a single resistant clone, selected by the intense insecticide 

programmes used by the cutting producers, became distributed throughout the English 

Chrysanthemum industry. Most commercial chrysanthemums are raised from cuttings supplied 

by a small number of specialist propagators. 

Boettger (1929) investigated the fauna of different hothouses in Berlin. Besides 

indigenous species, he found many species of nearctic, Mediterranean, or tropical/ 

subtropical origin. In the South of Italy, greenhouse faunas mainly consist of indigenous 

Mediterranean species (Boettger 1930). The adventive fauna in heated greenhouses in the 

Netherlands has been surveyed by Meeuse (1943), Van Oostrom (1944), Holthuis (1945), 

Meeuse & Hubert (1949), and Van der Hammen (1949, 1969). 

Arthropods from the open field can enter greenhouses in different ways: 

a. Winged adults may enter through the ventilators, or through the doors when they are 

left open. The likelihood of such an event depends on the species. The chance may be 

the highest among insects that fly in large numbers and are transported passively by 

wind during the day, when greenhouses are ventilated (e.g. aphids, Thysanoptera), and 

among other kinds of insects with a strong flight activity, such as bees and 

bumblebees. 

De Brouwer & Van Dorst (1975) state that aphids of the Aphis gossypii (Glover) 

group can colonize greenhouse cucumbers through the ventilators. Cucumber growers in 

the past had to protect their crop against bees by screening the ventilators with 

gauze, to prevent pollination of the crop (De Brouwer & Van Dorst 1975). 

b. Unwinged arthropods may penetrate greenhouses by aerial transport. Barel (1973) states 

that young larvae of the summerfruit tortrix moth, Adoxophyes orana (F.v.R.), floating 

on their threads in the air, may be transported by wind, and that this mechanism is of 

importance for the dispersal of the species. This may also apply to other tortricids. 

Van de Vrie et al. (1972) have reviewed the literature on air-borne transport of 

tetranychid mites. 

c. Other species, such as predatory mites, and species that live under stones, on old 

walls etc., and that like to penetrate cellars (Boettger 1932), may enter greenhouses 

walking, e.g. through crevices between the panes or through the ventilators. Other 

species may penetrate through the soil. 

d. Arthropods (e.g. eggs and young larvae, that can easily be overlooked) may be brought 

into greenhouses with plant material, tools or mould. On plant material, species from 

foreign countries may also gain entry to greenhouses. 

Migrations from greenhouse to greenhouse may occur in the following ways: 

a. Transport with plant material from other nurseries, notably proapagating houses. 

b. Small leaf-dwelling species that readily attach to clothes (e.g. mites, Thysanoptera, 



aphids, and whiteflies), may also be transported by humans, 

c. Occasionally active migration from greenhouse to greenhouse may occur, sometimes with 

an intermediate generation in the open air. Lyriomyza tvifolii has been found on beans, 

and Spodoptera exigna on beet close to infested greenhouses (M. van de Vrie, pers. 

comm.). 
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Photo 1. Clepsis spectrana, female moth on a rose leaf. Wing span about 20 mm. The 
species does not show a pronounced sexual dimorphism. 
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Photo 2. Leaf damage to greenhouse roses, caused by Clepsis spectrana. 



2. LITERATURE 

2.1 MORPHOLOGICAL ASPECTS 

The morphology of C. speetrana has been described by: Kennel (1910), Swatschek (1958), 

Balachowsky (1966), Graaf Bentinck & Dlakonoff (1968), Bradley et al. (1973), Razowski 

(1979), and many others. 

The forewing coloration of the adult (photo 1) is extremely variable. The ground 

colour varies from whitish ochreous to yellowish or reddish brown, and the brown 

irroration may be either obsolescent or heavy. The forewings usually have dark brown 

markings, but monochrome specimens also occur. These variations were also observed in 

field populations from Urtica dioioa, and in greenhouse populations from roses and 

Gerbera in the Netherlands. 

The larvae also vary in colour. Kennel (1910) reports that they are brown-green 

with whitish pinacula and black head and plates. After Bradley et al. (1973) they are 

greyish olive-green varying to brown, paler ventrally, with a whitish subspiracular line, 

cream-white pinacula and a concolorous black irrorated anal plate. The head and the 

prothoracic plate are black to blackish brown. According to Swatschek (1958) the larvae 

are brown with black-brown plates and head. In both field and greenhouse populations in 

the Netherlands, it was observed that the colour of the larval abdomen varies from 

brown-green to brown. 

Wit (1978) compared a population from Urtica dioioa near Wageningen with a non-

diapausing population from a rose house in Aalsmeer. He investigated the morphology of 

the larvae, pupae and moths, the anatomy of the adult genitalia, and the chaetotaxy of 

the larvae. He could not find any difference between the two populations. 

2.2 BIONOMICS 

The eggs are deposited in small batches, covered with a gelatinous layer, on the 

host plant (Bradley et al. 1973). Species of the genus Clepsis (Guenée) usually lay their 

eggs on the upper side of the leaves (preferably on a major leaf vein or other small 

depressions in the epidermis), on the stems or on the bark (Razowski 1979). This has been 

observed in both field and greenhouse populations of C. speatrana: in the field on 

stinging nettles {Urtica dioica L.), and in greenhouses on roses (Burges & Jarrett 1978; 

own observation), Gerbera, and Cyclamen. The egg masses consist of reticulate oval eggs 

that overlap like shingles on a roof. 

In the field, the larvae feed on the leaves, the leaf stems, the shoots, the 



Photo 3. Flower bud of greenhouse roses, attacked by Clepsia speetrana. 
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Photo 4. Clepsis speatvana larva. It has spun the top leaves of a rose 
shoot together. 


