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S U MMA R Y

Carob moth larvae were reared on an artificial medium composed of 43.5% soy bean meal, 

43.5% sucrose and 13% water, by weight. Duration of larval growth on the artificial diet and on the natural foods 

of the insect (carob and acacia pods) was similar. larval survival rate, size of adults and fecundity of insects 

reared on the artificial diet significantly exceeded those reared on the natural food plants. The procedure of mass 

rearing the moth on the artificial diet is described.

Introduction

The carob moth is considered a serious fruit pest of carob (Ceratonia siliqua L .), 
almond, figs and citrus in several Mediterranean countries (Bodenheimer, 1930; 
Balachowsky & Mesnil, 1935; Silvestri, 1951; Agenjo, 1959; Avidov & Gothilf, 1960; Wood, 
1963). In Israel this insect causes significant damage to grapesfruit, carob and recently 
also to almonds. In spite of the economic losses caused, the biology of the pest has never 
been thoroughly investigated. To fill this gap such a study was initiated in Israel a few 
years ago. The present work is the first in a series of studies dealing with the various 
aspects of the biology of the carob moth.

It was realized from the beginning of the experimental work that a continuous 
supply of the various stages of the carob moth is a prerequisite for any experimental work. 
Establishing a permanent rearing culture was dependent on the availability of suitable 
food for the larvae and a ccnvenient handling technique. Both aspects were subjected to a 
study further described.

3 Present address: Israel Institute for Biological Research, Ness-Ziona, Israel.
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Experimental

Rearing of larvae on artificial diet. The best natural foods of the carob moth 
are unripe pods of carob and acacia (Acacia farnesiana (L. 1. an ornamental 
tree). These pods were collected in nature and used as laboratory rearing 
medium, but were found unsuitable for permanent rearing for several reasons: 
they are available only for a short period during the year; they have to be 
chopped, because larvae cannot penetrate intact pods. Furthermore, since the 
larvae live inside the pods until pupation and the food can therefore not be 
replaced, precautions must be taken to preserve the pods from drying.
Such measures, when taken, were often accompanied by fast growth'of molds 
on the food, or by an outbreak of mites, which were probably brought from 
the field with the pods.

In searching for a more convenient and not necessarily natural food, 
it was realized that since the larvae feed readily in nature on seeds of 
acacia and carob which are both leguminouse, other seeds of the same group 
might serve as a suitable food. Soy beans were tested and found suitable as 
food for the larvae. To support optimal growth the soy had to be ground and 
mixed with water. Addition of sucrose to the mixture enhanced growth. In 
addition, sucrose could be added to the mixture in such a proportion that it 
preserved the medium from deterioration by microorganisms.

Tests were made as to the suitability of various mixtures of soy for 
larval growth. Newly hatched larvae were reared in 170 ml jars containing 
25 gm food mixture each, which was previously thoroughly mixed in a mortar.
In each jar 5 larvae were kept and each group of five jars contained the same 
food mixture. Duration of the larval together with the pupal stage was recorded 
for each individual (table 1). Addition of water to the soy enhanced growth, but 
on a diet containing over 25% water intensive growth of various microorganisms 
inhibited the growth of larvae which evantually died. Addition of sucrose en
hanced larval growth and at the same time suppressed growth of microorganisms 
in the food. The most adequate food mixture was that containing 43.5% soy 
bean flour, 43.5% sucrose and 13% water. Growth on this mixture was fast 
and the diet remained free of infection by microorganisms. From then on this 
mixture was used as the standard artificial diet for the carob moth. In the 
course of this work whenever artificial diet is mentioned it will be with re
ference to this mixture.

Soy bean meal is sold mainly as a low-fat meal which is .the by-product 
of soy oil extraction. This low fat meal is used as food for stock and poultry 
and is usually subjected to a process of heating before marketing, in order to 
destroy the antitrypsin factor. Soy bean meal with a high fat content, which 
had not undergone oil extraction or heating, is also available in the market.
The adequacy bf the three kinds of soy bean meal for larval groth was tested.
In this experiment larvae were reared individually in plastic cages (3 .0x4,5  cm) 
containing 4. 5 gm diet. Diets differred only in the type of soy bean meal used. 
It was found that all three types of soy bean meal supported larval growth.
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Certain differences in survival, presented in table 2, were not found in sub
sequent tests, not recorded here. For reasons of availability and lower cost, 
only the low-fat heated soy bean meal was used hereafter as a constituent of 
the artificial diet.

TABLE 1

Survival and duration of larval + pupal stage of carob moth fed on various mixtures 
of an artificial diet (25+ 1C °, 7 5 + 5 %  R .H ., 25 larvae per test)

Diet composition -  % by weight No. of larvae Duration of
Soy Bean 

meal
Sucrose Water reaching 

adult stage
larval + pupal stage in 

days (min. -  m ax.)

100 0 0 14 64.7 (55-84)

95 0 5 11 57.3 (48-84)

90 0 10 17 53.8 (46-72)

87 0 13 19 51.8 (43-81)

80 0 20 14 37.6 (32-58)

75 0 25 19 38.1 (31-52)

50 0 50 0

50 50 0 21 40.4  (36-53)

47.5 47.5 5 20 37.2 (32-45)

45 45 10 23 36.3 (33-45)

43.5 43.5 13 19 31.8 (29-36)

40 40 20 21 32.1 (29-42)

ta"ble 2

Survival , duration of larval + pupal stages, and weight of adults reâred on artificial
diet^) icontaining different types of soy bean (26«27°C, 75+ 5% R .H ., 30 larvae per diet)

Soy bean 
in the

meal used 
diet

No. of larvae 
reaching 

adult stage

duration of 
larval+pupal stage 

in days 
(min, »m ax-)

Average weight in mg. 

males females

Regular (high fat) 21 26.4 (24-31) 19.8 33.8

Extracted (low fat) 20 24.4 (23-26) 20.5 30.8

Extracted (low fat), heated ^ 27 25.0 (24-27) 20.4 32.3

 ̂ Composed of 43,5% soy bean m eal, 43,5% sucrose, 13% water

2)
Produced by "Izhar" Tel-Aviv; 0.5% to 2.0% fat contents.
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Larval growth and adult fecundity on artificial diet as compared to natural food. 
Newly hatched larvae were reared at room temperature (25 - 28°C). Ten larvae 
were kept in 500 ml jar, each containing 40 to 50 gm of natural or artificial 
food. Adult emergence was recorded daily. Duration of larval growth together 
with the pupal stage was the same on artificial diet and on carob pods, and 
lasted somewhat longer than on acacia; this difference was not found significant 
(table 3). On the other hand, rate of survival on artificial diet was much higher 
than on natural food. Mortality occurred among larvae only while pupal mor
tality was nil.

TABLE 3

Survival and duration of larval + pupal stages of the carob moth reared on various diets

D i e t No. of 
larvae

Survival to 
adulthood -  %

Duration of larval + pupal stage in 
days (min. -m a x .)

Artificial diet *) 60 95 29,3 (26-36)

Carob pods 40 50 29.5 (24-37)

acacia pods 40 65 27.5 (23-29)

1) Diet composed of 43.5% soy bean m eal, 43.5% sucrose, 13% water.

Tests were made to compare weight of adults and females fecundity reared 
on artificial diet to those reared on natural food. Larvae were reared as described 
above, except that more replicates were prepared and rearing was conducted at 
2 5 - 1  C, 75 ± 5% R.H. The first 100 males and females, respectively, emer
ging from every type of diet, were weighed upon emergence, using an analitical 
balance of 10-4 g sensitivity. Each female was then transferred together with 
a few males to a 500 ml jar and was provided daily with a sucrose solution- 
soaked cotton. The number of eggs laid by the females were recorded dally. 
Only part (30 to 40%) of each group of females mated and laid fertilized eggs. 
The unmated females were discarded. Both’ males and females reared on 
artificial diet were significantly (p < 0.01) heavier than those reared on carob 
and acacia; fecundity was also significantly (p < 0.01) higher in the artificial 
diet group (table 4). A positive correlation between the females' body weight



TABLE 4

Body weight and fecundity of adult carob moth reared on various diets

Rearing medium Adult weight, mg + S.E. 

males females
Average No, of 

eggs per female) + S.E.)

Artificial diet ^ 20.9 + 0.22 30.5 + 0.27 315.3 + 10.2

Carob pods 10.8 + 0.23 17.6 + 0.34 201.3 + 11.0

Acacia pods 11.8 + 0.28 19.4 + 0.33 217.3 + 12.2

1) Diet composed of 43.5% soy bean m eal, 43.5% sucrose and 13% water.

and number of eggs laid was found in each of the three groups. The coefficient 
of correlation (r) was 0.30 in the artificial diet group, 0.83 in-the carob group 
and 0.73 in the acacia-fed group. The regression coefficients (b) were similar 
in the groups fed on carob and acacia (b = 12.9 and 14.8 respectively) and dif- 
ferred from those of the artificial diet group (b = 8.5).

Procedure of mass-rearing. Preparation of artificial diet was as follows:
1000 g powdered sucrose and 300 ml water were mixed (in a Kenwood mixer) 
for a few minutes. To this 1000 g soy-bean flour were added and again mixed 
for a few minutes. The prepared 2.3 kg. diet was then put in a large tightly 
covered dish. Up to 20 kg. diet were prepared in this way and could be kept 
in a closed dish for a few days until used. The mixture hardened after pre
paration but crumbled easily when mixed by hand and could then be transferred 
to rearing trays.

Larvae were reared in plastic trays, 31x23.5 cm and 7.5 cm deep.
Each tray contained 650 g artificial diet; about 500 eggs, which were oviposited 
on pieces of paper, were placed on the diet. Food and eggs were then com
pletely covered with a sheet of paper. This was necessary for the larvae which 
prefer to settle on the under surface of paper while feeding. It also eliminated 
the chance of larvae wandering out of the trays before pupation and preserved 
the food moisture. The rearing trays were kept in a room with 25 ± 1 °C ’and 
relative humidity averaging 75 to 80%. This humidity was optimal for pre
serving the water content of the food mixture but was too high for the con
venience of men working in the room. The humidity could be lowered to 70 - 
75%, but in this case the trays had to be partially covered with a glass plate 
to prevent drying.

Before pupation sets in the larva bores a hole in the covering paper and 
a tunnel of webs into the food where the cocoon is made (pict. 1.).

Adult emergence starts at night, 30 days after hatching of larvae. Two or 
three days before the expected emergence the rearing trays were transferred 
to an emergence cage. The cage, 70x80 cm, 180 cm. high, was made of a 
wooden frame on which a nylon screen was mounted, on all 4 sides, with a 
door on one side. In picture 2 the cage is shown with the door open and with 
rearing trays placed on its floor, and adults that had already emerged resting 
on the screen.
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Emergence may last for 13 nights, but the majority of adults emerge during 
the 2nd to 6th night, reaching a peak on the third night. The rearing trays 
were, therefore, discarded after the sixth night, of emergence.

Adults are active only during the night; in the day time they stay 
motionless, a fact which facilitated handling. Adults were removed from the 
cage one by one, or in mass with the aid of a vacuum pump, according to the 
experimental purposes. For continuation of the stock culture females were 
removed one by one from the cage and placed separately in small plastic caps 
of 3.0 cm diameter by 3.5 cm high. The caps containing a female each were 
placed upside.down on a piece of rough paper, in a 35 x 48 cm tray (picture 3). 
It was previously observed that females will lay more eggs when kept individu
ally and that the roughness of the paper stimulates oviposition. On the night 
of emergence oviposition is scarce; on the second night an average of 74 eggs 
per female are laid; on the third and fourth night the average per female is 
50 eggs. From the fifth night on oviposition decreases sharply. The laying 
trays were divided in two parts and only one half was filled with the caps 
containing females. After the first night of oviposition the females were moved 
to the second half of the tray, were dekpt there for one or two additional 
nights and then discarded. The first half of the paper with the eggs on it was 
cut off. The eggs looked yellowish in colour but turned pink on the noon of 
the first day after oviposition. Unfertilized eggs remained yellow, and were 
discarded. The pieces of paper with fertilized (pinkish) eggs on it were used 
for continuation of the stock culture. On the average only 50% of the females 
laid fertilized eggs. Fertilization depended partially, on the size of the emer
gence cage and it was found that less females copulated when the emergence 
case was small, and this was the reason for using a relatively large emer
gence cage.

In planning the stock culture the following calculation had to be 
made: in order to obtain 500 eggs needed for each rearing tray, about 14 
females were needed. Of these only 7 laid fertilized eggs (74 per female).
Out of the 500 eggs placed in each tray 77 % hatched (ranging from 67 % to 
81%); of the 400 larvae hatching per tray about 200 reached adulthood. By 
using the procedure described above, 16 sequent generations of the carob 
moth were reared on artificial diet, without any serious difficulty.
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Picture 1. Rearing tray. Emergence holes are visible on the paper covering the food.

Picture 3. Oviposition tray. Females confined individually in plastic cups 
on roueh naoer.
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Picture 2. Emergence cage. Door open, showing rearing trays and moths.


