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Preface

The present paper informs on the previously published ma-
terial on the European cherry fruit fly. Ve tried to collec?
all relevant papers of importance which came out till 1976,
and we were guided by the aspect that the authors of each
country in which the cherry fruit fly occurs should be re-
presented in the bibliogranhy as experts of the local si-
tuation. A short synopsis gives a survey on everything al-

ready known in biology and points outr actual questions.

is no subsiitute for ths catalogue raisonné. For its compi-
lation nearly all publications have been recd and only sonme
cf the olier literature was not available. Some publications

conld not be completely eveluated due to inmperfect kunowledge

of the language. Tinally, the indication of the sources was
vroblematic wien the original text was written in cyrillic
letiers, or generzlly, if Hasteuropean languages were con-
cerned. If possible, & German or - if availabvle - an Dnglish

transiation wes chosen.

A. HAISCH






THE EUROPEAN CHERRY ¥RUIT FLY

(Rhagoletis cerasi Linné 1758)

Synopsis and bibliography1

A. HAISCH?, E. BOLLER’, K. RUSS, V. VALLO”, and P. FIMIAWI®

I. Synopsis

1. Introduction

Today the name "RHAGOLETIS CERASI" which originates from Linné (6)
is generally used for the Buropean cherry fruit fly. Several syn-
onyns still exist, however, they are out of use (37,39,84,130). The
term "European" was adopied in order to distinguish this type from
the American RIAGOLETI3 species. Its geographic distribution has
been described already by BLZZI (46). From several publications it
can be seen that the cherry fruit fly occurs in Lurope, Middle Asia,
and Asia liinor. From the available publications it cannot be taken
wnether it is also fourd in the rest of Asia. In spite of some con-
tradictory remorts it does not seem to occur in Great Britain (46,

50,62,78).

At first the cherr; fruit Ily became mainly known as fruit parasite

of the cherry, which vas &

)

rcady mentioned in the literature of the
1 -

first half of the 16th century (71); there exist several further

hints which are today oniy ol historical interess (3,9-13,23,27).

For the first time Pt (%0) =nd BIRLESE (36) reporied on control

measures. Control rem: siae main motive also in later works

which dealt increasingl; it Ticlogical questions.

1/ 6th Report of the IOBC Working Group on Genetic Control of Rhagoletis ceras]
2/ Bayerische Landesanstalt fiir Bodenkultur, D-8000 Minchen, BRD

3/ BEidg. Forschungsanstalt fiir Obst-, Wein- und Gartenbsu
CH-8820 Wddenswil, Schweiz

4/ Bundesanstalt fiir Pflanzenschutz, A-1020 Wien, Oesterreich

5/ Slowakische Akademie der Wissenschaften, Institut fiir experimentelle
Phytopathologie und Entomologie, CS-90028 Ivanka pri Dunaji, CSSR

6/ Istituto di Entomologia Agraria, Universitd degli Studi di Napoli,
I-80055 Portici, Italia
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2. lorphology

The white egg of the cherry fruit fly is elongated, elliptical and
slightly curved. A net of hexagonally intercrossing ridges is ex-
tended around the pole of the micropyle. The neonate larva is
about 0.6 mm long and attains a lenght of about 6 mm prior to pu-
pation. The typical acephalic, cyclorraphic larva has a cephalo-
pharyngeal skeleton the color, size and form of which change from
one larval stage to the next one (32,80). The larva of the first
instar is metapneustic and becomes amphipneustic in the second one
(65,80). The fully developed puparium is straw yellow, cylindrical
and up to 4 mm long and about 2 mm large (32,65,80). The size of
the adults variates to a large degree, lMales achieve a lenght of

4 mm and females a lenght of 5 mm. The adult insect is mainly cha-
racterized by the bright black thorax with a yellow scutellum as
well as by the wing pattern (57,65,80).

Organs and their functions

Until now only few publications exist on the organs of the cherry
fruit fly as an object of application-orientated research. There
has been presented a method for examining the operating capability
of the flying apparatus together with results on the relationship
between body size and flying ability (314). Also the digestive
tract (80), the Malphigian tubules (326) and the excretion organs
(80) as well as the exterior and the interior sexual organs have
been described (61,80). Observations of BOLLER (226) give informa-
tion on the capaciiy of egg production. He enumerated a maximum of
469 eggs of one female and obtained an average of 200 eggs. The '
evaluations of the average egg production of a female under field
conditions variate approximately within a range of 40 (70) and 100
(80) eggs. No special attention was spent on the sense-organs;
only #IK (32) treated the "antennae (tentacles)" of the larvae.
Furthermore it is known that the adult cherry fruit flies have a
colour and fora sensitivity and are able to perceive chemical sti-

muli either as scent or taste (see section 5).

4. Development

Cn the development of fertilized and not fertilized eggs reported
MATOLIN (328). The data on the duration of the embryonic develop-

ment variate within a wide range: 1-2 days (68), 3-4 days (57),
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6 days (51)ﬁ In fact, the speed of development depends on the tem-
perature (80,247). Under field conditions the rate of hatchability
is high (226). The viability of eggs deposited into fruit dummies
made from agar-agar, gelatine or wax (ceresin) can be, but must not
be considerably reduced. llowever, it is always decreased, if the
eggs were dropped uncontrolled (naturally) by the females (247,268,
275). The larvae sheds its skin twice within the fruit and a third
time at the formation of the pupae. The larvae pupate 2 - 3 weeks
after the eclosion from the egg (51,66,67). The cherry fruit fly is
an univoltine species (58,60,61). After pupation and formation of
the pupae, as described by WIESHANN (80), an obligate diapause
stops the development (94). In general it lasts half a year, but it
can also reguire more than one year. In this case, they are called
“overlying" pupae (33-35,58,60,80,84,85,87,90,101,103,130,190,171,
242,350). The duration of the diapause is also influenced by the
origin of the pupae according to their host plant (see section
"population genetics") and by the temperature conditions during the
diapause (307,309, 320,330). The physiology of the diapause induct-
ion is still unkown. The process of the eclosion in its seasonal
fixation is of great importance from an epidemiological point of
viev and, therefore, it was subject of several publications (s.
sect. 7). The development during the imaginal stadium is divided
into two sections: attaining of reproduction and egg production
ability. The male is certainly capable to copulate immediately
after eclosion (64), but there exist no studies as to whether such
copulations are at the same time inseminations. About one week after
eclosion the female attains ovipositions capability; this period,
however, depends largely on the nutrition which was proved by labo~
ratory tests. The lifetime of the flies in the field cannot be sta-
ted exactly. It may last 4 - 7 weeks (65,80,124). BOLLER and PROKOPY
(319) wrote of 50 ¢ reduction of population after one week. It ic
rcasonable that in laboratory observations higher and especially

more extreme valves are yielded (319).

Behaviour

By behaviour we ancerstand the perceivable reactions on exogene and

endogene stimuli. It is controlled by reflexes and instincts. The
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large field of reproduction behaviour was subject of numerous publi-
cations. They refer especially to the oviposition, less to the
searching and finding of the other sex and mating. The cherry fruit
fly male is polygamous and the female presumably copulates several
times, as a single copulation is not sufficient for fertilizing the
whole stock of eggs (226). When choosing the fruits for oviposition
the female is presumably guided by optical stimuli. Also size and
form of the fruits might be of influence (100). Under natural con-
ditions oviposition takes place only when the fruit has attained a
certain stage of ripening (139). The excretion of a pheromone by
which the females mark the fruit after oviposition has probably to
be regarded in connection with the searching and finding of the other
sexz. This pheromone causes the males to rest on this marked fruit

thus preventing at same time a second egg deposition (311,325-325).

The flying behaviour as well as the reproduction dynamics is very
important from an epidemiological point of view. An exact experimen-
tal investigation is difficult. The statements on the average dis-
persion radius of the cherry fruit fly, therefore, differ. For in-
stance, the extreme opinion was held that a fly does not leave the
area of the tree under wihich had eclosed (103). MARTELLI believes
that the flies move be.ween neighboured trees (63). By means of the
mark-release-recapture technique a flying distance of 500 = has,
however, also been obtsaeved (252,275,305). Apparently the dispersion
of the flies is small .& long as oviposition substrates cre present.
Only, if these are lacki=rz, the fly covers also larger distances (89,
287). It also seems, az if the flight disposition is also influenced

by other factors, for instance by the age (305,311).

Several times it was proved that during flight the flies orientate

according to visual stimuli. owever, the cherry fruit fly does not
seem to be able to distinguish host and non-host plants frem larger
distances (252).

6. Ecology
From experiments with caged flies it is kmown that nutrition is of
great importance for the egg productionr. The femzales need a source

for carbohydrates and protein. Up to now no exact studies on the
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physiology of nutrition have been published. As regards the natural
food sources we are dependent on suggestions as the observations

made in this respect were more or less casual, in any case not syste-
matic (57,80,196).

The temperature, a factor influencing the metabolism, controls the
rate of development in all stages. This causes, for instance, that
the life cycle is adapted to the process of ripening of the host
fruit. Also certain behavioural criteria depend on the influence of
temperature. The flies do not emerge before the daily temperature
exceeds a minimum of 10°C (56). At temperatures below 16-18°C no ovi-
position takes place (85,196). The cherry fruit fly is a day-animal,
The ecological importance of the light of the fly is obvious, but it
was not yet studied in detail. This holds true also for an eventual

photoperiodical sensitivity.

9-10 months of a year the cherry fruit fly spends in the soil as pupa.
The fully developed larva tries to dig itself into the soil and the
fly that has just emerged tries by means of its ptilinum to penetrate
the soil in order to reach the surface. Soils weak in structure are,
therefore, inappropriate for the development of cherry fruit flies.
The soil influences also indirectly the development according to the
different speed of warming up depending on the type of soil; its cover
and exposition of the sun (84,85,219,312). Further it is pointed out
that soil types favourable to the development of the cherry fruit fly
are at the same time excellent sites for the growth of the host plants
(PRUNUS and LONICERA).

SPRENGEL and SONNTAG tried to show the influence of the weather in
its entirety on the flying intensity (68). The interdependence bet-
ween the flying intensity of the cherry fruit fly and temperatiure,

sunshine and rain has been described several times (sect. III).

The larvae feed on the fruit tissue of their host plants. A number
of data exist with regard to the spectrum of host plants (sect. III).
The statements coincide as far as the sweet cherry (PRUNUS AVIUM L.)
as host is concerned. Different degrees of infestation depending on

the variety of the cherry are due to phenological reasons as the



=

accelerated ripening process of the early kinds does not coincide
temporally with the appearance of the flies ready for oviposition
(219). Howewver, the various kinds of some cherries varieties of the
sour cherry (PRUNUS CERASUS L.) arec ovidently infested to different
éegraes (9,55,78,84,219), Several (but not sll) LONICERA species are
hosts for tha RHAGOLETIS CXRASI (32,J,,78 84, 87) Hesides fruits of
several cother plant species can be inhabited by . CERASI larvae.

It is, howvever, io be doubted as to whether these species may be
considered as general hcsts of the cherry fruit fly (49, 79). Anzway,
under artificial circumstances the females can be caused to deposit

their e into such fruils wherein iiie larvae cannot complete treiw

develorment (87,997,

The "iiving environment" does also include symbiotes. Several obcer-
vations seew to indicate that microcrganisms innapit R. CSRASI re-
cessery for their grouwth aud developwent (52,184). An exact proos

however, in guestion are inceed =y

et bLeen [urnished.

A. CURASTI are parasites

wrue wnd vupae (81,83,84

the short spaa in

frui 7 move on or in the soil
is sclerotized protectiny the larvae resop.

Zigecages awe Eapomted, but they may b2

voputation ijnamics {58). It is remarkapl

sitized at a nigher &

LUGIDA FALLET in fruitsof LOWICEZRA huve

secasional

Puen deseribed az competltors for teod

m —

seanranea of larvas of Lepidoptera is c alnlj for a population of

31 without ey importance (219). Man as antagonists affects

- Rl

by far more was oovulaviocn dynanics of R. CHRASI (s. sect. I, 7).

Reproduction anc nulitipiication is defined by the interzction bet-

ween ecelogical factors and the special capability of the species.

Under this aspect tne geosraphic distribution of R. CERASI is de=
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pendent on the occurence of its host. But the areas of distribution

of both are not congruent (78). LESKI (219) enumerates a series of
Polish cherry cultivation areas in which R. CERAST is practically
absent, Detailed analyses of population dynamics, however, do not
exist. BOLLER (235) published quantitative data on mortality factors
of different developmental stages. Considering the sequence of gene-
rations the frequency of frost which entirely or partly destroys the
blossoms of the cherries and reduces the setting of fruit may be the
decisive population limiting factor. The different hints that in the
long run complete harvests are the most effective control measurements

mean analogously the same (s. sect. I, 7).

lianagement

The main part of the publications deals with epidemiological aspects.
There are reports about high economic damages caused by R. CERASI
which infest the crops often up to 80 % and even more (53). Humerous
papers concern the data of emerging, the development of the popula-~
tions i.e. emerging course and the intensity of egg laying activity
depending of meteorological influences. In particular, the prognosis

oi the emerging date is important for well-timed control measurements.

Various techniques of flight prediction have been developed. Phenolo-
gical hints are given by the begin of flowering of ROBINIA PSEUDO-
ACAZIA L. and AESCULUS HIPPOCASTANEUM L. (237,287). Several rules
were worked out basing on the high sensitivity to temperatures of the
pupal stage between the ending of diapause and emerging. These rules
express the relationship between scil tempersture and begin of fly-
ing by mathematical formula (80,150,219,223,236,266,281). Another
method is trappingof the newly emerged flies by means of appropriate
traps (157,288). The time when the colour of pupae turns from yellow
to greenmay be regarded as a hint that emerging is imminent (82,212).
The dissection of pupae demands more effort, but it allows to deter-
mine the stage of post-diapause development on the basis of the pig-
mentation of eyes and bristles (127)a The course of emerging can be
observed by placing gaze funnels under trees which had been infested
in the preceding year (58). A similar method is to put the pupae into

suitable pots and to cover them with soil so that the emerged flies
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are caught and may be counted (58). The data for starting fly con-
trol can be determined by catching rates which allow conclusions
as to the flying course (119,157,287,288).

The control of R. CERASI has a long tradition. Already before inzecti-
cides had been available farmers knew that entire harvesiing in tas
most effective measurement to control the cherry fly (9, 63). In
addition it was reccomended to stup up in the close arsa of cherry
cultivations the wild second host of the pest - in most cases LONI-
CERA XYLOSTEUM L. - (47). However, in view of the later emerging

of the LONICERA attacking flies (290,309) it is doubtful whether

this recommendation is necessary and justified (99). A furirer ecow
logical control measurement was the cultivation of wvarieties wiith
reduced susceptibility to infestations of R, CERASI « i.2. eexrly
ripening cherries and certain sour cherry varieties (78). One pe~

per dealt with the question whether the larvae can be expelled

from the infested cherr’'ss and killed by water or by the inifluscice

of various gases (62). & culiilvation in order to kill the pupae

has very early proved to .: ineffective. “he first iasecuicides

of either organic (derries, pyrethrum) or incwvganic (arsenic, lcad}
nature were applied in :sc.sbination with food luves (44,55956,57,

59, 60, 85, 102}. This m=

surement, however, is usually not very

successful at its long-d¢sitance efficiency is emall (14.€5,138).
DDT (dichlorous-dipheny . ,;3hlorrmethane) breought about a firsu

decisive change (117). "s:ful apnlication techniques wert #ovew
loped to treai single M.s 7. iarge areas Irom the ground ur froa
the air (147, 155, 16%. &4, *65, 193, 200, 204, 218). Az DD
affects only adults, special atitention had to be paid tu * .e welii-
timed control date. By rspnated application the fact is *ta'un inte

account that emerging may .. delayed, especially by cool weather

This disadvantage was overccme *; the development of phouephovic

acid esters which have a systemiz =zffect against eggs ag %=1 as lax
vae (146,158,181,198). The application date and,therefcre,c 2t flizht
prognosis become thus less imporiani as now the control date has o be
chosen according to degradation speed of the insecticide,uaking sure

that the highly toxic insecticides must be inactivated toxicologically
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until harvest or consumption respectively. The different cherry
varieties ripen within a period of 6 weeks often two or even one
application is sufficient as the cherries remain usually free of
infestation during the first two weeks of ripening (84). The diffi-
culties as to the date and often to the application might be over-
come by disinfestation of the soil (49,56,63,65,66). However, a

heat treatment is uneconomic (80) and soil insecticides are unsuitable
due to the insensibility of the pupae (61,80,84,95,102,179,253).

The trials to control R. CERASI by catching them by means of suitable
traps did not meet with response practically (253,263). The danger

of toxic insecticide residues on fresh cherries due to the rapid
ripening process was the reason why great efforts were made in order
to find a biological method for pest insect control. A promising
technique seemed to be the sterilization of the insects (steril in-
sect release method) (262,316). Preliminary experiments led to satis-
fying results (289,296,297,298). There are also indications that
plasma-incompatible races exist which can be used for the genetic
control of R. CERASI (317,320,326,328,329).

In connection with such efforts the experiments to rear and multiply
R. CERASI under artificial conditions have to be seen, because large
quantities of insects are required when genetic control techniques
are applied. The rearing technique has, therefore, exclusively to be
meet biological but also economical standards. For this reason one
has to dissociate cneself from the natural growing conditions and

environment which raises a series of problems.

The difficulties begin with the egg collection. Black colored and
thin-walled ceresin domes are used as fruit dummies (268,269), also
dummies made from agar-agar or gelatine are described (244,247). The
larvae develop - however yet, with a high rate of mortality - on a
substrate containing sugar and yeast as essential nutrients. Of si-
milar importance as the nutrients is the physical quality of the sub-

strate as well as the prevention of microorganims (275).

Each biological control method for a pest requires a well-grounded

knowledge on its way of living. Catching of lzbelled flies by means
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of traps is an important technique to study the field behaviour

of the flies. Already very early it was tried to develop traps;

the possibility of a biological control method was not (yet) taken
into consideration. It could be shown that R. CERASI is attracted
by ammonia releasing substances (119). Besides it prefers to fly

at yellow and «~ to an increased extent - fluorescent yellow surfa-
ces., Therefore, such surfaces are useful traps (279,280). The ol=~
factoric effect of ammonia releasing substances and the visual sti-

mulus of yellow are complementary in their attraction (255,265).

Flies can be labelled by dyes. Dye pigments can adhere either extern-
ally on to the ptilinum. Also dye sprays were applied (315). LESKI
(219) used radioactive phosphorous as an additive to the food. More-
over the neutron activation analysis of suitable indicators which

the flies bear externally or which a&re ingested by them together
with the food have also been tested experimentally (276,310,318).
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