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STELLINGEN

[
De snelle verbreiding van de vruchtbladroller binnen Nederland en Belgié

kan nict alleen worden toegeschreven aan het vliegen van de imagines.
it proefschrift

i1
Ethologisch gezien is het zich laten zakken aan spinseldraden van de rupsen
van de vruchtbladreller een viuchtgedrag. In de loop van de evolutie heeft dit
gedrag echter ook betekenis gekregen voor de verspreiding van de rupsen over

korte afstanden.
Dit proefschrift

ITI
De evenredigheid tussen het aantal gevangen dieren in een sexval en de groot-
te van de populatiedichtheid vermindert naarmate de laatste toeneemt.

v
Het onderzoek naar de mogelijkheden van het kweken en uitzetten van pre-
datoren en parasieten, die resistent zijn tegen bepaalde bestrijdingsmiddelen,

dient te worden gestimuleerd.
CrorfT, B. A., BarRNEs, M. M., 1971. J. econ. Ent., 64:845.-850.
HovyT, 8. C., 1969. J. econ. Ent., 62:74-86.

A
Toepassing van fungiciden uit de benzimidazool-groep in granen maakt
vruchtwisseling noodzakelijk.

vVl
Bij het stellen van criteria ten aanzien van schadelijke nevenwerkingen van
bestrijdingsmiddelen in het milieu dient men, bij stoffen die in de bouwvoor
blijven, rekening te houden met de bestemming van dit deel van het milieu.

VIl
Gezien de verdeling van het aantal aardappelbladeren met toprol symptomen
binnen een aangetaste plek, moet luchtverontreiniging als mogelijke eerste vor-
zaak uitgesloten worden geacht.

V1
De hypothese dat een virus betrokken zou zijn bij de teruggang van Gaeu-
mannomyces graminis, onder omstandigheden van eenzijdige graanteelt, moet

verworpen worden,
Larmerre, H., et al., 1970. C. R. Acad. Sc. Paris, 271 série D:
1833-1836.
GERLAGH, M., 1968. Diss. Wageningen.



X
De disjuncte verspreiding van persistente virussen in een veld kan niet alleen
worden toegeschreven aan de activiteit van gevleugelde bladluizen.

Frangois, E., et al., 1968. Isotopes and radiation in Entomology.
Proceedings series, IAEA Vienna: 53-68.

X
Toepassing van de steriele-mannetjestechniek bij de bestrijding van fytofage
insckten zal slechts dan kunnen leiden tot een verminderd gebruik van insekti-
ciden, indien in het areaal van de plaag geen verwante soorten voorkomen met
vergelijkbare ecologische niches,

Proefschrift C. J. A, Barew.
22 juni 1973,
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1. INTRODUCTION

In the Netherlands, Adoxophyes eranais a serious pest in pome fruit growing.
Growers, on an average, apply three insecticide sprayings per year against this
tortricid. An organic phosphorous compound is mostly used. These compounds
are highly toxic, not only to arthropods, but also to fishes and mammals.

Although the benefits of pesticides to man cannot be denied, the disadvan-
tages of an unlimited use become more and more apparent. On one hand, there
is the justified concern about pollution of the environment, on the other hand
there is the build up of resistance and the development of new pests as a result of
the use of pesticides. For these reasons alternative modes of plant protection are
being sought.

In the Netherlands, within the frame of ‘“Werkgroep geintegreerde bestrijding
van plagen T.N.O. (Integrated control working party T.N.Q.), a group of
research workers is studying the possibilities for integrated control in orchards.
In Dutch pome fruit growing two key-pests can be distinguished, Panonychus
tlmi (red spider mite) and A. orana (summer fruit tortricid). P, u/mi is the most
serious pest, and moreover it regularly develops resistance to acaricides, whilst
in A. orana resistance has never been observed. Evidence has been found, which
makes it likely that P. ulmi can be controlled by predators (VAN BE VRIE 1972).
However these predators can never have a chance when the spraying of non
selective insecticides against other pests is continued. Hence alternative con-
trol measures for A. orana were sought, the latter being the second important
pest. A meridic diet for 4. orana had already been developed (ANKERSMIT 1968),
which would facilitate mass-rearing. This led to the idea of controlling the insect
by means of releasing sterile adults.

POPULATION STERILIZATION TECHNIQUE
For the application of the population sterilization technique, at least four
requirements have to be fullfilled.
a. Mass-rearing must be possible, as large numbers are needed for the releases.
b. Sterilization must be possible, without detrimental S1de effects on longevity
and behaviour.
¢. Population density must be low, as the numbers to be released are multiple
of the numbers present,
d. Dispersal must be restricted, as the chances for reinfestation of a once
cleared area depend on the abilities for dispersal. The greater the dispersal
the larger the area which has to be treated.

The term dispersal covers any movement from one habitat to another, in
contrast to movements within the habitat. This more or less corresponds with
the distinction between migratory movements and trivial movements made by
KENNEDY and SOUTHWOOD (SoutHwooD 1962), This distinction stresses differ-
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ences in motivation. For our purpose we are more interested in the resulting
activity.

The first two requirements for application of the population sterilization
technique have been fullfilled. Mass-rearing on an experimental scale is possible
and sterilization does not cause detrimental side-effects (SNIEDER et al. 1973)
Population density however, does not meet the requirements. In 1968, at the
first flight, DE JONG estimated the population density in one orchard to be about
1500 moths per ha and in another, at 3600 moths per ha (ANKERSMIT and DE JONG
1970). During the second flight the population density is usually larger. This is
a very high density as compared to the classic example of the successful erad-
ication of the screw-worm, Cochliomiya hominivorax, which had an average
density of about 70 per square kilometer (BusHLAND 1960).-

Moreover A. orana does not only occur in orchards. The species-is poly-
phagous and is found on nearly all deciduous trees and shrubs and also on several
herbaceous plants (JANSSEN 1958). .

With regard to dispersal, data about captures in light traps outs1de orchards
suggested that this was not very 1mportant (pE FLUITER et al. 1963). This could
be related to the hovermg type of flight of the adults.

ALTERNATIVE FOR ERADICATION

In view of the abundance and the wide and continuous area of dispersal, the
idea of eradication had to be abandoned. But control of the species at a low
level seemed possible, provided dispersal was at a very low rate.

Fransz made a simulation model to determine the optimum number of
sterilized males to be released (DE JonG et al. 1971). Tt was assumed that there
was an initial population of 1000 moths per ha, which had to be reduced to
about a hundred. In the model, the level reached within two generations,
starting with the first flight, was 105 moths per ha. During the following gen-
erations this level had to be maintained. Two calculations were made, one
with and one without taking reinfection into consideration. In the case with
reinfection it was assumed that 100 A. erana, moths or larvae, entered the or-
chard at each generation. Hence a reduction to 5 moths per ha was necessary,
in order to have not more than 105 moths per ha in the next generation.

Calculation 1, with reinfection
Goal: 105 moths in the next year
No more males are to be released than is strictly necessary,

Results: first flight period 88240 males .

- second flight period 40512 males
To maintain the population at this level, the following numbers have to be
released: first flight period 28888 males

second flight period 5736 males

Calculation 2, without reinfection.
Goal: 105 moths in the next year.
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No more males are to be released than is strictly necessary.
Results: first flight 20169 males
- second flight 9763 males
To maintain the population at this level, the following numbers have to be
released: first flight 1326
second {light 233
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2. GEOGRAPHICAL DISTRIBUTION,
LIFE HISTORY AND HOSTPLANT RANGE

The genus Adoxophyes is most abundant in the Papuan, Malayan, Australian
and Indian faunas. Qver 30 species are known in these regions (DIAKONOFF
1939). In North-America only 2 species are known and in Europe 5, including
A. orana (Boviy in BALACHOWSKI, 1966). The species A. orana also occurs in
east and central Asia, for it is likely that 4. orana and A. fasciata (auct.) are syn-
onyms (BRADLEY 1952). In Japan, A. orana is known as a pest on apple, but it is
a more serious pest on tea, its common name being ‘smaller tea tortricid’. But
there are slight differences between A, orana as a pest of tea and A. orana as a
pest of apple, both physiological and morphoelogical (HoNMA 1966, 1970). The
tea strain has again be named A. fasciata (NAGATA et al. 1972).

From east Asia the area of distribution spreads out without interruption into
Europe (fig. 1). This figure is partially based on the origin of the specimens in
the Zoological Museum in Leningrad (DE WILDE 1971). In Europe, it can be
observed that the area of distribution tends to shift towards the west. (VAN DER
MEER 1969).

US.S.R.
The species was already mentioned in 1844 by EVERSMANN. A. orana is widely
spread throughout the U.S.8.R. and is mentioned in several handbooks (Pav-

Fic. 1. Known area of distribution of A. orana. It is possible that A, fasciata in India and
China is synonymous with A, srana,
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LOwsSKT 1951). In 1913 DOBROVLIANSKI mentioned its occurrence on pome fruit
{In BALACHOWSKI 1966).

East Germany
In 1880 A. orana was caught near the mouth of the river Oder. In 1952 it
became a pest (STEINHAUSEN 1954).

West Germany
In 1828 the species was ment1oned by FROELICH in Wiirtemberg. In 1950
damage was observed (BLUNCK and JANSSEN 1952). .

Czechosiovakia
In 1865 the species was mentioned by BRUNN (STEHLIK 1951). Reports on
damage are lacking. ,

Hungary -
The first specimen were ‘known in 1896 (GozMANY 1931). In 1953 A. orana
was mentioned as a pest (REICHART 1953).

Austria

In the Museum of Natural History in Vienna, the first specimens date from
1896 (PrrTIoNt 1951). In 1950 the species was regarded as a pest on pome frmt
(BHM 1953).

Switzerland .

In 1914 in ‘Die Schmetterlinge der Schweiz’ four places are mentioned where
A. orana had been found (VorBRODT and MULLER-RUTZ 1914). Tn 1953 the first
damage was mentioned (GEIER 1953).

France

In 1939, L’HowMME in his ‘Catalogue des Lepidoptéres de France et de Bel-
gique’ mentioned a dozen places where A. orana had been found. In 1957 dam-
age was observed (MiLAIRE 1960). -
Belgium

The first specimen was caught in 1942 (JANMOULLE 1951). In 1947 the species
was described as noxious (SOENEN 1947).

Holland
The first specimen was caught in 1939 (BENTINCK 1941). In 1944 the species
was mentioned as being noxious (GONGGRUP 1947).

England -
The first spemmen was caught in 1950 (GROVES 1951). In Massee’s “The pests
of fruit and hops’ (MAssee 1954) the species was mentioned as being noxious.

The species also occurs in Roumania (Iricruc 1964), North Italy (SALVATERRA
£953), North Spain (AGenio 1951), Denmark, as early as in 1873 (Tuxen 1951),
Scandinavia up to the 65th latitude (BENANDER 1951), Finland (HACKMAN 1951)
and Poland (NIEMCZYK 1964). Apart from Roumania, Italy and Poland, damage
has not bzen recorded in these countries.
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LirE HISTORY

In the Netherlands A. orgna has two generations per year. The species hiber-
nates as a second or third instar larvae on trees. In the laboratory, at 20 or 25°C
and less than 16 hrs of light per day, diapause takes place in the third instar.
When daylength becomes shorter than 16 hours the larvae are induced to enter
diapause. They spin hibernacula at rough places on the branches, becoming
active again in April. At the beginning of June, depending on the weather con-
ditions, the first flight starts. This flight period usually lasts about 4 weeks. The
flight of the summer generation usually starts at the beginning of August and
lasts till the end of September. The first half of this flight period is the most im-
portant, as the number of moths is at its highest and the conditions for egg-
hatch and development of the larvae are optimum.

Temperature is a decisive factor for the developmental rate of all stages. For
the eggs, 10°C seems to be the threshold of development (DE JONG et al. 1965).
Larval development till the pupal stage takes 18 days at 25°C, 28 days at 20°C
and 50 days at 15°C in laboratory cultures (DE JONG in DE FLUITER ¢t al, 1963).

Under natural conditions, the eggs hatch within 10-14 days. In the summer
generation it takes about 35 days for the insect to develop into a pupa. As arule
there are 5 larval instars, but it is possible, that in the overwintering generation
the number is increased to 6. The duration of the pupal stage is also temperature
dependent. Under natural conditions it is about 10 days.

The average life-span of the moths in the laboratory is about 10 days, being
influenced by temperature and relative humidity (FANssen 1958). Under Izbora-
tory conditions of 20°C and 70%, R.H., it is necessary to provide water, other-
wise the average life-span is shortened. Addition of honey to the water does not
make any difference. The longest life-span recorded in nature, in the release-
recapture experiments, is 23 days.

The sex ratio of the moths is about 1:1, differences in average life-span be-
tween the sexes being slight. The species is slightly protandric. Under natural
conditions the pre- imaginal developmental tlme is about 1 day shorter for
males (BAREL 1966).

MATING AND EGG LAYING

Mating probably takes place during darkness, as is shown by the catchesin
sex traps baited with a living female or synthetic pheromone. It has also been
observed during daytime in the laboratory. Both males and females can mate
several times, although probably one mating is sufficient to fertilize all the eggs.
At each mating a spermatophore is transferred. It was observed that old males
sometimes transfer a little spermatophore or no spermatophore at all, Never-
theless this proved to be sufficient for fertilization. Most females are mated
during the second night after emerging from the pupa, the first night the amount
of pheromone produced being rather small (MiNKs and NoorpINk 1971). When
a female is mated the production of pheromone drops, but i increases steadily
during the following nights.

The number of eggs a female deposits is variable and numbers up to 800 have
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been observed. As an average, 175 will be a good estimate. The eggs are laid in
flat egg-masses, with the shells overlapping. Usupally an egg-mass consists of 20
to 150 eggs, the first one mostly being the largest. The eggs are laid at the upper
orlower side of aleaf. It is possible that this is influenced by the smoothness of
the leaves (JANSSEN 1958), In captivity 4. orana oviposits on any smooth surface.

LARVAE
- All the larvae of an egg-mass hatch at about the same time. The newly-hatched
caterpillars immediately disperse towards the edge of the leaf. Once artived
there, the larvae continue creeping along the edge of the leaf. When they meet
they disturb each other and as a result one of them spins a silken thread and
drops off from the leaf hanging onto this thread. Later, some larvae climb back
along the thread, others either swing to a neighbouring leaf or branch or else the
thread is broken and larvae together with their threads are transporied some-
where by wind. Larvae which do not drop, mostly creep away from the leaf, via
the stalk and branch, and settle on another leaf, Once they are settled, there is
usually only one larva per leaf. This indicates that there is some sort of territorial
behaviour (ANKERSMIT and VAN DER MEER 1973). This theory is supported by
the fact that the newly-hatched caterpiliars drop from the leaves upon meeting.
The places where the larvae settle differ according to the season. Those of the
summer generation move towards the end of the branches and young cater-
pillars are often found in the still unfolded leaves at the tips of the shoots. Later
they are often found in leafrolls, or in clusters of leaves spun together, a little
below the apex. It was observed that for pupation a new leafroll was sometimes
made. As the leaves of this [eafroll are not nibbled, they are not easy to find.
When the larvae of the winter generation hatch, the shoots are already full
grown. A preference for the tips is less conspicuous, the larvae being found over
the whole tree. The first instar larvae are mostly found in a corner between the
main rib and a secondary rib of a leaf. The second instar larvae often spin two
leaves together or attach a Ieafto a fruit. They donot make proper leafrolls. This
is done the next year, prior to pupation, when the leaves are sufficiently large.
The larva lives in a web, the latter being renewed a few times. Movement to
another leaf often occurs at these moments. When foraging, the larva keeps the
upper epidermis and the ribs intact. The ‘windows’ in the leaf are characteristic,
especially for the young larvae of the winter genmeration. A transparent spot
besides the main rib indicates where the voung larva has made its first web. It
has to be stressed that all these data refer to larvae on apple trees, On other
hostplants differences can occur. There can be fewer new shoots at the moment
the larvae of the summer generation hatch. The leaves can be more stiff, in
which case less leaf-rolls and clusters of leaves are made (Fraxinus sp.). Ac-
cording to the position of the ieaves in relation to the branch the appearence of
clusters of leaves can ke different. In a Salix sp. leaves were found spun together
like a sandwich, with the web of the [arva in the middle:
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DAMAGE
Dantage is caused by the larvae, which may forage superficially on the skin of
the fruits. The winter generation generally causes more damage than the summer
one. The scars on the fruits caused by the summer generation are bigger, whilst
those caused by the winter gencration ar¢ more numerous. The damage to
devastated leaves and buds can be neglected. However, it has been reported
from Belgium that this can also be important (SOENEN 1947).

BIOLOGICAL CONTROL AGENTS

A. orana is a pest of commercial orchards. In unsprayed orcha.rds damage is
rare. There is a striking difference in the composition of the Tortricid fauna
between commercial and unsprayed orchards. In commercial orchards often
more than 809 of the collected Tortricid larvae turn out to be A. orana. In
unsprayed orchards this percentage is always much lower. In commercial
orchards, the percentage of parasitised larvae is usually less than 10, although
several parasites of 4. orana are known (JANSSEN 1958). Incidentally, higher
rates of parasitization have been noted. When this occurs, it is caused predomi-
nantly by only one species. This is mostly the Eulophid Celpoclypeus florus (VAN
FrANKENHUYZEN 1970) or the Ichneumonid Teleutea striata. The impression
exists, that in unsprayed orchards the percentage of parasitization is higher, but
some reserve has to be made about the identification of the parasitized cater-
pillars. Recently a reliable method for identification has been developed, based
on the characteristics of the mandibulae (EvENnuIs and VLUG 1972).

Data about the percentage of parasitization outside orchards are scanty, as
it is not easy to collect larvae of A. orana on the vegetation of hedges and woods.
However, it was remarkable that when larvae were collected, often in more than
509; of the clustered leaves, parasitised or predated larvae were found. To what
extent this concerned A. orana, cannot be stated. Of the larvae collected only
10 to 209 turned out to be 4. orana.

In a roadside planting, a parasitization rate of 409, was once recorded. In
one of the experiments a large number of moths was released in July. In August,
25 larvae were collected, from which 10 were parasitised by 5 different species,
4 Hymenoptera and 1 Dipferon. The other larvae were all A. orana.

Egg parasites like Trichogramma spp. are not important in sprayed orchards
{pE JONG, personal communication).

The Adoxophyes nuclear polyhedral virus does not usually give any mortahty
exceeding one or two percent (DE JONG personal communication),

Concerning predators little is known. JANSSEN (1958) mentions several
species, but does not give quantitative data. DE JoNG once observed 309 preda-
tion of the overwintering generation by birds in January (DE JonG 1970).

FLIGHT AcCTivVITY
The males ﬂy during darkness, as can be deduced from sex trap caiches
{MInks and NoorDINK 1971). During daytime, flight has rarely been observed.
When it was observed, the zigzag flight direction was worthy of some note. The
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flights were always short, the moths coming to rest again on a plant after a few
meters. During daytime, when they are at rest, it was not easy to disturb them
and make them fly. When moths are released in an orchard, most of them
immediately fly to a tree. When they are released in the open field, many of them
come to rest on the ground and a few start flying. In one experiment it was often
observed that they headed towards trees at the border of the field.

ZgcH (1957) recorded the hourly distribution of catches in a light trap. He did
not find much difference between the sexes, but obtained slight indications that
females start activity somewhat earlier than males.

: o HOSTPLANTS
_The larvae of 4. orana are extremely polyphagous. JANSSEN (1958) gives the
following list of plants on which caterpillars are found. Acer campestre, Alnus
sp., Betula sp., Carpinus betulus, Cotoneaster dielsiana, Crataegus sp., Cydonia
oblonga, Fagus silvatica, Forsytia suspensa, Gossypium herbaceum, Humulus sp.,
Laburnum sp., Ligustrum sp., Lonicera caprifolium, L. xylosteum, Malus baccara,
M. pumila, Medicago sp., Menyanthes trifoliata, Pyrus communis, Populus sp.,
Pistacia lentiscus, Parrotia sp., Prunus armeniaca, P. avium, P. cerasus, P.
domestica, P. insistitia syriaca, P. padus; P. persica, P. triloba, Quercus sp., Ribes
grossularia, R. nigrum, Rubus idaeus, R. fruticosus, Rosa canina, Rosa sp.,
Symphoricarpus racemosa, Salix caprea, Salix viminalis, Solanum dulcamara,
Syringa vulgaris, Tilia sp., Ulmus campestris, Urtica sp., Vaccinium sp..
This list can be extended with: Chenopodium album, Convolvulus arvensis,
Potentiila sp., Rumex sp., Vicia faba.
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PHOTO 1. Egg-mass Photo Plant Protection Service, ‘Wageningen.

Photo Plant Protection Service, Wageniuécn.
ProtO 2. Egg-mass, The head capsules of the larvae are visible.
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Photo Plant Protection Service, Wageningen.
Proto 3. Second instar larva in a web at the underside of a [caf.

Photo Plant Protection Service, Wageningen.

Puoto 4. Fourth instar larva, 15 to 20 mm in length.
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