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Moor devoted his time to finding an artificial medium for the Cpve Ely 
with the ultimate purpose of its mass breeding and employment of the sterile male 
technique against this pest. Along with this, he and Navon synthesized an artificial 
media for various lepidopterous caterpillars, including Zeuzera pyrin a L, with 
the purpose of rearing upon them parasites or pathogenic organisms, or the uti
lization of the male sterilization technique. He and Halperin successfully employed 
Bacillus thuringinensis Berlin against the processionary pine caterpillar Thauma- 
topoea wilkinsoni (1963).

Halperin devoted much time to surveying parasites of forest and timber 
pests and in studying their biology.

Gothilf studied the local parasites of the wax scale Ceroplastes flori- 
densis mid handled those which were received from Japan. In addition, he reared 
and studied the parasites of the Carob moth Ectomyelois which attacks grapefruit(1964).

At the Tel-Aviv University, Dept. Zoology, Kugler surveyed the 
Taehinidae of Israel, and is preparing a monograph on this family, which will 
include studies on biology, host relationship and taxonomy. He and Nitzan are 
studying the biology of Clausicella suturata Rond (Taehinidae) a parasite of Ectomy
elois ceratonae Z e ll..

Kugler & Wollberg have completed a study on the biology of Agrothe- 
reutes tunetanu.? Haber. (Ichnem.) a parasite of Orgyia dubia Tausch.
(Lymantridae -  T 'p .).

Gerling jgether with Legner of California) surveyed the parasites 
attacking Musca domestica in Israel. Gerling is also studying the occurrence and 
taxonomy of white fly parasites of the genus Eretmocerus. (Aphelinidae -  Hym.)

He and Mrs. Spivak are studying the biology and behaviour of Encarsia 
(Prospaltella) lutea Mase, a parasite on Bemisia tabaci Genn.

D IA S P ID A E

The Red Scale Aonidiella aurantii (Maskell)

The red scale has been in Israel with fluctuating importance throughout 
the period under discussion. This insect, as mentioned earlier, is more abundant 
on younger trees than on older. Thus a wave of increased citrus planting brought 
with it an increased population of red scale. It was abundant in the twenties, in 
the early thirties, and then after an interval of about twenty years, again in the 
middle of the fifities. Rise in populations were noted especiaUy in years of a mild 
summer and autumn and when the cold winter temperature came late. The seasonal 
fluctuations are characterized by a low population in the beginning of the summer 
and a very dense population at the beginning c£ the winter, Just at the time when the
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orange fruit has assumed the proper size and has begun to ripen. The fruit is 
the favoured place where the larvae settle and develop. The presence of the 
scales mars the appearance of the fruits they are not easily washed or rubbed off, 
so the percentage of cull increases as the population becomes denser.

In addition to the loss of fruit, injury was caused directly to the tree. 
Unlike other closely related diaspinae, the red scale settles also on the twigs and 
branches. Accumulated layers of scales cause incrustations hard to control and 
always serving as a source of a new population which settle on leaves and fruit 
after these had been cleaned by control measures. Heavy infestations weakened 
the trees and the twigs dried up. The reactions to these periodic outbreaks is 
reflected in the agricultural literature of each period. Those concerning biolo
gical control will be mentioned.

Early in the twenties, it was believed (Smilansky 1921; Pascal 1930) 
that collecting lady beetles and liberating them in the groves helped to reduce the 
scale insects. Later, early in the thirties, it was pointed out that such beetles 
could not be relied upon for a thorough control of the pest, but that nevertheless 
these insects should be protected (Saitzov 1930).

The attitude of Bodenheimer was of an entire different nature (Boden- 
heimer 1928, 1930, 1934, 1951).

The lady beetle Chilocorus bipustulatus, he maintained, was not of any 
benefit in reducing the population of the pest. It was active for short periods only 
in the spring and in the autumn, and became inactive just when it was needed most.

He thought that too much emphasis had been given to these beetles by 
the public. As far as Â _ aurantii is concerned, he was well aware that no efficient 
parasite was known. The local parasite Aphytis chrysomphali, although present 
in the groves, hardly affected the scale insect population.

Klein (1935) in his study of the red scale in the northern Jordan Valley 
also thought the role of this heetle was quite limited. Although it devoured many 
individuals of the red scale, its activity was not sufficient to check the pest.

As mentioned earlier the issue of this beetle was taken up in a sound 
argument by Mendes-Sachs (1932, 1935). His argument regarding the value of 
Ch. bipustulatus was based on the fact that in Israel, not as in California, the red 
scale was primarily a young tree pest. He quoted M. Tuvia Miller, and other 
reliable farmers, who attributed this difference of red scale infestation to the 
lady beetle Ch. bipustulatus which was more prevalent in older trees. He ana
lyzed the physical and ecological factors that CQuld account for the difference in 
the densities of the red scale populations in old and young groves. Discussing 
factors such as wind, dust, shade, temperature and humidity, he found that none 
of these factors could have caused that difference. But, he claimed, the shady 
tree could be more favourable, or the other way round, the sunny young trees 
could have offered non-favourable conditions for the existence of the lady beetle
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thus allowing the rise in the scale population. * He believed, therefore, that this 
phase in the study of the red scale had not been given proper attention.

Although Bodenheimer repeated the same arguments of the unsuita
bility of the climate, he proposed that Dr. Hecht, who had recently joined the 
Research Station at Rehovot, should study the ecology and biology of the lady 
beetle and the possibilities of its exploitation in the biological control of the red 
scale.

At the end of two years, Hecht (1936) was able to show the reasons 
for the so-much-talked-about decrease in the reproduction of the lady beetle during 
the summer, namely low egg laying, and a high mortality of eggs and larvae.
These .findings strengthened Bodenheimer's views. However, Hecht thought his 
study was not complete. Before reaching the conclusions regarding the possibili
ties of exploiting this beetle in biological control, he thought the following two 
questions should be studied and answered:

a) What were the reasons for the low egg laying of the lady beetle; 
whether climatic, that is the effects of temperature and humidity, 
or hereditary, namely that a certain generation of the beetle is 
simply less productive.

b) Would it be possible to propagate under artificial favourable 
conditions numerous healthy productive beetles just at the time 
when needed and liberate them in the grove in such large numbers 
that, even allowing for a great many first-stage larvae succumbing 
to the adverse climatic conditions, sufficient older larvae would 
remain to affect the red scale population.

Hecht thought he himself could not carry out this study because of lack 
of equipment.

Carmin and Shenkin (1934) as a result of their survey thought differently 
about the potentialities of this beetle. In their opinion the beetle was far less 
important than the wasp A;_ Chrysomphali, and the entomophagous fungi (Clando- 
sporium sp. and Torula s p .) which they found. In view of this, they devoted their 
time to finding methods of mass breeding of the above mentioned. They hoped, so 
they said, to be able to distribute many of the above mentioned upon request (see 
also Carmin 1935).

The need for these agents, however, vanished before the Carmins 
could fulfill their promise as the pest abated for twenty years, and with it also 
the interest by farmers and entomologists.

* Support to this assumption was expressed later by De Bach in a letter to Cohen 
dated 1. VIH. 55: "I  like the theory that small trees do not offer adequate pro
tection to natural enemies especially Aphytis" .
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The wave of new planting which took place early in the fifties brought 
along'with it a rise in the red scale and, naturally, an awakening of the interest 
of citrus growers and entomologists.

Therefore the Faculty of Agriculture of the Hebrew University at 
Rehovot with the financial help of the Citrus Marketing Board, began a series of 
investigations into the line of biological control of pest insects including the red 
scale.

Since many changes had taken place during the period of 25 years, the 
approach was in accord with the new trend of thought in this field of study. Uri 
Yinon (1964) tackled the problem of the population of the lady beetle Ch. bipustu- 
latus and its phenology. In addition to climatic causes of the fluctuations of the 
density of the population, he also found an important biotic factor, manely, the 
parasitization by Homalotylus flaminius. He also showed that the beetle was quite 
abundant in the groves during the summer. More details on his work are given 
in the chapter on Chilocorus.

Ben Dov (1963) studied the "Interrelationship between the Red Scale 
and its Enemies". In order to appriase the effects of the entomophagous insects, 
he tried to free trees of such beneficial insects. He found that bi-weekly appli
cations of DDT on a few trees selected at random in the grove caused a reduction 
in the population of the Aphytis spp. and Ch. bipustulatus. However, no total 
extermination of these throughout the year could be achieved as there were always 
infiltrations of these insects from non-treated trees. This reduction, however, 
resulted in a marked increase in the red scale population. The difference during 
the summer and autumn in the red scale population between the two was 7 times 
more insects in treated trees than on non-treated (see Fig. 1). The difference 
was even more outstanding on the fruit on which 8. 6 times more were found on 
treated than on untreated. In addition there were many fruits which dropped 
prematurely because of the heavy infestation on the treated trees.

The parasites involved were the native A_. chrysomphali and the recently 
introduced A. coheni. No separate counts of the two parasites were made, but 
comparing the counts made by Carmin it may be surmised that the new parasite 
A. coheni was the dominant.

The study of the biology of Ch. bipustulatus was taken up with renewed 
interest by D. Nadel and his associate at the Biological Control Laboratory.

In this well-equipped laboratory, Nadel and Biron (1964) were able to 
carry out what Hecht could not do thirty years earlier. Chilocorus bipustulatus 
was bred under favourably controlled conditions of temperature and humidity. 
Details of their work is embodied in the special chapter on this beetle. Here 
mention will be made only that they thought that the beetle could raise more 
generations annually than previous writers believed, that the reduced egg laying 
during the summer, as described by other writer, was due to climatic and not 
hereditary factors, and that a female was capable of laying far more eggs than 
previously thought.
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Fig. 1 -  Populations of red scale on Fruit (F) and leaves of treated (broken 
line) and untreated (straight line) of citrus trees, (after Ben Dov)

Previous to this study a sruvey of parasites and predators was carried 
out in the citrus groves by Nadel (Report). In this survey the Aphytis species 
hitherto unknown in Israel was discovered and subsequently described by De Bach 
as Aphytis coheni. It Was gradually realized that this new species was one of 
several species of parasites sent by Cheng and liberated on citrus, (see chapter 
on Aphytis coheni). As mentioned before, the percentage of parasitism is fair, 
but not entirely satisfactory.

Cohen and Nadel also contacted entomologists at Riverside, California 
for further parasites as potential agents for biological control of the red scale. 
Comperiella bifasciata , (California strain) was imported again, it was bred in the 
laboratory, liberated in the groves, but very insignificant recoveries were made: 
De Bach also sent Aphytis lingnanensis and Aj_ melinus from Riverside which 
were directly liberated in the groves. The recovery of the first is uncertain yet, 
while the latter was recovered in a negligible percentage. Cheng from Hong Kong 
was contacted too, and Casca spp. were sent again, Casca smithi for the black 
and Casca chinensis against the red scale. Also Orcus chalybeus (BdV) was sent 
from Riverside as well as Chilocorus similis Rossi = (C. Kuwanae Silv). The 
lady beetles and the Casca spp. were liberated in the groves, but only smithi 
was recovered, jg. smithi parasitizes only the black scale.
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the situation in '1966-67

For the time being, in spite of all the efforts made, no favourable 
balance between the red scale and its enemies was established. Some of the ento- 
mophagous insects are active and reduce the population of their host, but in young 
groves not sufficiently to bring the scale below the economic level. One thing is 
certain from observations and experiments: it was established that lavish and 
careless applications of synthetic insecticides may aggravate the situation and 
create a condition in which oil applications do not bring relief. (Figs. 1 & 2). It 
was also noticed that the drift of synthetic pesticides from neighbouring field 
crops tend to disrupt the population balance of the red scale. In whichever grove 
the use of synthetic insecticides was abolished, the biological balance improved, 
and in some to the .extent that no control treatments were necessary. Farmers 
need to be constantly warned against needless lavish use of insecticides.

Fig. 2 -  Abundance of Ch. bipustulatus (Number found on six trees) in treated 
and untreated sections of the grove, (after Ben Dov).

The probably date of the introduction of the black scale into Palestine 
and its gradual spread in the country were described by Bodenheimer (1951). 
However, there are two corrections to be made based on the writer's own expe
rience. (1) The black scale was surely introduced before 1910 since the writer, 
as a child, remembers oranges with black scales before that date. Thus, it may 
be surmised that the pest was introduced early in this century, if not late in the 
last. (2) The center of infestation was limited at first to the Acre district. The 
writer, who was born at Zichron Yaqov, knew not only that the "Akka" oranges (of 
the "B elledi" variety) differed in shape from the local oranges (of the shamouti 
variety) being more round, but that they had "black dots" on the peel. In other 
words, in the groves at Zichron Yaqov, 35 kms south of Haifa, oranges had no 
black scale. These groves, however, became heavily infested with black scale 
during or a little before World War I. When citrus groves were planted in the
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Jordan Valley they became infested with the black scale too and so were 
Eucalyptus trees and Bananas. A quarantine barrier to prevent the transfer of 
the black scale to the southern part of the country was established at Zichron Yaqov 
late in the twenties. The quarantine regulations were of little value; infestation of 
black scale had already been observed at Jaffa early in the twenties.

Furthermore, passengers on the train running from Haifa ta Jaffa were 
accustomed to throwing infested peels through the windows before the quarantine 
officer had a chance to confiscate the infested fruit; only a small tract of land, 
about 10-15 kms in length, separated the infested Zichron Yaqov groves from those
at Benyamina and Hadera.

It was quite within reason, therefore, that a new infestation was dis
covered at Hadera early in the thirties. In spite of drastic measures taken by the 
grove owners, the pest spread and about 10 years later, early in the forties, the 
main citrus growing area in the south w a f also infested.

In some countries the red scale is rated as the most important citrus 
pest, in others the black scale is the more important. A comparison of the two 
as far as damage is concerned is as follows:

The Egyptian black scale infests only leaves and fruit; (although in 
Egypt the w ii'er observed the black scale also on twigs); the red scale settles 
also on branches. Severe infestation of the red scale occurs on young trees only, 
the black infests old and young trees alike. Although the black scale is more 
easily detached frcm the rind and easily washed off it is more conspicuous and 
mars the appearance of the fruit even if only a few scales are present. Like the 
red scale, the black causes defoliation of infested branches which may lead to the 
drying up of trees. This phase was especially accentuated in Israel with repeated 
oil applications.

The fact that the black scale was so conspicuous on the fruit brought 
about severe restrictions in the quarantine regulations for export. There was a 
justification in these restrictions because often a few scales, hardly noticeable 
at packing time, multiplied during transit and the fruit reached the market in poor 
condition. This in turn brought about restricted measures of control which were 
more frequent and more drastic. It was noticed that the oil applications were not 
always efficient, whereupon some entomologists proposed the addition of synthetic 
insecticides, to the oil. This was suggested with the purpose of using less oil 
since an increase in the percentage of the oil increased the injury to the trees.
The addition of the synthetic insecticides was made without the slightest scruples 
as it was always believed that "the natural enemies of the black scale were of 
negligible importance in regulating its population" (Bodenheimer 1930b, 1934,
Klein 1935, Schweig et al 1936). The real evaluation of the natural enemies was 
possible only after they had been exterminated by synthetic insecticides. As 
stated earlier, the chemical applications against the Mediterranean Eruit Fly in 
particular aggravated the situation. No wonder, therefore, that everyone con
cerned was interested in the Initiation of biological control against this pest.
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The local enemies of the black scale are the same as those which 
attack the red scale and the opinion about these, as with the red scale, was en
tirely negative. A study was made by Schweig and Gruneberg at Migdal and Acre 
with reference to the black scale (1936). They observed that Aphytis chrysom -  
phali primarily attacked males; parasitized young females were hardly found.

These authors believed that this insect was of little importance in 
regulating the population density of its host, the black scale. The reasons given 
were; (1) The parasite attacked only males; (2) the scarcity of host individuals 
early in the summer and adverse climatic conditions in the middle of the summer 
prevented the build-up of a favourable population density.

Their opinion regarding Chilocorus bipustulatus as a check against the 
black scale was similar to that in connection with the red scale. In view of this, 
the efforts to initiate biological control were directed toward introducing foreign 
parasites.

As stated earlier, the Mandatory Division of Entomology introduced 
Comperielia bifascieata from California in 1936. Specimens of these as well as 
those brought by Rappaport in 1939 arrived in poor condition. In 1945 Rivnay 
(unpublished notes) successfully brought in live specimens which were placed with 
the black scale, but no offspring developed. Upon request, further shipments of 
this parasite were made from Riverside to the Division of Entomology of the 
Mandatory Government. Out of three shipments in 1946, one arrived in good con
dition and specimens were placed with the black scale, but again no offspring 
appeared.

Out of four shipments sent in 1947, one arrived in good order; part of 
the specimens were placed with black and part with the red scale. The black 
scale cage did not yield progeny of the parasites, but three generations were 
reared on the red scale. None of these survived the winter. Shipments received 
during 1948, 1949 and 1950 yielded nothing, (Gruenberg 1956).

In 1948, another parasite, Casca smithi, which Silvestri (1928) con
sidered to be the more effective parasite of black scale in South China, was reared 
by Flanders at Riverside from shipments of scale sent to him from China. To 
that day Casca smithi has never been cultured, and it was not available at River
side when Rivnay visited there in 1945.

The opinion about the potentialities of the two parasites in controlling 
Diaspinae differed among the various entomologists at Riverside. The situation 
at that time is well summed up in a letter of Compere to I. Cohen of Israel in July 
1955 as an answer to a letter in which he solicited advice regarding his intentions 
to introduce parasites against the black scale:

"This acknowledges your letter of July 7, 1955. I am not optimistic 
concerning the chances of controlling A. aurantii and C^ aonidum in Israel by the 
introduction of chalcidoid parasites or coccinellids. In my search for parasites 
in Australia, India, China and Africa, I never found either of these scales under
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conditions which led me to believe that either entomophagous insects or entorno -  
genous fungi were controlling them. This is my opinion and it does not reflect 
that of several of my associates who hold a contrary opinion.

" I  am referring your letter to Dr. Paul De Bach with the request that 
he write to you. De Bach is now in charge of the project concerned with control
ling scales biologically. He may be able to advise you more optimistically con
cerning the work and workers in Florida. When Dr. S. E. Flanders returns to 
Riverside in September, I will refer your letter to him. He is very enthusiastic 
concerning the chances of controlling the scales biologically. According to 
Flanders, in Hong Kong A. aurantii is controlled by Casca chlnensis and C. aonidum 
by Casca smith!.

"In one respect the red scale situation in Israel seems unusual. There 
are few regions in the world where both A¡_ aurantii and Ck_ aonidum occur together 
as important pests of citrus, although both scales often coexist, but with one or 
the other infesting plants other than citrus. I suspect that the red scale situation 
in Israel is comparable to that of the lower Rio Grande Valley in Texas. Here in 
some years A. aurantii is the major cause of concern to growers, but generally 
C. aonidum is the more important of the two. I do not know the answer. I suspect 
that shifts in climate may possibly cause the fluctuations.. . .

"In the Northern Transvaal I was advised by growers in one area that 
newly planted citrus suffered greatly from infestations of A¡_ aurantii, but that 
older trees were not injured by it.

"The two reprints that I am sending separately may be of some interest 
to you. Please forward them to Rivnay when you no longer have any use for them.

"I  regret that I cannot endorse the proposed project for the control of 
A. aurantii and Ck aonidum in Israel with the same enthusiasm that I showed in 
the case of the mealybug. "

The diversity of opinion mentioned by Compere at the beginning of his 
letter was due to a shift in the evaluation of Diaspinae parasites which had taken 
place gradually during the decade 1945-1955. This turn proved to be of primary 
importance to the subject discussed herewith; it is worth, therefore, recording 
this change of opinion as it was summed up by Flanders in a letter of March 1,
1965 to E. Rivnay who had made inquiries about it:

"I  am pleased indeed to have your letter of February 19 and the oppor
tunity 'to set thè record straight'.

"Back in 1945 I did not mention Aphytis spp. to you as a possible 
parasite for your black scale, partly because prior to 1947 there existed no scien
tific evidence that any species of the genus was ever of any economic importance 
in the control of diaspinae scale insects, and partly because the staff of the 
Department of Biological Control had such a low opinion of the value of the genus 
Aphytis that in 1942 a proposal to evaluate the role of Aphytis chrysomphali as
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as a control of red scale in California citrus orchards was brusquely turned down 
as a waste of time and money.

"This attitude, however, began to change in the fall of 1947 when I 
observed in shipments of eiturs scale (largely Chrysomphalus ficus) collected in 
South China by Gressitt a species of Aphytis with pupal characters quite distinct 
from those of Aj_ chrysomphali and propagated from these a stock on C alifornia 
red scale (see H. Compere's paper on Aphytis in the University of California 
Publications in Entomology 10:304-307 (1955). The next year (1948) C. A. Flesch- 
ner, then employed as an assistant to Paul De Bach, informed me that during 
field studies on C alifornia citrus pests he (Fleschner) noted in many orchards 
that the California red scale appeared to be under good control by Aphytis 
chrysomphali. It is significant that this situation as observed by Fleschner fol
lowed the great decrease in citrus fumigation and spraying that followed the 
establishment in 1937 of Metaphycus helvolus, an effective parasite of Saissetia 
oleae. It now appears that in the 1920's H. M. Armitage, an assistant of H. S. 
Smith, may have been prevented from arriving at the same conclusions as 
Fleschner by the necessity of treating his test orchards either for oleae or for 
Lepidosaphes beckti, treatments that tend to cause even development of the red 
scale, a condition inimical to control by Aphytis.

-Wl

"After the establishment in California of Aphytis lingnanensis on Cali 
fomia red scale and A. lepidosaphes on purple scale (both establishments being 
the result of releases made by me in 1948 and 1949, departmental interest in the 
utilization of Aphytis spp. became well-rooted.

"(Incidentally, I was in charge of the propagation and release of all 
newly imported natural enemies for the University of California during a 20-year 
period beginning in 1932).

"The chain of circumstances that brought the genus Aphytis to the fore 
as an important factor in biological control took a long period of time. An 
interesting outcome of all our work with Aphytis is the knowledge that a single 
species may consist of races that differ in their host-controlling capacities.

"The purpose of my trips to Hong Kong in 1953-54 and in 1964-65 was to 
discover the developmental habits of the Casca chinensis males. I now fear that 
such habits will remain unknown for a long time to come. "

Thus on the basis of his experience in Hong Kong during 1953-4, 
Flanders was able to write to Cohen a year later as follows:

"Upon my return from Europe, I found your letter of August 12, rela
tive to the biological control of the Florida red'scale in Israel. As Mr. Compere 
has informed you, it appears to me on the basis of my observations in Hong Kong 
that in that area this scale is under control by Casca smithi Compere, a specific 
parasite. I found Florida red scale to be generally scarce. These infestations 
which were highly parasitized by C. smithi completely disappeared in less than
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four months, apparently an effect of parasitization, This happened in spite of the 
fact that smithi was quite heavily hyperparasitized by Marietta sp.

"Florida red scale in Hong Kong is also extensively parasitized by 
Aphytis lingnanensis Compere. I would suggest, however, that you introduce 
first Casca smithi, and subsequently Aj_ lingnanensis, since the latter, if estab
lished first, might prevent the establishment of the former. A. lingnanensis, like 
many species of this genus, has the mutilation habit and destroys by this method 
not only the scale but the parasite that it contains.

"You may be able to obtain a supply of Casca smithi direct from Hong 
Kong through Mr. Shih-Kwen Cheng, Manager of the Chisun Horticultural Company, 
8 Miles, Taipo Road, Shatin, Kowloon, Hong Kong. I am sure he would be glad to 
arrange for the collection and shipment of parasites of Florida red scale, "

According to Flanders' suggestion, Cohen contacted Cheng in Hong 
Kong and, after an exchange of a few letters, Cheng began on Feb. 1, 1956, to 
send parcels addressed to Rivnay containing parasites of various kinds an enume
rated below:

During February and March, 12 parcels arrived containing a total of 
116 specimens of Aphytis alleged to be lingnanensis, of which 23 arrived dead.
The parcels contained also 53 " Aspidiotiphagus sp. "  of which five arrived dead, 
about a dozen dead thrips and some dead lady beetles. During April-May, 18 
shipments arrived which contained 98 specimens.of "A . lingnanensis", 45 of which 
were dead, about a dozen lace wings which were dead, and about a dozen Coeci- 
nellidae. These included predator lady beetles, all dead or weak, and a couple 
Epilachna s p ., both alive. Rivnay suspected them to be E, vigintioctopunctata F . , 
a notorious potato pest in the Far East. To authenticate this, they were fed 
potato sprouts which they ate eagerly, whereupon they were exterminated.

There was an interruption of about six months after which shipments 
were resumed in December 1956. During the period December 1956-March 1957, 
10 shipments arrived containing as follows: 8 individuals of Aj_ lingnanensis, 3 of 
which were dead, and 54 Casca smithi of which 17 were dead.

During April of that year, 10 more shipments were received; they 
contained 196 individuals of Casca smithi of which only 82 were alive. During 
July of that year, 8 shipments were sent containing 61 Aphytis and 208 Casca 
smithi; in' August, 12 shipments were received containing 253 Aphytis and 167 
Casca smithi. All the specimens which arrived in July and August died before 
reaching their destination. Upon learning this, Cheng thought it was due to the 
high temperature which prevailed in Hong Kong and in transit, hi his letter to 
Cohen 12. VHL 56 he suggested that potato tubers should be infested with the black 
scale in Israel, be sent to Hong Kong and parasitized there and then returned to 
Israel.

It is worth following the comparative numbers of the two parasites as 
they were sent on the various dates. From February 1956 to early December of
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that year only Aphytls were sent, and no Casca smithi, When pressed, Cheng 
wrote (9. IV. 56) to Cohen that he could not find this species. From the end of 
December, C. smithi was found in small numbers which increased as lingna-  
nensis decreased until none of the latter were found, so that the first shipments 
in July contained C. smithi only. On July 27, Aphytis began to appear again in 
small numbers which increased as jC. smithi decreased. (Fig. 3). This picture 
suggests that in Hong Kong the two parasites of Ch. aonidum are in competition 
despite the scarcity of the host on particular plants, at times one being abundant 
and the other scarce and vice versa.

Fig. 3 -  The ratio between Aphytis spp. and Casca smithi in the shipments from 
Hong Kong during 1956-1957. -  White circle = Aphytis, black = Casca

1956 1937

The hymenoptera, upon their arrival, were tested with cultures of Ch. 
aonidum on orange seedlings in cages. Offspring were obtained from the Aphytis 
cultures, but not from the alleged Aspidiotiphagus. Uncertain about the identity 
of the latter, it was not liberated in the groves, but all further Aphytis specimens 
were released directly from the shipments into the citrus groves. One grove, 
surrounded the station grounds and was slightly infested with the scale insect as 
it was sprayed the summer before; the second grove, also at Rehovot, was well
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infested with black scale. A section therein was chosen in which to liberate the 
parasites and consent of the manager was obtained that this section would not be 
treated with any insecticide.

Surveys were made in the groves for recoveries but none were found. 
At first Rivnay thought that this was due to the cold winter months which prologned 
the development of the parasites, but when, in the spring, no recoveries were 
made, he became restless. In addition, the grove in which most of the Aphytis 
specimens were liberated changed hands and the new owner sprayed the section in 
the grove in spite of previous instructions not to spray it. Rivnay thought then 
that the entire enterprise was a failure, and he believed that it could be remedied 
by first initiating mass breeding of the scale insect upon which the parasite should 
be reared and liberated i n masses.

These ideas served as a basis for a report to the Citrus Control Board 
in spring of 1956.

When C. smithi finally arrived in December 1956, it was directly 
liberated in the grove around the station. During that winter till April 1957, about 
120 C. smithi individuals were liberated in that grove, all individuals which 
arrived after that date were dead.

At this stage the project was taken over by Nadel whose efforts were 
directed, among others, towards sending infested fruit to Hong Kong to be para
sitized there as per the suggestions of Cheng. However, as related before, this 
procedure soon proved to be superfluous as Aphytis was recovered by him in 
September 1957, a year and a half after it was first released.

Subsequently a survey was made which revealed that by then the im
ported Aphytis had spread to all of the groves of the Rehovot area. It was re
covered in Petach Tikvah, 20 kms. north and in Naan, 10 kms. southeast of 
Rehovot. In these groves oil application against this scale gradually became 
superfluous. One grove owner stated with satisfaction that for the first time in 
10 years his grove was not sprayed. All this resulted from liberating less than 
150 males and females of the Aphytis introduced from Hong Kong. Branches 
infested with parasitized black scales were distributed to groves where Aphytis 
has not reached yet. Its spread was thus hastened.

Mass breedings of the parasite began by Nadel with the purpose of 
populating all the groves Where it had not yet reached, and a close inspection was 
maintained where parasites were liberated. Gradually the pest was brought to a 
level of economic tolerance.

Samples of this Aphytis were sent to the U. S. for identification. It 
was discovered that this species was new to science, and was named by De Bach 
A. holoxanthus, for more information about the names see the special chapter 
on Aphytis.

Casca smithi was recovered in 1960 independently by Nadel (verbal
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report) and by Rosen (1964). Unlike Aphytis, which spread rapidly and increased 
till it became the dominant parasite of the black scale, smithi to date has 
remained inconspicuous and limited to a small area around the original site of 
release. However, even to exist in the presence of so effective a competitor as 
Aphytis, the female Casca smithi must possess a high host-finding capacity. 
Presumably it has not yet attained its host-controlling potential.

In spite of the liberation of numerous individuals of the new Aphytis in 
the Jordan Valley, this parasite did not become established in some groves there. 
One reason which could account for this was the high temperature which prevails 
during the summer in the Jordan Valley. Thus, while the black scale gradually 
diminished and even perished in many groves in the coastal plain, it continued 
to be troublesome in the Jordan Valley, necessitating annual treatments with 
insecticides. It was decided to exploit the cooler seasons in the Jordan Valley 
for the control of the pest.

Throughout the autumn and winter, great numbers of the Aphytis were 
liberated in the groves. These could reproduce 3 -4  generations before the 
detrimental temperature set in and considerably reduced the population of the 
black scale. By repeated repopulation of the parasite every autumn, the pest was 
brought under control in many groves. This became possible in a short time 
because the summer temperatures in the valley are detrimental to the black scale, 
too.

It was later noticed that in the inner valleys small islands, or certain 
individual trees, remained infested with the scale Ch. aonidum while the rest of 
the area was freed from this pest. In scrutinizing the circumstances, it was 
discovered that the infested trees were located in sites where weed killers, con
taining Pento-chlor-phenol, had been lavishly employed. When another type of 
weed killer was used, the situation improved satisfactorily (Cohen: verbal com
munication).

The situation in 1966-1967

The Egyptian black scale was brought under control by an imported 
natural enemy. This ended one of the most severe plagues the citrus industry 
in Israel had suffered for three decades. The situation became most aggravated 
in the last decades by the action of man himself, who ignored and abused the 
existing natural balance. Man redeemed himSelf in this case by restoring a new, 
more favourable natural balance.

However, the cessation of oil applications brought about an increase of 
other citrus pests which had formerly been under control due to the measure 
against the Egyptian blaok scale. Insecticidal applications must be made against 
these from time to time until better measures are found.
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The Mussel Scale Lepidosaphes beckii (Newm)

The mussel scale wac. introduced into Palestine early in the second 
decade of the century (Bodenheimer 1951). At the beginning its occurrence was 
limited to a few foci only at Petach-Tiqvah and Jaffa. It spread gradually by air 
movement and by the transfer of infested stock, so that by the middle of the 
thirties it was found in the entire coastal plain and in some inland sites. Heavy 
damaging infestation occurred only in densely planted shady groves. The study of 
this pest by Bodenheimer and Steinitz (1937) showed that the mussel scale 
Lepidosaphes beckii was fed upon by Chilocorus bipustulatus quite abundantly 
from February-April. However, the predator was never abundant enough to re
duce Lepidosaphes below economic level. Another occasional predator mentioned 
was a larva of a small Coniopterigid (Neuroptera) namely Conwentzia psociformis 
Curt, which was observed sucking a larva of L. beckii. This predator was in 
turn parasitized by the proctotrypid Aphanogmus steinitzi Pr. In sum, the pest 
continued to thrive in spite of these predators.

In recent years, towards the early fifties, a decline in the population 
of the pest was noticed. In 1957, Nadel while surveying the distribution of Aphytis 
in Diaspinae, discovered for the first time in Israel an Aphytis on L^ beckii 
which was different from other Aphytis spp. hitherto known in the country.

In a later survey of Diaspinae parasites on Citrus, Rosen (1964 and 
1965) found that a fair percentage of the scale host had been parasitized by 
Aphytis lepidosaphes Comp. Rosen is of the opinion that this species entered 
Israel accidentally. Flanders (letters May 28 and June 11, 1965) however believes 
that it is quite possible, if not probable, that A. lepidosaphes was introduced into 
Israel as a part of the complex of Aphytis spp. collected by Cheng in Hong Kong and 
sent to Israel in 1956.

This parasite gives ?, fair control of the host according to Rosen (1965).

Parlatoria pergandii Comst. 

and Parlatoria cinerea Hadden

These two Parlatoria species occur on citrus in Israel. Parlatoria 
cinerea was not known to occur in the country until recently when Gerson (1964) 
discovered that it was quite abundant in the coastal plain. On the basis of inter
ception records by quarantine authorities in the U. S . , it may be surmised that 
this scale was present in this country for over forty years. Since it is difficult 
to differentiate it from P. pergandii by its external characteristics, it remained 
in obscurity, and its existance here was even denied (Bodenheimer 1951). Both 
species may infest citrus causing economic damage, in particular in the inner 
parts of the tree. Recently, due to the reduced oil applications against other 
scale insects as a result of biological control, the population of the Parlatoria 
species became more conspicuous.

The survey of parasites of Diaspinae on citrus by Rosen (1964 and
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1965) showed that the Parlatoria species on citrus may be parasitized by the 
following:

Aphytis maculicornis hispanicus, A, chrysomphali (rare), Prospaltella inquirenda 
and Aphytis mytilaspidis (two forms).

In a. separate survey upon Parlatoria cinerea Gerson (1964) found that 
only A. m, hispanicus (Nfereet) and inquirenda attack this species.

The predators which feed upon this latter species and which feed surely 
on P. pergandii, too, were: Chilocorus bipustulatus , Lestodiplosis sp. 
(Cecidomyiidae, Dpt.), Hemisarcoptes coccophagus Myer (Hemisarcoptidae, 
Acarina), Cheletogenes ornatus C. F. and Cheletominus berlesei Ond. (Cheyleti- 
dae, Acarina). No evaluation has been made as to the extent to which all these 
predators affect the population of the scale insects.

In a later study, Gerson (1966)*found that the two parasites, A. h ispani- 
cus and P. inquirenda together parasitize about 12% of the female Parlatoria 
population, and that they occur mainly in the late winter and spring. R_ inquirenda 
was dominant in three of the groves in which observations were made.

The predators are active mainly in the summer, from June to September. 
Hemisarcoptes, which in its hypopus stage is carried and distributed by Chilocorus, 
was found attacking about 13% of the Parlatoria females.

The situation in 1966-1967 (Regarding Diaspinae on Citrus)

A four year survey, (1960-1964) on hymenopterous parasites associated 
with Diaspinae on citrus in Israel was undertaken by Rosen (1965 and 1965). His 
resuls are presented in Table 1.

As noticed, eight Aphytis spp. have been recovered from citrus 
Diaspinae whereas, only a decade ago the Aphytis population consisted of only one 
species. Of all the Diaspinae on citrus, two are controlled satisfactorily by 
parasites, namely Ch, aonidum and L. beckii.

Gerson Uri 1966. The Chaff Scale Parlatoria pergandii Com and its parasites.
Ph* D.- Thesis submitted to the Hebrew University 132 pp. (in Hebrew with English summary).



Table 1.

Species Host Origin and how 
it reached Israel

Biological
Notes

Economical
importance

1. Aphytis A. aurantii Mediterranean Thelytokous Formerly little
chrysomp- Ch. aonidum control, now
hali Parlatoria replacedby

spp* newly estab-
___________ _____________ »••«»«»«■«»••»»«•••••»»•«»•Be»»—. lished parasites

2. Aphytis 1) A. aurantii ? ? none
aooidae

jro u p __2)___ Ch. aonidum ______ ?____________ _____ very rare

3. Aphytis A. aurantii Hong Kong
coheni Aspidiotus introduced by Arrhenotokous Fair

hederae C. M. a  1956 gregarious control

Aphytis Parlatoria
hispanicus spp. Mediterranean Thelytokous Fair

Aspidiotus solitary contrai

Aphytis Hong Kong intro- Arrhenotokous Complete
holoxanthus Ch. aonidum duced by C. M. B. gregarious control

Aphytis Lepidosaphes Oriétnal, entered Arrhenotokous Good
lepidosaphes beckii accidentally* gregarious control

Aphytis Aonidiella Hong Kong, via not yet
lingnanensis aurantii California C. M. B. Arrhenotokous known

Aphytis A. aurantii India; via Calif- not yet
melinus ornia C. M. B. known

Aphytis 1) Parlatoria ? ? very rare
inytilàspidis1 spp.

2) A. aurantii ? ? very rare

Marietta A. aurantii African, natural Polyphagous very rare
exitiosa Ch. aonidum dispersal Hyperparasite

Prospaltella Oriental; natural Thelytokous Fair
inquirenda parlatoria dispersal solitary control

Prospaltella Ch. aonidum ? very rare

Casca smithi Ch. aonidum Hong Kong intro- Arrhenotokous
duced, C. M. B. gregarious rare

endoparasite

Habrolepis Ch. aonidum Palearctic
pascuorum natural Arrhenotokous

dispersal

Alaptus
tceryae A. aurantii

* See different opinion in chapter on L. beckii,
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The Olive Scale Parlatoria oleae (ColvSe)

Parlatoria is the most troublesome scale insect of olive and deciduous 
fruit trees in Israel. It attacks trunks and branches and infests leaves and fruit. 
The pest is kept under control by oil sprays. In deciduous fruit trees the control 
application is made with heavy oils during the dormancy of the trees, but often 
this is not sufficient and an additional summer application is needed to keep the 
fruit clean.

The discovery that the effectiveness of Aphytis maculicornis against 
Parlatoria may vary with the strain of the species (Huffaker et al. 1962, Flanders 
1964), stimulated N. Plaut of the Volcani Inst. Agr. to introduce the Persian 
strain of that species although A^ maculicornis is well established in Israel. 
During his visit in 1955 to California, he made arrangements with entomologists, 
stationed at Davis that the Persian strain of A. maculicornis should be sent to 
Israel for liberation in apple orchards.

Accordingly, a shipment of two thousand specimens was sent by Finney. 
These were received by Plaut on March 3, 1956; all were alive and they were 
liberated in six sites in the northern part of the country. By the end of March, a 
parasitization of about 60% was counted in one site (Plaut, unpublished report 
1956), a few only in others. It was hard to tell, however, whether these speci
mens were of the introduced Persian strain or of the local strains of A. maculi
cornis.

The project was not followed up after this.

In 1961, Applebaum and Rosen carried out a study on the phenology of 
Parlatoria oleae and the status of the entomophagous fauna associated with it. 
They found that three species of beetles preyed upon this insect, namely Ch. 
bipustulatus, Pharoscymnus' pharoides Mars and Cybocephalus sp.

As to parasites, only Aphytis spp. were obtained from this Diaspid. 
The most prevalent was A^ maculicornis Masi. The other species of the genus 
were A^ diaspides (Howard), A. hispanicus (Mercet) and A±_ aff. mytilaspides 
(L. B .) While hispanicus was a common parasite of Parlatoria pergandii on 
citrus, the other two were discovered for the first time in Israel.

The total degree of parasitism in all groves did not amount to more 
than 3% of ^  living scale population.

Consideration is being given to the importation of an endoparasite, 
Coccophagoides sp. , that is effectively controlling R_ oleae in California 
(Applebaum and Rosen 1964).

The Date Palm Scale -  Parlatoria blanchardi Tozz.

The planting of date palms at Eilat, Yotvatha and Ein-Gedi is part of 
a project to rehabilitate the Arava, the rift connecting the Dead and Red Seas,
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which is the eastern part of the Arid Zone in Israel. Date palms of various vari
eties were planted in these places and in the Kikar, south of the Dead Sea. It soon 
became apparent that one of the major limiting factors in this enterprise was the 
date palm scale Parlatoria blanchardi.

The palms were sprayed with oils in order to control this pest How
ever, the spray did not penetrate all the cracks and crevices where scales bid, 
so this method of application did not yield the desired results.

When synthetic insecticide applications were carried out against 
another pest, oubreaks of Parlatoria followed with increased damage. The injury 
was manifested in the drying of the palm branches, infestation of the fruit which 
rendered it unmarketable, and in reduced yields.

This disturbance of the balance called for a more fundamental study 
of the beneficial fauna of the palms in the Arava and possible methods of its 
utilization. This task was undertaken by Kehat and Swirski (1964).

In a survey carried out in the three localities mentioned above, it was 
found that several beetles feed upon the scale insect, especially on its younger 
stages, (see chapter on Pharoscymnus)-and two'hymenopterous parasites attack 
it: Aphytis'aff. citrinufe Comp, and a species of Pteroptrix or a closely related 
genus.

From the point of view of biological balance the most satisfactory 
situation was at Eilat, as no insecticidal treatments were carried out there. In 
the other places the balance was disturbed. The situation was especially aggrava
ted at Yotvatha where repeated organophosphorus applications were carried out 
against invading locusts in 1961. A survey indicated that the predators and 
parasites were entirely exterminated. In order to remedy the situation there, a 
stock of Pharoscymnus numidicus, one of the common predators on Parlatoria 
blanchardi was brought from Eilat to Beit-Dagan and mass breeding was carried 
out. These were bred on the black scale culture. From these breedings, 50, 000 
adult beetles were liberated at Yotvatha and about 20, 000 at Ein- Gedi. The 
situation improved after this and a favourable balance was restored.

An attempt was made to establish Chilocorus bipustulatus in Eilat.
This beetle occurs on Palms at Beit-Shean where the climate is also warm and 
arid. It was believed that bettles from this place might withstand the climate at 
Eilat. Thus, two-thousand beetles were transferred from Beit-Shean to Eilat 
but they did not become established there.

A study is also being made on the effects of the exchange of forms of 
Pharoscymnus spp. between Beit-Shean, Ein-Gedi and Eilat (the northern forms 
of the same species are dark while the southern are pale).



-  34 -

Biology of Chilocorus bipustulatus

Chilocorus bipustulatus is one of the most common lady beetles in the 
citrus groves and other plantations in Israel. It feeds on various insects, and, 
with some fluctuations, is seen throughout the year.

Table 2 -  Duration of developmental stages of C. bipustulatus at various 
temperatures.

Tempe
rature 
in C°

Egg
1st 2nd 3rd 4th 

larva larva larva larva
P re-
pupa Pupa Total Reference

15 27-30 9-12
20 12-14 5-6 4-5 5-10 10-13 11-14 47-66 Nadel
22 11. 1 6. 2 4 .8 4.7 11.7 8.8 47.3 Hecht
25 8.10 3.-5 3-6 3-6 6-8 7-8 30-43 Nadel
24-1 9 .6.6 3 .4 3 .3 4. 2 3 .6  ' 9. 5 40. 2 Yinon
27. 7 7. 7 6 3. 1 3. 1 6. 6 5.7 32 .3 Hecht
30 6.7 2-3 2-3 2-4 4-6 5 .6 21-29 Nadel
35 6-8 2-4 2-4 3-5 “

Its role in maintaining- a balance of its hosts has been in dispute. While 
one writer (e. g, Sachs 1935) attributes to it a certain role in checking overdeve
lopment of populations of its hosts, other writers claimed that, in spite of its 
voraceous appetite, its value in the epidemiology of its hosts is negligible, 
(Bodenheimer 1928, 1930, 1934; Klein 1935).

It is with these contradictory ideas in mind that O.Hect undertook the 
study of this beetle at Rehovot (1936) during the thirties. Further studies on Ch. 
bipustulatus were carried out by Yinon (1964), Nadel et al, (1964), Rosen et al. 
(1965) and Kehat (1966). The findings of Hecht may be summed up as follows:
The highest number of eggs were laid by individuals which had hibernated. The 
maximum number laid by a female was 150 eggs. On the average, outdoors, 57 
eggs per female were laid, and in the thermostat at 32°C, 86 and at 30°C, 101 
eggs per female were obtained.

The females of the first and second generators were less proliferous,
16 and 3, respectively; the third hardly laid any eggs while females of the fourth 
laid an average of 8 eggs.

The adults overwinter in a quiescent stage; when such beetles were 
placed at higher temperatures their oviposition was high. The longevity of the 
adult differed with the season and generation. Fifty percent of the adults of the 
first generation live on the average about 9 weeks, those of the second about 5 
weeks. The hibernating generation could survive till the following June. Fifty 
percent lived about 180 days, and 30 percent over 200 days.

No marked difference was observed in the rate of egg mortality during
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the various season nor of the various generations, except that in June old females 
laid a few more nonviable eggs than usual, which may have been due to the sperm 
store having been spent. On the whole, egg mortality ranged from 30-50%,

The development period varied with the temperature, as presented in 
Table 2. The mortality of larvae was highest in June-August; while 30% didd in 
the autumn, from 70-100% died during the summer. The preoviposition at 30 C 
was 8-30 days, at 22°C, 14-19 days; outdoors, in April-May 6-12  days, in June-  
September 15-44 days, and in October 8-14 days.

The food consisted mostly of Aspidiotus hederae, but the exact amount 
of food consumed daily could not be ascertained. A field test was carried out 
wherein citrus trees infested with Aonidiella auranti were caged, and adult 
beetles Of Chilocorus were liberated in them. At the end of three months the 
control trees were far less infested than the caged, due to the effects of wind and 
other climatic factors.

A parasitic fungus of the family Laboulbeniaceae was often detected on 
the adult beetles -  In addition Homalotylus flaminius Dalm, was often reared from 
its larvae. The author came to the conclusion that further study was necessary, 
and that the answers to other questions were needed before the status of this beetle 
in biological control could be established.

The findings of Hecht, namely a high mortality of the developmental 
stages and a low oviposition during the summer months, encouraged Bodenheimer 
to maintain his view which was previously expressed on many occasions, namely 
that Ch. bipustulatus is not suitable for biological control against citrus Diaspinae. 
He further pointed out that the beetle population attains its peak coincidentally 
with the decline in the scale population, and yet when the latter is on the rise 
"from  June to September the beetle is practically absent in the orchard". The cold 
winter soon checks the increase of the bettle in October-November.

Table 3 -  The survival of Chilocorous bipustulatus after four generations in the 
coastal plain of Israel as computed by Bodenheimer 1951 and based on 
the findgins of Hecht (1936).

Genera
tion

Ovipo
sition

No. of 
beetles

egg
production

mortality
eggs larvae-pupae

No. of 
hatching 
adults

I 1. IV 100 50x58=2900 35% 52% 960
n 23. VI 960 480x17=8160 43% 95% 233

in 15. v m 233 117x3 = 350 45% 30% 135
IV 1 L X 135 68x10= 580 40% 64% 147

In the study by Yinon (1964) the emphasis was placed upon the phenology 
of the beetle on citrus, avocado and mango in its various stages in the coastal 
plain. Biweekly surveys and counts were made, and it was found that a favoured 
eviposition site was the empty skins of pupae. The highest egg-laying occurred
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in the late winter and the highest number of larvae were found during April. They 
could be found from February to December. There were other minor peaks in 
the density of its population, one in June-July and another in September-October. 
The peaks of the pupal population appeared 2-4  weeks after that of the larva. 
Neither larvae nor pupae were found from December to early February. The 
winter population consisted, thus, of adult non-laying bettles only.

Of the trees, citrus was most populated with Chilocorus biupustulatus, 
avocado came next, while the mango was the least affected. All stages were 
found both on the trunk-and foliage. The percentage of population in each of the 
biotopes depended on the abundance of food in each. In all these sites the peak 
of the Ch. bipustulatus population, including all stages, occurred during June- 
July.

The number of scales consumed by the predator in its various stages 
was as follows; 80 black scale were consumed by the larva during its develop
ment. As an adult about5 scales were daily devoured. Thus a total of 550 
individuals were eaten by a male and 780 by a female.

Fig. 4 -  Fluctuations of chilocorus populations (all stages) on orange trees (after 
Yinon.)



-  37 -

The larvae and pupae were parasitized to some extent; no percentage of 
total parasitism in the grove was given, but a few predators and parasites are men
tioned as destructive agents of Ch. bipustulatus. The most important of these was 
Homalotylus flaminius. This encyitld was in turn parasitized by two hyperpara
sites. They were Aehrysopophagus aegyptiacus MetcandPachyneuron siculum 
Delucchi. The percentage of parasitism obtained from 794 hymenoptera which 
emerged from Chilocorus were: 33. 6 Homalotylus flaminius, 38 Pachyneuron 
siculum and 27. 8 A. aegyptiacus. While Pachyneuron. was dominant during the 
first part of the summer, Ac. aegyptiacus was dominant during the latter. At any 
rate it seemed that only about a third of Homalotylus were free of parasites.

LJST I Enemies of Homalotylus flaminius (after Yinon)

Zeteticontus sp. -  Encyrtidae - known as a parasite of Carpophilus.

Aphanogmus sp. -  Calliceratidae - known as a parasite of other Coleóptera. 

Homalotyloidea latiscapus Encyrtidea.

Anastatus bifasciatus Rus. - Eupelmidae - known as a parasite of 

Lepidopterous eggs.

Lygocerus sp. -  Ceraphronidae -  known as a hyperparasite of other hymenoptera.

Eupelmus sp. - Eupelmidae.

Chrysopa sp. -  was seen devouring larvae of Ch. bipustulatus.

Lestodiplosis sp. -  Cecidomyiidae-larvae of which were found within the dead 

bodies of pupae.

It was often observed that the beetles were caught in the web of various
spiders.

Rosen and Gerson (1965) also found four generations that were raised 
in the coastal plain of Israel, that the peak in the Chilocorus population occurred in 
July, and that the population in older trees was about 7 -8 times more than in the 
young trees.
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Fig.' 5 -  Fluctuations of the populations of Homalotylus and that of its two para
sites Achrysopophagus and Paehvneuron combined (after Yinon).

The Phenology of Ch. bipustvilatus in the Beit Shean Valley is some
what different. According to Kehat (1966) there is only one peak in the adult pop
ulation (June-August). However, the dense population of adults during the early 
summer is not necessarily followed by large numhers of eggs. The high tempe
rature prevailing during the summer, according to Kehat, prevents egg laying. 
Larvae and adults of consecutive generations are therefore at low levels during 
the entire summer. Egg laying on a large scale begins by the overwintering 
beetles at the end of the winter, the peak occurring in March; this brings the peak 
of the larval population into April, Although a few generations develop annually, 
no other peak is observed.

Nadel et al, (1964^ in their study .aimed at finding a method of mass 
production of Ch, bipustulatus with the ultimate purpose of finding ways to over
come the difficulties mentioned by Hecht, They followed the suggestion of Sachs, 
namely to populate the grove when the population of Ch.  bipustulatus in the 
grove is at a low level. The duration of developmental stages obtained by them is 
also given in Table 2. Under optimal laboratory conditions and a lavish food 
supply, several generations were reared in succession, and in accord with the 
climatic conditions existing in the coastal plain, they believed that seven genera
tions could develop there. The females reared under these conditions laid on the



- 3 9  -

average of 890 eggs -  (maximum 1900), which far exceeds the number of eggs 
mentioned by Hecht or Bodenheimer,

This extremely high egg production for Ch, bipuBtulatus stimulated 
Nadel to distribute eggs in the grove instead of adult beetles. Thereby some ecolo
gical difficulties may be overcome.larvae of different ages were also liberated in 
the groves.

The breeding methods by which Nadel reared this lady beetle are given 
in the following paragraphs.

Massbreeding Technique of Chilocorus bipustulatus 

D. Nadel et aL (1964).

In the rearing room the temperature was held at 30°C, and the relative 
humidity at 60%.

An artificial oviposition medium is the key factor of this controlled 
production system and is advantageous for daily checking the rate of oviposition. 
Although it was found that Chilocorus bipustulatus will oviposit on a variety of 
materials such as cotton, wool, foam rubber, lignin and Kleenex, white flannel 
cloth was preferred since a maximal number of eggs was laid betweein the hairs 
of this material and the newly hatched larvae were able to move freely onto the 
fruit. The orange-coloured eggs could easily be counted against the white back
ground. Finally, the soft flannel cloth provided a protective support for eggs 
during manipulation.

Oviposition cage:

An oviposition cage consisting of a rectangular plastic box(4Qx27xl6cm). 
covered by a glass plate was used. Ventilation was provided by two cloth win
dows located on the sides. The bottom of the cage was packed with a single layer 
of oranges (25-26 fruits) and a mother-stock of forty pairs of beetles introduced. 
The size and quantity of scales determined the effectiveness of the oviposition 
unit. Best results were obtained with ten-day old scales, i. e. early second instar, 
at a density of 100 per square centimeter. Each fruit was covered by a square of 
white flannel cloth (8x8cm), This scale-infested fruit was replaced at intervals of 
six days which ensured ample food supply for the ovipositing females and prevented 
hatching inside the oviposition cage of larvae from eggs which may have been laid 
directly on the fruit. The flannel squares with eggs were collected daily and 
batches containing totals of about 400 eggs were segregated and held for five days 
until embryonic development neared completion. These clothes were then trans
ferred to wire baskets containing single layers of approximately 25 oranges with 
scales and were left in contact with the fruit to enable complete translocation of 
the hatching larvae.

Experience had shown that the daily egg production per female beetle 
in an oviposition cage can be kept efficiently for a period of five weeks. It is 
interesting to note the difference in oviposition rate when the beetles were caged
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individually or at high density. On caging pairs singly, the average daily number 
of eggs laid during a five week period was' almost twice the number of eggs pro
duced by females in the oviposition cage.
Rearing of larvae:

The larvae were allowed to grow freely on the fruit for six to ten days 
until they had completed their third instar. The baskets were then enclosed in 
plastic bags to prevent loss due to the tendency of the forth instar larvae to m i
grate from the fruit. The larval and pupal development as well as adult emergence 
was completed in the plastic bags which were perforated to prevent excessive 
humidity due to transpiration of the fruit. For larval production ten-day old scale 
was also utilized has host, as the fruit could thus be used for propagation of two 
generations of the beetle, whereas holding the fruit in storage to develop more 
mature scales precluded their reinfestation and reuse.

Apart from the feeding of newly hatched larvae on adjacent eggs, some 
cannibalism occurred when the developing larvae were in a halpless state, i. e. 
when molting or pupating. The only practical deterrent was to provide sufficient 
host scales.

Collection of adults:

With completion of emergence the imagoes were anesthetized by 
flushing the plastic bags with carbon dioxide, collected and their numbers being 
determined by volumetric measurement. It was found that 1, 000 bettles occupy 
a volume of approximately 30 cm3. Under mass rearing conditions a recovery 
rate of 50 to 90 per cent could be expected from the 400 eggs originally placed on 
the production unit, h e . about 200 to 350 beetles per basket. After collection, 
fruits remaining in usable condition were freed from residual Chilocorus and 
reinfested with scales.

Field release:

After collection of beetles an appropriate number was retained to 
replenish the breeding stock. The remainder was divided into units of approxi
mately 1, 000 individuals for field release. For this purpose, thin plastic bags 
(20x30 c m .) containing an amount of straw were found suitable for safe and con
venient distribution. At present, the feasibility of direct field distribution of 
flannel cloth pieces containing batches of eggs is being tested.

The situation in 1966-67

The efforts made by Nadel to populate~some citrus trees with Ch. 
bipustulatus by distributing èggs and larvae of this beetle, did not yield the re 
sults expected. It was found that the mortality of the neonate larvae is very great 
and that a very small percentage of the number placed in the trees succeeded to 
establish themselves. More success was attained with the more mature larvae 
which were liberated on the trees; however, the cost of their production, Nadel 
believes, is more than the benefit they may bring (verbal communication).
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Nadel is of the opinion that the drop in the population of Chilocorus at 
the end of the summer is due to a fungus Hesperomyces virescens (Laboulbeniales) 
which attacks this beetle. In some localities about 60% of the collected beetles 
were infected with this fungus, in other localities over 90%. Infected beetles died 
much before the non-infected, (Kamburov et al. ).

Whichever it is, with the state of our knowledge at present, this beetle 
cannot be utilized against the Diaspinae -  althoughitplays an important role in 
checking outbreaks of the pests, and it should be protected. Thus we go back to 
the statement made by Saitzov (1930) 36 years ago.

The findings of Rosen & al. (1965) support the view that small populations 
of the beetles in young groves is responsible for the denser populations of the red 
scale there.

The phenology of Pharoscymnus spp. (Coccinellidae) on the palm trees in Eilat.

During 1961-62, the phenology and biology of predators of Parlatoria 
blanchardi Trag. of the genus Pharoscymnus was investigated by Kehat (1964).

Twenty-five species of Coccinellidae were listed, but of these only eight 
species were found feeding on the Parlatoria scales. These are presented in 
List 2 in which their distribution in Israel is also indicated. The rest were 
casual visitors.

LIST 2 . Predators associated with Parlatoria blanchardi in the Arava

Species Beit Shean Sea of 
Galilee

Ein Gedi 
Ein Yahav

Eilat

Pharoscymnus numidicus Pic. + +

numidicus funicolor + +

numidicus f . junctus + +

setulosus Chevi'. +

pharoides Mars + +

ovoideus Sic. + +

f .  deserti + +

Chilocorus bipustulatus L. + + +

Rhyzobius (Lindorus) jophantae Blaisd. + + +

Seym nus (Nephus) bipunctatus Kugel + +
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Pharoseymnus aff. numidicus, which is the most abundant of these 
predators in Eilat, has two population peaks, in spring and in autumn. During the 
other season, the densities of adults, larvae and eggs are at a low level. This 
species is prevalent in the plantation the year round and does not diapause. A l
though it is particularly adapted to hot and dry regions, its distribution in the 
Eilat area is restricted during summer and winter.

Pharoscymnus setulosus accompanies P. aff. numidicus, but in small 
numbers; it appears in spring,is most abundant in summer (when the population 
of P. aff. numidicug is at a low ebb), diminishes in autumn and disappears in 
winter.

In winter and summer, the numbers of adults and larvae of Pharos-  
cymnus spp. increase on the pinnae and decrease on the stalks. It appears that 
during these seasons both these stages prefer the pinnae to the stalks.

The predator's density depends on that of its host; with a decreasing 
population of R  blanchardi, a decline in the number of its predators was recorded.

The release of these predators in the Eilat region, for the biological 
control of blanchardi, should be done in spring and autumn with aff. numi
dicus. or in the spring in the case of P. setulosus.

Table 4 -  Data on the development of Pharoscymnus numidicus at various 
temperatures

Threshold of Development *  ¿ays Thermal
Development —-----------------—------ ------- —  Constant

Egg 16 34 10 7 101

Larva 15. 9 50 19.3 13.5 212-222

Pupa 15. 8 18.7. 9. 2 5

Table 5 -  Longevity of adult and reproduction of Pharoscymnus numidicus

Temp- _______Eggs laid Preoviposition ________ Span of life in days
erature average Rang_________period average -  50% survival

20 218 183-284 12 )
24 446 397-495 - ) 128 263

27 90 110

36 421 406-449 4 25 100

38 44 23- 62 _ 20 40
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Effects of Insecticides against Pharoscymnus spp.

Within the framework of a study on the biology and control of the Palm 
scale Parlatoria blanchardi, Kehat and Swirski (1964) tested the effects of certain 
insecticides on the lady beetle Pharoscymnus aff. numidicus Pic. The effects by 
contact of the following insecticides were tried after certain periods of weather
ing: Phosphamidon, rogor, malathion and ethopaz. It was found that on the day of 
spraying all four products caused a 100% mortality. The first three substances 
killed larvae on the second day after application, but ethopaz caused only a 25% 
mortality.

The first three substances caused a high mortality even after 10 days of 
weathering. On that day the rates of mortality for adults were 66, 50 and 25%, 
respectively, and for larvae 69, 85 and 33%. The ethopaz was harmless to both 
stages.

After twenty days of weathering, the mortality caused by rogor was 
20%, that by the other two insecticides dropped to 7%. The LD20 values obtained 
showed that rogor was 50 times more toxic to Pharoscymnus than enthopaz.

Homalotylus flaminius Dalm.

Among other host beetles, flaminius also attacks Ch. bipustulatus. 
To oviposit the wasp mounts the larva which tries to rid itself of this burden by 
running around, if it is a young larva, and by bending or shaking its body if it is 
an older larva. The thrust of the ovipositor may thus occur in any part of the body. 
At a temperature of 20°C the larva becomes mummified 14 days after the ovipo- 
sition of the wasp, at 30°C after 8 days. Complete development of the parasite 
lasts 18 days at 28°C, 26 at 25°C and 24 days at 20°C. The threshold of develop
ment was set at 9 .30°C, and the thermal constant at 380 day degrees C°.

Fig. 6 -  Comparative abundance of the two hyperparasites Achrysopophagus and 
PachyneUron (after Yinon).
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On 3, diet of honey, adults lived about 30 days at 24°C, and 19 days at 
31°C. The peak in the density of its population occurs in April (Fig, 5) (Yinon 
1964),

Achrysopophagous aegyptiacus Mercet

Among others A^ aegyptiacus attacks Homalotylus flaminius within 
the body of Chilocorus bipustulatus (Yinon '64)Oviposition, which lasts about 15 
seconds, occurs while the parasite stands with its rear end against the host.

At a temperature of 28°C it completes its development in 14 days. 
Honey-fed females lived 35 days, and males 27 at a temperature of 2 3 -2  C.

The peak of its population density is shown in Fig. 6.

Pachyneuron giculum Delucchi

This species, suspected of being a hyperparasite, was established as 
such by test breedings carried out by Yinon (1964), who reared it on Homalotylus 
falminius Dalman in the body of Chilocorus larvae. Three-week old Ih_ flaminius 
larvae at 24°C were used for the breedings from which adult Pachyneuron were 
obtained.

Oviposition which lasted 8-10 minutes was made while the female 
mounted the Chilocorus larva; after withdrawing the ovipositor, the female fed on 
the exudate from the puncture and oviposited again in the same larva.

The development of the species lasted 16 days at 24°C. At this tem
perature honey-fed females lived 44, and males 34 days.

The seasonal peak of its population in the coastal plain is given in
Fig. 6.

C a s c a

The genus Casca was described by Howard some sixty years ago, but 
some of its characteristics regarding reproduction received special attention only 
recently. Flanders (1966) discusses and summarizes these unique biological 
aspects.

The development of these internal parasites is usually gregarious -  
up to ten were found in a full grown host.

Casca smithi Compere

This species was discovered by Silvestri in China where he was en
gaged in coUecting parasites on behalf of the University of California during 
1924-5. Silvestri recognized it as a new species and even designated its name 
(Compere 1953), but he never described it. For some time it was mistaken as
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being Casca chinensis which had been described before. About 27 years later 
Compere (1953) described it as a new species.

Casca smithi parasitizes the Egyptian black scale (Florida red scale) 
and is one of the species recommended by Flanders and imported from Hong Kong.
In his letter to Cohen, dated September 1955, he advised him to release Casca 
first, and then Aphytis s p ., because this latter has the habit of mutilation, and 
may prevent the establishment of the Casca. It so happened that the shipments of 
Casca smithi arrived several months after those of Aphytis. When Casca were 
released, Aphytis had become well established in the groves. This may account 
for the fact that specimens of this species were discovered about 5 years later 
than those of Aphytis.

Like other members of the genus, it is an internal gregarious parasite 
and attacks primarily mature females. Emergence of the parasite is through 
round holes in the armour of the host, which each individual gnaws out for itself.

The situation in 1966-67

Casca smithi which was scarce became more prominent and in some 
groves its parasitization reached about 50% of the live scales. In the early sixties 
it was distributed in groves near the original point of release. Today it has been 
found also in grove about 80 kms north of these sites.

A p h y t i s

The species of this genus are ectoparasites of Diaspinae, the larvae 
feeding on the insect body itself or on its eggs. The adult feeds on honeydew, but 
for complete egg production the female of some species must feed on protein which 
is obtained from the body fluid of the host. With its ovipositor the female bores 
through the scale, thrusts the ovipositor into the body, probes within for several 
minutes and mutilates its viscera. A waxen pipette is constructed through which 
the fluid oozes to the surface. This mutilation is not necessarily associated with 
egg-laying. Scales one- or two-weeks old are mostly killed. The female in the 
act of probing can not distinguish whether the punctured body is free or parasitized; 
it often happens that parasites are mutilated and even individuals of its own kind, 
especially in the pupal stage, may be killed. However, in the act of mutilating the 
host, many individuals may be lulled in addition to those in which oviposition is 
made. In mass culture in the laboratory this action may interfere with the build
up of its own population (Flanders 1951).

From previous paragraphs it is evident that some species of this genus 
proved to be of extreme importance in checking pests which had not been control
led until the introduction of their respective Aphytis parasites. StiU the importance 
of this genus had been overlooked until comparatively recently. It is noteworthy 
that the efficiency of A. chrysomphali against the California red scale had been 
stifled by the fumigation against other citrus pests. It was not before 1948 that its 
capacity to a fair control of the California red scale was demonstrated in groves in 
which fumigation was abolished (Compere 1955, Flanders 1951).-
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Howe'ver, as early as 1942, six years before this date, when the 
general feeling in the Calif. Dept, of Biological Control was against it, Flanders 
insisted upon ascertaining in the field the potentialities of chrysomphali against 
the California red scale. A two acre citrus grove was planted at his suggestion on 
the station grounds in which no chemical control measures were to be made, and 
in which Aphytis chrysomphali was liberated on Jan. 20, 1945. (Flanders 1951, 
and his letters to Bartlett Jan. 27, 1945, and to Rivnay Aug. 2, 1966).

Another stimulus towards the changing of the general opinion about 
the Aphytis species, was the discovery by Flanders in the autumn of 1947 of the 
so-called Aphytis sp. "A " , later described as A^ lingnanensis Comp.

The final boost to the position which the genus enjoys now was the 
discovery of the two new species A;_ holoxanthus De Bach and A^ coheni De Bach, 
shipped from Hong Kong to Israel by Cheng in 1956, and from Israel to California 
by Nadel in 1959. It is strange that these two species were not introduced from 
Hong Kong directly to California earlier than this date, althpugh many other pa
rasites were shipped from the Orient. The fact is that they were introduce.d but 
were not distinguished as new species. As mentioned before, the most common 
American representative of the genus, Aj_ Chrysomphali was under -estimated, 
and no distinction could be made between it and other various species. Of extreme 
interest is the account given by Compere (1961, p. 204 and 207) about an early 
attempt to introduce into California an Aphytis species against the red scale from  
the Orient, and this was disrupted because the species in question was misiden- 
tified as one which already existed in the U. S.

The taxonomy of this genus was obscure. Compere 1955 and De Bach 
1960 improved it to some extent, but a lot remained to be done. Morphologically 
it is difficult to differentiate between the species. They are quite small insects, 
with very delicate integument which shrivel to the extent that renders the species 
unrecognizable. In mounted specimens the specific characteristics often are 
hidden (Compere 1955). Some taxonomic features by means of which the species 
could be separated were discovered only recently (De Bach 1960).

In order to differentiate between various valid species of valid strains, 
biological features and physiological characteristics proved to be of primary 
importance.

Rightfully Flanders remarked that "taxonomists were unable to ascer
tain the specific identity of most species before the manifestation of biological 
characters" (Flanders 1964).

Another reason for the misevaluation of some of the species of the 
group is the instability of certain of their characters. Flanders (1964) enumerates 
several instances in which the host-controlling capacity differed in the geographic 
races of the same species. Thus A^ maculicornis which were sent from Egypt to 
California were less capable of controlling Parlatoria oleae than the "Persian" 
form of the same species which were collected in Iran. Similarly, A. melinus 
which originated in the arid zones of India proved more effective in controlling the
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red scale than specimens of the same species which originated in Formosa«

In view of the study of Hafez and Doutt (1954) on the strains of A. 
maculicornis, in which they discovered biological differences in the various strains 
in addition to their host-controlling capacity, the question is raised whether we 
have to deal with strains or with distinct valid species. This is applicable also to 
other species of this genus of an alleged wide distribution.

It seems, as mentioned above, that more remains to be discovered 
bout this group than is already known.

A. chrysomphali Mercet

In Israel A^ chrysomphali was the only species of the genus which 
parasitized the red and Egyptian scales before other Aphvtis species were intro
duced. It differed in some biological features from Aj_ chrysomphali in other 
countries as described by some writers. There is reason to accept the view of 
Compere (1955) that several species may be concealed under this name. There
fore the account of local Israeli entomologists will be quoted only.

uviposition was observed only in male hosts of Ch, aonidum; no larvae 
and pupae were found in female scale insects (Schweig et Gruenberg 1936). The 
female Aphyti- is probably attracted to the host by its odour. After palpating it 
with the antennae, she assumes the proper position and thrusts the ovipositor 
through the shield. Oviposition lasts no longer than one minute, and the same 
female may oviposit again after five minutes. The egg, being sticky, adheres to 
the host even when lifted from the leaf. Usually one egg is laid in one host, rarely 
2 or 3, but only one larvae develops in it. The larva lies beneath or near the host 
body, and the pupa lies on its back. The adult emerges from under the prolonga
tion of the scale, but it never bites a hole in the scale cover.

The development from egg to adult lasted 12-14 days. Ine Israeli A. 
chrysomphali was never seen feeding on the body juices of the host as noticed by 
other authors in other countries (Schweig and Gruenberg (1936). As to the density 
of its population in Israel on the Egyptian black scale, the authors found that at 
Migdal, in the Jordan Valley, its density was very low. At Acre, in the coastal 
plain, it was higher. From 30-60% parasitization occurred during October 
December; 20-45% during January-April and 5-25% in May-September.

Carmin and Sheinkin (1935) studied theiphenology of A. chrysomphali 
on A. aurantii in the southern coastal plain. They found that this parasite, which 
in the red scale attacks also young females, was abundant only during the winter 
and early spring. During the period December-January all stages were plentiful; 
the population was less dense in February-April and in November, but very scarce 
or not found at all during May-October. The highest parasitization was about 50% -  
it was not stated whether of the total population or of male and 2nd stage larvae 
only. Also no mention was made whether the 50% included live parasites and pa
rasitized scale insects, some of which may have shown traces of the parasite only.
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Ben Dow (1963) did not separate the two Aphytis species which attacked 
the red scale in the area of his study. His curves depiciting the percentage of 
parasitation included both species, the native Â _ chrysomphali and the newly intro
duced coheni. The highest number of the two taken together occurred during 
June-August (Fig. 7 ). If we apply the findings of Carmin et al. and of Schweig 
and Gruenberg, it may be safe to surmise that, while the curve during November- 
April depicts data about both species, the curve for May-October depicts mainly 
that of A.coheni. As noticed from figure 8, the stage mostly attacked was the 
male pupae.

Fig. 7 -  Population of Aphytis spp. in treated and untreated trees (after Ben Dov)

Fig. 8 -  Percentage of parasitization in the various stages of the red scale by 
Aphytis spp. (after Ben Dov)
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A count of unernerged dead parasites was also made by Ben Bov and it 
became apparent that the largest percentage of dead parasites were found during 
the winter months. Of the total 160 parasites collected during January-April, 
59% were dead; of the 180 collected in May-August, 7 .7%  were dead; whereas of 
the 318 collected during September-December, 17. 8%'were dead.

It seems, therefore, that in addition to the reasons given by Schweig 
and Gruenberg as to the cause of its limitation, the parasite is also handicapped 
by the high temperatures which prevail during the summer.

A. holoxanthus De Bach

Adult specimens of this species, supposedly A. lingnanensis, were 
collected by Cheng in Hong Kong and sent to Israel. Cheng was not a trained 
entomologist and was unable to distinguish one species of yellow Aphytis from 
another. After ascertaining in the receiving laboratory that certain individuals 
parasitized the Egyptian black scale, subsequent shipments were liberated in the 
grove.

Later, in a survey, Nadel discovered that the species which attacked 
freely the Egyptian black scale did not parasitize the red scale Aj_ aurantii, in 
contradiction to its alleged habit in California. In view of this, specimens were 
sent by the Agrotechnical Division of the Citrus Marketing Board to De Bach for 
identification. After comparing specimens sent from Israel with those of A. 
lingnanensis. and after attempting to cross these, and also with other related 
species, the validity of a new species became evident and was named A. holoxan
thus.

It remains to be explained how this species came to be confused in 
California with Â _ lingnanensis. At first the latter was thought to parasitize the 
Egyptian black scale Ch. aonidum in addition to the red scale A. aurantii. From 
the stories of De Bach (1960) and Flanders (1964) it may be surmised that in 
1947-48 A;_ holoxanthus was introduced from the Orient to California. The ship
ment of Gressitt consisted of scraped scale material from orange trees. From  
that material many individuals of Aphytis emerged. Now it seems that the scraped 
material which was mainly Ch. aonidum contained other diaspinae as well. This 
suspicion was also expressed in a letter by Flanders to Gressitt (Flanders 1964).
It seems now also that the Aphytis specimens were a mixed lot containing more 
than one species. However, Flanders was interested in parasites of the red 
scale only, so he reared that foreign material on pure cultures of Aj_ aurantii.
The result was that the red scale parasites multiplied while others, because of 
lack of proper hosts, died out leaving no offspring. The surviving Aphytis were 
first labelled as Aphytis "A "  and then described as A. lingnanensis. The others, 
which did not survive, probably included what is now known as A. holoxanthus 
and perhaps others, too. This explains why earlier in 1948 it was thought that 
the A. lingnanensis originated from the Ch. aonidum and that it parasitized also 
the red scale.

With the revelation of these facts, California entomologists recalled
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the fact that Silvestri, during his study of parasites in China in 1924-25 on behalf 
of the Citrus Station at Riverside, noticed differences between the Aphytis parasi
tizing A. aurantii and Ch. aonidum. He thought one to be chrysomphali and 
the second he designated as "Aphytis sp. "  (Flanders 1964).

A. holoxanthus attacks its host in second stage female larvae, adult 
females and male pupae. It is an arrhenotokous species, with more than one 
specimen capable of developing on one host. At 27 C the total development from 
egg to first egg was about 12-14 days; the egg about 2 days, the larva from 4 -7 , 
and the pupa 4-7 days. Rosen (1964) tried the effects of various pesticides upon 
A. holoxanthus. Eleven substances were tried and it was found that zineb, chlo- 
robenzilate tedion and dicofol did not affect the Aphytis in all its stages. On the 
other hand, all sulphur preparations, ethion and delnav were toxic to the para
site. Also the bait applied against the Mediterranean fruit fly consisting of 
Staley's Brew and malathion was toxic. Spot treatment or reduced aerial dosages 
were suggested.

Aphytis coheni De Bach

This parasite of the red scale has become recently established in 
Israel, and during the few years of its presence here has gained dominance over 
other parasites of this pest. Its mode of entrance into this country is uncertain. 
Rosen (1964, 1965) accepted the view of De Bach that its origin is south-eastern 
Asia and that it has been "unwittingly introduced". However, there are reasons 
to believe that specimens of this were mixed with those of A^ holoxanthus, shipped 
frojn Hong Kong by Cheng. The reasons are as follows:

1) In his letters, Cheng who collected the specimens in Hong Kong sug
gested that more than one species may be involved.

2) In the host specifications accompanying the shipment, Aspidiotus 
hederae was mentioned in one case (March 21) as the source of the 
respective Aphytis specimens. This scale insect is known as a favour
able host to A._ coheni.

3) Although Aj_ coheni is now distributed in the greater part of Israel, its 
first discovery by D. Nadel in 1957 was in two localities, in the area 
nearest to the original point of release, about 18 kms. and 30 kms. 
(straight line) southwest of Rehovot. It was not found at that time in 
other places although the survey covered the greater part of the Israel 
citrus area.

That this Aphytis originated in Hong Kong was further demonstrated 
recently by the following:

Flanders, during his recent sojourn in Hong Kong early in 1965, sent 
from there to D. Nadel in Israel potatoes artificially infested with the California 
red scale that had been exposed to parasitization. In Israel these potatoes, though 
segregated, yielded Aphytis specimens during February-March. These were
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given to Rosen for identification without informing Mm of their origin. He iden
tified them definitely as A. cofaeni.

In his letter of August 4th, 1965, Flanders writes that the exposure 
took place in a small cage that contained citrus twigs bearing parasitized Cali
fornia red scale. These were collected from a small plant in the pummelo 
nursery of the Hong Kong Department of Agriculture Experiment Station at Sai 
Kung, New Territories.

Aphytis coheni, the red scale parasite, is an arrhenotokous species 
and parasitizes both males and young females of the host; it survives also the 
summer temperatures better than A. chrysomphali. These two factors may be 
the reason for its replacing A. chrysomphali, as pointed out above. *

In Israel the parasite was collected aslo from Aspidiotus hederae on 
Acacia (Rosen 1965).

The species was described by De Bach (1960). The material from iRriStl 
was sent to him by Nadel; in his letter of February 29,1960 to Fisher of River
side he expressed his suspicions that it was a different species than the others 
found hitherto in Israel. De Bach (I960), bred it and attempted to cross it with 
other allied species before establishing its validity as a new species,

Aphytis lepidosaphes Comp.

This parasite of the purple scale Lepidosaphes beckii, according to 
the view of Flanders, has been introduced recently into Israel as mentioned 
before, presumably also in 1956 in Cheng's shipments. Flanders in his letter to 
Rivnay of June 11th 1965 strengthens his view by the following comparison: 
"According to De Bach and Landi (Hilgardia, 1961), A. lepidosaphes was found 
in the south-east coastal area of Turkey (± 300 miles north of the release point)
4 years after its discovery in Israel. This is comparable to the discovery of its 
presence in Florida arid Puerto-Rico 4 to 10 years after its release and establish
ment in southern Texas in 1952. So I believe that Aj_ lepidosaphes should be 
included as a probable introduction in Cheng's sMpment". It was first discovered 
here by Nadel at Tel-Litvinsky in 1957 (Report by Nadel), and later in large num
bers by Rosen. Ever since it was established it reduced the population of its host 
considerably (Rosen 1965).

* Lately a grove was discovered in which A^ chrysomphali became dominant 
again (Rosen: verbal communication).
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A. lepidosaphes is an arrhenotokous species. It is a gregarious 
ectoparasite, as many as 5 individuals may develop under the scale of one host.

Aphytis lingnanensis Comp.

This Aphytis was first distinguished as a distinct species by Flanders 
in 1947; through pupal characteristics (having black markings) which differed from 
those of A^ chrysomphali (being entirely lemon-yellow). Subsequent breedings by 
Flanders also showed a different host relationship between the two species. The 
very close similarity between the adults of chrysomphali and Â _ lingnanensis 
prevented its earlier recognition, although, as Compere (1955) stated, it was 
collected by George Compere in 1906, by Silvestri in 1924-25 and by H. Compere 
in 1932; it was considered then to be one of the known species, already existing in 
the United States.

For this reason no attempt was made at that time to introduce and 
propagate it in the United States, but somehow it became established in Texas pri
or to the discovery by Flanders. It was introduced into Israel from California 
by the Biological Division of the Citrus Marketing Board, and was liberated in the 
citrus groves. A survey is in progress now to see to what extent it has become 
established here.

PSEUDOCOCCIDAE

The Citrus Mealy Bug -  Planococcus citri Risso

The Economic status of P. citri

The citrus mealy bug has always been rated as a severe pest of citrus 
and vine crops. Its damage extends also to other fruits.

In all, the damage is manifested by the fumagine which develops on 
the fruit due to the excretions of the bug.

On grape vines and bananas the fruit may also be marred by the pre
sence of the mealy bugs themselves and their sticky excretions.

As to citrus, there is, in addition, the question of fruit drop. Farmers 
attributed the drop of small fruit in the spring, to the mealy bug. Entomologists, 
however, (Bodenheimer et al. 1929, Bodenheimer 1951, Carmin 1932, Rivnay 
1943 & 1961) distinguished between the early fruit drop and that which occurred 
later. The first, the so-called May or June drop, is due to a physiological-ecolo
gical factor complex, and it usually ceases towards the end of June.

The summer drop, however, is due to the mealy bug. In years of P. 
citri outbreaks, in particular when the dry Khamsene winds in the spring were not 
very severe, the fruit drop was prolonged till the autumn; fruit the size of walnuts 
and golf balls dropped, a great percentage of which were bearing specimens of 
P, citri or traces of it, an indication of the direct cause of this abnormal fruit 
drop.


