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1. I N T R O D U C T I O N 

In the Netherlands, Adoxophyes orana is 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 geïntegreerde bestrijding 
van plagen T.N.O.' (Integrated control working party T.N.O.), 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 
ulmi (red spider mite) and A. orana (summer fruit tortricid). P. ulmi 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 DE 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 A. 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 side-effects on longevity 

and behaviour. 
c. 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 outside orchards 
suggested that this was not very important (DE FLUITER et al. 1963). This could 
be related to the hovering 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). It 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. orana, 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 flight 233 
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2. G E O G R A P H I C A L D ISTRIBUTION, 
L IFE H ISTORY AND HOSTPLANT R A N G E 

The genus Adoxophyes is most abundant in the Papuan, Malayan, Australian 
and Indian faunas. Over 30 species are known in these regions (DIAKONOFF 

1939). In North-America only 2 species are known and in Europe 5, including 
A. orana (BOVEY in BALACHOWSKI, 1966). The species A. orana also occurs in 
east and central Asia, for it is likely that A. orana and A. fasciata (auct.) are syn
onyms (BRADLEY 1952). In lapan, 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 morphological (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). 

U.S.S.R. 
The species was already mentioned in 1844 by EVERSMANN. A. orana is widely 

spread throughout the U.S.S.R. and is mentioned in several handbooks (PAV-

FIG. 1. Known area of distribution of A. orana. It is possible that A. fasciata in India and 
China is synonymous with A. orana. 
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LOWSKi 1951). In 1913 DOBROVLJANSKI 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 mentioned by FROELICH in Wurtemberg. In 1950 

damage was observed (BLUNCK and JANSSEN 1952). 

Czechoslovakia 
In 1865 the species was mentioned by BRUNN (STEHLIK 1951). Reports on 

damage are lacking. 

Hungary 
The first specimen were known in 1896 (GOZMÀNY 1951). 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 (PITTIONI 1951). In 1950 the species was regarded as a pest on pome fruit 
(BÖHM 1953). 

Switzerland 
In 1914 in 'Die Schmetterlinge der Schweiz' four places are mentioned where 

A. orana had been found (VORBRODT and M Ü L L E R - R U T Z 1914). In 1953 the first 
damage was mentioned (GEIER 1953). 

France 
In 1939, L 'HOMME in his 'Catalogue des Lépidoptères 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 (GONGGRIJP 1947). 

England 
The first specimen was caught in 1950 (GROVES 1951). In MASSEE'S 'The pests 

of fruit and hops ' (MASSÉE 1954) the species was mentioned as being noxious. 

The species also occurs in Roumania (IRICIUC 1964), Nor th Italy (SALVATERRA 
1953), Nor th Spain (AGENJO 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 been recorded in these countries. 
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LIFE HISTORY 

In the Netherlands A. orana 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 et 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 a rule 
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 (JANSSEN 1958). Under labora
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- imaginai developmental time is about 1 day shorter for 
males (BAREL 1966). 

MATING AND EGG LAYING 

Mating probably takes place during darkness, as is shown by the catches in 
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 NOORDINK 1971). When 
a female is mated the production of pheromone drops, but 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. Usually an egg-mass consists of 20 
to 150 eggs, the first one mostly being the largest. The eggs are laid at the upper 
or lower side of a leaf. It is possible that this is influenced by the smoothness of 
the leaves (JANSSEN 1958). In captivity A. 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 arrived 
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 transported 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 caterpillars 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 leafroll 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 leaf to a fruit. They do not 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 generation. A transparent spot 
besides the main rib indicates where the young 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 leaves in relation to the branch the appearence of 
clusters of leaves can be different. In a Salix sp. leaves were found spun together 
like a sandwich, with the web of the larva in the middle. 
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DAMAGE 

Damage 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 generation are 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 orchards 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 80% 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 A. 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 Colpoclypeus 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 (EVENHUIS 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 
50% 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 20% turned out to be A. orana. 

In a roadside planting, a parasitization rate of 40% 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 Dip ter on. The other larvae were all A. orana. 

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

The Adoxophyes nuclear polyhedral virus does not usually give any mortality 
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 30 % préda
tion of the overwintering generation by birds in January (DE JONG 1970). 

FLIGHT ACTIVITY 

The males fly during darkness, as can be deduced from sex trap catches 
(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. 

ZECH (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. 

HOSTPLANTS 

The larvae of A. 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 suspenso, Gossypium herbaceum, Humulus sp., 
Laburnum sp., Ligustrum sp., Lonicera caprifolium, L. xylosteum, Malus baccata, 
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, 
Potentilla sp., Rumex sp., Vicia f aba. 
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PHOTO 1. Egg-mass Photo Plant Protection Service, Wageningen. 

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

I.f J ' e . . • ». / . s. « , 

**wi 
Photo Plant Protection Service, Wageningen. 

PHOTO 4. Fourth instar larva, 15 to 20 mm in length. 
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PHOTO 5. Characteristic injury of the leaves. 
Photo Plant Protection Service, Wageningen. 

Photo Plant Protection Service, Wageningen. 
PHOTO 6. Deep scars in an apple, damage of the summer generation. 
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PHOTO 7. Characteristic damage to 
fruit of the winter generation 

the 

Photo Plant Protection Service, Wageningen. 

PHOTO 8. Female on an apple leaf. Wing span about 20 mm. The species does not show a 
pronounced sexual dimorphism. 
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3. MATERIALS AND G E N E R A L M E T H O D S 

3.1. MOTHS 

Unless otherwise stated, the moths were from a strain kept in the laboratory 
since 1965. There are about 7 to 8 generations per year (20 °C, 70% R.H. day-
length 16.30 hours). In the first year of the experiments the strain had already 
been cultured in the laboratory for over 25 generations. 

3.2. DIET 

The laboratory strain was reared on a meridic diet, as described by ANKER-

SMIT (1968) from which Wessons salts were omitted and 200 mg. of streptomy
cine sulphate was added as a mould inhibitor. 

3.3. MARKING 

In the first experiments radioactive phosphorus, 3 2P, was used as a marker. 
250 (xCi Na 2H 3 2P0 4 was mixed into 1 kg of medium. The radioactivity in the 
moths was measured with a thin window G.M.-tube (Philips P.W. 18505) or 
demonstrated by means of autoradiography. In order to tag the ensueing egg-
masses and larvae also, the quantity of Na 2H 3 2P0 4 was increased two and a 
half times. Because of the radiation danger, only a restricted use of 3 2P could 
be made. This is why the plastic dye 'Calco oil red D' (from American Cyanamid 
Company) was used later. This Calco oil red D is closely related to Calco oil 
red N-1700, used by HENDRICKS (1970) and SALAMA (1972). 

For 1 kg of medium 0.5 g was used, dispersed in the linseed oil. The dye stains 
the fat tissue in the abdomen of the moths red. Sometimes, the eggs are also 
stained. The red colour can be made visible by crushing the insects or putting 
them into a liquid in which they submerge. In preliminary experiments the 
moths were marked clearly, but later on, for an unknown reason, staining was 
less.Thismadeit impossible to use the red colour as a criterium for being marked. 
Meanwhile, it was discovered that wild moths had yellow coloured fat tissue in 
the adbomen, which was clearly distinct from the red or greyish colour of the 
reared moths. The yellow colour is probably caused by plant pigments. This 
explains why the colour is absent in laboratory reared moths on an agar diet. 
It seems as if in this case a marker was superfluous. However this was not the 
case, for the red colour proved to be a valuable additional aid, especially when 
the moths had dried out somewhat. 

Marking with 32P is harmless (MINKS and NOORDINK 1971). It is also likely 
that the use of the dye is harmless, for no significant differences, with regards to 
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larval and pupal developmental time, emergence of adults, average life span, 
number of matings and fertility of the eggs have been found, in comparison with 
a control, reared on the agar diet minus the dye. 

3.4. LIGHT TRAPS 

The modified Robinson light traps (DE JONG and MINKS 1968) which were 
used, were equipped with 125 watt mercury vapour bulbs (Philips HPL 125). 
Occasionally a 125 watt black light bulb (Philips HPW 125) or a 100 watt flood
light bulb (Philips Comptalux press-glass floodlight) was used. When these 
deviating bulbs were used, is mentioned in the text. 

In experiment I (4.2.1.2) the traps were in use from sunset till 5 or 6 hours 
later. In experiment 2 and 3 (4.2.1.3 and 4.2.1.4) the traps were in use during the 
whole night. The catches were collected the next morning. 

As a killing agent, J of a 'Vapona strip' (Shell Ltd.) was hung in the trap. 
This is easier than the use of ethyl-acetate and tetrachloroethane which have to 
be repeatedly replenished. The catches did not increase when a Vapona strip was 
combined with a mixture of these compounds. 

3.5. SEX TRAPS 

The sex traps used, are described by MINKS (1969). As a bait, either 2 females, 
extracted pheromone or synthetic pheromone was used. 

When females were used, they were renewed once a week. 
The pheromone extract was provided by MINKS (Laboratory for Research 

on Insecticides, Wageningen). The quantity per trap corresponded to 25 females 
used for the preparation. The extract was mounted on a pad of cotton wool, 
which took the place of the females in the cage. It was refreshed every four days. 

For the synthetic pheromone, a polyethylene cap was used as a wick (GLASS 

et al. 1970). As this lasted for at least two months, renewal was not necessary. 
The cap was mounted in the middle of the trap, in the glue. The synthetic 
pheromone consists of two compounds (MEYER et al. 1972). In each trap 100 jxg 
was used, 90 % cis-9- and 10 % cis-cis-11-tetradecenyl acetate. 

The traps were hung at a height of about 1.5 m in trees. In the open field they 
were suspended from stakes. 
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4. MODES OF D ISPERSAL 

4.1. GENERAL 

With regard to A. orana, there are three hypothetical ways of dispersal. 
a. Flight. 
b. Transport of larvae by wind. 
c. Transport by man. 

Dispersal by means of flight would be the most obvious way, for both males 
and females can fly. In general the flight of females is the more important, for 
only a female can raise a population in a new habitat. However, in relation to the 
population sterilization technique the dispersal of males is also important. 
When the eradication programme is still going on, the intruding males and 
females contribute in the same way to the fertility of the population. Only when 
the female is already mated, can she be more dangerous, for the fertility of an 
already mated, intruding female will be, in the main, higher than the average 
fertility of the females in the treated area. The latter will have an average fertility 
proportional to the ratio fertile/sterile males. The fertility of the intruding 
female will be proportional to the ratio 

eggs still to be oviposited 
This fertility can be re-

eggs already oviposited + eggs still to be oviposited 

duced by a second mating with a sterile male. The percentage reduction cannot 
be given exactly as there are not enough data available. It is stated to be higher 
than 50 % (ANKERSMIT, personal communication). However a mated female is 
less attractive to a male than a virgin female (MINKS and NOORDINK 1971). 

The dispersal by flight was studied in release recapture experiments. For the 
recaptures both light traps and sex traps were used. It is remarkable that al
though A. orana lays its eggs in egg-masses, the distribution of larvae throughout 
an orchard is always more or less homogeneous. This, together with the spinning 
behaviour under different conditions, has lead to the hypothesis of aerial trans
port of larvae. This phenomenon was already known from Porthetria dispar 
(BURGESS 1913), Choristoneura fumiferana (WELLINGTON and HENSON 1947) and 
Cnephasia pumicana (CHAMBON 1969). In the case of P. dispar the buoyancy of 
the larvae is increased by the long setae (LEONARD 1971). The larvae of the other 
species and of A. orana have much fewer setae. Here, the buoyancy only depends 
on the length of the thread. 

The third possibility for dispersal is transport by man. Larvae can be propa
gated from nurseries with young trees. According to JANMOULLE A. orana has 
been distributed over Belgium by branches used for camouflage during the 
second world war (SOENEN 1947). In the United States, larvae were intercepted 
on lilacs imported from the Netherlands (VAN MARLE, 1952). 
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The reclamation of a new polder offered the possibility to investigate the 
dispersal in an area where was no traffic and no trees had been planted. 

4.2. ADULT DISPERSAL 

4.2.1. Light traps 
Three different experiments were carried out. 

Experiment 1. Moths released at one point, outside an orchard. 
2. Moths released at three points, inside an orchard. 
3. Moths released evenly throughout an orchard. 

4.2.1.1. Mate r ia l s and me thods 
Orchards : 

In experiments 1 and 2 the same orchard was used. It consisted of a mixed 
planting of apple and pear, spindle trees of about 8 years old and had a height 
of 2.5 to 3 m. It was surrounded by a windbreak of alder, 4 to 5 m in height. 
The total surface was about 1.2 ha. In the immediate vicinity there was only 
arable land, apart from a meadow north-west of the orchard. At the border of 
the meadow there was a hedge of hawthorn (Crataegus sp.). This was somewhat 
sparse at the side parallel with the orchard, but rather dense at the side per
pendicular to the orchard (fig. 2). At the third side of this triangular meadow, 
there was no hedge at all. The hawthorn hedge was the only place within a radius 
of 500 m from the orchard, in which another population of A. orana could exist. 

In experiment 3 another orchard was used. This orchard consisted of 1 ha of 
apple spindle trees, about 14 years old, with a height of 2.5 to 4 m and 0.5 ha 
of newly planted apple trees. At the west side, there was a windbreak of about 
5 m in height, mainly consisting of alder. This orchard was less isolated from 
other biotopes suitable for A. orana. There were other orchards in the vicinity 
and hedges of alder (Alnus spp.), elder (Sambucus spp.) and willow (Salix spp.) 
as well as roadside plantings of 25 year old poplars (Populus spp.) and oaks 
(Quercus spp.) (fig. 5). 
Moths : 

In experiment 1 the release point was situated outside the orchards. If moths 
had been released, forced flight movements towards the orchard could have 
resulted from a disturbance at release. To avoid this error, pupae were placed at 
the release point. The opening of the box containing the pupae was covered with 
gauze to protect the pupae against predators, such as mice and birds. The box 
was also shielded from rain and sunshine. 

In experiment 2 the same procedure was used, although there was less neces
sity for a release as pupae, as in an orchard, disturbed moths can quickly come 
to rest in the surrounding trees. 

Both in experiments 1 and 2 the moths were marked with 3 2P. 
In experiment 3 it was necessary to release moths instead of pupae, this ex

periment being part of a population sterilization experiment. The moths were 
released homogeneously throughout the orchard. They were marked with 
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FIG. 2. Position of the light traps. Experiment 1. 

Calco oil red D. 

4.2.1.2. Exper iment 1 
The release point was situated outside the orchard. Earlier investigations 

(DE FLUITER et al. 1963) had shown that outside an orchard much less A. orana 
were caught than inside. This suggests that the moths are inclined to stay in an 
orchard. For experiment 1 the numbers of moths available were limited. To 
observe dispersal, movement from one biotope to another, it was preferred to 
release them outside the orchard to avoid dilution as a result of movement 
within the orchard. In this view, a release in the open field would be the best. 
But this would have been a very unnatural situation. Therefore something 
intermediate was chosen. The release point was situated near a solitary haw-
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TABLE 1. Totalized numbers of wild males and wild females caught. Experiment 1, first release. 
(Traps operated from July 17th till August 14th). 

trap 

inside orchard 

I II 

244 190 
39 22 

III 

195 
44 

IV 

366 
55 

outside orchard 

V 

5 
1 

VI VII 

33 35 
8 3 

males 
females 

thorn bush at 40 m distance from the fringe of the orchard. Around the release 
point 7 light traps were placed at distances from 45 to 155 m, 4 inside the or
chard and 3 outside (see fig. 2). 

Two releases were carried out. The first time only female pupae were used, 
the males being used in another experiment. In the period from July 17th till 
July 24th, 840 pupae hatched. The traps were operated from July 17th till 
August 14th. 

Results of the first release 
Of the marked females only one was recaptured, on July 26th in trap V, out

side the orchard in the hedge of hawthorns. 
During the period of trapping, the second flight gradually began. The totalized 

numbers of captured wild males and wild females are shown in table 1. 

Second release 
From August 28th till September 2nd, 2080 male and 2080 female pupae 

hatched. The traps were operated from August 28th till September 15th. 

Results of the second release 
Six marked moths were recaptured, 4 males and 2 females. The males had 

crossed the open field and were trapped in the orchard (table 2), the females were 
recaptured in the hedge of hawthorns (table 3). It was probably a matter of 
chance that the recaptured females were caught earlier than the recaptured 
males. 

TABLE 2. Numbers of marked males recaptured. Experiment 1, second release. 

trap 

I 

0 
0 

inside orchard 

II 

1 
0 

III 

1 
0 

IV 

1 
1 

outside orchard 

V 

0 
0 

VI VII 

0 0 
0 0 

September 10 
September 11 
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TABLE 3. Numbers of marked females recaptured. Experiment 1, second release. 

trap 

I 

0 
0 

inside orchard 

II 

0 
0 

III 

0 
0 

IV 

0 
0 

outside orchard 

V 

0 
0 

VI VII 

0 1 
1 0 

August 29 
September 2 

The totalized numbers of the captures from the wild population are shown in 
table 4. 

TABLE 4. Totalized numbers of wild males and wild females caught. Experiment 1, second 
release. (Traps operated from August 28th till September 15th). 

trap 

inside orchard 

I II 

158 45 
129 56 

III 

72 
52 

IV 

94 
79 

outside orchard 

V 

4 
0 

VI VII 

1 2 
1 2 

males 
females 

4.2.1.3. Exper iment 2 
This experiment was designed to investigate which fraction of the released 

moths leaves the orchard. The release points were situated inside the orchard. 
There were three points at the first release (fig. 3) and one at the second, (fig. 4). 
Most traps were outside the orchard. The minimum distance to the orchard was 
40 m. The influence of the trap should not reach into the orchard, in order to 
avoid a forced movement out of the latter. 

First release 
700 male and 500 female pupae hatched from June 14th till June 17th. The 

traps were operated from June 14th till June 22nd. During this period not any 
marked moth was recaptured outside the orchard. Also very low numbers of 
the wild population were captured (table 5). 

To be sure that the poor results were not due to the kind of traps used, on 
June 19th and 20th, a trap was also placed inside the orchard (trap IX). During 
the first night 10 males and 2 females were captured, including 2 marked males 
and 1 marked female. During the second night, which was much colder, only 
1 wild male was captured. 

Second release 
Because of the results of the first release, the design for the second release was 

altered. Also, in order to look at the movement within the orchard, only one 
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