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Abstract

Bos, J. van den, [983. The isclating effect of greenhouses on arthropod pests and its
significance for integrated pest management: A case study on Clepsis spectrana (Lepidoptera:
Tortricidae). Agric. Res. Rep. (Versl. landbouwk. Onderz.} 924, ISBN 90 220 0839 8, (wii) +
92 p., 19 figs, 4 photegraphs, 33 tabhles, 159 refs, Eng. and Dutch summaries.

Also: Doctoral thesis, Wageningen.

Clepsis spectrana is a tortricid that is indigenous to the Netherlands. It is a pest in
several greenhouse cultures there. The greenhouse populations of this species have adapted
te their enviromment, which has ne cold period, by losing their ability te enter diapause.
Even when reared under outdoor conditions, no diapause is induced in the greenhouse type.
The field type enters a photoperiedically induced larval diapause, even whern reared under
greenhouse conditions. The instar in which diapause is entered depends on the photoperiod.
The duration of diapause in a greenhouse can be shortened rapidly by selection. Reproductive
isolation between the field type and the greenhouse type does not appear in any form. The
glass walls and roofs to a large extent limit free introgression of the field type into
resident greenhouse populations by prohibiting immigrations into the greenhouse and by
creating a different enviromment, in which year-round development of the greenhouse type
is possible. Based on this research, the petrspectives of different non-chemical control
methods of the greenhouse populations of C. spectrana are discussed.

Free descriptors: greemhouse cultures, Tortricidae, growth & development, diapause, sex
pheromone, calling behaviour, pheromonal trapping, mating preference, allozymes, inter-
strain crossings, non-chemical control.
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1 Introduction

1.1 THE CLEPSIS SPECTRANA PROBLEM

The leafroller Clepsts spectrana Treitschke {Lepidoptera: Tortricidae, Tortricinae)
(syn.: Cacoecia costana F., Toririx costana Schiff.) is indigenous to the Netherlands. In
the field, it is bivoltine (Graaf Bentinck & Diakonoff 1968). The second generation
hibernates in the larval stage (Balachowsky 1966). In the copen air, the larvae only
occasionally cause damage (Alford 1976). In Dutch greenhouses, however, the species is an
important source of economic damage. In greenhouse toses (Aosa 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 only a minor pest. i

In greenhouses in the Netheriands, growth and repreduction of ¢. speetrana 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 envirommental conditions in these heated greenhouses, where the
difference between sunmer and winter temperatures is small, and suitable food is available
all year round. Artificial illumination is not used in these greenhouses, thus the day
iength is always the same as outdoors.

Traps, baited with synthetic sex pheromone, that are effective for capturing males in
the field (Minks et al. 1973) always give very poor results in greemhouses (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 type of C.
spectrana exists. Whether this type can maintain itself depends on the degree of
isolation of the field populations and the greenhcuse populations.

Dutch greenhouse populations of €. spectrana have acquired reduced sensitivity to
organophosphorus compourds and trichlerphon (M. van de Vrie, pers. comm.). The
uninterrupted development and coverlapping generations in greenhouses necessitate regular

treatments with insecticides.
Ancther major pest in greenhouse roses, the two-spotted spider mite, Tetranmychus

urticae (Koch), can be controlled effectively in rose houses using phytoseiid predators
(M. van de Vrie, pers. comm.) but biological control of I. urticze is only feasible if C.
spectrana is contrelled in a way that does not affect the predatory mites.



1.2 ROSE CULTURE UNDER GLASS IN THE NETHERLANDS

Rose culture under glass in the Netherlands started at the begimning of this century
(Augustijn 1953}, Until the erd of the Second World War, culture was concentrated in the
area round Aalsmeer. Since then the region round Naaldwijk has also become important,
although the rose grafts still come from Aalsmcer (M. van de Vrie, pers. comm.).

Every phase of the modern culture of grecnhousc roses takes placce under glass. New
grafts arc produced under glass [Gelein 1965), and new cultivars are developed in
propagating houses, mainly in the Netherlands, I'rance, England, and Cermany {Van
Marshergen 1968).

Greenhouse roses are cultivated all the year round. Sometimes the roses are “rested”
for 4-0 weeks during winter, but never in all compartments of one rTose house at the same
time (Gelein 1965). During a resting period a compartment is kept frost free only (W. van
Marsbergen, pers. comn.). The first cultivar suited for cultivation without any resting
period, "Better Times", was introduced in the spring of 1936 {Anomymus 1936). However,
continuous cultivation only became customary long after the Second World War (W. ven

Marsbergen, pers. comm.).
1.3 THE GREENHOUSE AS AN ECOLOGICAL ISLAND

The ecolegical conditions in greenhouses differ in many respects from those in the
open field, The crops and the climate are different, and 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 hcated 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 1s always greatest around
1400 h, even when the sky is cloudy (Hiller 1956). During a hot summer day, the surface
temperature of leaves perpendicular to the sun's radiation can rise to 35-37°C in
a ventilated greenhouse (Kanthak 1973). If these temperatures last for any lenghth of
time, they are lethal to many arthropod species. In an eggplant nursery in the South of
France the mmber of the peach-potato aphid, Myzus persicae (Sulz.), was considerably
reduced, without damaging the crop, simply by closing the ventilators for some hours at
midday in April. The air temperature rose up to 45°C, while the relative humidizy
remained at 70-80% (Rabasse 1976).

In summer, greenhouses are never heated during the day, only incidentally at night,
to maintain the inside temperature above a certain level. Greenhouses are heated
contimuously 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
1673}, A common minimum night temperature is 15%.

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 hecause of the



higher temperature, relative air humidity is lower in the greenhouse (King 1970). In a
closed, heated greenhouse, relative humidity is also lewer than outside. The evaporation
rate ¢f the soil and plants is usually not sufficient to keep it higher than 50%. The
relative humidity is similar te that outdcors 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 90% of the irradiation of wavelengths from 0.4
to 2,7 um, 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. 19821).

The isolating effect of greenhouses on arthropod pests contributes to the
effectiveness of control measures, but alsc 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 enviromment acts as a "'sieve', only allowing
such species teo thrive that are adapted to these conditions.

Sometimes these are exotic species that camnot thrive in the open in the Dutch
climate. Some examples of econcmic importance are:

a. The beet army worm, Spodoptera exigua Hb. (Lepidoptera: Noctuidae), was probably
intreduced from Florida inte Dutch greenhouses on infested Chrysanthemum cuttings. At
present, it is a serious pest in the Dutch floriculture, especially on Chrysanthemamn
and Gerbera (Van de Vrie 1977). The species has no diapause (Fye & Carranza 1973).

In the Netherlands, migrants from the Mediterranean area are occasionally found
outdoors (Lempke 1963), having been transported passively in atmospheric depressions
(French 1969), Sometimes they reproduce, but the populations invariably de not survive
the Dutch winter {Lempke 1963).

b. The leafminer Lyriomysa trifolii Burgess {Diptera: Agromyzidae), is a pest on greenhouse
Chrysanthemum in North America (Spencer 1973), and on celery in Florida (Spencer 1982).
It has been observed recently in greenhouses in the Netherlands, where it causes
economic damage to Chrysanthemim, Gerbera and Gypsophila. It has also been observed
on tomatoes (M. van de Vrie, pers. comm.). The centre of distribution of L. trifoifi
at present appears to be Florida {Spencer 1973). The species is not known to enter
diapause, Tt can survive in areas where the winters are invariably severe, with sub-
zeto 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).

a cosmopolitan species of American origin, and a well-known pest insect on a wide
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 found 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 greernhouse cultures, but in order to pass the
"sieve'' they have to adapt to greenhouse conditions.

An example is the two-spotted spider mite, Tetranychus wrticaz (Koch). Its diapause
is induced by short daylength. At ZOOC, a regime of short photopericds evokes only a
small percentage of diapause forms in rose house populations, while local populations from
wild plants completely enter diapause under these conditicns. This genetic adaptation
enables year-round development of the mites in heated greenhouses. Rose house pepulaticns
are resistant to organophosphorus compounds, whereas local populations on wild plants are
not. {Note: diapause and resistance are not genetically linked in 7. wurticae (Helle 1902)).
Resistance to compounds that were not used after 1966 was still present in 1973, roughly 100
generations later. This demonstrates that rose house populations of T. wrticee maintain
themselves for many years in spite of intensive chemical contrel (Overmeer et al. 1580).

The natural enemies of 7. wriicge that are found ocutdcors do not occur in greenhouses

(M. van de Vrie, pers. comm.). T. wurticge in greenhouse cucumbers is effectively controlled
by the release of exotic predators, Phytoseiulus persimilis A.-H. (Woets 1976). Gemetic
exchange between field and rose house populations of 7. wrticae 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 arec trapped by

the peculiar enviromnment. (b) Hybrid females exhibit partial sterility. (c) Local mites

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

local mites from the field may be restricted.

Another example is the peach-potate aphid, Myzus persicae (Sulz.). It is usually
heteroecious, but anholocyclic forms are often found in Western Furope. 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 tc a number of other indigenous aphid
species (Blackman 1974). Wyatt (1965, 1966) considers that populations of M, persicge in

Chrysanthemin nurseries are strongly isclated. The same pattern of ingecticide 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
Chrysanthemwn 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
Meditexranean 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),

a.

&

I

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

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
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 strong flight activity, such as bees and
bumblebees.

De Brouwer & Van Dorst (1975) state that aphids of the Aphie goseypii {Glover)
group can colonize greenhouse cucumbers by entering the houses through the ventilators. In
the past, cucumber growers have had to protect their crop against bees by screening the
ventilators with gauze, to prevent pollination of the crop (De Rrouwer & Van Dorst 1975).

. Wingless arthropods may penetrate greenhouses by aerial tramsport. Barel (1973) states

that young larvae of the summer-fruit tortrix moth, Adoxzophyes orana (F.v.R.), floating
in the air on their threads, may be transported by wind, and that this mechanism is
important 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.

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

and that like to penetrate cellars {Boettger 1932), may walk into greenhouses, for
example through crevices between the panes or through the ventilators. Other species may
penetrate through the soil,

Arthropods (e.g. eggs and young larvae, that can easily be overlooked) may be brought
into greenhouses with plant material, tools or mould. Species from foreign countries may

gain entry to greenhouses on plant material.

Migrations from greenhouse to greenhouse may occur in the following ways:
Transport with plant material from other nurseries, notably propagating houses.

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

aphids, and whiteflies may also be transported by humans.

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

an intermediate generation in the open air. Lyriomyza trifolii has been found on beans,
and Spodoptera exigua on beet close to infested greenhouses (M. van de Vrie, pers. comm.).

1.4 PURPOSE CF RESEARCH

Research was carried out to find answers to the following questions:

{a) does a separate greenhouse type of (. spectrgna exist, and what are the characteristics

of

this type? (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.

spectrana populations in greenhouses?



Photo 1. Clepsis speciranc, female moth on a rose leaf. Wing span about 20 mm. The
species does mot show a pronounced sexual dimorphism.

Phote 2. Leaf damage to greenhouse roses, caused by (lepails spectrana.



The research comprised investigation of the following discriminating properties of
field and greenhouse strains (the term '"strain" refers tc the common origin of specimens
reared in the laboratory): 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).



2 Literature

2.1 MORPHOLOGICAL ASPECTS

The morphology of C. spectrana has been described by Kennel (1910}, Swatschek {1938},
Balachowsky (1966), Graaf Bentinck & Diakomoff (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 ochrecus to yellewish 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 have alsc been cbserved in
field populations on Urtiea diotea, and in greenhouse populations on roses and Gerbera in
the Netherlands.

The larvae also vary in cclour. Kennel (1910) reports that they are brown-green
with whitish pinacula and black head and plates. According to Bradley et al. (1973) they are
greyish olive-green varying to brown, paler ventrally, with a whitish subspiracular line,
cream-white pinacula and a concclorous 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 beth 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 on Uritica dioieq 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 gelatincus 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 greenmhouse pepulations of €. spectrana: in the ficld on
stinging nettles (Urtice dicica L.); and in greenhcuses on roses {Rurges & Jarrett 1978,
own observation), Gerbera, and Cyclomen. The egg masses consist of reticulate cval eggs

that overlap like shingles of a roof.

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



Photo 3. Flower bud of greenhouse roses that has been attacked by Clepsie
gpectrana.

Phote 4. Clepsis spectrana larva. It has spun the top leaves of a rose
shoot tegether.



flowers, the flower buds, the fruits, and the seeds of the hest plant (Spuler 1910;
Schiitze 1933; Graaf Bentinck & Diakonoff 1968; Vernon 1971; Bradley et al. 1973;
Razowski 1979). Larval feeding behaviour on greenhouse roses is as follows. The young
larvae nibble the superficial tissues at the bottom of the leaves. Older larvae feed on
the leaves and the leaf stems. They alsc burrow in the stems, flower buds, and flowers,
causing severe economic damage (Van de Vrie 1978) (photes 2 and 3}.

The older larvae build shelters by spinning the leaves or the flowers of the host
plant together (Bradley et al, 1973) (photc 4). They do this more than once during
their development (Burges & Jarrett 1978; own observation). When young larvae are
disturbed, they drep on silken strands cn which they may be carried about in the
surroundings by alr currents. Older larvae, when disturbed, can escape abruptly from their
webbing, with twisting movements (Balachowsky 1966; Van de Vrie 1978). Rose growers in the
area round Aalsmeer call tortricids on their crop "rozenijltjes', This name refers to the
characteristic larval escape behaviour.

Pupation takes place within the larval hahitation (Balachowsky 1966; Bradley et al.
1973; Van de Vrie 1978). This has been observed during our investigations on Urtica
dioiea in the field, and on roses, Gerbera and Cyclamen in greenhouses in the
Netherlands.

Female moths do not need any food for their oviposition. When newly emerged males
and females are brought together at room temperature, oviposition usually starts during
the second or third night. Most of the eggs are laid within three nights ([Kuperus 1977).

Like all species of the genus Clepsis {Guenée), . spectrana overwinters in the
larval stage (Razowski 1979). Hibernation starts when the larvae have completed about
half their development (Balachowsky 1966). The hibernacula are made in sheltered places,
at or close to the host plant (Picard 1912; Van Rossem et al. 1971; Vernon 1971).

The first flight in the Netherlands usually occurs in May and June, and the second
in August and September {Graaf Bentinck & Diakonoff 1968). Light trap records from the
experimental orchard '"Schuilenburg'™ (from 1375 until 1981), by De Jong {(1966), and A.
van Frankenhuyzen (from 1954 to 1958, at 10-12 different locations), indicate that the
first flight usually starts in the second half of May. Sometimes, in a cold spring, the
earliest moths only appear in the first week of June. The first and the second flight
sometimes overlap. Flight activity then continues throughout July. The second flight
sometimes lasts until mid-October. De Brouwer & Lempke {1973) even caught (. specirang
moths as late as the 25 October., During the second flight period more moths are always
caught than during the first.

2.3 HOST PLANT RANGE

The species has been recoerded on the following plants:



Wild plants

Fam. AQUIFOLIACEAE: Tlex aquifolium (Bradley et al. 1973). Fam. BORAGINACEAE: Symphytum
spp. (Schiitze 1931}. Fam. COMPOSITAE: Artemisia maritima (Bradley et al. 1973); Aster
tripciium (Bradley et al. 1973); Centaurea spp. (Balachowsky 1966); Cirsium arvense
{collections Museum of Natural History, Leiden). Fam. CRUCIFERAE: Lepidium $p.
(collections Museum of Natural History, Leiden); Nasturtium palustre (Schiitze 1931);
Rorippa spp. (Kostiuk 198(). Fam. CUPULIFERAE: Guercus sp. (Bradley et al. 1973). Fam.
CYPERACEAE: Seirpue lacustris (Schiltze 1931). Fam. EQUISETACEAE: Eguisetum spp. (stem top)
(Kostiuk 1980). Fam. EUPHORBIACEAE: Euphorbia palustris (Schutze 1931). Fam. GRAMINEAE:
Avundo phragmites (Balachowsky 1966); Glyceria spectabilis (Schiltze 1931); Glyceria
maxima (Kostiuk 1980}; grass (Stange 1899); Phragmites spp. {Schiitze 1931). Fam.
IRIDACEAE: Iris pseudacorus (Schiitze 1931). Fam. ONAGRACEAE: Epilobtum angustifolium
(Balachowsky 1966}, Epilobium hirsutwm (Schiitze 1931); Epilobium palusire (Balachowsky
1966} . Fam. PAPILICNACEAE: Medicage spp. (Kostiuk 1980); Trifoliwm spp. (Kostiuk 1980).
Fam. PLUMBAGINACEAE: Limonium vulgare (Bradley et al. 1973). Fam. POLYGONACEAE: Rumex
spp. (Balachowsky 1966)., Fam. POMACEAE: Cratgegue sp. (Van de Vrie 1978). Fam.
PRIMULACEAE: Lyeimachia spp. (Stange 1899). Fam. ROSACEAE: Comarum palustre (Balachowsky
1966); Filipendula ulmaria (Kostiuk 1980}; Potentilla spp. (Bradley et al. 1973); Rubus
sp. (Van de Vrie 1978); Spirea spp. (Schiitze 1931). Fam. SALICACEAE: Salix sp. (Van
Poeteren 1941). Fam. UMBELLIFERAE: Zcuta vircsa (Balachowsky 1960); Pastinaca sativa
(collections Museum of Natural History, Leiden). Fam. URTICACEAE: Urtica diotea (own
observation); Urtica spp. (Balachowsky 1966). Fam VALERIANACEAE: Valertana sp.
(collections Miseum of Natural History, Leiden). Fam. VIOLACEAE: Viola spp. (Balachowsky
1966) .

Cultivated plants in the open air

Fam. CARYOPHYLLACEAE: carnation (Pfanthus barbatus and D. caryophyllus) in the open air
in Germany (Hahn 1978), and in the Netherlands {Van Frankenhuyzen & De Jong 1964). Fam.
CHENOPODIACEAE: sugar beet (Beta vulgaris) in the Netherlands (Van Rossem et al. 1971).
Fam. CONIFERAE: larch (fLarix sp.) in Germany (Bodemstein 1955); Pinus radiata seedlings
in England (Alford 1976). Fam. CRUCIFERAE: rapeseed (Brassiea napus) in the Netherlands
(Van Rossem 1950); cauliflower (Brassica oleracea) in the Netherlands (Van Poeteren 1930);
sprouts (Brassica oleragea) in the Netherlands (De Brouwer 1970). Fam. IRIDACEAE: Iris sp.
in the open air in the Netherlands (Van Frankenhuyzen & De Jong 1964). Fam. LILIACEAE:
onion [Ailliwm cepa) in England (Alford 1976); Liliwn candidum (Balachowsky 1966). Fam.
PAPILICNACEAE: lucerne (Medicago sativa) in the Netherlands (Van Poeteren 1935); pole
beans (Phaseolus vulgaris) in the Netherlands (Van Frankenhuyzen & De Jong 1964); broad
beans (Vieia faba) in the Netherlands {files Plant Protection Service, Wageningen). Fam.
POLYGONACEAE: rthubarb (fkewn sp.) in England (Alford 1976}. Fam. POMACEAE: pear (Pyrus
communis) in the Netherlands {Van Rossem et al. 1971); apple (Pyrus malue) in the
Netherlands (Kuchlein & Helmers 1963; Van Frankenhuyzen & De Jong 1964; De Jong 1966;
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Van Rossem et al. 1971). Fam. RIBESIACEAE: black currant (Ribes nigrwm} in England (Dicker
1972); red currant (Ribes rubrum) in the Netherlands {[files Plant Protection Service,
Wageningen). Fam. ROSACEAE: cultivated strawberry (Fragarig sp.) in England (Vernon 1971),
in Hungary (Baldsz 1968), and in the Netherlands (files Plant Protection Service,
Wageningen; own cohservation); cultivated roses (Rosa hybrida) in the open air in Germany
(Hahn 1978}, in Poland near Poznan (Dr. T. Baranowski, pers. com. )}, and in the
Netherlands (Van Poeteren 1941). Fam, SALICACEAE: poplar (Popuius sp.} in Germany (Hahn
1978). Fam. URTICACEAE: hops (Humulus lupulus) in England (Vernon 1971). Fam. VITACEAE:
vines (Vitts sp.) in Germany (Schwangart 1911, 1912; Hering 1963}, and in the South of
France (Picard 1912}, mainly in low lying poorly drained vineyards.

Plants in greenhouse cultures

Fam. ALSTROEMERIACEAE: Alstrosmeria sp. in the Netherlands (Van de Vrie 1578) (Herbert
(1837), Schenk (1855), Baker (1888} and Wettstein (1935) attribute Alstrcemeria to the
family Amaryllidaceae; Buxbaum (1951, 1954) attributes it to the family Liliaceae). Fam.
AMARYLLIDACEAE: Hippeastrum sp. in the Netherlands (files Piant Protection Service,
Wageningen}. Fam. ARACEAE: Anthuriwm sp. in the Netherlands (van de Vrie 1976). Fam.
ARALTACEAE: Fateila japonica in the Netherlands (files Plant Protecticn Service,
Wageningen). Fam. BALSEMINACEAE: balsemina {Impatiens s$p.} in Germany {Bodenstein 1952}.
Fam. BEGONIACEAE: Begown<a sp. in the Netherlands (Van de Vrie 1976). Fam. BROMELIACEAE:
Bromeliaceae in the Netherlands {(Van de Vrie 1978). Fam. CACTACEAE: Zygocactus truncatus
in the Netherlands (Van Rossem et al. 1968); Rhipsalidopsis sp. in the Netherlands (files
Plant Protection Service, Wageningen). Fam. CARYOPHYLLACEAE: carnation (Dianthus
caryophylive) under glass in the Netherlands (Van Frankenhuyzen & De Jong 1964}. Fam.
COMMELINACEAE: Tradeseantia sp. in Germany (Bodenstein 1952). Fam. CCMPCSITAE: greenhouse
Chrysanthemen in the Netherlands (files Plant Protection Service, Wageningen}; Gerbera sp.
in the Netherlands (Van de Vrie 1976) and in Germany (Hahn 1978); lettuce (Zactuca sativa)
in the Netherlands (Van Frankenhuyzen & De Jong 1964} and in England (Alford 1976). Fam,
CRASSULACEAE: Kalancho& sp. in the Netherlands (Van de Vrie 1978). Fam. CRUCIFERAE: stock
(Matthiola incana) in the Netherlands (Van Frankenhuyzen & De Jong 1964). Fam.
CUPRESSACEAE: Cupressus macrocarpa in the Netherlands (files Plant Protection Service,
Wageningen). Fam. ERICACEAE: azalea (Rhododendron sp.) in the Netherlands (Van de Vrie
1678). Class FILICES: fern in Bngland (Miles & Miles 1948). Fam. GERANIACEAE: geranium
(Pelargonium sp.) in the Netherlands (files Plant Protection Service, Wageningen], and in
England (Verncn 1971). Fam. LILIACEAE: 4sparagus setaceue in the Netherlands (Van Poeteren
1940); Asparagus spp. in Germany (Pape 1955a); Zildiwm specioswm (var. "Rubrum'] in the
Netherlands (files Plant Protection Service, Wageningen). Fam. MORACEAE: Fieus sp. in the
Netherlands (Van de Vrie 1976). Fam. MUSACEAE: Strel<tzia reginae in the Netherlands (Van
de Vrie 1976). Fam. OLEACEAE: lilac (Syringa vulgaris) in Germany (Hahn 1978). Fam.
PRIMULACEAE: cyclamen (Cyclomen persicum) in Germany (Bodenstein 1952; Pape 1955a), in
England (Vernon 1971), and in the Netherlands (Van Poeteren 1936; Van Frankenhuyzen & De
Jong 1964). Fam. ROSACEAE: greenhouse roses (Rosa hybrida) in Dermark (Anonymus 1942a;
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Pape 1964}, in Germany (Feiter & Henseler 1971}, in England (Burges & Jarrett 1978), in
Poland near Poznan (Dr. T. Baranowski, pers. comn.), and in the Netherlands (Van Poeteren
1941; Van Frankenhuyzen & De Jong 1964; Van Rossem et al. 1965; Van de Vrie 1976, 1978).
Fam. SCROPHULARIACEAE: snapdragon (Antirrhimum majue) under glass in the Netherlands (Van
Frankenhuyzen & De Jong 1964). Fam. SOLANACEAE: greenhouse tomato {Solanum Iycopersticum)
in the Netherlands (Van Frankenhuyzen & De Jong 1964) and in England {Alford 1976). Fam.
VITACEAE: vines (V¢tis sp.) under glass in the Netherlands (Van Frankenhuvzen & De Jong
1964) .

In the cited literature, often only the name of the host-plant gemus was given. In
some cases it was difficult to decide whether the recorded food plant was a true host
plant. It was sometimes difficult to ascertain the reliability of the literature data.
S5till some general conclusions can be drawn.

Many of the wild host plants are from a wet enviromment. Obviously (. spectrana
prefers moist biotopes {Spuler 1910; Balachowsky 1966; Razowski 1969, 1979; Vernon 1971;
Bradley et al. 1973; Kostiuk 1980). The species certainly is common around Aalsmeer, which
is a wet area.

The species of the genus Clepeie (Guene) are usually oligophagous. The host plants
are mainly shrubs and trees, including conifers (Razowski 1979). C. spectrana, however, is
mainly found on herbacecus plants, and is extremely polyphagous, both cutdoors and in
greenhouse cultures. The list given above shows that the species has been recorded on
plants from at least 28 different families in the open air, and 26 different families in
greenhouses. The polyphagous character of the species increases its danger as a pest.

2.4 DISTRIBUTION

According to Balachowsky (1966) and Bradley et al. (1973), €. gpectrana occurs in
Northern, Central and Western Europe, and in the south-east of the European part of the
Soviet Union. Keostiuk (1980) adds that the species is widely distributed in the European
part of the Soviet Union, down to the Black Sea Ceast and the Sea of Azov, and as far as
Daghestan, Talysh and the north-western Ural, and that it also occurs in Asia Minor.

In 1969, Razowski stated that the species is fourd all over Europe, except in Spain
and Portugal, and that it is also found in Syria. However in 1979 Razowski did not include
southern Europe and Syria. The distribution data from 1969 were based on the literature.
and probably were in part incorrect. In 1979 he included only the information that had
been confirmed. His opinion is that the distribution area of the species does not extend
far south. However there may be isolated populations of the species in northern Yugoslavia
and northern Italy, but this needs to be confime;:i (Dr. J. Razowski, pers. comm.).

The species has only been recorded as a noxious insect in countries like Hungary,
France, Germany, Denmark, England, and the Netherlands (chapter 2.3). In Italy the species
is not known as a noxious insect, and possibly does not occur there at all (Prof.Dr. S.
Zangheri, pers. comm.). Dr. A. Diakonoff (pers. comm.) remembers that he caught a (.
spectrana moth in a light trap on the island of Corfu, and that he found the species among
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material that was sent to him from Egypt. The species apparently occurs in the
Mediterranean region.

When the information from the Museum.of Natural History in Leiden, from the
Zoological Museum in Amsterdam, from Graaf Bentinck & Diakonoff (1968), from De Jong
(1966}, from A. van Frankenhuyzen (unpublished}, and from the experimental orchard
"Schuilenburg" (unpublished) is compared, it is apparent that €. spectrana has been
caught in all Dutch provinces, at 101 different locations all over the country. Apparently
the species is widely distributed in the Netherlands. Kuchlein & Helmers (1963) are of the
same opinion. The earliest specimens in the musea in Leiden and Amsterdam were caught by

Snellen in 1857, near Rotterdam.
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3 Materials and methods

3.1 TECGHNICAL

Field strains were collected fraom stinging nettles (Urtica diofea L.} near Wageningen,
and greenhouse strains from rose houses in the Aalsmeer region, and identified as C.
spectrana by Dr. A. Diakonoff. In the laboratory at the most 5 generations per strain were
Teared. At least once a year, new larvae und pupae were collected in the field and rose
houses, and new mass rearings were started with about 125 specimens per strain.

The larvae were reared singly in glass vials (height 5 cm, diameter 1.5 cm) on an
artificial diet. Two Philips fluorescent tubes {white light) of 20 Watt each were used as
a light source.

The diet was the same as used by Ankersmit (1968) for the summer-fruit tortrix moth,
Adoxophyee orana (F.v.R.]). The hot fluid diet was mixed for 10 minutes in a Braun multimix
MX 32 kitchen mixer at maximum speed. This was sufficient to grind the solid components
and to prevent their precipitation during cooling. The solid diet was cut into pieces. Each
vial received one piece and was closed with a wad of cotton wocl. The vials with their
contents were sterilized by maintaining them at 112°C in a steam container for 20 minutes.
The vials were allowed to cool on a Monarch clean bench {(type MH-12-6). As soon as the
free water inside the vials had evaporated, newly hatched larvae were put on the diet on
the clean bench. Tn this way growth of bacteria and fungi on the diet could for the most
part be prevented.

The vials with the larvae were kept in transparent plastic boxes, which prevented the
diet from drying out prematurely. Usually it was not necessary to transfer the larvae to a
new vial before completion of their development. Moreover, in this way two strains could be
reared in one room without ruming the risk of mixing them up.

The pupae were removed from the larval webbing to ensure unhampered emergence of the
moths. They were kept on moist filter paper.

The moths of each strain were brought together in a closed polyethylene bag (size ca
15x30x45 cm), containing a fresh rose shoot that was placed in wet Oasis to keep it fresh.
The egps were deposited on the inner side of the bag and on the upper side of the rose
leaves.

The egg masses were collected and allowed to hatch on greenhouse rose leaves in Petri
dishes in closed plastic bags. The larvae were put on the artificial diet within 16 hours
after egg hatching.

The head capsule widths of the larval instars, and the pupal body widths, were
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measured with a Wild M5 stereomicroscope {ocular x10, total magnification x25, one
micrometer unit represented 0.04 mm). Head capsule width was defined as the maximm width
of the exterior skeleton of the larval head (dorsally or ventrally). Pupal width was
defined as the maximm width of the body (dorsally or ventrally).

3.2 EXPERIMENTAL

The rate of development, pupal body width, and mortality, in larvae reared on
artificial and natural diets were compared, to test the quality of the artificial diet.
The larvas were taken at random from one lot of each strain and reared singly in glass
vials at 25°C and LD 18:6. The bottom of the boxes in which the vials were kept were
covered with filter paper svaked in water, to prevent premature drying out of the natural
diets. The diets were renewed twice a week,and the moults were assessed at the same time.
Pupation and moth emergence were observed at 24-hour intervals. The number of instars
between egg hatching and pupation was variable. The S-instar growth type strongly
predominated in both male and female larvae. For this reason only larvae which had been
through 5 instars between egpg hatching and pupation (= 5-instar larvae) were considered.

No significant differences in development duration and pupal body width (tested with
the t-statistic), or in mortality (tested with the xz—statistic], were found between the
diets in both strains (2-sided test, P>.05) (table 1). Differences in development between
the strains will be discussed in chapter 4.

Table !, Duration of larval and pupal development, mortality, and pupal body width cf a
field strain and a greenhouse strain on artificial and natural diets at 25 C and LD 18:6,

Field strain Greenhouge strain
artificial Urtica artificial Rosa
diet dioiea diet hybrida
leaf leaf
mean development n=55 n=60 n=58 n=48
duration of
5-instar larvae 19.8 20.0 20,2 20,0
(days} (8.D.=2,3} (8.D.=2,0) {8.D.=2.3) (§.D.=2.3)
percentage larval
mortality 87 5% 117 147
33 2.41 2.40 2.35 2.37
pupal width {mm)
Qo9 2.82 2.80 2.75 2.75
mean pupal
development duration 6.4 6.5 6.9 6.8
(days) {(5.D.=0.5) (8.D,=0,6} {8.D,=0.6)} {§.D.=0.6)
percentage pupal 29 102 57 87

mortality
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4 Non-diapause development

Developmental rate and diapause may be genetically linked. Hoy (1978a) found that a
non-diapausing strain of gypsy moth, Iymantria dispar (L.), obtained through
purposeful selection in a laboratory culture, exhibited significant differences in
developmental rate of some larval instars when compared to a wild strain from the field.

Greenhouse populations of ¢. spectrana may have adapted to development at higher
temperatures. To determine optimum temperature, data on size and weight, and also on
survival, under different temperature conditions are most often used (Danilevskii 1965,
pp. 152-153).

Rate of development and mortality of eggs, larvae and pupae of field and rose house
strains were compared. Moreover the number of larval instars, the head capsule widths of
the larvae, and pupal body width were determined.

4.1 VARTABILITY IN THE NUMBER OF LARVAL INSTARS

Variability in the number of larval instars is frequently cbserved in jnsect species.
A review of the literature on this subject is given by Gruys (1970): besides genetic
factors, several envirommental factors can influence the mumber of instars, such as
temperature, air humidity, quantity and quality of food, crowding, and photopericd; rising
temperature provokes more moults in some species, while in other species it causes fewer
moults; in some species the smallest number of moults is found at a specific medium-range
temperature, amd it increases at higher and lower temperatures.

The mumber of larval instars from egg hatching to pupation in . spectrana varied
between 4 and 7 in both field and greenhouse strains. In rearings of a greenhouse strain,
two of the larvae were even cbserved to go through 8 instars. This variability may modify
the rate of larval development.

In figures 1 and 2 the mean head capsule widths of the separate instars of the
different larval growth types are presented. The reliability intervals of the means
presented in these and other figures were calculated according to the following formula:

mean + 5.E, x tn(Pz.GS, E-gided test)

When the mumber of observations n exceeded 100, for t, the value 1.96 was used in the
formula.
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There was a systematic difference in mean head capsule width between the different
larval growth types: the higher the number of instars, the smaller the mean head capsule
width of each instar. This was usually the case even for the first instar (figures 1
and 2).

The differences in mean head capsule width in each instar, between the larval growth
types, were statistically evaluated to determine in which instars they were significantly
expressed.

The results are given in table 2. The number of larval instars may be influenced by
both genetic and environmental factors. If envirommental factors are involved in the
determination of the number of instars in C. epectrana, the influence of these factors
should be felt before the eggs hatch, as both in field and greenhouse strains the
difference between the 4-instar and 5-instar larval growth type was already significantly
expressed when the eggs hatched (table 2). The difference between the 5-instar and
6-instar type was significantly expressed from the second instar, and the difference
petween the 6-instar and 7-instar type from the third instar, or even later, in both field
and greenhouse strains (table 2). The lower the ultimate number of instars, the earlier
the difference between the larval growth types was expressed. A similar pattern was found
by Gruys (1970) in the pine looper, Bupalus piniarius (L.).

Eggs of a field strain and a greenhouse strain (Tst laboratory generation] were kept
at 21°C and LD 18:6. Larvae were taken at random from cne lot of each strain, within 16
hours after hatching. They were reared at different temperatures (at LD 18:6, to prevent

induction of diapause).

Table 2. Statistical evaluation of the differences in mean head capsule width between the
different larval growth types of a field and greenhouse strain (!-sided t-test, P%.05).

Field strains Greenhouse strains
QQ by 9
L1 5 --x 5 --*

4-instar larvse Lz g - S -
vs L3 5 - 8 -
S5-instar larvae L4 S - 3 —_—
Ll NS NS NS NS
S5~instar larvae L2 g S S S
vs L3 s s S S
6-instar larvae L& 8 S ] S
L5 s S S 5

LI NS NS NS NS

6-instar larvae L2 NS NS NS NS
vs L3 NS s 5 NS
7-instar larvae L4 NS S S 5
LS s S S S
Lé S s 5 S

% no females with 4 instars noticed
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Table 3, Fractions (%) of the larval population going through a varying number of instars
in a field and greenhouse strain, at different temperatures and LD 18:6.

Number of instars Mean number Total number of
4 5 6 7 of instars larvae observed

field & sz 8z 8%  -— 5.0 63

greenhouse 00  14% 762 10% -— 5.0 58
15%

field 9 - 867 13% 2% 5.2 b4

greenhouse QQ  ~—— 87% 137 -— S.1 60

field & 7 9 - - 4.9 74

greenhouse 8 1oz 90% —_— - 4.9 60
20%¢

field g -— 98% 27 —_— 5.0 64

greenhouse 09 -— 977 3z —_— 5.0 70

field dd 4z sex g - 5.1 57

greenhouse O0F 3% 90% 8% -— 5.1 78
25%

field Q@ --—- 752 25%  -—- 5.3 69

greenhouse QQ -——— 887 127 —— 5.1 58

field a8 sz 782 172 — 5.1 46

greenhouse OF 3z 75% 227 - 5.1 60
30%

field 99 - 567% 427 27 5.5 50

greenhouse QQ =~—- 707 302 — 5.3 44

Table 3 shows the numbers of larvae geing through a varying number of instars from
egg hatching to pupation, expressed as proportions of the total mumber of larvae observed
at each temperature. The following conclusions can be drawn:

- Larvae geing through 5 instars from egg hatching to pupation (5-instar larvae) were
predominant at all rearing temperatures in both sexes in beoth strains.

- Females tended to develop through a higher number of larval instars than males in both
strains, but the differences were not significant except in the field strain at 30°C
(2-sided yx>-test, P>.05).

- The mean mmber of instars was the lowest at 20°C in both strains, but the only
significant difference was between 20°C and 30°C in the females of both strains (2-sided
«-test, P>.05).

The mean developmental times of the different larval growth types of a field and a
greenhouse strain, at 25°C and LD 18:6, are given in table 4. Larval development was
observed at 24-hour intervals. The higher the number of instars, the longer the larval
developmental time (table 4). The same phenomencn was observed in many other insect
species with a variable number of larval instars (Gruys 1970). The time required for
larval development did not differ significantly between the strains, in each of the larval
growth types (2-sided t-test, P>.05). Among the larvae of the 4-instar type only males were
found, and among the 8-instar type, only females. Larval development duration was slightly
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Table 4, Mean development duration (days) at 25%C and LD 18:6 of the different larval
growth types of a field and a greenhouse strain.

4-instar larvae

S-instar larvae

6-instar larvae

7-instar larvae

8-instar larvae

Field strain

Greenhouse strain

és

n=8
16.4
(5.D.=1.5)

n=69
18.9
(S.D.=2.4)

n=12
23.5
{(5.D.=2.6)

n=8

29.4
{(§.D.=2.0)

%

n=31
20.3
(5.D.=1.6)

n=16
25.3
(5.D.=2.0)

,n=9

31.8
(5.0.=1.8)

ds

n=7
15.9
(5.D.=1.3)

n=72
19.8
(5.0.=1.8)

n=47
23.8
(8.D.=1.9)

n=6

28.3
(5.D.=2.3)

o

n=41
20.8
(5.D.=2,0)
n=76
(8.D.=2.1)
n=12
31.2
(8.D0.=1.9)

n=2

longer in females than in males in each of the larval growth types in which both sexes

were found. The difference was significant, except in the 5-instar larvae of the

greerthouse strain (table 4).

4.2 PATE OF DEVELOPMENT AT DIFFERENT TEMPERATURES

Develonmental rates of a field and a greenhouse strain were compared in the egg stage,

the larval stage (5-instar larvae, each instar separately), and the pupal stage, at

different temperatures and LD 18:6, in the first laboratory generation. Qviposition, egg

Table 5, Mean duration of the egg stage (days) of a field and a greenhouse strain at

different temperatures.

field strain

greenhouse strain

significance

of difference
(2-sided t-test)

15%

18.5
(8.D.=0.9)
n=203

18.7

(5.D.=0,6)
n=226

NS

20%

9.1
(5.0.=0.6)
n=234

9.6
(5.D.=0.5)
n=241

25%

6.5
(5.D.=0,1)
n=216

6.2

(§.D.=0.5)
n=233

NS

o

307°¢C

5.6
{5.D.=0.4)
n=243

5.4

(8.D.=0.3)
n=201

NS
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Table 6. Mean development duration {(days} of 5-instar larvae of a field and a greenhouse
strain at different temperatures (LD 18:6).

15% 20% 25°% 30%c 35°¢

54.4 28.8 18.8 18.0 ——
field strain ds (8.D.=3.2) (5.D.=2.8) (S§.D.=2.4) (5.D.=0.8)

n=28 n=35 n=29 n=26

58.1 30.5 19.8 17.9 —_—
greenhouse strain 3¢ (5.0.=7.3) (5.D.=3.8) (5.D.=2,8) (5.D.=1.3)

n=22 n=28 n=37 n=21
significance
of difference S S NS NS
(2=sided t=test)

59.7 31.7 20.2 19.9 —_—
field strain QQ (S.D.=3.6) (8.D.=2.1) (5.D.=1.6) {(§.D.=2.1}

n=33 n=15 n=29 n=24

61.0 31.5 20,6 19.4 —_—
greenhouse strain 0 (8.D.=7.6) (5.D.=4.3) (8.D.,=2,4) {8.D.=3.9)

n=13 n=33 n=27 n=28
significance
of difference NS NS NS NS

(2-sided t-test)

hatching, moults, pupation, and moth emergence were observed at 24-hour intervals. Eggs and
larvae, reared at different temperatures, were taken at random from one lot of each strain.
The eggs from which the larvae originated had been reared at 21°C and LD 18:6. The pupae
originated from the larvae used in the experiments.

In table 5 the mean durations of the egg stage are given. A temperature of 35°%C
proved to be lethal to the embryos of both strains. The mean duration of the egg stage
decreased from 18-19 days at 15°C to 5-6 days at 30°C. At 20°C the greenhouse strain
developed significantly slower than the field strain {table 5).

The mean development duration of 5-instar larvae at various temperatures did not
differ significantly between the strains, but greenhouse males at 15°C and 20°C were
significantly slower in development (table 6). A temperature of 35°%C proved to be lethal
to the larvae of both strains. Mean larval development duration decreased from 54-61 days
at 15°C to 18-20 days at 30°C (table 6). The mean time required for development was
shorter in male larvae than in female larvae, the difference was always significant in the
field strain, but only at 30°C in the greenhouse strain {2-sided t-test, P<.05) (table 6).

As an example, the mean developmental times of the separate instars of 5-instar

larvae, reared at 15°C and LD 18:6, are given in table 7. The mean durations of the
separate instars, expressed as proportions of the total mean larval development duration,
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did not differ significantly between the strains, and were not significantly influenced by

sex or temperature {2-sided xz—test, P>.05).

Table 7. Mean development duration (days) of the separate instars of S5-instar
larvae of a field and a greenhouse strain, at 15°C and LD 18:6.

Field strain Greenhcuse strain
L1 14.3 (5.D.=2.1) 15.2 (8.D.=5.4)
L2 9.4 (5.D.=0.9) 9.4 (5.D.=1.1)
a3 L3 8.0 (8.D.=1.2) 8.8 {(8.D.=1.1)
L4 8.2 (5.D.=1.3) 9.6 (5.D.=1.5}
L5 144 (S.D.=1.3) 15.3 (8.D.=1.7}
total 54.4 (8.D.=3.2) 58.1 (8.D.=7.3)
n=28 n=22
L] 14,9 (8,D.=2.2) 15.9 (8.D.=5.0}
L2 9.4 (5,D.=0.8) 9.2 {3.D.=0.7)
QQ L3 9.2 (8.D.=1.1) 9.0 (5.D.=1.3)
L4 9.7 (8.D.=1.3) 10,2 (8.D.=1.4)
L5 16,5 {8.D.=1.4) 16.6 (8.D.=1.7)
toral 59.7 (8.D.=3.6) 61.0 {8.D.=7.6)
n=33 n=13

Table 8. Mean development duration (days) of pupae from 5-instar larvae of a field
and a greenhouse strain at different temperatures (LD 18:6).

15%¢ 20% 25°¢ 30%c

field strain a¢ 23.6 1.7 7.2 6.1
(5.D.=1.2) (5.0.=0.7) (S.D.=0.6) (5.D.=0.5)
n=22 n=32 n=24 n=18

greenhouse strain a3 23,1 12.1 7.1 6.2
(85.D.=1.3) (5.D.=0.8) (5.D.=0.6) (8.D.=0.6)
n=19 n=27 n=>34 n=16

significance

of difference NS NS NS NS

(2-sided t—test)

field strain & 21.4 10.7 6.5 5.0
(5.D,=1,0Q) (5.D.=0.7) (5.D.=0.5) (5.D.=0.5)
n=26 n=29 n=27 n=16

greenhouse strain QQ 21.7 11.3 6.6 5.9
(53.D.=1.2) (5.D.=0.7) (S.D.=0.6) (5.D.=0,6)
n=14 n=30 n=25 n=20

significance

of difference NS NS NS NS

(2-gided t-test)
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In table 8 the mean development durations of pupae from 5-instar larvae at different
temperatures are given. The differences were not significant between the strains. The mean
time required for pupal development decreased from 21-24 days at 15°C to 5-7 days at 30°C.
Male pupae generally had a longer mean development duration than female pupae (table 8).
The difference was always significant, except at 30°¢C {2-sided t-test, P<.05).

In the figures 3-5, the mean developmental rates of the egg stage, larval stage
(S5-instar larvae), and pupal stage are plotted against the temperature. The regression
lines in these figures were calculated on the basis of the data at ISDC, 20°C, and 25°C.
The regression coefficients did not differ significantly between the strains {t-statistic
testing linear regression, Z-sided test, P>.(5). Extrapclation of the regression lines
(figures 3-5) indicated a developmental threshold close to 109C for both strains. The mean

developmental rate £ags

o20L

o

field strain y.00100 x-00837
r 0258

L

greenhouse Strain y.0.0108 x-91083
r.0.899

015

Q0SE

Fa 1 1 1 J
10 15 20 25 30

temperature (OC

Figure 3, Mean developmental rate (day_l) of eggs of a field
and a greenhouse strain, plotted against the temperature ( C).
Linear regression of developmental rate (y) and temperature (x}.
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developmental rate at 30°C was always lower than could be expected on the basis of the
regression lines (figures 3-5). This indicates that 309C was close to the upper thermal
limit for development.

Broadly outlined, development duration was the same in the field and the greenhocuse
strain. Nevertheless sometimes significant differences were found between the strains, in
the egg stage and in the larval stage (tables 5 and 6). These differences are difficult to
interprete. They may represent characteristic differences between field and greenhouse
populations of ¢. spectrana, they may be due to the strain differences one may expect when
samples are taken from different greenhouse populations or from different field
populations, or they may be due to inaccuracy of the thermestats during the experiments, or

a combination of these factors.

developmental rate 5-INSTAR LARVAE
0.20,.

o tield strain y.0.0034 x-0 0034
r.0.699
* " greerhouse strain y.0.0033 x-0.0033
r.0.999

o1sf

00|

o

005

e 1 L s J

w0 5 20 25 030
temperature (C)

Figure 4., Mean developmental rate (day_l) of 5-instar larvae
of a field and a greenhouse strain, plotted against the
temperature { C). Linear regression of developmental rate (y)
and temperature (x).
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Figure 5. Mean developmental rate (day-l) of pupae of a field
and a greenhouse strain, plotted against the temperature ( C).
Linear regression of developmental rate (y) and temperature (x),

4.3 MORTALITY AND PUPAL BODY WIDTH AT DIFFERENT TEMPERATURES

In table 9 the mortality of eggs, larvae and pupae of field arnd greenhouse strains
at different temperatures is given. A temperature of 35°C was lethal to both eggs and
larvae. Pupae were not exposed to this temperature. In each of the immature stages,
mortality was relatively low at 20°C and 25°C, at 15°C it was higher, and at 30°C it was
the highest in both strains. The difference between 15°C and 20°C was significant in the
pupae of both strains, and in the greenhouse strain eggs (2-sided xz-test, P<.05). The
difference in mortality between 20°C and 30°C was always significant (P<.05) (table 9).

The differences in pupal body width were not significant between the strains (tahle
10). The female pupae were significantly larger than the male pupae (Z-sided t-test,
P<.005). At 30°C, the pupae were significantly smaller than at the other temperatures in
both strains (P<.05). At 15°C, female field-strain pupae were significantly smaller than
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Table 9. Percentage mortality of eggs, larvae, and pupae of field and greenhouse
strains at different temperatures (LD 18:6)

15% 20°%¢ 25% 30°%c 35°¢
field strains 26% 207 167 417 1007
eges n=274 n=293 n=257 n=412 n=197
greenhouse strains 247 122 147 367 16067
n=297 n=274 n=271 n=314 n=1{27
field strains 15% 10% 13% 357 100%
larvae n=148 n=148 n=148 n=148 n=74
greenhouse strains 187 12% 107 307 1007
n=148 n=148 n=148 n=148 n=74
field strains 217 87 7% 272
pupag n=109 n=132 n=100 n=64
greenhouse strains 143 5% 7% 197
n=96 n=122 n=121 n=76

at 20°C (P<.05) (table 10).

In figure 6 pupal body width and overall survival egg-adult are plotted against the
temperature. Width and survival were related to the temperature in a similar way, in both
field and greenhcuse strains.

Both in field and greenhouse strains, 35°C was a lethal temperature, Apparently
30°C was close to the upper thermal limit for development:
- At 30%, mortality was the highest in each of the immature stages. The mortality at 20°C
was always significantly lower (table 9).

Table 10. Mean body widths (mm) of pupae from 5-instar larvae of field
and greenhouse strains at different temperatures {LD 18:6},

15% 20% 5% 10%
field strain a8 2.38 2.40 2.38 2,29
n=55 n=69 n=48 n=36
greenhouse strain O 2.37 2.39 2.36 2,30
n=44 n=54 n=70 n=45
significance
of difference NS NS NS N8
(2-sided t-test)
field strain Q0 2,74 2.84 2.79 2,63
n=54 n=63 n=52 n=28
greenhouse strain QQ 2.76 2.81 2.76 2.67
n=52 n=68 n=51 n=31
significance
of difference NS NS KS NS

(2-sided t—test)
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Figure 6. The effect of temperature on the overall survival from
oviposition to moth emergence and the pupal body width of field
and greenhouse strains,

- At 30°C, pupal body width was significantly reduced as compared to the lower rearing
temperatures (table 10},
- At SOOC, developmental rate was always lower than could be expected by extrapolating the
linear regression of developmental rate arkl temperature {figures 3-5}.
The upper thermal limit for development apparently was between 30°C and 35°C in both field
and greenhouse strains.
Survival and pupal body width were similar in field and greenhouse strains in the
temperature range 15%c-30% {(figure ©).
An adaptation of greenhouse populaticns of (. spectrana to development at higher
temperatures did not appear. It remains to be ascertained whether there are differences
in development between field and greenhouse populations in the temperature range between

29



the developmental threshold and 150C, as temperatures below 15°C were not investigated. As
a rule, the non-dormant stages of insect species show little geographic variaticn in their
temperature requirements for growth and development (Danilevskii 1965, pp. 151-152).
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5 Diapause in field populations

Diapause is crucial in anmual cycles of insects as it largely determines whether a
species can survive certain conditions. Field and greenhouse populations of ¢. speetrana
seem to differ in this respect. To establish these differences, and to assess how diapause
can be eliminated in a greenhouse envirorment, knowledge of the induction, maintenance and
termination of diapause in field populations is required.

5.7 PHOTOPERIODIC RESPONSE CURVES

Eggs of a field strain (2nd laboratory genmeration), and larvae from these eggs, were
reared in different combinations of photoperiod and temperature (figure 7). For each
combination 165 larvae were used.

Larvae were only assumed to be diapausing if their head capsule width did not exceed
the maximum width (0.88 mm) noted among diapausing field strain larvae in the outdoor
experiments described in Section 5.2.

Extrapolation of the regression lines indicated that the mean development duration of
non-diapausing larvae at 13°C is about 33 months (figure 4). Larvae that did not die or
pupate within 6} months were assumed to be diapausing if their head capsule width was not
larger than 0.88 mm.

At 15°C the mean development duration of non-diapausing larvae was about 2 months
(table 6). When diapause was not induced, pupae were usually tformed within 4 months after
egg hatching. lLarvae remaining after 4 months were assumed to be diapausing if their head
capsule width did not exceed 0.88 mm.

At 20°C the mean developmental time of the larvae was about 1 month (table 6). Those
remaining after Z months were assumed to be diapausing (head capsule width < 0.88 mm).

At 25°C the mean time required for larval development was about 3 weeks (table 6).
The larvae remaining after 6 weeks (head capsule width < (.88 mm) were assumed to be
diapausing.

The results are presented in figure 7. At 15%C and 20°C the critical photoperiod was
between 16 and 17 hours. In the Netherlands these-photoperiods (day length, including civil
twilight) occur between mid-July and mid-August (Beck 1980, pp. 3-6). The photoperiodic
response of . spectrona was of the '"long-day' type. As in many other insect species (Beck
1980, pp. 127-128), high temperatures tended to avert photoperiodic induction of diapause
in ¢. spectrana (response curve at 25°C in figure 7).
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Figure 7. Photoperiodic response of larvae of a field strain at different temperatures.

5.2 QUTDOOR EXPERIMENTS

Induction and termination of diapause, and post-diapause development of field-strain
larvae, were studied in outdoor experiments. The larvae [2nd and 3rd laboratory generation)
were reared in the open air in a cage that was protected from the sun. Five rearings were
performed, with eggs that hatched in the outdoor cage on August 1, August 17, September 9,
September 25, and October 14, 1978, respectively. This covers the possible egg hatching
period of the second flight in field populations. Each time 80 larvae were reared. The
development of the larvae was followed individually. The head capsule width of each instar
was measured.

The temperature, recorded with a thermchygrograph placed inside the cage, remained
below 9°C from December 25, 1978, until spring 1979, This temperature can be considered as
developmental zero (figures 3-5}, therefore no development occurred during this period.
After December 25, the larvae were observed once a month. From the beginning of April 1979
daily observations were made to establish when the larvae left their hibernacula. After
resumption of feeding and growth, the moults were chserved at weekly intervals. The width

of the head capsules of each instar, and pupal body width, were measured; pupation and moth
emergence were observed at 2-day intervals.
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5.2.1 Imduetion of diapause

Table 11 shows the mean number of moults up to hibernation, and the mean head capsule
width of hibernating larvae. Hibernation was assumed to start on December 25, 1978. Larvae
entering diapause could be recognized because they usually made a hibernacuhum in the
fissure between the wall of their glass vial and the piece of cotton wool with which the
vial was closed.

The number of moults up to hibernation was variable. It varied between 1 and 6, but
1, 5, and 6 moults were exceptional. The mean mmber was lower as the eggs hatched later
in the season (table 11). Two explanations are offered:

4. The instar in which diapause is entered is fixed, but the larvae undergo '‘stationary
moults" (postecdysial larvae essentially being of the same weight and form as precdysial
larvae) during diapause as long as the temperature is above a certain threshold
(compare Burges 1960; Chippendale & Reddy 1972; Scheltes 1978).

b. The instar in which diapause is entered is variable, and is correlated with the moment
in the season in which the eggs hatch.

Table 11, Number of moults up to hibernation, and mean head capsule width of hibernating
larvae. OQuidoor experiments with a field strain. The difference males-females with respect
to the number of moults up to hibernation was not significant (2-sided y?-test, P>.05).

Date of egg Mean number of Percentage of larvae going Mean-head capsule
hatching moults up to through different numbers width (mm) of
hibernation of moults up to hibernation hibernating larvae

(3 and QQ combined)

33: 5.2 3 moults: 3
1978-08-01 n=31 4 " : 87 0.76
: 3.9 5 " : 7
® n=39 6 HE
33: 3.4 3 moults: 70
1978-08-17 n=36 4 " : 28 0.62
99: 3.2 5 0" o2
n=28
d8: 2.8 2 moults: 18
1978-09-09 n=47 3 " : B2 0.54
00: 2.8
n=29
ad: 2.0 ] moult : 5
1978-09-25 n=43 2 moults: B9 0.42
QQ: 2.0 3 " : 5
n=33
33: 1.9 1 moult : 6
1978-10-14 n=36 2 moults: 94 0.40
Q0: 2.0
n=35
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instars of larvae that hibernated after 2-4 moults, and of 5-instar
larvae that developed at 157¢ without dlapause in the laboratory.
Outdoor experiments with a field strain, Vertical bars represent the
reliability intervals of the means.

The mean head capsule widths of the consecutive instars of larvae entering diapause
deviated from a geometrical progression, contrary to those of 5-instar larvae going
through non-diapause development {figure 8). The deviation was always most proncunced
after the last moult before hibernation. The mean head capsule width of overwintering
larvae was larger as they went through more meults up to hibernation (table 17, figure 8).

Therefore larvae hibernating after differing numbers of moults respectively all had their

own specific progression of head capsule width (figure 8).

Larvae hibernating after 1 moult usually made a hibernaculum, but did not moult

within it. Larvae hibernating after 2-¢ moults always underwent 1 moult within their
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Table 12, Resumption of moulting in the spring of 1979 (outdoor experiments with a
field strain).

Date of egg Percentage that had moulfed once between 1979-04-13 and 1979-
hatching 04-27, or were on the point of moulting (white coloured zone
behind the head capsule) on 1979-04-27

1978-08-01 97
1978-08-17 93
1978-09-09 92
1978-09-25 a5
1978-10-14 91

hibernacula. This conflicts with the assumption of '"stationary moults' after the onset of
diapause.
These observations support the second explanation mentioned above.

5.2.2 Resumption of moulting in spring

The maximun temperature remained below 11°C until April 13, 1979, when it rose to
19°C around midday. On April 13, larvae from each of the 5 rearings (5 different egg
hatching dates) were observed to have left their hibernacula, and were feeding on the diet
at the bottom of the glass vials.

Table 12 shows the percentage of larvae that had moulted once between April 13 and 27,
or were on the point of moulting on April 27, for each of the 5 rearings. These
percentages suggest that the time of resumption of growth and moulting in spring was the
same for each of the 5 rearings, and was therefore not correlated with the date of egg
hatching in the previous year. It has been demonstrated in many species that post-diapause
development is prevented, sometimes for a considerable period, until temperatures rise
above the lower thermal threshold for development (Tauber & Tauber 1976).

5.2.3 Post-diapause development

In table 13 the mean duration of post-diapause development is presented for each of
the 5 dates of egg hatching. In table 14 the mean numbers of moults during pre- and post-
diapause develcpment, and the mean pupal widths after diapause, are given,

The duration of post-diapause development, both until pupation and until moth
emergence, was longer as the eggs had hatched later in the previous year (table 13). The
relationship between the developmental pericd of post-diapause larvae and the date of egg
hatching in the previous year was also expressed in the mmber of moults during post-
diapause development (table 14).

The total number of moults (pre-diapause + post-diapause), and pupal body width, were
not clearly correlated with the date of egg hatching, and thus with the instar in which
diapause was entered (table 14).
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Table 13. Mean duration of post-diapause development (days) in 1979 (outdoor experiments
with a field strain). Statistical evaluation of the differences between males and females
(1-sided t-test, P£.05). Start of post—diapause development at 1979-04-13.

Date of egg hatching Mean development Mean development Mean development
in 1978 duration until duration of the duration until moth
pupation in 1979 pupae in 197% emergence in 1979
a¢ 35.8 (n=28) 17.8 (n=25) 53.6
1978-08-C1 S 3 s
Q9 42,7 (n=37) 13.9 (n=32) 56.6
a3 53.7 (n=31) 16.3 (n=27) 70.0
1978-08-17 5 ) NS
00 56.6 (n=25) 15.5 (n=23} 72.1
i) 55.2 (n=45) 15.4 (n=40) 70.6
1978-09-09 S 5 NS
) 59.6 (n=32) 13.6 (n=29) 73.2
ad 58.3 (n=38) 18.2 (n=31) 76.5
1978-09-25 5 5 S
0 67.8 (n=29) 17.2 (n=24) 85.0
i(4) 69.4 (n=22) 1.1 (n=21) 80.5
1978-10-14 S NS s
QQ 78.6 (n=23) 10.7 (n=20) 89.3

Table 14. Mean number of moults during pre- and post—diapause development. Mean pupal
width after diapause (outdoor experiments with a field strain). Statistical evaluation
of the differences between males and females (l-sided y’-test, P<.05).

Date of egg hatching Mean number of moults Mean total number of Mean pupal
in 1678 during larval post-— moults (pre—diapause body width
diapause development + post—diapause) (mm)
in 1979
a3 1.0 (n=28) 5.3 2.58
1578-08-01 5 NS
0 1.6 (n=37) 5.5 2.94
ad 1.9 (n=31) 5.3 2.39
1978-08-17 NS NS
o0 2.2 (p=25) 5.4 2.86
Je 2.3 (n=45) 5.2 2.486
1978-09-09 NS NS
o 2.5 (n=32) 5.4 2.95
a3 2.6 (n=38) 4.6 2,50
1978-09-25 8 3
Q9 3.2 (n=29) 5.2 2.86
aa 3.2 (n=22) 5.1 2,46
1978-10-14 8 s
09 3.6 (n=23) 5.7 3.01
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The variability in the mmber of larval instars (Section 4.1) was probably only
expressed during post-diapause development, as the mumber of moults up to the onset of
diapause was strongly correlated with the moment in the season in which the eggs hatched
(table 11)}.

The larvae that were diapausing outdoors averaged one more moult than non-diapausing
larvae in laboratory rearings (compare the tables 3 and 14). Bonnemaison (1977) reported a
similar phenomencn in the summer-fruit tortrix moth, Adoxophyes orana (F.v.R.), the larvae
going through supermmerary moults after the termination of diapause.

Pupal body width after diapause outdoors was significantly higher than after non-
diapause development in laboratory rearings (compare tables 10 amd 14) (2-sided t-test,
P<.05). This may be cormected with the higher number of moults in this diapausing
generation (tables 3 and 14).

Diapausing male larvae tended to develop through a lower number of moults than
diapausing female larvae. However, the difference in mean total mmber of moults (pre-
diapause + post-diapause) was only significant for the egg hatching dates 1978-09-25, and
1978-10-14 (table 14). The duration of larval post-diapause development was shorter in
males, but in the pupal stage male developmental time was longer (table 13). Similar
phencmena were cobserved in the experiments on non-diapause development (tables 4, 6, and
8). The result was a slight protandry in moth emergence. The difference in mean total
duration of post-diapause development until moth emergence between males and females was
significant, except for the egg hatching dates 1978-08-17 and 1978-09-09 (table 13}. In
Lepidoptera and many other insects there is a general tendency for males toc emerge before
females (protandry). Different explanations have been advanced. These are summarized by
Wiklund & FagerstrBm (1977). Not only non-diapause, but also post-diapause development
can vary with sex (Tauber & Tauber 1976).

5.3 INFLUENCE OF TEMPERATURE AND PHOTOPERIOD ON THE INSTAR IN WHICH DIAPAUSE IS ENTERED

From the outdoor experiments described in Section 5.2 it appears that the instar
in which diapause is entered is variable, and that it is strongly correlated with the moment
in the season in which the eggs hatch. It may therefore be determined by phetoperiod and/or
temperature. The influence of these two factors was investigated in laboratory experiments.

Eggs of a field strain (4th laboratory generation), and larvae from these eggs, were
reared at different combinations of temperature and photoperiod (13°C, 15°C, and 20°C; 5,
8, 13, ard 16 hours light per day). In the Netherlands (station De Bilt) the mean daily
temperature is 16.4°C in August, 14.0°C in September, and 10.3%°C in October (Anonymus
1982). The mean daily temperature in Dutch rose houses is about 18°C in winter and 20°C in
summer, Day length in the Netherlands, including civil twilight, varies between
approximately 8 and 18 hours (Beck 1980, pp. 3-6).

The development of the individual larvae was cbserved. The moults were observed at
24-hour intervals. Diapause was considered to be entered as soon as the first moult
within the hibernaculum had occurred. For each experiment 100 larvae were used.
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Table 15. Percentage of larvae going through different numbers of moults up to the onset
of diapause, at different temperature and photoperiod combipations (laboratory experiments
with a field strain).

Diapause entered after

2 moults 3 moults 4 moults 5 moults 6 moulcts

5 hours 13gc

light 15C  0=89 1007 —_— —— — —
per day 207G

8 hours 1% n=85 1002 -— — —_ —_
light 1sgc n=88  100% — —_ e -
per day 20°c  n=95  100% —— — — _—
13 hours 13zc n=90 22 92% 62 _— _—
light 15C =8l 27 9537 12 — —
per day 0 C n=92 -——= 867 147 - -——
16 hours 132c n=87 --—- S— 907 8z 3z
1ight 15C  n=94 ---- —_— 963 32 12
per day 20°C  n=89 - 27 207 6% 27

The results are given in table 15. The photoperiod had a proncunced influence on the
nunber of moults until the onset of diapause. At 16 hours light per day most of the larvae
entered diapause after 4 moults, and at 13 hours light per day after 3 moults. At 8 and 5
hours light per day all the larvae entered diapause after 2 moults. Occasionally diapause
was entered after 5 or & moults (at 16 hours light per day), but never after 1 moult.

SJome of the larvae in the outdoor experiments ({table 11) hibernated after 1 moult. They
were probably not able to reach complete diapause on time, before hibernation started.
They built a hibernaculum, but did not moult within it. It is remarkable that some of them
were able to survive winter and to pupate in spring of the next year.

Temperature, at least within the range investigated (13OC-200C), did not seem to

influence the number of moults after which diapause was entered (table 15).

In table 16 the mean duration from egg hatching until the onset of diapause is given
for each investigated combination of temperature and photoperiod. The data in this table
confirm that, at any temperature, the time required to enter diapause was shorter according
as the photopericd was shorter.

Table 16. Mean development duration from egg hatching up to the onset of diapause (days)
at different temperature and photoperiod combinations {laboratory experiments with a
field strain).

5 hours light 8 hours light 13 hours light 16 hours light
per day per day per day per day

13% -—--* 8.8 51.0 110.1

150C 28.2, 27.7 35.1 86.0

207C -—— 16.3 24.9 38.6

* no experiment conducted
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5.4 DISCUSSION

Field populations of C. spectrana have a facultative, photoperiodically induced
larval diapause. The photoperiodic response is of the "long-day” type, and the critical
photoperiod is between 16 and 17 hours. The mumber of -moults up to the onset of diapause
varies between 2 and 6, and is determined by the photoperiod, at least within the
temperature range 13°%c-20%C. 1t is lower as daylength is shorter. Qutdoors, the time of
resumption of growth and moulting after diapause teymination does not vary with the date
cf egg hatching in the previcus year, and thus with the instar in which diapause is
entered. The duration of post-diapause development is longer as diapause is entered after
a lower number of moults.

Larvae from eggs that hatch later in the season enter diapause after a lower muwber
of moults, and thus have a better chance of reaching diapause on time, before the leaves
of the host plant deteriorate and the temperature drops permanently below the lower thermal
threshold for development. Because the mumber of moults after which diapause is entered is
variable, an additional variation in the duration of post-diapause development is induced.
This counteracts the synchronizing effect of resumption of growth and moulting in spring,
arl brings about a longer duration of the first flight period.

The functional significance of these mechanisms might be to synchronise the onset of
diapause without altering the age structure of the populations in spring in this bivoltine
tortricid. Multivoltine species would be better able to cope with a loss of variation in
the age structure.

In other Lepidoptera the instar in which larval diapause is entered might alsc be
variable, Sdringer & Szentkirdlyi (1980) fourd that larvae of the plum fruit moth,
Grapholitha funebrana (Tr.), that entered diapause earlier in the year had larger body
weights. Geyspits (1965) investigated the pime moths Dewdrolimus pini (L.) and D, sibiricue
(Tschetw.) and fourd that diapause was entered in an earlier larval instar according as the
temperature was lower and the photoperiod was shorter. This synchronises the onset of
diapause. Geyspits argued that a mechanism which prevents premature induction of diapause
is needed in these species with a life cycle that exceeds a year, and whose diapause is
short and is terminated without cold reactivation. She also argued that the need for
special mechanisms that synchronise both onset and termination of diapause is felt in
species with an annual, or longer, cycle, as well as in species with a polycyclic type of
development.



6 Photoperiodic response in greenhouse populations

6.1 LABORATORY EXPERIMENTS

The photoperiodic response of 5 different greenhouse strains (1st laboratory
generation) was tested in the same way as that of a field strain (Section 5.1). The 5
strains had been collected as larvae and pupae from different rose houses at different
times of the year (both in winter and swmmer): from Aalsmeer in November, from De Kaag in
January, from Roelofarendsveen in February, from Sloten in June, and from Emmeloord in
June. Photoperiods of 8, 10, 12, 14, 16, and 18 hours were tested at 15%C and 20°C. Mo
diapause could be induced in any of the greenhouse strains.

6.2 OUTDOCR EXPERIMENTS

The photoperiodic respense of one of the 5 greenhouse strains mentioned in Section
6.1, originating from the rose house in Sloten, was also tested under cutdoor conditions
in the 2nd and 3rd laboratory generation. Experiments similar tc those with a field strain
{Section 5.2) were done. Field- and greenhouse-strain larvae were reared in the same
outdoor cage. The experiments with the greenhouse strain were done with eggs that hatched
on August 1, August 17, September 25, and Octcber 14, 1978, respectively. These egg hatching
dates coincided with those of the field strain.

Figures 9 and 10 show the comparative measurements of the mean head capsule width in
each rearing of field- and greenhouse-strain larvae in the course of the season. The curves
representing mean head capsule width of field-strain larvae leveled off because diapause
was entered. The curves of the greenhouse strain always reached a significantly higher
level than those of the field strain, and continued to increase until the onset of cold
weather in December, This imdicates that no, or only some, greenhouse-strain larvae
entered diapause. This was checked by studying, in more detail, the larval development
after each ege hatching date.

Egqg hatehing 1978-08-01

By December 25, 1978 (onset of hibernation, see Section 5.2), 90% of the greenhouse-
strain larvae had pupated. The largest head capsule width found among diapausing larvae
of the field strain was 0.88 mm. However, the head capsule width of the remaining
greenhouse-strain larvae was at least 1.04 mm. Probably they were not diapausing, but had
reached the last instar before pupation. They all died during winter.
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Egg hatching 1578-G8-17

By December 25, 1978, 31% of the greenhouse-strain larvae had pupated., The head
capsule width of 46% of the larvae was > 1.04 mm. They had gone through 4 or 5 moults, and
had probably reached the last instar before pupation. The rest of the greenhouse-strain
larvae (head capsule width < 1.04 mm) hibernated after 3 or 4 moults. The mean head
capsule widths of the successive instars of these larvae are given in the figures 11 and 12.
They did not essentially deviate from a geometrical progression, contrary to those of
diapausing field-strain larvae. Probably these greenhouse-strain larvae were of the 6-
and 7-instar growth type, and had reached the 4th or 5th insfar by the onset of
hibernation, without entering diapause. The 5-instar larvae of the greenhouse strain
had by this time pupated or reached the prepupal instar. The winter mortality of the
hibernating greenhouse-strain larvae (egg hatching 1978-08-17) was not determined.
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Figure 11, lg of mean widths of the head capsules (mm) of the separate instars of larvae
of a field znd a greenhouse strain, hibernating after 3 moults. Egg hatching: 1978-08-17.
Vertical bars represent the reliability intervals of the means.
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Egg hatching 1578-09-25

No pupation occurred in the greenhcuse strain before December 25, 1978. The
frequencies of the different numbers of moults that occurred until hibernation, and the
mortality of hibernating larvae, are given in table 17.

Field populations of ¢. specirana enter diapause after at least 2 moults {Section
5.3). Thus the greenhouse-strain larvae hibernating after 1 moult (table 17) were
probably not diapausing. The mean head capsule widths of the successive instars of
greenhouse-strain larvae hibernating after 2 or 3 moults {table 17) did not essentially
deviate from a geometrical progression, contrary to those of field-strain larvae entering
diapause after 2 or 3 moults (figures 13 and 14). This indicates that at least most of
these greenhouse-strain larvae did not enter diapsuse. The mortality of hibernating
larvae was much higher in the greenhouse strain than in the diapausing field strain (table
17).
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Table 17. Frequencies of the mummbers of moults occurring until hibernation in a
greenhouse strain, and winter mortality (outdoor rearing, eggs hatched 1978-09~-25).

Number of moults Proportion of the total Mortality of hirbernating
until hibernmation mmber of larvae larvae until pupation in
(greenhouse strain) (greenhouse strain) the next spring
1 20%
337 greenhouse strain: 947
3 46% n=69
field strain : 127
n=76

Larval development of both strains was compared with a simulated non-diapause
development of 5-instar larvae. The use of this simulation model is justified in this case,
as the larvae in these outdoor rearings (egg hatching 1978-09-25) did not develop further
than the 4th instar until the onset of hibernation (tables 11 and 17), and the difference
in development duration between the 5-, 6-, and 7-instar growth type is strongly expressed
only from the 5th instar on. The simulations were done according to a method designed by
De Wit & Goudriaan (1974) (“boxcar train with controlled dispersion''). The simulations were
done on the basis of the temperature recorded by the thermohygrograph, and the recorded
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temperature + 1OC, to allow for the inaccuracy of the temperature measurement. The
temperature indicated by the thermohygrograph was compared once a week with the
temperature indicated by a gauged mercury thermemeter. After some time the thermohygrograph
showed a lower temperature. The deviation was never larger than 1°c.

The simulation results are presented in figure 15. Larval development of the field
and the greenhouse strain, and the simulated non-diapause development, coincided fairly
well in the Ist and Znd instar. In the 3rd and 4th instar, the development of the field
strain deviated appreciably from the greenhouse strain development, and from the simulated
non-diapause development, because diapause was entered. The major part of the field strain
larvae interrupted its development and entersd diapause after Z moults.

Egg hatehing 1978-10-14

No pupation occurred in the greenhouse strain before December 25, 1978. The
frequencies of the different numbers of moults that occurred until the onset of
hibernation, and the mortality of hibernating larvae, are given in table 18, The greenhouse-
-strain larvae underwent 1 or 2 moults until hibernation. The larvae hibernating after 1
moult (table 18) probably were not diapausing. If there were diapausing greenhouse-strain
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Figure 15. Larval development in outdoor rearings of a field and a greenhouse strain,
and simulated non-diapause development. Egg hatching: 1978-09-25,

larvae among those hibernating after 2 moults, they could be expected to be

among those that were able to reach the pupal stage in the next spring. The mean head
capsule widths of the successive instars of these larvae are given in figure 16. They did
not essentially deviate from a geometrical progression, contrary to those of the field-
-strain larvae diapausing after 2 moults. Thus at least the major part of these greenhouse-
-strain larvae did not enter diapause. They obviously survived a temperature-induced
guiescence that lasted several months. Quiescence is a direct response to adverse physical
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Table 18. Frequencies of the numbers of moults occurring until hibernation in the
greechouse strain, and winter mortality (outdoor rearing, eggs hatched 1978-10-14).

Number of moults Proportion of the total Mortality of hibernating
until hibernation number of larvae larvae until pupation in
{greenhcuse strain) {greenhouse strain} the next spring
1 77 .
2 537 greenhouse strain: 727
n=74
field strain r 447
n=71

conditions, and diapause an indirect response induced by pericdic token stimuli such as
photoperiod (Beck 1980, pp.119-120). The mortality of hibernating greenhouse-strain
larvae was about twice that of field-strain larvae (table 18],

©.3 DISCUSSION

Five different rose-house strains did not enter diapause at any photoperiod at 20°%¢
and 15°C on artificial diet in the laboratory.

The mean head capsule widths of the successive instars of cutdoor reared hibernating
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larvae of one of these greenhouse strains never appreciably deviated from a geometrical
progression, contrary to those of diapausing field-strain larvae. This was valid even for
the greenhouse-strain larvae from eggs that hatched in mid-October, and that were able to
reach the pupal stage during the next spring. Thus for every egg hatching date in the
outdoor rearings it was proved that at least the major part of the greenhouse-strain
larvae did not enter diapause. Apparently this greenhouse strain had to a large extent
lost its ability to enter diapause, not only in laboratory experiments but alsoc under the
tested outdoor conditions, on artificial diet.

In their natural environment, rose-house strains of C. spectfrana are almost
certainly non-diapausing. Even under natural conditions in the open field no diapause may
be induced in these populations.
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7 Diapause of a field strain under greenhouse conditions

The photoperiodic response of field populations of . spectrene is different from
that of greenhouse populations (Chapter 6). Possibly field populations changed their
photoperiodic response under the influence of specific selection pressures, after
immigration into heated greenhouses. To discern how this selection may take place,
knowledge about inducticn, maintenance, and termination cf diapause in field populations
introduced into greenhouse cultures is needed.

The climate in heated greenmhouses is characterised by the lack of a period of
chilling during winter. Many insects in a state of diapause die without developing, or
grow in a protracted and irregular manner, when exposed to temperatures that would be
expected to favour non-diapause morphogenesis (Lees 1855, p. 50).

7.1 MAINTENANCE AND TERMINATION OF DIAPAUSE WITHOUT A PERIOD OF CHILLING
7.1.1 Greenhouse experiments

Field-strain eggs (3rd and 4th laboratory generation), and larvae that hatched from
these eggs, were reared in a Cerberc house on artificial diet in a cage that was
protected from the sun. The greenhouse was heated in winter (mean daily temperature JSOC,
minimun night temperature 150C]. Pupation was cbserved at 1-3 day intervals. The
experiment was done twice, during the second flight period of field populations, with eggs
that hatched on August 24, and October 22, 1979. In each trial 200 larvae were used.

Larval development under these conditions was compared with:

a. Non-diapause development in the same Gerbera house (100 field-strain larvae from eggs
that hatched cn July 6, 1980; pupation was cbserved at 24-hour intervals).

b. Development of field-strain larvae with diapause ocutdoors (Chapter 5).

c. Nen-diapause development cutdoors (100 field strain larvas from eggs that hatched on
July 6, 1980; pupaticn was observed at 24-hour intervals).

In figure 17, pupation rate in the course of time of the larvae from eggs that hatched
on August 24, and on October 22, 1979 in the Gerbera house, i1s given. About ¢ weeks after
egg hatching all the larvae had made a hibernaculum. The first pupation occurred at least
150 days after egg hatching. Thus it was certain that all the larvae entered diaspause,

The time elapsing between the first and the last pupation was extremely long. The
larvae from eggs that hatched on August 24, 1979, pupated between January 28 and July 15
of the following year (figure 17). The larvae from eggs that hatched on October 22, 1979,
pupated between March 21 and July 18 of the following year (figure 17). The number of
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Figure 17. Pupation rate of a field strain after dlapause in a heated greenhouse. Egg
hatching: 24-08-1979 and 22-10-1979.

pupae formed per day was the highest around mid-May in both trials, but a large part of
the larvae pupated before or after May 1980 {figure 17).

Apparently the development duration of these diapausing larvae was extremely
variable, and neither a period of chilling nor long-day conditions were prerequisites for
diapause termination.

In table 19, larval development (diapause and non-diapause) cutdoors and in the
Gerbera house is compared. The extremely long period which elapsed between the first and
the last pupation after the field strain larvae had terminated their diapause in the
greenhouse is also evident from the data in table 19. After diapause outdoors this period
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Table 19, Larval development (diapause and non-diapause) of a field strain on an artificial
diet outdoors and in a Gerberg house,

Rearing Date cf egg Larval mortality Time between Mean developmental
situations hatching (egg hatching up first and last time of female
to pupation) pupation {days) larvae minus male

larvae (days)

diapause in a 1979-08-24 237 168 18
Gerbera house 1979-10-22 27% 119 21
1978-08-01 19% 38 7
diapause 1978-08-17 307 52 3
outdoors 1978-0%-09 10% 67 4
1978-09-25 167 36 10
non-diapause in  [980-07-06 17% 8 1
a Gerbera house
non-diapause 1980-07-06 33% 16 2
outdoocrs

was much shorter, although the mean daily temperature was considerably lower than in the
greenhouse.

The extreme variability in development duration of diapausing larvae in the
greenhouse coincided with an increase in the difference in mean developmentzl time between
male and female larvae (table 19). Thus, especially in the beginning and at the end of the
period during which pupation tock place, the chance of emerging field-strain moths to find
a mating partner was considerably reduced.

Larval mortality during development with diapause was not appreciably increased in
the greenhouse compared to the other rearing situations mentioned in table 19. About 75% of
the larvae in the greenhouse reached the pupzl stage, although they had to terminate their
diapause without a period of chilling, The fertility of the female moths after temrmination
of diapause was not investigated.

When a field strain is introduced into cultures in heated greenhcuses, diapause will
be entered as socon as the day length is sufficiently short. Diapause will considerably
decrease the multiplication rate of the population per annum, but the absence of a period
of chilling will not essentially affect the survival rate of the diapausing larvae.

7.1.2 Laboratory experiments

Additicnal experiments were done in the laboratory, in which the development of
individual diapausing larvae, without the interference of a period of chilling, was
studied.

Field-strain eggs (4th laboratory generation), and 250 larvae that hatched from these
epgs were reared at 20°C and 16 h light per day until pupation. Larvae that did not die
or pupate within 2 months after egg hatching were considered to be diapausing. Moults and
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Table 20. Frequencies (Z) of the numbers of moults of diapausing larvae, from egg hatching
up to death or pupation, larval mortality, and mean time needed by diapausing larvae to
reach the pupal stage, in different rearing situations, of field strains.

Number of Rearing situations
moults from
egg hatching outdoors laboratory laboratory
until death (egg hatching Aug. 1 (20°C =nd 16 h light (20%C and 16 h light
" or pupation and 17, Sept. 9 and per day) per day; after 2
of diapausing 25, 1978) wonths: 20 °C and 18
larvae h. light per day)
larvae larvae larvae larvae larvae larvae
pupating dying pupating dying pupating dying
2 -— 67 -— - —— -—
3 -_— 3z - - -— 5%
4 8% 647 -— 47 1% 1%
5 61% 18% 7% 16% 97 11%
6 277 6% 18% 16% 417 237
7 3z 3z 112 9% 242 11%
8 —_— —_— 18% 17% 15% 11%
9 —— —— 22% 97 5% HZ
10 — _— 9% 6% 2% 112
11 _— —_ 9z 6% 2z 2z
12 -— — -— 4% -— 27
13 —— -— -— 3z -— -—
14 -— - 1z 6X -— -—-
15 _— -— -— 37 - ——
16 — ——- — -— -— -—
17 - - -— — -— ——
18 -— -— -—_ 2% _— -—
mean number 5.2 4.2 8.6 8.3 6.7 7.0
of moults n=260 n=33 =45 n~90 n=147 n=454

mortality from
egg hatching up 10-307 777 337
to pupation .

mean time

needed by the

diapausing

larvae to reach 98 (5.D.=48) 70 (5.D.=48)
the pupal stage

{days)

pupation ot the diapausing larvae were observed at 2-day intervals.

In a second experiment, field-strain eggs (4th laboratory generation), and 250 larvae
that hatched from these eggs, were reared at 20°C and 16 h light per day. The larvae that
did not die or pupate within 2 months after egg hatching, were considered to be diapausing
and transferred to 20°C and LD 18:6 (conditions that do pot induce any diapause). Moults
and pupation of these larvae were also observed at 2-day intervals,

Larval development under the conditions described above was compared with the
development of larvae diapausing outdoors (experiments in Section 5.2). The results are
presented in table 20.
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The mean number of moults from egg hatching until pupation of diapausing larvae was
5.2 under outdoor conditions. The mumber of moults outdoors never exceeded 7 (table 20).

The mean number of moults increased to 6.7 at 20°C and LD 18:6, and to 8.6 at 20
and 16 h. light per day in the laboratory. The variability in the number of moults was
much greater in the laboratory than outdoors. It is remarkable that, contrary to the
situation outdoors, some of the laboratory-reared diapausing larvae that died before
pupation underwent a higher mmber of moults than any of the diapausing larvae that were
able to reach the pupal stage. Some of these larvae died after 18 moults (table 20).

The absence of a period of chilling apparently causes protracted and variable

development in diapausing larvae of (. spectrana.

At 20°C and LD 18:6, diapausing larvae on the average neceded 70 days to reach the
pupal stage, while they needed 98 days at 20°C and 16 h light per day (table 20). The
difference was significant (Z2-sided t-test, P«<.05).

Long-day conditions apparently hasten the termination of diapause.

7.2 HEREDITY OF DEVELCOPMENT DURATION IN DIAPAUSING LARVAE

Under greenhouse conditions, without a period of chilling, a strong variability in
the time required for diapausing larvae to reach the pupal stage is expressed (Section
7.1). If this variability is genetically determined, selection in favour of a shorter
diapause duration may operate in heated greenhouses if a field strain is introduced.
Experiments were set up to determine whether the development duration of diapausing larvae
can be shortened by selection under conditions without a cold period.

From the greenhouse experiment described in Subsection 7.1.1 (egg hatching 1979-08-24)
three groups of pupae were taken:
group 1: pupae formed between 1980-01-28 and 1980-03-03
group 2: pupae formed between 1980-05-01 and 71980-05-14
group 3: pupae formed between 1980-06-12 and 1980-006-17

Offspring of each group was reared at 20°C and 15 h light per day. Each time 220 larvae
were used, from eggs that had hatched on the same day. The larvae that did not die or pupate
within 2 months were considered to be diapausing, and transferred to 25°C and 1D 18:6 (long-
-day conditions that do not induce any diapause). Pupation was observed at 24-hour intervals
to determine the length of time the diapausing larvae needed tc pupate.

Group 1 had pupated earliest after diapause in the greenhouse. From the diapausing
offspring of this group, the earliest 3 male pupae and the earliest 3 female pupae were
taken (i.e. group 1-1). After emergence, the moths were mated and their offspring reared
as the parental generation. From the diapausing offspring of group 1-1, again the earliest
3 male pupae and the earliest 3 female pupae were taken (i.e. group 1-1-1} and their
offspring reared as the parental generation. The results of these experiments are given
in table 21.
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Table 21. Photoperiodic response of field-strain larvae at diapause induction and time
required for diapausing larvae to reach the pupal stage, in selection experiments.,

Proportion of the larvae Mean time required by the diapausing
entering diapause at 20°C larvae to reach the pupal stage
and 16 h light per day (days) at 25°C and LD 18:6
offspring 937 71 (5.D.=39)
group 1 n=130
1st
gene- offspring 967 73 (5.D.=56)
ratien |group 2 n=51
offspring 647 74 (5.D.=33)
group 3 n=54
2nd offspring 100% 54 (8.D,=26)
gene~ group 1-1 n=147
ration
3rd offepring 947 43 (8.D.=23)
gene— group 1-1-1 n=I17
ration

Within the 1st generation (offspring groups 1-3), a difference in the time needed for
diapausing larvae to reach the pupal stage did not appear (table 21). The differences
between the offspring of the groups 1, 2, and 3 were not significant (2-sided t-test,
P>.05).

In the 2nd generation (offspring group 1-1), the mean time required for diapausing
larvae to reach the pupal stage was significantly shorter than in the previous generation
(T-sided t-test, P<,005).

In the 3rd generation {offspring group 1-1-1) the mean number of days needed by
diapausing larvae to reach the pupal stage was again significantly shorter than in the
previous generation (1-sided t-test, P<.005). ‘

The shortened development duration of diapausing larvae in the 2nd and 3rd generation
did not coincide with a change of the photoperiodic response at 20°C and 16 h light per
day (table 21).

Genetically determined intrapopulation variation in the duration of diapause is found
in many insect species (Tauber & Tauber 1976). The results in table 21 indicate such a
genetically determined variation in C. spectrana. The mean time required for diapausing
larvae to reach the pupal stage under conditions without a period of chilling, rapidly
responded to selection. Consequently, if a field population of ¢. spectrana is introduced
into cultures in heated greenhouses, the mean time required for diapausing larvae to reach
the pupal stage will gradually be shortened, larvae pupating earlier contributing sooner
to the reproeduction of the population. If within the field populations sufficient genetic
variation is present, the above mechanism may, after a sufficient number of generations is
passed in the greenmhouse, lead to a loss of diapausing behaviour of the whole population
under these conditions.
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8 Female sex pheromone

Female sex pheromecne plays an important role in arousing mating behaviour in many
insect species. The compesition of the pheromone is usually specific for each species,
thus contributing essentially to their reproductive isolation.

To detect possible isclation mechanisms between field and greenhouse populations of
C. spectrang, studies on sex pheromone and calling behaviour of the female moths are
important. The female sex pheromone of field populations of . spectrana comprises at
least 2 components, ¢is-9- and cis-11-tetradecen-1-ol acetate (cis-9- and cis-11-TDA).
Cis-11-TDA is the main compcnent (Minks et al. 1973). Optimal attraction in the field is
obtained with a mixture of cis-11- and cis-9-TDA in the ratio 9:1 (Minks et al. 1974).
Poor results were cbtained when this mixture was used in greenhouses (Van de Vrie 1976).
This may indicate a deviating composition of the phercomone produced by greenhouse-strain

females. It may also be caused by the deviating nature of the air movements in greenhouses.
§.1 COMPOSITION OF THE FEMALE SEX PHEROMONE

The contents of a number of phercmone glands of a field strain (Znd laboratory
generation) and a greenhouse strain (3rd laboratory generation) were anzlysed by gas
chromatography. The cooperation of W.J. Neoijen (Division of Technology for Society TNO,
Department of Chemistry, Delft) in performing these analyses is gratefully acknowledged.
Fifty glands of each strain were used. The females were allowed to emerge at ZG:JDC under
artificial white light: light period 17 hours, "dusk" 1.5 hours, dark period 4 hours,
"dawn" 1.5 hours. The light intensity changed linearly during "dawn'" and "dusk™.
Observations during the dark period were made possible by the use of red fluorescent
lights. The glands were collected during the second half of the dark period when the
females were 4 days old. The glands, together with an internal standard (octadecane C18
alcohol), were kept in an aluminium capsule in fluid nitrogen (—TQEOC). The contents of
the glands, together with the internal standard, were injected with a Perkin Elmer MS 41
solid injector (Décoins & Gallois 1979) into a stainless steel 3% ov-101 column cn
chromeserb WHP, 2 m leong with an inner diameter of 4 mm. The effluents were collected in
the C14 acetate area, and with a falling needle injector put into a glass cp wax 51

capillary, 50 m long with an inner diameter of 0.25 mm,

The female sex pheromone of both strains contained twe components in the C14 acetate
area. The retention times of these components coincided with those of c¢is-9-TDA and cis-
11-TDA. The ratio cis-S:cis-11 in the pheromcene glands was 2:100 in the field strain and
1:100 in the greenhcuse strain.
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Figure 18, Male antennal response of a field and a greenhouse strain to mono-unsaturated
tetradecen-1-0l acetate standards. EAG=electro-antenncgram. {Average control response is
0 to | percent).

The male antennal response to a series of mono-unsaturated TDA standards was
determined by electro-antennography (EAG). Thanks are due to Dr.Ir. C.J. Persoons
(Division of Technology for Society TNO, Department of Chemistry, Delft) for carrying out
these experiments. Bight males of each strain were used.

The results are presented in figure 18. The electro-antennogram pattern was identical
for the males of both strains. This confirms that the ratio cis-9-TDA:cis-11-TDA was not

or only slightly different in the two strains.
8.2 CALLING BEHAVIOUR OF VIRGIN FEMALES IN RELATION TO THE LICGHT-DARK CYCLE

Even if the composition of the female sex pheromone is identical in both strains,
mutual attraction may be inhibited if the females call at different times during the night.

The calling behaviour of virgin females in relation to the light-dark cycle was
investigated in an experimental room under standardized conditions: light period 17 hours,
rdusk' 1.5 hours, dark period 4 hours, and "dawn' 1.5 hours; light was given with 2 bulbs
(white light) of 200 W each; the light intensity changed linearly during '"dusk™ and "dawn',
during the light period 2 fluorescent tubes (white light) of 65 W and 50 Hz each were
additionally used; the light scurces were placed at a height of 1 m above the moths and
were arranged in such a way that both strains received the same light intensity;
observations during the dark period were made possible by the use of red fluorescent
lights; temperature 23°%C {light period) and 21°C {dark pericd); relative air humidity 70-
80%.

Female pupae were collected from a mass rearing at 25°C and LD 18:6.within 16 hours
after pupation and transferred to the experimental room. The moths were allowed to emerge
individually in glass vials and transferred to perspex cylinders (length 15 cm, diameter
1¢ cm) closed with gauze at both ends (5 moths per cylinder). Wet cotton wocl was used as
a water supply for the females. Calling behaviour was observed during 2 successive '"nights"
with 3-4 days cld meths (50 per strain per '"night'}. The observations were made at 15-
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Figure 19. Calling behaviour of virgin females of a field and a2 greenhouse strain in
relation to the light-dark cycle.

minute intervals during “dusk™, the dark period and "dawn".

When the females were in calling position the abdomen was extended and bent ventrally,
wings were slightly raised and hind legs stretched. The terminal abdominal segments were
protruded, exposing the pheromone gland to the air. Other tortricids, such as Adozmophyss
oravz (Fov.R.) (Tamaki et al, 1969) and Fpiphyas pestvittana (Walker) (Lawrence & Rartell
1972), and the Furopean small ermine moths (Yponomeuta spp.) (Hendrikse 1978), behave in
the same way. In the present experiments, a C. epectrana female was considered to be in

calling position as long as its abdomen was extended.

The results are presented in figure 19. Under these experimental conditions the
calling behaviour of virgin females was identical in both strains. The first females
started calling about 1 hour after the onset cf darkness. Calling behaviour reached its
maximum during the second half of the dark period and rapidly diminished at "‘dawn'.

8.3 PHEROMONAL TRAFPING

From the results of the experiments described in the Sections 8.1 and 8.2 it can be
expected that there will be unhampered mutual attraction between male and female moths of
both strains when they are brought together. To check this, release-recapture trials with
traps containing live virgin females were conducted. These experiments were done both
outdcors and in a greenhouse, because the nature of the air movements inside a greenhouse
differs greatly from that outdoors, which may affect pheromone-mediated communication

amcng insects in greenhouses.
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§.3.1 Outdoor trials

One set of release-recapture trials was conducted in an outdoor cage (area 7x9=42 mz;
height 2.5 m} of polyamide gauze (mesh width 1.25 mm, thread diameter 0.315 mm), planted
with rows of Priunus triloba (L.). Air currents in the cage resembled those in a natural
situation.

Three kinds of traps, each in duplicate, were used:

- Sticky traps (delta shape), baited with Z virgin females of a field strain that were
kept inside the trap in a tube (length 5 cm, diameter Z.5 cm) closed at both ends with
gauze. Wet cotton wool was used as a water supply for the females.

- Traps of the same type baited with 2 virgin females of a greenhouse strain.

- Unbaited traps of the same type were used to assess what proportion of the catches in
the female-baited traps had to be attributed to other factors than pherumonal attraction.

The traps were placed 1 m from the walls of the cage, at a height of 0.5 m. The distance

between adjacent traps was 2.5-4 m.

Male and female moths were taken from a mass rearing at 25%C and LD 18:6 {greenhouse
strain 2nd and 3rd, field strain 3rd and 4th laboratory generation). The moths were
allowed to emerge individually in glass tubes. Females were transferred to the traps
within 16 hours after emergence. Males were released inside the cage within 16 hours
after emergence when the females in the traps were at least 2 days old. Field-strain and
greenhouse-strain males were released alternately at intervals of at least Z weeks, to
prevent them getting mixed up. Recaptures in the traps were tecorded daily, and dead or
dying females were replaced. The arrangement of the traps was changed daily to prevent
effects of position in the catches. The trials lasted from June until October 1980.

The results are presented in table 22. Differences in the release-recapture trials
were tested by the xz—method (1-sided test). Recaptures in the female-baited traps were
always significantly larger than in the traps without bait (P<.005) (table 22). This
demonstrates the role of pheromonal attraction in these experiments. There were no

Table 22. Percentage recaptured males in female-baited and unbaited traps in a
field cage.

Traps baited with Traps baited with Unbaited
virgin females of a virgin females of a traps
greenhouse strain field strain
males 3.8% 9.27 0.6%
graeenhouse =27 n=66 n=4
strain
males 4,2% 8.5% 0.7%
field n=18 n=36 n=3
strain

Total number of males released: Greenhouse strain= 715; Field strain= 426,
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significant differences in recaptures between the males of both strains (P>.05}, thus
females of both strains attracted males of both strains in equal proportions (table 22).
This confirms the unhampered muitual attraction between the styains, when brought together
under outdeor conditions.

Field-strain females attracted about twice as many males of each strain than
greenhouse-strain females (table 22). At present, an exact explanation for this phenomenon
cannot be given. The greenhouse-strain females mipht for example have called less
frequently than field-strain females, or the amount of phercmone produced per female
might have been lower in the greenhouse strain.

8.3.2 Greenhouse trials

Another series of release-recapture trials was conducted in a Gerbera house (area
8x10=80 mz; ridge height 5 m). The ventilators were screened with gauze to prevent moth
escaps, The trials were set up in exactly the same way as those in the outdoor cage. The
mumber of traps per m’ was about the same as in the outdoor cage: 2 traps of each kind
were placed between the Gerbera beds, and another 2 of each kind along the walls inside
the greenhouse, at a height of 0.5 m. The distance between adjacent traps was 3-4 m. The
trials were conducted during 3 weeks in January 19871, when the greenhouse was continuously
heated (greenhouse strain 1st, field strain 5th laboratory generation), and during 3 weeks
in June 1981, when the greenhouse was only incidemtally heated during the coldest part of
the night (greenhouse strain 3rd, and field strain 1st laboratery generaticn). Released
male moths all belonged to a greenhouse strain. The recaptures were compared with those
of greenhouse-strain males in the outdoor cage (Subsection 8.3.7). The results are presented
in the tables 23 and 24.

Tabie 23. Percentage recaptured males (greenhouse strain) in female-baited and unbaited
traps in a2 greenhouse.

Traps baited with Traps baited with Unbaited
virgin females of a virgin females of a traps
greenhouse strain field strain
along the 1.4% 2.0% 1.0%
walls n=14 n=20 n=10
January
1981 between the 0.4% 0.6% 0.27
plant beds n=4 n=6 =2
along the 3,47 1,72 0.8%
walls n=25 n=12 n=6
June
1981 between the 0.87 0.8% 0.3%
plant beds n=6 n=6 n=2
Total number of greenhouse strain males released: January 1981= 1010; June 1981= 726.
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The recaptures of greenhouse-strain males in the greemhouse were low compared to
those of greenhouse-strain males in the outdoor cage (tables 22 and 23). Although the
Tecaptures in the traps baited with greenhouse-strain females did not even differ
significantly from those in the unbaited traps in the trials of January 1981 (P-.05) (table
23}, it is justifiable to conclude that both greenhouse-strain females and field-strain
females attracted greenhouse-strain males in a greenhouse enviromment.

In January 1981, field-strain females attracted more males than greenhouse-strain
females, but the difference was not significant (P>.05) (table 23). In June 1981, field-
strain females attracted significantly less males than greenhouse strain females (P<.05}
(table 23). The recaptures in the greenhouse were significantly higher along the walls
than between the plant beds (P<.05) (table 23). This was the case for both female-baited
and unbaited traps. At present, an exact explanation for these phenomena cannot be given.

In table 24, recaptures of greenhouse-strain males in the greenhouse and in the
outdoor cage are compared. A significantly lower propertion of males was recaptured in the
greenhouse compared to the ocutdoor cage, hoth before and after cerrection for the catches
in unbaited traps (P<.005). Apparently pheromonal attraction by virgin females was less
effective in the greenhouse than in the outdoor cage.

Air movements in greenhouses differ greatly from those outdoors. In greenhouses there
are mo horizontal air currents, but the air only circulates by warm air rising and cold
air falllng (Kanthak 1973). The wind speed is very low. It usually varles between 5 and
20 cm/s when the ventilators are closed, and between 5 and 40 cm/s when open (G.P.A.
Bot, G.A. van den Berg, pers. comu.},

The reduced effectiveness of pheromonal attraction in the greenhouse may have
different causes. Basic male flight activity (not elicited by pheromone} may be lower in
greenhouses than in the open air, and females may call less frequently. A more likely
explanation is that pheromone-mediated long-range behaviour of the males is disturbed in a
greenhouse enviromment. In the field, males react by flying up wind when they encounter
pheromone molecules (Kennedy & Marsh 1974). The specific nature of the air movements in

Table 24. Comparison between recaptures of male moths {(greenhouse strain) in an
outdoor cage and in a greenhouse {(release-recapture trials using female-baited and
unbaited traps).

Greenhouse Greenhouse Qutdoor cage
(January) (June) - {summer)
+«along the walls 4.47 5.9%
fe‘;‘:;iire 4 | +betveen the plant beds 1.27 1.92
stotal recapture 5.6% 7.8% 13.6%
% males recaptured after correction
for the catches in unbaited traps 2.0% 4.5% .92
number of males released 1010 726 715

61



greenhouses may reduce the effectiveness of this anemotactic behaviour. This may be the
reason for the poor catches of ¢. spectrana in traps in greenhouses that were baited with
synthetic phercmone, as reported by Van de Vrie {1976). However, male sexual behaviour in
short-range orientation, close to calling females, may be unaffected in greenhouses.

C. spectrana is a serious pest in greenhouses. The chance of a male getting close
to a calling female, with or without pheromone-mediated anemotactic flight, and therefore
the chance of a female getting fertilized, is apparently sufficiently high to ensure a
considerable population increase. Behavioural observations should reveal whether greenhouse
populations of ., speatrana have adapted their sexual behaviour to the specific greenhouse
conditions, e.g. in the sense that other than pheromonal stimuli play a more important
rcle than in field populations.

8.4 MATING PREFERENCE

Roelofs & Cardé (1977) suggested that the function of secondary pheromone components
may be to release male short-range responses (landing, wing famming, gland extrusion,
mating)}. The female sex pheromone of the summer-fruit tortrix moth, Adorophyes orana (F.v.
R.), and that of ¢. specirana, is thought to contain the same components (cis-11-TDA and
cis-9-TDA), but in a different ratio (Minks et al. 1973). Den Otter et al. (1578) and Den
Otter & Klijnstra (1980) suggested that the pheromone released by females of A. orana
contains one or more additional components that are needed to induce the copulatory act.
Thus the fact that a field strain and a greenhouse strain of . spectranae mutually
attract each other when they are brought together does not necessarily imply that inter-
strain matings can occur. Experiments with a field strain and a greenhouse strain were set
up to check whether inter-strain matings are possible.

Male and female moths of a field strain (1st laboratory generation) and a greenhouse
strain (3rd laboratory generation) were taken at random from one group of each strain
reared at 25°C and LD 18:6. They were brought together within 10 hours after emergence in
polyethylene bags (size ca. 10x15x30 cm, each containing a fresh rose shoot placed in wet
Oasis). The bags were kept at 25°C and LD 18:6, and each received 1 female and 3 males
in the following combinations: greenhouse @ x greenhouse a3; greenhouse Q x field 5@;
field Q x greenhouse 3; field Q x field 33. There were 10 bags per combination. Mating
was considered to have cccurred if a female laid fertilized eggs.

Teble 25. Occurrence of intra-strain and inter-strain matings
between a field and a greenhouse strain.

Female x Males Number of females laying
fertilized eggs

greenhouse x greenhouse 6 (n=10)
greenhouse x field 5 (n=9)
field x greenhouse 5 {(n=10)
field x field 7 (n=10)
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Successful inter-strain matings readily occurred (table 25). In these experiments, a
difference in mating preference between the strains did not appear. If only a minor
difference exists, it may only be detected in a situation in which males could actually
choose between females of both strains.
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9 Hybridization

No isclating mechanisms were found in the pheromonal attraction or mating habits
between field and greenhouse pepulations of ¢. spectrana (Chapter 8), Allozyme
frequencies were determined in order to get an indication of the degree of genetic
differentiation between these populations. (rossing experiments were done to determine
whether hybrid offspring are viable and fertile. The photoperiodic response of F1 hybrids

was determined.
9.1 ALLOZYME FREQUENCIES

One hundred larvae were collected from stinging nettles, Urtica dioica (L.), near
Wageningen in May 1979, and another 100 larvae from a rose house in Roelofarendsveen (near
lLeiden) in August 1979, Fifty larvae of each populaticn were preserved at -25°C. The rest
of the larvae were reared on an artificial diet and the moths preserved at -25%.

Allozyme {electromorph) fregquencies of 18 different loci in both strains were determined
by electrophoresis. The cooperation of Dr. S.B.J. Menken (Department of Zoogeography, Free
University, Amsterdam) in performing these cxperiments is gratefully acknowledged. The
methods applied by Menken (1980) for Ypomomewta spp. {Lepidoptera: Yponomeutidae) were
used. The abbreviations, names and Enzyme Commission Numbers for the enzymes assayed are
as follows: ACPH, acid phosphatase, IC 3.1.3.2; ALD, aldolase, EC 4.1.2.13; EST-3-1,
esterase, EC 3.1.1.2; FUDH, fucose dehydrogenase, BC 1.1.1.122; GLUO, glucose cxidase,

EC 1.1.3.4; GOT-1 and GOT-2, glutamic-coxaloacetic transaminase, EC 2.6.1.1; G6DPH,
glucose-6-phosphate dehydrogenase, EC 1.1.1,49; HDBH, hydroxybutyrate dehydrogenase (runs
cathodally), EC 1.1.1.30; LAP-1, leucine aminopeptidase, EC 3.4.11.1; MDH~T (runs
ancdally} and MDH-2 (runs cathedally), malate dehydrogenase, EC 1.1.1.37; ME, malic
enzyme, EC 1.1.1.40; NDH, "nothing dehydrogenase™ (runs cathodally); PGI, phosphoglucose
isomerase, LC 5.3.1.9; POM, phosphoglucomutase, EC 2.7.5.1; PT-1 and PT-2, "general

proteins™ with unknown function.,

Eight enzyme loci were fixed for the same allele in both populations: ACPH, FUDH,
GOT-1, GOT-2, GOPIH, ME, NDH, and PT-2. The allozyme frequenciecs of the other 10 loci are

given in table 26.

These electrophoretic data were used to estimate the average heterozygosity per locus
(I}, the genetic distance (D), and the genetic ldentity (I) of the two populaticns.

H estimates the proportion of heterozygous loci in a single individual or population.
It amounted to 0.098 in the field population, while the greenhouse population had a
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Table 26. Allozyme frequencies at 10 loci in a field population and a
greenhouse population.

Locus Allozymes Field population Greenhouse population

ALD 100 977 967
103 37 47

n=38 n=28

EST-8-! 97 97 -—
o0 91z 1007

n=38 n=28

GLUO 100 71Z 732
101i -— 27

102 297 237

104 -— 2Z
n=38 n=28

HDEH - 94 9% —
-100 91Z 100Z

n=23 n=28

LAP-1 98 8z 47
100 927 917

102 —— 57

n=38 n=28

MDH-1 97 1Z ——
100 84% 75%

107 147 25%
n=38 n=28

MDH-2 - 98 12 -—
-100 997 827

-102 —— 182
n=38 n=28

PGI 94.5 — 10%
96.5 7% -

100 887 907

105.5 5% -

n=88 n=66

PGM 94 - 1Z
97 1Z 127

100 91% 787

106 8% 9z

n=68 =43

PT-1 100 9272 1007
102 87 -

n=38 n=28

similar value (0.104).

D estimates the mumber of net codon differences per locus between populations (Nei
1971, 1872). The value was 0.006 + 0.018 in the present investigation. The mean distance
values (D) in the genus Speyeric (Lepidoptera: Nymphalidae) are 0.013 + 0.003 for
conspecific populations, and 0.182 + 0.013 between species (Brittnacher et al. 1978).
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Compared with similar studies of species groups nct belonging te the order Lepidoptera,
the Speyeria values are low. They correspond very well with the distance values found in
the genus Yponomeuta {Menken 1680}. The value of D in the present investigation indicates
a conspecific status of field and greenhouse populations of (. spectrana.

The index I measures the mean genetic similarity between two groups (Nei 1971, 1972).
The value was 4,994 in the present investigation. For sibling species, I generally range=
from 0.58 to less than 0.70 (Ayala 1875). The genetic identity of conspecific local
populaticns ranges from 0.97 to 1.00 in Drosophila spp. (Powell 1975), from 0.94 to 0.98
in dedes aegypti (Munstermann 1§7§), and from 0.989 tc 0.997 in dedes iriseriatus
(Matthews & Craig 1980). The mean identity values (I) in the genus Speyeria ave 0.987 +
0.003 fer conspecific populations, and 0.833 + 0.011 between species (Brittnacher et al.
1578). These correspend very well with the identity values in the genus Ypowomzuta (Menken
1580) . When censpecific populations are panmictic, their genetic similarity is expected to
be greater than 0.99 (Matthews & Craig 1980). Thus the genetic identity of the two
populations in the present investigation was at the level of pammictic populations of one
species,

Field and greenhouse populations cf . specirana are almost certainly still
conspecific.

G.2 CROSSING EXPERIMENTS

First and second generation crosses were performed with a field and a greenhouse strain
at 25°C and LD 18:6. The field strain (Ist laboratory generation) criginated from larvae
collected on Urtiea dicica near Wageningen, and the greenhouse strain (3rd laboratory
generation) from larvae and pupac collected in a rose house in De Kaag (near Leiden). The
strains had been reared at 15°C and LD 13:6.

In each P and F1 crossing, 15 male and 75 female moths were, within 16 heours after
emergence, taken at random and confined in one polyethylene bag (size ca. 15x30x45 cm),
containing a fresh rose shoot placed in wet Oasis.

The duration of development of a mmber of eggs laid on the inner side of the
polyethylene bag was determined [at least 200 viable eggs per crossing). The egg masses
were cut out within 16 hours after laying and put on moist filter paper in g petri dish in
a closed plastic bag. BEgg hatching was observed at 24-hour intervals.

The rest of the egg masses were divided at random over petri dishes containing fresh
rose leaves, The dishes were kept in closed plastic bags. Within 16 hours after egg
hatching, 220 larvae were cocllected at random and transferred te glass vials containing an
artificial diet. The vials were kept in closed transparent plastic boxes.

Egg mortality was determined by counting the empty choriens (representing hatched
eggs) and the non-hatched eggs.

Pupation and moth emergence were observed at 24 h intervals, after pupation the
diets and larval webs were removed to ensure unhampered moth emergence. The bottom of the
boxes were covered with wet filter paper in order to ensure a high air humidity.
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Tab1e027. Fecundity and fertility of the parents and sex ratioc of the progeny in P crosses
at 25°C and LD 18:6.

Females x Males Fumber of eggs laid Nunber of eggs hatched Z male
per temale per female pupae
FxF 467 322 45%
¥Fx6 476 324 502
GxF 394 256 497
GxG 375 236 597

F-field strain G=greenhouse strain

9.2.1 P crosses

The first set of crosses involved the field- and greenhouse-strain matings, and the
two possible hybrid crosses. The results are presented in the tables 27, 28, and 29.

Pecundity and fertility did not seem to be affected by the strain of male
participating in the mating (table 27). The sex ratios of the hybrid and pure-strain
progeny did not significantly deviate from 1:1 {2-sided ¥*-test, P>.05). On the basis of
these experiments it cannot be decided whether the pure strains significantly differed in
fecndity or fertility, as the number of eggs laid by each separate female involved in a
crossing was not known. The mmber of eggs per female was calculated by dividing the total
number of eggs per crossing by 15 (the number of females involved in each crossing).

Mortality of the progeny did not differ significantly bhetween the P crosses in each of
the immature life stages (2-sided y2-test, P>.05) (table 28).

Compared to the field strain (FxF)}, the mean larval development duration in the
greenhouse strain (GxG) was significantly longer (2-sided t-test, P<.005) (table 29).
Possibly the mean number of instars up to pupation was higher in the greenhouse strain.

The number of instars was not determined in these experiments., Larval development durations
in the two hybrid classes (FxG and GxF) ranged between those of the pure strains (table
29}. In the egg stage and pupal stage no significant differences between the progeny in the
P crosses were found (P>.05) (table Z9).

Table 28, Percentage mortality of varicus life stages of the progeny in P crosses at 25%¢
and LD 18:6,

Females x Males % non hatched Z larval % pupal %Z overall mortality
eggs mortality mortality from egg to adult
FxF 31 5 A 37
FxG 32 3 5 37
GxF 35 4 4 40
Ex6G 37 7 3 44

P=field strain G=greemhouse strain
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Table 29. Mean duration of development {days) of the progeny in P crosses at 25°C and LD 18:6.

Females x Males Eggs Larvae Pupae Total egg-adult

females x males eggs ] Q0 ) Q0 ad 00
FxF 6.2 20.9 23.5 6.2 5.8 33.3 35.5
FxG 6.5 22.4 25.4 6.4 6.0 35.3 37.9
G =xF 6.4 21,1 23.5 6.1} 5.9 33.6 35.8
Cx G 6.9 26.4 28.4  b.4 5.9 39.7 41,2

F=field strain G=greenhcuse strain

89.2.8 F1 erosses

Six different F1 crosses were set up to test the reproductive capacity of hybrid
females and the viability of the progeny. The results are presented in the tables 30, 31,
and 32.

Fecundity and fertility of the parents in the F1 crosses were variable (table 30).
Sometimes they were higher, and sometimes lower, than in the P crosses (tables 27 and 30).
The sex ratio never significantly deviated from 1:1 in the progeny of the F1 crosses
(2-sided x’-test, P>.05) (table 30).

Mortality of the progeny in the F1 crosses was variable in the egg stage and in the
pupal stage (table 31}. Total mortality up to moth emergence was sometimes significantly
lower, and sometimes significantly higher than in the pooled control crosses {(FxF and
CxG combined). The mean total mortality of the progeny amounted to 48% in the pocled F!
crosses of hybrids, which was significantly higher than in the pooled contrel crosses
(P<.05). In the pooled F1 backcrosses it was 38%, which was about the same as in the pocled

control crosses.

Development duration did not differ significantly between the progeny of all F1 and P
crosses in the egg and pupal stage (Z2-sided t-test, P».05)(tables 29 and 32). In the larval

Table 30, Fecundity and ferctility of the parents and sex ratic ot the progeny inm Fl crosses
o
at 25°C and LD 18:6.

Females x Mzles Number of eggs Number of eggs % male
laid per female hatched per female pupae

F x (FxG) 428 321 51%

back- F x (GxF) 392 188 527
crosses (FxG) x G 499 429 477
(GxF) x G 464 329 57%

crosses (FxG) x (FxG) 478 311 52%
of hybrids (GxF) x (GxF) 295 162 487

F=field strain G=greenhcuse strain
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Table 3!, Percentage mortality of various life stages of the progeny in Fl crosses at 2500
and LD 18:6,

Females x Males % non hatched Z larval % pupal % overall
eggs mortality mortality mortality
egg-adult
x + + +
_ F x (FxG) 25 5 5 32
::§:ses F =z (GxF) 32 : 4 : i : 58 :
(FxG) x G 14 v 3 + 18 . 31 +
{(6xF) x € 29 [ 5 36
crosses (FxG) x (Fx6) 35 . 4 18 X 49 3
of hybrids (6xF) x (GxF) £5 8 19 58
pooled control crosses
(FxF + GxG) 34 6 4 40
F=field strain + does not differ signigicantly from pooled control
cross data (2~sided x -test, P>.05)
G=greenhouse strain % differs significantly from pooled control cross

data (P<.05)

stage, the development duration of the progenmy in the F1 crosses ranged between those of the
pure strains or was even shorter (tables 29 and 32). An interpretation of these differences
cannot be given, as the number of larval instars was not determined in these experiments.

9, 2.3 Discussion

When heterosis of Fl1 hybrids occurs, it is caused by increased genetic variability
of the hybrids compared to the control crosses, allowing the most efficient develcpmental
pathways to predominate during growth. It is possibly expressed by a faster development
and a higher survival rate when compared to the control crosses (Liebherr & Roelofs 1975).
The ¥1 hybrids did not exhibit a higher survival rate than the control progeny in any of
the immature stages (table 28). The duration of development of the F1 hybrids did not differ
significantly from that of the control progeny in the egg and pupal stage, but a definite

Table 32. Mean duration of development {days) of the progeny in F] crosses at 25°C and LD 1B:6.

Females x Males Eggs Larvae Pupae Total egp-adult
@ 9 4 9 a o

F x (FxG) 6.3 19.5 22.0 6.6 6.2 32.4  34.5

back- F x (GxF) 6.8 19.6  22.2 6.6 6.2 33.0 35.2
crosses (FxG) x 6 6.4 20.4 22.3 6.5 6.3 33.3 35.0
(Gx<F) x G 6.4 21.8 23.5 6.7 6.4 34.9 36,3

crosses (FxG) x (FxG) 6.5 22.3 25.4 6.7 6.5 35.5 38.4
of hybrids (GzF) x (GzF) 6.7 23.2  25.5 6.4 6.1 36.3 38.3

F=field strain G=greenhouse strain

69



conclusion about the rate of development of the larvae is hampered by possible variations

in the mean number of instars.

Cliver (1972) considers that hybrid incompatibility in a species cross is shown by
reduced feaundity, reduced embryc viability, a distorted sex ratic and more asynchronous
eclosion of the two sexes in the hybrid crosses when compared with the control crosses.

More asynchroncus eclosicn of the two sexes did not cccur in Fl or in F2 hybrids
(tables 29 and 32).

The sex ratio never significantly deviated from 1:1 (tables 27 and 30). Reduced
embryo viability occurred in the progeny of some of the F1 crosses, but in other F1 crosses
it was significantly increased {table 31j.

Mean fecundity of pure strain females amounted to 422, and mean fertility 275 (derived
from the tables 27 and 30). For hybrid females, these values were 434 and 301, respectively
{derived from table 30). Fecundity and fertility of hybrid females did not seem to be
reduced, but a definite conclusion is hampered by the fact that the nurmber of eggs laid by
each separate female involved in a crossing is not known.

The question whether hybrid incompatibility in any form exists cannot be answered,
but when a field strain and a greenhouse strain are brought together, hybridization and
introgressicn certainly will occur.

5.3 PHOTOPERIODIC RESPONSE IN F1 HYBRIDS

Field and greemhouse populations of C. spectrane can be readily intercrossed {Section
9.2)., Thus diapause characteristics can be crossed into greenhouse populations by
introducing field-strain moths. To determine the effectiveness of this procedure as a
genetic control method, knowledge about the photoperiodic response of the F1 hybrids that
are formed, is needed.

Photoperiodic respcnse of the reciprocal F1 hybrids was determined at 20°%C and 16 h
light per day in crossing experiments using a field strain (3rd laboratory generation) and
a greenhouse strain (2nd laboratory generation). The strains had been reared at 15°¢ and
LD 18:6. For each crossing, 15 male moths and 15 female moths were taken at randem from one
lot of each strain and confined in one polyethylene bag containing a fresh rose shoot.

Table 33, Percentage of larvae entering diapause at 20°¢ end
16 h light per day in the progeny of P crosses,

Females x Males

FxF FxG G xF G x G
7 diapause 86 52 18 o]
n=208 n=203 n=214 n=210
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Eggs were collected and kept in petri dishes on fresh rose leaves. A sample of 220G larvae
was taken at random within 16 hours after egg hatching, and reared singly on an artificial
diet. Larvae that did not die or pupate within 2 months after egg hatching were considered
to be diapausing.

The percentage of diapausing larvae in the progeny of each of the 4 possible P crosses

is given in table 33. The reciprocal F1 hybrids showed an intermediate photoperiodic response
compared to the pure-strain progeny. Their reaction inclined to the maternal characteristics.
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10 Discussion

Field and rose-house populations of . spectrana differ essentially with respect to
diapause. Field populaticns have a facultative, photoperiodically induced diapause in the
larval stage (Chapter 5). Rose-house populations lacked the ability to enter diapause
under the conditions tested, both in laboratory and outdoor experiments (Chapter 6),
Non-diapausing behaviour is advantageous in heated greenhouses, where suitable food is
available throughout the year, and the temperature always allows for growth and
reproduction.

Morphological differences between field and rose-house populations did not appear
(Wit 1978). No differences were found in the composition of the female sex pheromone, the
pheromone-mediated behaviour of the males, the calling behaviour of virgin females in
relation to the light-dark cycle and mating preference (Chapter 8). Field and rose-
house populations can be intercrossed with a viable F2 generation {Section 9.2). Their
genetic identity (I) amounted to 0.994, which is the level for panmictic populations of
one species (Section 9.1).

Field and greenhouse populations of ¢. spectrana are certainly still censpecific. It
is adeguate to speak of a 'field type™ and a "'greenhouse type'.

When the two types are brought together, they seem to interbreed freely, without a
great deal of hybrid incompatibility (Section 9.2). Development duration and temperature-
dependent mertality did not differ between the two types (Chapter 4}. The survival of
diapausing larvae was not essentially affected by the absence of a period of chilling in
a heated greenhouse and was mnot lower in compariscn with the survival of larvae going
through non-diapause development in a greenhouse and outdoors. Thus the survival of the
two types may not differ essentially in a greenhouse enviromment (Subsection 7.1.1).

A difference in sensitivity to the synthetic pyrethroids that are commonly used for leaf-
roller control in greenhouses in the last few vears iIs at present unlikely to exist
(M. van de Vrie, pers. comm.).

Diapause appreciably decreases the multiplication rate per anmum in heated
greenhouses (Subsection 7,1.1). This seems to be the only factor limiting genetic exchange
between the two types, after the imnigration of local wild leaf-rollers.

Greenhouse populations have overlapping generations. All developmental stages are
always found simultaneously (Van de Vrie 1978). This means that the flight periods of the
twe types overlap each other. Even their phenclegy does not prohibit interbreeding.

Yet the genetic exchange between field and greenhcuse populations is sufficiently low
to maintain a separate greenhouse type. Samples from rose-house populations lack the
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ability to enter diapause, regardless of whether they are taken in sunmer or in winter
(Chapter 6). Apparently the glass walls and roofs to a large extent limit free
introgression of the field type into resident greenhouse populations, by prohibiting
immigrations into the greenhouse, and also by creating a different enviromment, in which
a period of chilling is lacking.

The origin of the greenhouse type might be a non-diapausing geographic race of ¢,
specirana, from the warmest parts of its distribution area, imported with plant material
into the Dutch greemhouse cultures, or perhaps the field type was introduced into heated
greenhouses, and subsequently lost its ability to enter diapause under the influence of
specific selection pressures in the greenhouse enviromment. These two possibilities will

now be discussed.

C. specirara is a palaearctic species. The area of distribution probably includes the
Mediterranean region, but the species is only known to be noxious in countries with a
colder climate (Section 2.3). C. epectrana belongs to the group of arthropod species that
diapauses in winter, diapause development taking place at temperatures below the threshold
for active development. These species usually do enter diapause in the Mediterranean
region (Danilevskii 1565, pp. 22-24). In some of these species Mediterranean populations
have been shown to be partly non-diapausing, e.g. in the lacewing Chrysoperla carnea Steph.
(Alrouechdi & Canard 1979). C. spectrana has been recorded in vineyards in the Hérault
district in the South of France. This district has a Mediterranean climate, but the larvae
enter diapause in autunn (Picard 1912). Nothing is known about the existence of non-
diapausing populations of €. spectrana under natural conditions. An introduction of such a
population into the Dutch greenhouse cultures is therefore unlikely.

Hoy (1978b) reviews an impressive number of arthroped species in which a non-
diapausing strain was obtained by inadvertent or purposeful selectjon in laboratory
cultures. Some striking examples are: Lyon et al. (1972) found that a colony of the
Western spruce bud worm, Choristoneura cceidentalis (Freeman), had inadvertently lost its
ability to enter diapause after it had been reared for 20 generations under controlled,
non diapause-inducing conditions; Hoy (1977) selected within 8 generations a strain of
gypsy moth, Lymantria dispar' (L.), that could be reared contimuously without its normal
"obligatory" diapause,

Roses belong to the earliest cutflowers that were reared under glass in Aalsmeer. The
first rose house was constructed in 1898 (Augustijn 1953). The flower auction in Aalsmeer
was founded in 1912, rose houses were then already often heated in winter (Anomymus 1930).
Tortricid larvae on roses are called "rozenijltjes' by the growers in the Aalsmeer region.
0l1d rose growers state that the name is as old as the rose culture in this region. From
the literature it is certain that the name was already commonly used in 1941 (Van Poeteren
1941). It may be assumed that tortricids have occurred on greenhouse roses since the start
of the culture under glass. The earliest mention of tortricid damage (species unspecified)
in Dutch rose houses that could be found in the literature was in 1929 (Van Poeteren
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1929). The first time . spectranag was recorded in greenhouses by the Dutch Plant
Protection Service was in 1936, on Cyclamen (Van Poeteren 1936). In 1941, C. spectrana
caused considerable damage to greenhouse roses. Until that time the species had been
considered a rare insect in floriculture (Van Poeteren 1941). Since then the name ''rozen-
ijltjes" has regularly appeared in the literature: Anonymus [194Zb), Augustijn et al.
(1945), Van Dort (1948), Van Raalte (1950), Gelein (1965). In February 1864, C. spectrana
caused heavy damage to greenhouse roses (Van Rossem et al. 1965), indicating that in 1564
a non-diapausing population already existed. If it is assumed that selection in favcur of
non-diapause was possible as soon as the rose culture under glass was started, greenhouse
populations of ¢. spectrana have had a period of at least 60 years to adapt to their
envirorment. This period comprises 360-540 generations of the greenhouse type. It is
likely that a non-diapausing population can be selected out within such a period. Development
duration of diapausing larvae could be shortened rapidly by selection under conditions
without a period of chilling (Section 7.2). As the genetic identity (I) of the two types
was on the level of pammictic populations of one species (Section 9.1), it may be
speculated that the greenhouse type is not of exotic origin.

It seems to be quite possible that the field type immigrated into heated greerhouses,
and subsequently lost its ability to enter diapause.

If it is assumed that the greenhouse type originates from the local fieid populations,
four questions arise:
1. How can field populations enter a greenhouse?
2. How can a non-diapausing population be selected for in a heated greenhouse?
3. How many generations are required to obtain such a population?
4. How does a non-diapausing population maintain itself, and how does it migrate from
greenhouse to greenhouse?

Question 1: field populations can enter a greenhouse in different ways:
a. Female moths or airborne young larvae may penetrate through the ventilators. This
probably happens rarely.

Field populations mainly feed on low herbaceous plants (Section Z.3), which limits
the chance that the young larvae are transported aerially over longer distances.

The flight activity of . spectrana 1s likely to be low. Male flight range of the
sumer-fruit tortrix moth, Adoxophyes orvana (F.v.R.), a related species with a similar
life cycle and abeout the same wing span (Graaf Bentinck & Diakonoff 1968), is usually
not more than 200 m, and often less than 100 m. Females probably fly even less (Barel
1973}, A difference between dispersing and migrating flight behaviour (Johnson 1969}
was not found in 4. orane (Barel 1973). Modern rose houses only have ventilators at
ridge height (ca. 5 m} (van Marsbergen 1968), and these are not always open at night.

Several tortricid species regularly cause damage to cultivated roses in the open
air in Western Europe (e.g. Richter von Binnenthal 1903; Pape 1955b). At present, none
of these species occurs on greenhouse roses in the Netherlands (Van de Vrie 1978),
which illustrates the isolating effect of modern rose houses on tortricid species.
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Isolation may have been less in the past. The walls of the earliest rose houses
were only man high, and the glass rcof was removed in summer (Spaargaren 1908). Rose
houses with a permanent glass roof were introduced later, with ventilators both at
ridge height and in the side-walls (Anonymus 1926). This type prevailed until long
after the Second World War (W. van Marsbergen, pers.comm.).

b. Eggs, larvae, and pupae may be brought into a greenhouse with plant material from the
open air. This probably happens rarely as well. Rose shrubs are kept 3-7 years in a
greenhouse before they are replaced (W. van Marsbergen, pers. comm.). Formerly
this period was 7-10 years (Wasscher 1955; Gelein 1965). New shrubs are produced by
grafting under glass, the grafts criginating from greenhouse roses (Gelein 1965). A
second method is by inoculation, the inoculated plants are kept in the open air for a
year before they are brought into a greenhouse (Van Marsbergen 1968). The field type
may occasionally penetrate a rose house with these plants. Most greenhouse crops are
reared completely under glass.

Question 2: studies on the genetic basis of diapause in arthropod species have often
been fragmentary and have sometimes yielded conflicting results. No clear conclusions can
be drawn about the genetic basis of diapause in the broad sense, although usually several
genes seem to be involved (Hoy 1978b).

The genetic variability exhibited with respect to diapause by most arthropods is
impressive. Several elements of diapause are genetically detemmined. The critical
photophase, the duration of diapause, the day degrees required for diapause termination,
and the degree of cold-hardiness exhibited during diapause all respond to selection, as
demonstrated by several species (Hoy 1978b).

The question arises how non-diapausing populations of ¢, spectrana may have been
selected for in heated greenhouses. The answer can only be given if more information
about the genetic basis of diapause in this species is available. Only some suggestions
can be given.

As in many other arthropods, the photoperiodic response of C. speetrana is modified
by the temperature (Section 5.1)}. Genotypes that lack photoperiodic induction of
diapause under the temperature conditions in a heated greenhouse are at an advantage over
diapausing genotypes, as they contribute more frequently to the reproduction of the
population. In this way the photopericdic response of immigrated wild leaf-rollers may
shift towards non-diapause.

The duration of development of diapausing €. spectrana larvae in heated greenhouses
is strongly variable and genetically determined. It can rapidly be shortened by selection
(Section 7.2). When a field population is introduced into a heated greenhouse, diapause
may be terminated more quickly after a certain rwmber of generations, specimens with a
shorter diapause duration contributing sooner to the reproduction of the population.

These mechanisms can only give rise to a loss of diapausing behaviour if within the
field populations sufficient genetic variation is present to enable these populations
to adapt to an extremely wide range of envircmmental conditions, The cost, in terms
of reduced fitness of a population associated with the production of less than optimally
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fit individuals, is called the "genetic load™. As Haldane (1957) reflected, "this is the
price a population must pay for the privilege of evelution".

Another possible mechanism presupposes the existence of a "switch gene™ controlling
the ability to enter diapause. The action of such a gene causes a switch of the epigenotype
to a different developmental pathway (Mettler & Cregg 1969, p. 62). If the ability to enter
diapause is controlled by the action of cone single gene, a2 non-diapausing population will be
formed simply because non-diapausing specimens contribute sooner to the reproduction of

the population.

Question 3: the number of generations required to obtain a non-diapausing population,
cannot be estimated cxactly, although the duration of development of diapausing larvae can
be shortened rapidly by selection under conditions without a period of chilling (Section

7.2).

Question 4: a non-diapausing pcpulaticn may migrate from greenhouse to greenhouse on
young plants produced in propagating houses, In spite of the spray programmes applied by
the propagators. Active migration from greenhouse tc greenhouse, and transpert by humans
(young larvae attached to clothes), may only play a role if the greenhouses are adjacent
and belong tc the same grower,

Once a nen-diapausing population has become established in a greenhouse, it may
maintain itself for many years by moving from one compartment to another, or to adjacent
greenhouses of the same grower. A flower grower mever replaces all his plants at the same

time.
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11 Prospects of non-chemical control of greenhouse
populations

The existence of non-diapausing populations of €. spectrana indicates a strong
isolating effect of greenhouses on this species. The greenhouse acts as an "ecological
island". This situation offers prospects for some control techniques that can only be
effective at low immigration rates, such as the communication disruption technique and the
sterile-male technique. Moreover biological control by use of natural enemies may offer

prospects in this island situation.

Pheromonal trapping of C. spectrana is less effective in greenhouses than in the open
air {Section 8.3). Similar phenomena have been observed in other Lepidoptera (Van den
Bos 1983). Probably the long-range pheromone-mediated behaviour of males is less effective
in a greenhouse environment because of the specific nature of the air movements. However,
male sexual behaviour in short-range orientation, close to calling females, may be
unaffected {Subsection 8.3,2).

This decreases the effectiveness of synthetic pheromones used for monitoring and mass
trapping. The question arises whether pheromone-baited traps can be effective at all, when
used against insects living in enclosed spaces. Hoppe & Levinson (1979) and Levinson &
Levinson (1980 a,b) state that pheromone-baited traps can be used successfully for long-
term monitoring and mass trapping of storage moths (Phycitinae) and Trogoderma spp. in
granaries, flour mills and food factories.

Decrease of the effectiveness of the male's long-range sexual responses in greenhouses
may, on the contrary, contribute to the effect of application of the commmication
disruption technique:
in nocturnal moths, the male's responses to female sex pheromone usually consist of a
sequence of distinctive behavioural steps. There is evidence that each step requires a
higher pheromone concentration. This has been demonstrated in the laboratory by Schwinck
(1955) with the Chinese sillworm moth, Bombyx mor< (L.), and by Bartell & Shorey (1969) with
the light-brown apple moth, Epiphyas postvitiang (Walker). It is also known to occur in
male American cockroaches, Periplareta americarna (L.) (Rust 1976; Silverman 1977). In
laboratory essays Den Otter & Klijnstra (198C) pointed cut that female sex pheromone is
indispensable to evoke mating attempts in males of the summer-fruit tortrix moth, Adezophyes
oragna (F.v.R.). Shimizu & Tamaki (1980) studied the mating behaviour of the smaller tea
tortrix (ddowophyes sp.). They stated that the female sex pheromone is indispensable to
release male sexual behaviour in short-range orientation, even after initial contact with
a female. Castrovillec & Cardé (1980) stated that only female sex pheromone may evcke male
short-range sexual behaviour in the codling moth, Laspeyresia pomonella (L.). Female sex
pheromone may be indispensahble in every step of the sequence of male sexual behaviour,
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both in and outside greenhouses.

When the commnication disruption technique is applied in the field, the overall
concentration of the synthetic pheromone in the air is usually insufficient to overflow
the pheromone plumes produced by calling females. In greenhouses, the male's sexual
responses in long-range orientation are already less effective without application of the
communication disruption technique. In greenhouses, it may be possible to make the overall
concentration of synthetic pheromone sufficiently high to overflow the pheromone plumes
produced by calling females, and thereby to achieve commmication disruption. Greenhcuses
seem to be well-suited for the application of the communication disruption technique as
a control measurs against noxicus moth species, provided moth density is not too high to
rule out the chance of random encounters and matings. Studies on the application of the

comunication disruption technique in greenhouses should be cncouraged.

Application of the sterile-male technique against . spectranz has scveral advantages
in a greenhouse enviromment. Immigration of new adults from outside is almost certainly
negligible. At present, (. spectrana 1s the only tortricid species occurring in the Dutch
floricultural greenhouses (Van de Vrie 1978). The danger that other leaf-rollers will
take over when chemical control against C. spectrang is stopped seems therefore small,

Application of the sterile-male technique against the summer-fruit tortrix moth,
Adoxophyes orana (F.v.R.}, in orchards is too costly. There are two bottlenecks. By
releasing sterile males the populatiocn can be reduced to an extremely low level, it
remains necessary, however, to control cther leaf-rollers chemically, which defeats the
purpose. Moreover, the method requires a continuous release of large mumbers of sterile
males per generation, to deal with immigrants. As this polyphagous species thrives on a
wide variety of perennials, immigration from the surrounding wild vegetaticn cannot be
prevented (Ankersmit 1975, 1980).

Genetic control of C. apectrana by the release of sterile males however is not
impeded by these two factors. In the rose culture under glass higher pest control costs,
but lower levels of damage, can be tolerated than in fruit growing. The following procedure
may be practicable: firstly, a greenhouse population should be reduced to low rumbers by
insecticides to prevent economic damage; this should be followed by the release of large
numbers of sterile males, in order to achieve eradication of the pest separately in each
greenhouse. Studies on the application of the sterile-male technigue against greenhouse

populations of C. spectrana are recommended.

Interference with the life cycle of insect pests by manipulation of the diapause
response has been suggested as a means of control (LaChance & Knipling 1862; Klassen et
al. 1970 a,b; Hogan 1971, 1974; Foster & Whitten 1974).

Diapause characteristics can be crossed into greenhouse populations of ¢, gpectrana,
without increasing the infestation, by releasing males of the field type. This probably
is ineffective to control these populations, and even insufficient to suppress growth and
reproduction of the pest during the winter seascn: (a) the absence of a pericd of chilling
does not affect the survival rate of diapausing larvae {Subsection 7.1.1). (b) F1 hybrids
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exhibit an intermediate photoperiodic response, inclining towards the maternal
characteristics {Section 9.,3), thus only part of the offspring will enter diapause, and
{c} the diapause characteristics are probably soon lost.

Biological control of ¢. spectrana in greenhouses may have interesting prospects. A
rose house in Roelofarendsveen was visited in the first week of February, and in August
1979. In February, 26% of . spectrana larvae were parasitised, and in August 52%. The
larvae had been continuously present between February and August, but they remained at a
low population density. Chemical control was not necessary during this period. The
parasites, which were not identified, were also active during winter. Apparently these
parasites were not diapausing. A survey of the parasite fauna of . spectrana in
greenhouse cultures should be made.
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Summary

Chapter 1: the environmental conditions in greenhouses differ in many respects from
those in the open field., Both the climate and the crops are different. A free exchange
between the fauna of the greenhouses and the open alr is hampered by the glass walls and
rocfs. The isolating effect of greenhouses on arthroped 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 a specific fauna
exists in greenhouses, and the use of exotic predators and parasites for biclogical
control is possible. The greenhouse enviromment acts as a ''sieve" only allowing such
species to thrive that are adapted to these special conditions. These are sometimes exotic
species that cannct thrive in the open in the Dutch climate. Native species may penetrate
into greenhouse cultures, but to pass the ''sieve'” they have to adapt to greenhouse
conditiens.

The leaf-roller Clepsis spectrana Tr. is native in the Netherlands. It gives an
example of the development of greenhouse-adapted populations, In Dutch greerhouses,
especially on roses, it causes much damage. In heated greenhouses, where artificial
illumination is not used, growth and reproduction of . spectrana continue without
diapause during winter, which is advantageous for the species in this enviromment, as
the difference between summer and winter tempcratures does not exceed a few degrees and

suitable food is available all the year round.

Chapter Z deals with the morphelogy, bicnomics, host-plant range and distribution
area of ¢, specirana. Chapter 3 describes the materials and methods.

Chapter 4: the mumber of larval instars from egg hatching to pupation varied
between 4 and 8 in both field and greenhouse strains. Each larval growth type had its
own specific progression of head capsule width. The difference in head capsule width
between the 4- and 5-instar type was already evident in the 1st instar, between the 5-
and 6-instar type in the Znd instar, and between the 6- and 7-instar type cnly in the 3vd
instar or even later. Females tended to develop through a higher number of instars than
males, but 5 instars was the most usual in both sexes. The develcpment duration was the
same in field and greenhouse strains in each of the immature stages. The upper thermal
limit for development was betwsen 30°C and 35°C in both field and greenhouse strains,
whereas the developmental threshold was close to 10°C. An adaptation of greenhcuse
populations of . spectrana to development at higher temperatures did not appear.

Chapter 5: short day length induced diapause in field strains in the larval stage.
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The critical photoperiod was between 16 and 17 hours. The mumber of moults up to the onset
of diapause varied between 2 and 6, and was determined by the photoperiod. Larvae from
eggs hatching later in the season entered diapause after a lower muwber of moults. In
outdoor experiments, the time of resumption of growth after diapause termination in spring
was not correlated with the date of egg hatching in the previous year. The larvae underwent
supermumerary moults after termination of diapause. The duration of post-diapause
development was longer as diapause had been entered after less moults. The mmber of
moults after termination of diapause, and the duration of post-diapause development, were
sex-linked. The functicnal significance of these phenomena is discussed.

Chapter 6: the photoperiodic response of 5 different greenhouse strains, originating
from larvae and pupae collected in different rose houses at different times of the year
(both in summer and in winter), was tested in the laboratory. These greenhouse strains did
not enter diapause, at both 20°C and 150C, regardless of the photoperiod. One greephouse
strain was also reared outdoors. Egg hatching dates were August 1, August 17, September
25, and October 14. At least the major part of the larvae did not enter diapause.

Chapter 7: field-strain larvae entered diapause in a heated greenhouse, but the
absence of a period of chilling caused an abnommal growth pattern in these larvae
compared to larvae terminating their diapause outdoors: (a) larval development duration
was extremely variable (larvae from field-strain eggs that hatched on August 24 in the
greenhouse, pupated between January 28 and July 15 of the following vear); (b) the
difference in mean developmental time between male and female larvae was greatly increased;
and {c) the mean number of moults, and the variation in the mmber of moults, were
increased. The survival of diapausing larvae, however, was not essentially affected by the
absence of a period of chilling. The time required for diapausing larvae to reach the
pupal stage urkler conditions without a cold period was genetically determined and could
be shortened rapidly by selection.

Chapter 8: a difference in the composition of the female sex pheromone between
field and greenhouse strains could not be shown, nor in the calling behavicur of virgin
females in relation to the light-dark cycle. Release-recapture trials revealed that
females of both strains attracted males of both strains in equal proportions. There did
not appear to be a difference in mating preference.

Chapter 9: the index of genetic identity (I) of a field population on stinging
nettles from the middle of the country, and a rose-house population from the west of
the country, amounted tc 0.994 (based on allozyme frequencies). This is the level for
panmictic populations of one species. Field and greenhouse strains could readily be
intercrossed with a viable FZ generation.

Chapter 10: field and greenhouse pepulations of (. epectrana are certainly still
conspecific. It is adequate to speak of a 'field type" and a "greenhouse type'. The
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greenhouse type is characterised by absence of the ability to enter diapause. When the
two types are brought together hybridization and introgression certainly will occur.
Inmigration of the field type into heated greemhouses is apparently sufficiently low

to maintain a separate greenhouse type with constant characteristics. The origin of the
greenhouse type might be a non-diapausing geographic race of ¢, speetrana, from the
wvarmest parts of its distribution area, or the field type that has immigrated into heated
greenhouses, subsequently lost its ability to enter diapause. The last possibility

seems the most likely.

Chapter 11: pheromonal trapping of (. spectrana is less effective in greenhouses than
in the open air. Probably the specific nature of the air movements in greenhouses reduces
the effectiveness of the long-range pheromone-mediated behaviour of the males. However,
male pheromone-mediated behaviour in short-range orientation, close te calling females,
may be unaffected (Section 8.3). This decreases the effect of synthetic pheromone used
for monitoring and mass trapping. However, applicaticn of the communication distuption
technique may be successful under glass, because the overall concentration of synthetic
pheromene in the air can be made much higher in greenhcuses than in the open field.
Further research is recommended.

Controlling C. spectrana in greenhouses by releasing sterile males seems feasible, as:
(a) immigration of new adults from outside almost certainly is negligible, and (b) <.
spectrana is the only tortricid occurring in the Dutch floriculture; the danger that other
leaf-rollers will take over when chemical control of O, spectrana ceases seems therefore
small.

Diapause can be crossed into greenhouse populations of €. specitrona by releasing
males of the field type. This probably is an ineffective way of controlling these
populations.

Parasitised ¢. spectrana larvae were found in several greenhouses, even in winter.

The parasites, which were not identified, apparently were not diapausing. It is recommended

to make a survey of the parasite fauna of C. spectrana in greenhouse cultures.
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Samenvatting

Hoofdstuk 1: Het kasmilieu verschilt in veel opzichten van dat in het vrije veld. Er
worden andere gewassen gekweekt en het klimaat is anders. Een vrije vitwisseling tussen
kasfauna's en veldfauna's wordt belemmerd door de wanden en het dak van de kas. Het iso-
lerende effect van kassen op insekten- en mijtenplagen kan bijdragen aan de doeltreffend-
heid van bestrijdingsmaatregelen, maar ook aan de ontwikkeling en handhaving van resis-
tentie tegen bestrijdingsmiddelen in kassen. Als gevolg van het speciale kasmilieu
bestaat een specifieke fauna in kassen, en wordt het gebruik van uitheemse parasieten en
predatoren voor biologische bestrijding mogelijk. Het kasmilieu fungeert als een "zeef"
die alleen die soorten ''doorlaat™ die aan de specifieke omstandigheden zijn aangepast. In
kassen worden trapische en subtropische insekten- en mijtensoorten gevonden die zich in de
buitenlucht in het Nederlandse klimaat niet kunnen handhaven. Soms komen inheemse soorten
binnen, maar om de “zeef" te kunnen passeren moeten ze zich aanpassen aan de kasomstandig-
heden.

De bladroller Ciepsis spectrana (Tr.) is inheems in Nederland en heeft een afzonder-
lijk kastype ontwikkeld. In kassen is hij een belangrijke plaag, met name op rozen.

In verwarmde kassen waar geen kunstmatige belichting wordt gegeven, gaat zijn ontwikke~
ling ook gedurende de winter verder, niet onderbroken door diapauze (winterrust). Dit is
voordelig voor de soort in dit milieu, waar het verschil tussen zomer- en wintertempera-
turen slechts enkele graden bedraagt en het gehele jaar door geschikt voedsel aarnwezig is,

In hoofdstuk 2 worden de uiterlijke kemmerken, de levenswijze, de waardplantreeks en
het verspreidingsgebied van ¢. spectrmia besproken. In hoofdstuk 3 worden de materialen
en methoden beschreven.

Hoofdstuk 4: Het aantal larvestadia vamaf het uitkomen van het ei tot de verpopping
liep uiteen van 4 tot 8 in zowel veld- als kasstammen. Elk van deze groeitypen had zijn
eigen specifieke verloop van kopkapselbreedtes (ieder larvestadium heeft zijn eigen
specifieke gemiddelde kopkapselbreedte). Het verschil in kopkapselbreedte tussen 4- en
S5-stadia-rupsen kwam al in het eerste larvestadium tot uiting, tussen 5- en 6-stadia-
rupsen in het tweede stadium, en tussen 6- en 7-stadia-rupsen pas in het derde stadium of
later. De vrouwtjes maakten gemiddeld meer vervellingen door dan de mannetjes, maar het
5-stadia-type was overheersend in beide geslachten. Er was geen verschil in ontwikkelings-
duur tussen veld~ en kasstammen. Dit gold voor zowel eieren, rupsen, als poppen. De boven-
grens voor actieve ontwikkeling lag tussen 30°C en 35°C in veld- en kasstammen, terwijl de
ontwikkelingsdrempel in de buurt van 10°C lag. Een aanpassing van kaspopulaties van C.
spectrang aan ontwikkeling bij hogere temperaturen was niet aantoonbaar.
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Hoofdstuk 5: Veldstammen hadden een diapauze in het larvestadium, geInduceerd
door korte daglengte. De kritische daglengte lag tussen 16 en 17 uur. Het aantal vervel-~
lingen tot het intreden van de diapauze liep uiteen van 2 tot 6, afhankelijk van de
daglengte. Rupsen die later in het seizoen uit het el kwamen, gingen na een geringer
aantal vervellingen in diapauze. Het tijdstip van groeihervatting na hegindiging van de
diapauze in het voorjaar was niet athankelijk van de datum waarcp de eieren in het voor-
gaande jaar waren uitgekomen, bij proeven in de buitenlucht. De rupsen maakten extra
vervellingen door na begindiging van de diapauze. De duur van de post-diapauze-ontwikke-
ling was langer naarmate de diapauze na een geringer aantal vervellingen ingetreden was.
Het aantal vervellingen na be€indiging van de diapauze en de duur van de post-diapauze-
ontwikkeling verschilden tussen mammetjes en vrouwtjes. De biologische betekenis van
deze verschijnselen wordt besproken.

oofdstuk 6: De reactie op daglengte van 5 verschillende kasstammen afkomstig van
rupsen en poppen die in verschillende rozenkassen in verschillende tijden van het jaar
{zowel in de zomer als in de winter) verzameld waren, werd in het laboratorium onder
geconditioneerde omstandigheden getoetst. Deze kasstammen gingen bij zowel 20°¢C als 15°C
bii geen enkele daglengte in diapauze. Een van deze kasstammen werd ook in een kooi in de
buitenlucht gekweekt. De eieren kwamen uit op 1 augustus, 17 augustus, 25 september en
14 oktober. Er trad geen, of nagenoceg geen, diapauze in.

Hoofdstuk 7: Rupsen van een veldstam gingen in een verwarmde kas in diapauze, maar
de afwezigheid van een koudeperiode veroorzaakte een abnormaal groeipatroon in deze rupsen,
vergeleken met rupsen die hun diapauze in de buitenlucht be#indigden: (a) De variatie in
de ontwikkelingsduur van de rupsen nam sterk toe (rupsen die op 24 augustus uit het ei
kwamen, verpopten tussen 28 januari en 15 juli van het volgende jaar). (b) Het verschil
in ontwikkelingsduur tussen mannelijke en vrouwelijke rupsen nam sterk toe. (c) Het
gemiddeld aantal vervellingen en de variatie in het aantal vervellingen namen sterk toe.
De overlevingskans van diapauzerende rupsen werd evenwel niet noemenswaardig beinvleced
door het onthreken van een kcudeperiode. De tijd die diapauzerende rupsen onder kas-
omstandigheden ncdig hadden om het popstadium te bereiken was erfelijk bepaald en werd

onder invlced van selectie snel korter.

Hoofdstuk 8: Een verschil in de samenstelling van het vrouwelijke sexfercmoon
tussen veld- en kasstammen kon niet asangetoond worden, noch in het lokgedrag van maagde-
lijke wijfjes in rTelatie tot de licht-donker-cyclus. Uit terugvangproeven met wijfjes-
vallen bleek dat vrouwtjes van beide stammen mannetjes van beide stammen Iin gelijke mate

aanlokken. Een verschil in paringsvoorkeur kwam niet naar voren.

Hoofdstuk §: De index van genetische identiteit (I) van een veldpopulatie op
brandnetels in het midden van het land, en van een populatie op kasrozen in het westen van
het land, bedroeg 0,994 (gebaseerd op allozymfrequenties). Deze waarde komt overeen met
die van pammictische populaties van €én scort. Veld- en kasstammen konden gemakkelijk
onderling gekruist worden en de F2 generatie was levensvatbaar.

84



Hoofdstuk 10: Veld- en kaspopulaties van C. spectrana behoren zeker nog tot &&n soort.
Men kan het beste spreken van een '‘veldtype" emn een 'kastype'. Het kastype wordt
gekenmerkt door het ontbreken van het vermogen om in diapauze te gaan. Wammeer de beide typen
samengebracht worden, zullen ze zeker onderling kruisen, De immigratie van het veld-
type in verwarmde kassen is kemnelijk gering genoeg om een afzonderlijk kastype met
constante eigenschappen te handhaven. De ocorsprong van het kastype kan een diapauze-vrij
geografisch ras van ¢. spectrana zijn, uit de warmste delen vamn zijn verspreidingsgebied.
Het is ook mogelijk dat het veldtype in verwarmde kassen immigreerde en vervolgens
zijn vermogen om in diapauze te gaan verloor. De laatste mogelijkheid lijkt het meest
waarschijnlijk.

Hoofdstuk 11: De toepassing van feromoonvallen tegen (. spectrana is in kassen minder
effectief dan in de buitenlucht. Vermoedelijk is als gevolg van de specifieke aard van de
luchtbewegingen in kassen de effectiviteit van het door feromoon opgewekte lange-afstands-
gedrag van de mannetjes verminderd. Het door feromoon opgewekte korte-afstands-gedrag,
dicht bij lokkende wijfjes, zal echter niet gestoord zijn (hoofdstuk 8.3}. bit doet
afbreuk aan de effectiviteit van feromoonvallen voor het signaleren van een aantasting in
een vroegtijdig stadium, of voor het massaal wegvangen van mammetjes. Toepassing van de
verstoringstechniek in kasteelten biedt waarschijnlijk wel kans op succes, omdat de
algehele concentratie van het synthetische feromoon in de lucht in kassen veel hoger
gemaakt kan worden dan in het vrije veld. Verder onderzoek wordt aanbevolen.

Toepassing van de steriele-mannetjes-techniek tegen (. spectrana in kassen 1ijkt
veelbelovend: immigratie van nieuwe motjes van buiten is vrijwel zeker te verwaarlozen
en (b) C. spectrana is de enige bladrollersoort in de Nederlardse bloementeelt onder glas,
zodat er geen gevaar bestaat dat andere soorten in aantal toenemen als de chemische
bestrijding van C. epectrana gestaakt wordt.

Diapauze kan in kaspopulaties van €. spectrana ingekruist worden door mannetjes van
het veldtype los te laten. Dit is ontoereikend als bestrijdingsmethode.

In verschillende rozenkassen bleek een deel van de C. spectrana rupsen geparasiteerd
te zijn, zelfs in de winter. De parasieten, die niet gedetermineerd werden, gingen blijk-
baar niet in diapauze. Het verdient aanbeveling een inventarisatie te maken van de
parasietenfauna van . spectrana in kasteelten.

85




Acknowledgements

The research for this report was proposcd by Prof.Dr. J. de Wilde, Mr. M. van de Vrie,
and Dr.Ir. G.W. Ankersmit. It was carried out for the Laboratory of Entomclogy
(Agricultural University, Wageningen), while I was seconded to the Research Station for
Floriculture, Aalsmeer, the Netherlands.

I wish to thank sincerely and profcundly all those who have contributed in any way to
this publication. I would Tike to menticn some of them in particular,

First of all I would like to thank my prometor, Prof.Dr. J. de Wilde, for giving me
the opportunity to do this work., His interest, continucus encouragement, and Comments on
the manuscript were of great help.

Thanks are also due to the board of the research station in Aalsmcer for their
hospitality and cooperation.

The interest and support of Mr. M. van de Vrie and Dr.Ir. G.W. Ankersmit throughout
the work, their valuable suggestions and comments on the manuscript are gratefujly
acknowledged.

I am indebted to Dr.Ir. C.J. Persoons for making the electro-antennograms, to Mr. W.J.
Noocijen for gaschromatographical analysis of the contents of pheromone glands, to Dr.
5.B.J. Menken for providing the electrophoretic data, to Dr. A. Diakenoff for taxcnomic
work and providing literature on host plants and distribution of ¢, spectrana, to Dr. H.H.
Evenhuis for taxonomic work, to Mr. G, van Rossem [or allowing me to use the files of the
Plant Protecticn Service, to Ir., AK.H. Wit for assistance in collecting leaf-rollers in
the field, and tc Dr.Ir. R, Rabbingc for assistance in computer modelling and reading
parts of the manuscript.

Among others Dr.Ir. A.K. Minks, Drs, C. van der Kraan, Dr. L.H,M. Rlommers, Dr. W.M.
Herrebout, Drs. A, llendrikse, Prof.Dr. J.C. van Lenteren, Ir. J. Woets, Ir. P.M.J.
Ramakers, Dr. D, Hille Ris Lambers, and Dr.Ir. M.W. Sabelis have contributed by their
interest and stimulating discussion.

I received indispensable assistance from Mr. M. Boogaard and Mrs. B. Overdevest
(taking over of routine obscrvations during my holidays), Miss C.C.M. de Boer (drawings),
Mr. M.J. "t Hart (advice on lay-out}, Mr. H. Stephan (photographs), and Mrs. S. Kerkhoven-
Hodges (improvement of the English text).

Last but not Jeast I would like to thank my wife, Coby van der Lubbe, without whose

care and mental support this work would not have been completed.

86




References

Alford, D.V. (1976). The host range of (lepsis spectrana (Treits.) (Lepidoptera:
Tortricidae}. P1l. Path. 25: 166.

Alrouechdi, K. & M. Canard {1979). Mise en &vidence d'un biotype sans diapause
photopéricdique dans une population méditerrandemme de Chrysoperia carnega (Stephens)
{Insectes, Neuroptera). C. r. hebd. S&anc. Acad. Sci., Paris, 289, S&rie D: 553-554.

Ankersmit, G.W. (1968). The photoperiod as a control agent against Adomophyes reticulana
{Lepidoptera: Tortricidae). Ent. exp. & appl. 11: 231-240,

Ankersmit, G.W. {1975). The sterile-male technique as a means of controlling the summer
fruit tortrix Adoxephyes orara F.R. (Lepidoptera, Tortricidae). C. r. 5~ Symp. Lutte
int&grée en vergers, OILB/SROP: 271-275.

Apkersmit, G.W. (1980), The sterile-male technique in control of Adoxophyes orana
{Lepidoptera: Tortricidae). In: Integrated control of insect pests in the Netherlands.
Eds.: Minks, A.K. & P. Gruys, Pudoc, Wageningen: 43-47,

Anonymus (1926)}. De vorm der rozenkassen. Bloemisterij 1(18).

Anonymus (1930). De ontwikkeling der kasrozencultuur te Aalsmeer. Bloemisterij 4(39).

Anonymus {1936}. Bloemisterij 11{16).

Anonymus (1942a). Tidsskr. PlAvl. 46: 495-565

Anonymus {1942b), De rozenvernielers. Bloemisterij 16(51)

Anonymus (1982). Climatological data of statioms in the Netherlands. No. 10. Normals and
standard deviations for the period 1951-1980, KNMI, De Bilt,

Augustijn, C.J. (1953). De ontwikkeling van de Aalsmeerse tuinbouw en de Ver. de Afdeling
Aalsmeer van de Kon. Ned. Mij, voor Tuinbouw en Plantkunde. Unpublished manuscript.

Augustijn, C.J., G.8. van Marle & W.J.M. Roodenburg (1945)., In: Tuinbouwgids 1945,
Rijksuitgeverij, 's Gravenhage: 487,

Ayala, T. (1975). Genetic differentiation during the speciation prucess. Evol. Biol. 8:
1-78.

Baker, J.G. (1888). Handbook of the Amaryllidae. George Ball & Sons, London: 132-142,

Balachowsky, A.S. (1966). Entomologie appliquée & 1'agriculture. Tome II. Lé&pidoptéres.
Premier Volume. Masson et Cie., Paris.

Baldsz, B.K. (1968). A szambcin kirositd sodrfmolyfajok kdrtEtelének gazdasdgi
jelentBsége. Novenyved. Kut. Intéz. Evk. 11: 109~126. (English summary).

Barel, C.J.A. (1973). Studies on the dispersal of Adoxophyes orana F.v.R. in relation to
the population sterilization technique. Meded. Landbouwhogeschool Wageningen 73-7.

Bartell, R.J. & H.H. Shorey (1969). Pheromone concentrations required to elicit successive
steps in the mating sequence of males of the light-brown apple moth, Epiphyas
postvittana. Ann, ent. Soc. Am. 62: 1206-1207.

Beck, S.D. {(1980). Insect photoperiodism, 2nd Edition. Academic Press, New York.

Bink, F.A., R.M. Bink-Moenen & J. Woets (1980). Witte vliegen in Nederland (Homoptera;
Aleyrodidae). Ent. Ber., Amst. 40(1): 3-9.

Blackman, R. (i974). Invertebrate types. Aphids. Ginn & Company Ltd., London.

Bodenstein, G. (1952). Cyklamenschiden durch Cacoecia costana (F.). Gesunde Pfl. 4: 180-181.

Bodenstein, G. (1955). Larchenschiden durch einen Kleinschmetterling (Cacoeciq cositana F.).
Anz. Schadlingsk. 28(11): 169-171. '

Boettger, C.R. (1929). Eingeschleppte Tiere in Berliner Gewichshiusern. Z. Morph. Dkol.
Tiere 15: 674-704.

Boettger, C.R. (1930). Untersuchungen uber die CGewachshausfauma Unter- und Mittelitaliens.
Z. Morph. Ukol. Tiere 19: 534-5%0,

Boettger, C.R. (1932). Die Besiedlung neu angelegter Warmhiuser durch Tiere. Ein Beitrag
zur Frage der Bildung von Gewachshausfaunen, Z. Morph. Ukol. Tiere 24: 394-407.

Bonnemaison, L. (1977). Mode d'action de la photoperiode sur la diapause d'ddoxephyes
oragna F.v.R, (L&pidoptdres, Tortricidag). Z. angew. Ent. 84: 75-99,

Bos, J. van den (1983). Experiences with pheromonal trapping of Lepidoptera in greenhouses.
Bulletin OILB/SROP, in press.

Bradley, J.D., W.G. Tremewan & A. Smith (1973). British Tortricoid wmoths., Vol. 147.
Cochylidae and Tortricidae: Tortricinae. The Ray Society, London,

87



Brittnacher, J.G., S5.R. Sims & F.J. Ayala (1978)., Genetic differentiation between species
of the genus Speyeria (Lepidoptera: Nymphalidae). Evolution 32: 199-210.

Brouwer, W.M.T.J. de (1970). Bescherming van spruitkool tegen insekten. Gewasbescherming
1: 104~110.

Brouwer, W.M.T.J, de & B.J. Lempke (i973). Lichtvangsten van Lepidoptera in het
Zuidhollandse tuinbouwgebied in de jaren 1969 t/m 1971, Ent. Ber., Amst, 33: 204-214,

Brouwer, W.M.T.J. de & H.J.M. van Dorst (1975). The relationship between the Aphiz gossypit
Glover group and cucumber mosaic virus in avtumn cucumbers. Neth., J. agriec., Sci. 23:
269-278.

Burges, H.D. (1960). Studies on the Dermestid beetle Trogoderma granarium Everts. IV.
Feeding, growth and respiration with particular reference to diapause larvae.
J. Insect Physiol. 5: 317-334.

Burges, H.D. & P. Jarrett (1978). Control of the tortricid Clepsis spectrama by Bacillus

thuringiensis. Rep. Glasshouse Crops Res. Imst.: 121,
Buxbaum, F, (1951). Die Grundachse von Alstreemeria und die Einheit ihres morphologischen
Typus mit dem der echten Liliaceen. Phytomorpheology 1: 170-184,

Buxbaum, F. (1954), Morphologie der Blute und Frucht von Alstroemeric und der Anschluss
der Alstroemerioldae bei den echten Liliaceae. Usterr. Botan. Zeitschrift 101(4):
337-352.

Castroville, P.J. & R.T. Cardd (1980). Male codling moth (Laspeyrezia pomenella)
orientation to visual cues in the presence of pheromone and sequence of courtship
behaviours, Ann. ent. Soc, Am. 73: 100-105.

Chippendale, G.M, & A.S, Reddy (1972). Diapause of the southwestern corn borer, Diatrueq
grandiosella: transitiom from spotted to immaculate mature larvae. Ann. ent. Soc. Am,
65: 882-887.

Danilevskii, A.S. (1965), Photoperiodism and seasonal development of insects, Oliver &
Boyd, Edinburgh and London.

Décoins, C. & M, Gallois (1979). Analyse directe par chromatopraphie en phase gazeuse des
constituents volatils présent dans les glandes i phéromones des fémelles de
lépidoptéres. Zool. Ecol. Anim. 1i: 521-532.

Dicker, G.H.L. (1972). An effect of culcural practices on populations of Clepsie spectrana
(Treits.) on black currant. Pl. Path. 21: 67-868.

Dort, H.W. van (1948). De belangrijkste cultures in de bloemisterij. A. Volkers,
Voorschoten: §6,

Feiter, A. & K. Henseler (1971). Der Rebenwickler Cacoeciq costand, ein "neuer" Schadling
im Rheinischen Zierpflanzenbau. NachrBl. dt. PflSchutzdienst {Braunschweig} 23(4):
59-60.

Foster, G.G, & M.J. Whitten (1974). The development of genetic metheds of contrclling the
Australian sheep blowfly Luciliia cupring. In: The use of genetics in insect control.
Eds.,: Pal, R. & M.J. Whitten. North-Holland Elsevier: 19-43.

Frankenhuyzen, A. van & D.J. de Jong {1964). De koolbladrcller, een incidenteel optredende
plaag op tuinbouwgewassen., Groenten en Fruit 19(45): 1971-1973.

French, R.A, (1969), Migration of Laphygma extgua Hubner (Lepidoptera: Noctuidae) to the
British Isles in relation to large-scale weather systems. J. Anim. Ecol. 38: 193-210.

Fye, R.E, & R.L. Carranza (1973). Cotton pests: overwintering of three lepidopterous
specles in Arizona. J. econ. Ent. 66: 657-659.

Gelein, €, (1965). Bloementeelt, 3rd Edition. W.E.J. Tjeenk Willink, Zwolle.

Geyspits, K.F. (i1965), Photoperiodic and temperature reactions affecting the seasonal
development of the pine moths Dendrolimus pini L. and D, eibiricus Tschetw.
(Lepidoptera, Lasiocampidae). Ent. Rev. (U.S.S.R.) 44: 316-325,

Graaf Bentinck, G.A. & A, Diakonoff (1968). De Nederlandse bladrollers. Mon. Ned. Ent. Ver.
Ne. 3.

Gruys, P. (1970). Growth in Bupclus pintarius (Lepidoptera: Geometridae) in relatien teo
larval population density. Verh. Rijksinst. Hatuurbeheer, No. I.

Hahn, F. (1978}, Ein gefahrlicher Schmetterling. Schadauftreten und Bekampfung der
Rebenwickler an Gerberg und Flieder. Gb/Gw 23: 557-558.

Haldane, J.B.S. (1957). The cost of natural selection. J. Genet. 55; 511-524,

Hammen, L. van der (1948}, On Arachnida collected in Dutch greenhouses. Tijdschr. Ent. 91:
72-82, fig. 1-3.

Hammen, L. van der (1969). Aanvullende gegevens over de kassenfauna van Nederland.
Bibliografische en arachnelogische notities. Zool. Bijdr, 11: 25-28.

Helle, W. (1962). Genetics of resistance to organophosphorus compounds and its relation to
diapause in Tetranychus urticas Koch {Acari). Ph. D. Thesis, University of Amsterdam.

Hendrikse, A. (1978}. De lokhouding van stippelmot-wijfjes {Lep., Yponomeutidae). Ent.
Ber., Amst., 38: 53-54.

g8



Herbert, W. (1837). Amaryllidaceae.(Reprint 1970). J. Cramer, Lehre.

Hering, M. (1963). Der geflammte Rebenwickler Cacoeciq cogtana F. an der Mosel. Weinberg
Keller 10: 347-349.

Hiller, F. (1956). Warmehaushalt und Klimafaktoren des Gewidchshauses. Ph. D. Thesis,
Technical University Hamonover.

Hogan, T.W. (1971). An evaluation of a genetic method for population suppression of
Teleogrylius commodus (Wlk.} (Orth., Gryllidae) in Victoria. Bull. ent. Res. 60:
383-390.

Hogan, T.W. (1974). A genetic approach to the population suppression of the common field
cricket Teleogryllus comnodus. In: The use of genetics in insect control. Eds.:
Pal, R. & M.J. Whitten. North-Holland Elsevier: 57-70.

Holthuis, L.B. (1945). Notes on terrestrial Isopoda collected in Dutch greenhouses. Zool.
Meded., Leiden 25: 43-54.

Hoppe, T. & H.Z. Levimson {1979). Befallserkennung und Populationsuberwachung vorrats-—
schddlicher Motten (Phycitinae) in einer Schokoladenfabrik mit Hilfe pheromon—
bekdderter Klebefallen. Anz. Schiddlingsk., Pflanzenschutz, Umweltschutz 52(12):
177-183.

Hoy, M.A, (1977). Rapid response to selection for a non-diapausing gypsy moth. Science
(Wash., D.C.) 196: 1462-1463.

Hoy, M.A. (1978a). Selection for a non~diapausing gypsy moth: some biological attributes
of a pnew laboratory strain. Ann. ent. Soc. Am. 71{1}: 75-80.

Hoy, M.A. {(1978b). Variability in diapause attributes of insects and mites: some
evolutionary and practical implications. In: Evolution of insect migration and
diapause. Ed.: H. Dingle. Proceedings in Life Sciences, Springer Verlag, Wew York:
101-126,

Johnson, C.G. (1969). Migration and dispersal of imsects by flight. Methuen & Co Ltd.,
London.

Jong, D.J. de {1966)., In: Fenologische waarnemingen over insekten en mijten in de
fruitteeit en vluchtwaarnemingen m.b.v. vanglampen betreffende Lepidoptera in
boomgaarden 1966. Ed.: Plant Protection Service, Wageningen.

Kanthak, P. (1973). Klima und Klimatisierung von Cewachshiusern. Verlag Paul Parey,
Berlin.

Kennedy, J.5. & D. Marsh (1974). Pheromone regulated anemotaxis in flying moths. Science
(Wash., D.C,) 184: 999-1001,

Kennel, J. (1910). Die Palaearktischen Tortriciden. Zoologica, Stuttg. 21(54): 101-232,
pls. 7-12.

King, E. (1970). Die Wirkung regelbarer Spriihnebelanlagen auf das Gewachshausklima.
Erwerbsgartner 38: 1757-1758,

Klassen, W., J.F, Creech & R.A, Bell (1970a). The potential for genetic suppression of
insect populations by their adaptations to climate. Ag. Res. Serv. U.S.D.A., Misc.
Pub.: 1178,

Klassen, W., E.F. Knipling & J.U, McGuire, Jr. (1970b). The potential for imsect
population suppression by dominant conditional lethal traits. Ann. ent. Soc. Am. 63:
238-255.

Kostiuk, J.0. (1980). Fauna Ukraini. Vol. 15, Listoviiki. Part 10, Tortricinae, Akad, Nauk
Ukr. R.5.R., Kiev. (in Russian).

Kuchlein, J.H. & G. Helmers (1963). Faunistische en fenologische waarnmemingen met
betrekking tot Microlepidoptera. In: Fenologisch en faunistisch onderzoek over
boomgaardinsckten. Meded. Inst. plziektenk. Onderz., No. 349: 217-226.

Kuperus, A.E. (1977). Onderzoek naar overeenkomsten en verschillen in de ontwikkeling van
Clepais spectrana Treitschke (Lepidoptera: Tortricidae) op roos, Gerbera en
kunstmatige voedingsbodem. Internal report Laboratory of Entomology, Agricultural
University, Wageningen.

LaChance, L.E. & E.F. Knipling (1962). Control of insect populations through genetiec
manipulations. Ann. ent. Soc, Am. 55: 515-520.

Lawrence, L.A. & R,J, Bartell (1972). The effect of age on calling behaviour of virgin
females of Epiphyas pestvittana (Lepidoptera) and on their pheromome content and
ovarian development. Ent. exp. & appl. 15: 455-464.

Lees, A.D. (1955)., The physiology of diapause in arthropods. Cambridge University Press,
Lendon.

Lempke, B.J. (1963). Optreden van Spodeptera exiguz in 1962. Ent. Ber., Amst. 23: 185.

Levinson, A.R. & H.Z. Levinson {1980a). Trapping of storage moths by sex phercmone
components as a tool of integrated control. Abstract 451 Max-Planck Institute of
Behavicural Physiology, Seewiesen near Starnberg, German Federal Republic.

89



Levinson, A.R. & H.Z. Levinson (1980b). Monitoring and mass—trapping of Trogoderma species
by traps providing pheromone, tactile and optical stimuli. Abstract 452 Max-Planck
Institute of Behavioural Physiology, Seewiesen near Starnberg, German Federal
Republic.

Liebherr, J, & W.L. Roelofs (1975), Laboratory hybridization and mating period studies
using twec phercmone strazins of Ostrinia wnubilalis. Ann. ent. Soc. Am. 68(2): 305-309.

Lyon, R.L., GC.E. Richmond, J.L. Robertson & B.A. Lucas (1972), Rearing diapause and
diapause-free western spruce bud worm (Choristonsura occidentalis) (Lepidoptera:
Tortricidae) on an artificial diet, Can. Ent. 104: 417-426,

Mackroth, K. (1971). Die Eigenschaften von Glas und Kunststoffen im Hinblick auf die
Pflanzenkultur in klimatisierten Raumen. Gartemwelt 7!: 256-259.

Marsbergen, W. van (1968). De cultuur van kasrozen. Ed.: Research Station for Floriculture,
Aalsmeer.

Matthews, T.C. & G.B. Craig, Jr. (1980). Genetic heterozygosity in natural populations of
the tree-hcle mosquito dedes triseriatus. Ann. ent. Soc. Am. 73: 739-743,

Meeuse, A.D.J. (1943). Tropische organismen als kasadventieven. Natuur 63: 71-79, fig.
1-9.

Meeuse, A.D.J. & B, Hubert (1949). The Mollusc fauna of glasshouses in the Netherlands.
Basteria 13: 1-30, fig. 1-2, pl. 1-3.

Menken, S.B.J. (1980), Allozyme polymorphism and the speciation process in small ermine
moths {(Lepidoptera, Yponomeutidae). Studies in Yponomeuta 2. Ph. D. Thesis, Universirty
of Leiden.

Mettler, L.E. & T.G, Gregg (1969). Population genetics and evolution. Foundations of
modern genetics series, Prentice-Hall Inc,, Englewood Cliffs, New Jersey.

Miles, H.W. & M. Miles (1948). Insect pests of glasshouse crops, 2nd Edition. Crosby
Lockwood, London.

Minks, A.K., W.L. Roelofs, F.J. Ritter & C.J, Persoons (1973). Reproductive isclation of
twe tortricid moth species by different rarios of a rwo-component sex attractant.
Science (Wash., D.C.) 180: 1073-1074,

Minks, A.K., W.L. Reelofs, E. Schuurmans—van Dijk, C.J. Persoons & F.J. Ritter (1974).
Electroantennogram responses of two tortricid moths using two—component sex
pheromenes. J. Insect Physiol. 20: 1659-1665.

Munstermann, L.E. (1979). Isozymes of Aedes agegypti. Phenotypes, linkage, and use in the
genetic analysis of sympatric subspecies populations in East Africa., Ph, D. Thesis,
University of Notre Dame.

Nei, M. (1971). Interspecific gene differences and evolutiomary time estimated from
electropheretic data on protein identity. Am, Nat, 105: 385-398,

Nei, M. {1972). Genetic distance between populations. Am. Nat, 106: 283-292.

Oliver, C.G. (1972). Genetic and phenotypic differentiation and geographic distance in
four species of Lepidoptera. Evolution 26: 22[-241,

Oostrom, S.J. van (1944), Sciopus exul Parent (Dipt., Dolichopod.) in den Leidschen
Hortus. Ent. Ber., Amst. 11: 196.

Otter, C.J. den, H.A. Schuil & A, Sander-Van Oosten (1978). Recaption of host-plant odours
and female sex pheromone in Adoxophyes orana (Lepldoptera: Tortricidae): electro-
physiology and morphology. Ent. exp. & appl. 24: 370-378.

Otter, C.J., den & J.W. Klijnstra (1980). Behaviour of male summerfruit tortrix moths,
Adoxophyes orane (Lepldoptera: Tortricidae), to synthetic and natural sex pheromone.
Ent. exp. & appl. 28: 15-21.

Overmeer, W.P.J., A.Q. van Zon & W. Helle (1980). Isclation mechanisms in populations of
spider mite in rose houses. In: Integrated control of insect pests in the Netherlands.
Eds.: Minks, A.K. & P. Gruys. Pudeoc, Wageningen.

Pape, H. (1955a). Krankheiten und Schadlinge der Zierpflanzen und ihre Bekimpfung. Verlag
Paul Parey, Berlin.

Pape, H. {1955b). La lutte contre les principaux parasites animaux et végdtaux du rosier.
Bull. hort., Li&ge 10(8): 253-255.

Pape, H. {1964). Krankheiten und Schadlinge der Zierpflanzen und ihre Bekampfung, 5th
Edition. Verlag Paul Parey, Berlin.

Picard, F. (1912). Sur la présence dans le Midi de la France d'une chenille ampZlophage,
le lacogeia costana (F.). Progrés agric. vitic. 33: 553-555.

Poeteren, N. van (1929). Verslag over de werkzaamheden van den Plantenziektenkundigen
Dienst in het jaar 1929, Versl. Meded. plziektenk. Dienst Wageningen 62: 34,

Poeteren, N, van (1930). Verslag over de werkzaamheden van den Plantenziektenkundigen
Dienst in het jaar 1930. Vers!. Meded. plziektenk. Dienst Wageningen 64: 32.

Poeteren, N. van {1935). Verslag over de werkzaamheden van den Planteziektenkundigen
Dienst in het jaar 1935. Versl. Meded. plziektemk, Dienst Wageningen 83: 16.

a0



Poeteren, N. van (1936). Verslag over de werkzaamheden van den Plantenziektenkundigen
Dienst in het jaar 1936. Versl. Meded. plziektenk. Dienst Wageningen 87: 31.

FPoeteren, N. van (1940). Verslag over de werkzaamheden van den Plantenziektenkundigen
Dienst in het jaar 1940. Versl. Meded. plziektenk. Dienst Wageningen 98: 42,

Poeteren, N. van (1941). Verslag over de werkzaamheden van den Plantenziektenkundigen
Dienst in het jaar 194]1. Versl. Meded. plziektenk. Dienst Wageningen 100: 23.

Powell, J.R. (1975). Protein variation in natural populations of animals. Evol. Biol. §:
79-119.

Raalte, D. van (1950). Handboek der bloemisterij II. C., Misset N.V., Doetinchem.
Rabasse, J.M. (1976). Note préliminaire sur 1'utilisation des chocs thermiques en lutte
integrée contre Myszus persicae (Sulz.) en serre. Bulletin OILB/SROP 4: 99-103.

Razowski, J. (1969). Klucze do oznaczania owaddw Polski; CzeSE XXVII, Motyle - Lepidoptera;
Zeszyt 41b, Iwbjkéwki — Tortricidae. Ed.: Polskie Towarzystwo Entomologiczne,
Warszawa.

Razowski, J. (1979)., Revision of the genus Clepsis Guenfe (Lepidoptera, Tortricidae). Part
1, Acta zool, cracov., Tom XXITI, No 8.

Richter von Binmernthal, F. (1903). Die Rosenschidlinge aus dem Tierreiche, deren wirksame
Abwehr und Bekampfung. Ein Ratgeber fiir die girtnerische Praxis. Fugen Ulmer,
Stuttgart.

Roelofs, W,L. & R.T. Cardé (1977). Responses of Lepidoptera to synthetic sex pheromone
chemicals and their analogues. A. Rev. Ent. 22: 377-405.

Rossem, G. van (1950). Verslag over het optreden van enige schadelijke insecten in het
jaar 1949. In: Verslag van de negende Herfstvergadering der Nederlandsche
Entomologische Vereeniging op 19 november 1949: 48-55.

Rossem, G. van, H.C. Burger & C.F. van de Bund (1965). Versl. Meded. plziektenk. Dienst
Wapeningen 142: 39,

Rossem, G. van, H.C. Burger & C.F. van de Bund (1968). Schadelijke insekten in 1967,
Ent. Ber., Amst. 28: 206-210.

Rossem, G. van, H.C. Burger & C.F. van de Bund {1971). Schadelijke insekten in 1970.
Ent. Ber., Amst. 3l: 147-152,

Rust, M.K, (1976). Quantitative analysis of male responses released by female sex
pheromone in Pariplaneta americona. Anim. Behav. 24: 681-685.

Saringer, Gy. & F. Szentkirdlyi (1980). Contribution to the knowledge of the diapause of
Grapholitha funebrana Treitschke (Lepid., Tertricidae). A study on the correlations
of body weight, diapause and mortality. Z. angew. Ent. 90: 493-505,

Scheltea, P. (1978). Ecological and physiological aspects of aestivation-diapause in the
larvae of two Pyralid stalk horers of maize in Kenya. Ph. D. Thesis, Agricultural
University Wageningen.

Schenk, A. (1855). Alstroemerieae., In: Flora brasiliensis IIT(1)., Ed.: Martius, K.F.Ph.
von: 165.

Schutze, K.T. (1931). Die Biclogie der Kleinschmetterlinge, unter besonderer
Beriicksichtigung ihrer Nahrpflanzen und Erscheinungszeiten. Verlag des Int. Ent.
Ver. E.V., Frankfurt am Main.

Schwangart, F. (1911). Aufsatze Uber Rebenschadlinge und -nutzlinge. Cacoecia costana F.
an Reben in der Pfalz. Mitt. dt. WeinbVer. 6: 161-163.

Schwangart, F. (1912). Aufsatze uber Rebensch3dlinge und -nutzlinge. Cacoecia costana F.
an Reben in der Pfalz. Mitt. dt. WeinbVer. 7: 114-120.

Schwinck, I. (1955). Weitere Untersuchungen zur Frage der Geruchsorientierung der
Kachtschmetterlinge: Partielle Fuhleramputation bei Spinmerminnchen, ins besondere
am Seidenspinner Bombyx mori{ (L.). Z. vergl. Physiol. 37: 439-458,

Shimizu, K. & Y. Tamaki (1980). Releasers of male copulatory attempt in the smaller tea
tortrix (Lepidoptera: Tortricidae). Appl. Entomol. & Zool. (Jap.) 15(2): 140-150.

Silverman, J,M. (1977). Patterns of respomse to sex pheromone by young and mature adult
male cockroaches, Periplaneta americana. J. Insect Physiol. 23: 1015-1019.

Spaargaren Dzn, C. (1908)., Het trekken van snijbloemen in Aalsmeer. W.E.J. Tjeenk Willink,
Zwolle: 41-45,

Spencer, K.A. (1973). Agromyzidae (Diptera) of economic importance. Series Entomologica,
Vol. 9. Ed,: E, Schimitschek, Gottingen. Dr. W. Junk B,V., The Hague.

Spencer, K.A. (1982), U.S. celery under threat. Grower, Jan. 21: 15-18.

Spuler, A. (1910). Die Schmetterlinge Europas, II, Band. E. Schweizbart'sche
Verlagsbuchhandlung, Stuttgart.

Stange (1899). Mikrolepidopteren der Umgebung von Friedland in Mecklenburg. Friedland.
(cited by Schutze 1931).

Swatschek, B. (1958). Die Larvalsystematik der Wickler (Tortricidae und Carposinidae}.
Abh. Larvalsyst. Insekten No 3. Akademie-Verlag Berlin: 49,

91




Tamaki, Y., H. Noguchi & T. Yushima (1969)}. Mating behaviour of the smaller tea tortrix
Adoxophyes orana Fisher von Roslerstamm and evidence of sex pheromone productiom.

Tauber, M.J. & C.A. Tauber (1976). Insect seasonality: diapause maintenance, termination,
and postdiapause development. A. Rev. Ent. 21: 81-107.

Vernen, J.D.R. (1971). Observations cn the biology and control of tortricid larvae on
strawberries. P1. Path. 20: 73-80.

Viak, J.M., E, den Belder, D, Peters & M. van de Vrie (1982). Bekampfung eines
eingeschleppten Schddlings, Spodoptera exigua, in Gewachshiusern mit dem autochtonen
Virus. Med. Fac. Landbouww. Rijksuniv. Gent 47(3): 1005-10156.

Vrie, M. van de (1976). Onderzoek naar de levenswijze en bestrijdingsmogelijkheden van de
bladroller Clepsis gspectrana op sierteeltgewassen onder glas. In: Bloemisterij-
onderzoek in Nederland over 1976. Ed.: Research Station fer Floriculture, Aalsmeer:
139-141.

Vrie, M. van de (1977). Spodoptera exigua (Lepidoptera: Noctuidae) in sierteeltgewassen.
Gewasbescherming 8(2): 67-70.

Vrie, M. van de (1978). Levenswijze en bestrijding bladroller. Vakbl. Bloemisterij 4: 398.

Vrie, M. van de, J.A. McMurtry & C.B. Huffaker (1972). Ecology of tetranychid mites and
their natural enemies: a review, III. Biology, ecology, and pest status, and host-—
plant relations of tetranychids., Hilgardia 41(13): 343-432.

Wasscher, J. (1955), Proeven met onderstammen bij kasrozen. Meded, Dir. Tuinb., 18: 724-729.

Wettstein, R. (1935). Handbuch der systematischen Botanik, 4th Edition. F., Deuticke,
Leipzig.

Wiklund, C. & T, Fagerstrom (1977). Why do males emerge before females? A hypothesis to
explain the incidence of protandry in butterflies. Oecologia (Berl.) 31: 153-158,

Wit, A.K.H. (1978). Internal report Laboratory of Entomology, Agricultural University,
Wageningen.

Wit, C.T. de & J. Goudriaan (1974). Simulation of ecclogical processes. Series Simulation
Monographs, Pudoc, Wageningen,

Woets, J. (1976). Progress report of the integrated pest control in glasshouses in
Holland. Bulletin OILB/SROP &4: 34-38,

Wyatt, I.J. (1965). Insecticide resistance in aphids on chrysanthemums, Proc. 3rd British
Insecticide and Fungicide Conferemce, Brightom: 52-55.

Wyatt, L[.J. (1968). Myzus persicae on chrysanthemums, Rep. Glasshouse Crops Res. Inst.: 88.

92




