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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
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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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*__* greenhouse strain y.0.0101 x-0.1107
r.0.654
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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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