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PHENOLOGY OF Cossidae IN ISRAEL* 
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ABSTRACT

Five species of Cass idea were caught in light traps in Israel during the period 1959-1966. The 
most prominent were Ph. castanea and Z. pyrina; the former being the most numerous, the latter the most 
injurious.

I n t r o d u c t i o n

In the course of a phenological study on Lepidoptera carried out in 
Israel from 1959 to 1967, Cossidae were also trapped. To date,
15 species have been recorded in this country (4), some of which are considered 
agricultural pests, whereas others develop on forest and various uncultivated 
plants.

Cossid larvae bore into the wood (Z. pyrina), or into soft plants (Dyspessa
spp).

M e t h o d s

The study was carried out with the aid of light traps situated at various sites in the 
country. The source of light was a mercury vapour lamp of 125 watts operating from 
nightfall to dawn. The catches of every night were examined, identified and recorded.

R e s u l t s

Five cossid species have been trapped by light since 1959.

* Contribution from The Volcani Institute of Agricultural Research (N.U.I.A.), Bet Dagan; 

1967 Series, No. 1224-E.
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T ab 'e  1 -  T o ta l num ber of Cossids trapped in lig h t traps in Israel during 1959-1966,

S p e c i e s
Total

num ber

Phragm ataecia  castanea 1621

Zeuzera pyrina 369

Paropta paradoxa 52

Cossus cossus Î

Cossus aries 1

The most abundant species trapped was Ph. castanea, with other species 
trapped as single individuals only. The species known as agricultural 
pests, Z, pyrina and P. paradoxa, were trapped in higher numbers near 
orchards with host trees.

Phragmatoecia castanea Hb.

The reed leopard moth, P, castanea, is found in central Europe, 
northern Asia, Japan, India, Ceylon and Central Africa (9). It inhabits 
marshes and reed areas, breeding in reed stems (Phragmites) (3,13).

P. castanea was attracted to the light traps in numbers greater 
than any other cossid, but it was confined to certain sites, being com
pletely absent at others. 'As shown in Table 2, the highest numbers were 
trapped in Bet She'an, Dor. the Hula area and En Harod, all near water 
sources and water flora. As expected, none were trapped in the southern 
part of the country, including the Negev Desert. In Jerusalem, a few 
were trapped in mid-summer.

Table 2 -  Num ber of P . castanea moths trapped in ligh t traps a t various sites in Israel.

Site
T otal

num ber
Number per 
100 nights

Bet She'an 339 9 1 .4

Dor 776 35 .7

H uliot 348 27 .6

Dan 42 11.3

En Harod 82 10 .0

Jerusalem 33 1.5

Bet Dagan 1 0 .2
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The annual trend of the P. castanea population at two sites is  
given in Fig. I.

The moth was on the wing during the warm season, and was ab
sent from December to February, Only in Bet She'an were some trapped 
as early as February. The moth appeared in the Spring, with a gradual 
increase in the population to a peak in May; after this it dropped out and 
a second peak was observed in September. It seems that the insect raises 
two generations per year, one in the autumn-winter and one in the summer.

ig. 1 - Monthly means of P. castanea moths trapped in lig h t traps 
a t Bet She'an (1959 - 1960) and Dor (1960 - 1966).

Zeuzera pyrina L.

This is  a typical insect of the palearctic region, distributed in 
Europe, Asia, North Africa to the Sahara, and also in the eastern part of 
North America (i). Among the cossids it is the most important pest, 
being polyphagous and having many hosts, including fruit and ornamental 
trees. As a pest of olive trees, it is known in Israel and neighbouring 
areas, and in Greece (7, 10, 11). With the introduction of new olive 
varieties (e. g. European varieties) the pest has increased in number.



40

At the various sites in Israel, Z. pyrina was trapped in differ
ing numbers, as shown in Table 3. Since Z. pyrina is heavy and not a 
strong flier, it was trapped only at sites close to orchards with host 
trees.

T able  3 - Num ber oi Z . pyrina m oths trapped in lig h t traps at various sites in Israel.

Site
T o ta l

num ber

Num ber per 

100 nights

H uliot 269 2 1 .4
En Harod 57 6 .9
Rehovot 21 1 .0
Bet Dagan 4 0 .7
Jerusalem 11 0 .5
Dan 2 0 .5
Bet She 'an 2 0 .5
Dor 3 0 .1

In some years individual moths were trapped starting in April,
In May, they were always present, and sometimes in high numbers. The 
peak of the population occurred in June, with a drop in July, at which 
level it remained until November. In November, the adult population 
completely disappeared as shown in Table 4.

T ab le  4 -  T otal num ber and m onthly m ean  of 2 ,  pyrina m oths trapped in five years of 
ligh t trapping a t H ulio t.

Month
T otal

num ber
Monthly

m ean

M arch 0 0
April 2 0 .4
May 87 17.4
June 101 2 0 .2
July 21 4 .2
August 17 3 .4
Septem ber 18 i 3 .6
October 9 I 1 .8
November 0
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The large numbers trapped in May-June represent the emergence of the 
majority of the population, but as the moths are short-lived (1), the pres
ence of moths until November indicated that emergence took place through
out that period, perhaps due to late oviposition in the previous season, and 
also to a different rate of development on different trees, early emergence 
occuring on apple and pear trees, and the late emergence (from August on
wards) on olives.

Paropta paradoxa H.S,

This is a typical Irano-Turanian insect, found in Asia minor 
Syria and spreading through Israel to Egypt (9). It was mentioned by 
Bodenheimer and Avidov (1, 2) as occurring occasionally in olive, fig and 
vine wood, but it was not considered by them as a pest. Its economic 
importance increased recently, perhaps because of the introduction of 
grape vine varieties which mature early and in which control measures 
are not practised late in the season (8).

In the first light traps, stationed in 1959, P . paradoxa moths 
were trapped in Rehovot, Bet Dagan and Jerusalem, but their number did 
not exceed four at any one site. In En Harod, nine individuals were 
trapped during 1964, the first year the traps were functioning there. 
Individual moths were trapped at other sites too, as shown in Table 5,
In Elat (far south), not a single moth was trapped in seven years, while 
in Huliot (in the north) only one was trapped.

Table S -  Number of P. paradoxa moths trapped in ligh t traps a t various sites in Israel.

S i t e
T otal

num ber

Rehovoth 22

En Harod 12

Jerusalem 7

Bet Dagan 4

Dor 3 .

Q iryat Gat 1 1

Sa'ad 1

H uliot 1

Sede Boqer 1
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This cossid, too, is confined in flight to the close neighbourhood 
of its breeding place. In Rehovot and En Harod, where the highest numb
ers occurred, the traps were placed near vineyards. At the other sites 
few moths were trapped, all of them during the summer from May to 
September as in Egypt (5), except on one occasion, when two individuals 
were trapped in December in Jerusalem. In Sede Boqer, in the southern 
desert area, one individual was trapped at the end of April, 1966,

Cossus cossus L.
The goat moth, C. cossus L ., is a Euro-Siberian insect distri

buted throughout Europe, North Africa and Central Asia (9). It inhabits 
mountains where trees grow, the larva boring in wood of various trees, 
including willow and oak (13).

In Israel only one individual was trapped, on 17th June 1966, in 
the Hula area; it probably originated from the trees growing on the south
ern slopes of adjacent Mount Hermon.

Cossus aries Pung.
C, aries Pung. was described from Jerusalem and North Africa 

(9), and has also been trapped in northern Sinai, at El-Arish (12). Only 
one individual was trapped in this study, on 21st October 1959, at Yotvata 
in the Negev Desert.

D i s c u s s i o n

The number of species recorded by Bodenheimer (4) greatly ex
ceeds that attracted by our light traps; the light traps were placed at 
certain sites and were, of course, stationary, whereas the moths record
ed by Bodenheimer were caught on the wing in various parts of the 
country, where our traps were not operating. The moths, being big and 
heavy, seem to be confined to their breeding area, and do not travel over 
long distances.

The cossid species trapped at various sites included those that 
appeared only once or twice, Cossus aries Pung and C. cossus L. ; and 
those known pests caught regularly, including Z. pyrina in some fruit 
trees and in olives, and P. paradoxa in vine.

Z. pyrina is present during the summer, according to Boden
heimer particularly from August (2); but from light-trapping it became 
apparent that the main adult population is found in May-June, after
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which a sharp decline takes place, and the population remains at a low 
level throughout the summer and autumn. This may be due to its late 
emergence in olive trees and perhaps also to late oviposition (6). Trees 
that were not sprayed after August became heavily infested with Z. 
pyrina larvae, whereas neighbouring trees, treated until October, were 
entirely free of larvae (6).

P. paradoxa was trapped at various sites in the neighbourhood 
of grape vines throughout the summer. This is  in accordance with ex
isting biological data (8). Only once were two individuals caught in 
December, in Jerusalem.

The species with the highest number of individuals caught in the 
traps was Pragmatoecia castanea, which was present at all localities 
near bodies of water, where its host plants were abundant.

All cossid species, even those caught continuously, always ap
peared as single individuals, which indicates their local origin, i .e .  that 
they were indigenous and not migrants from remote breeding sites, which 
often come in flocks.

A c k n o w l e d g m e n t s
Many assistants operated the traps at the various sites, and our 

thanks are due to all of them. Special mention should be made of M. Z. 
Shoham of Huliot, who caught most of the Z. pyrina and the single C. 
cossus. Great help in identification, especially of species trapped in 
small numbers, was given by Prof. H. Bytinski-Salz.
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A B S T R A C T

The paper describes methods and instruments which enable growth in captivity of 
hornets and carrying out of planned experiments for the purpose of studying various aspects of 
the biology, ecology, biochemistry and intercommunication of colonies of the oriental hornet.
For this purpose, hornets were labeled individually and their daily activities observed 
extensively.
During the day, adult hornets were found to fulfil various duties associated with feeding, construction 
and defence. These functions were performed in well established sequence and were carried out 
simultaneously by the majority of adult hornets in the nest.

The life-span of the worker varies between 12-64 days. No difference in longevity was 
found between workers born in the beginning of the season and ones born towards its end.

Descriptions are presented of the hunting and foraging activities of hornets and also 
of the interrelations between hornets of different colonies which occupy the same site.

Tests of food preferences were carried out. Entire honeybees were found to be 
preferred to other animal proteins. The order of protein preference was as follows : body parts 
of honeybees, boiled honeybees, workers of the oriental hornet, males of the oriental hornet, 
queens of the oriental hornet, fish fragments and ground meat. The maggots of various flies 
were not accepted. *

* This paper is part of M.Sc. and Ph.D. theses submitted by J. Ishay to the 
Faculty of Science, Tel Aviv University, and to-the Senate of the Hebrew 
University, Jerusalem, respectively.
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A. INTRODUCTION.

Among the 10 subfamilies of Vespidae. only two -  the Vespinae 
and Polistinae exhibit social behaviour, i. e. they possess a worker caste 
and form annual colonies. Among the Vespinae only two species occur in 
Israel. Paravespula germanica F . , a palaearctic species, which reaches 
its Southern limits in Israel and Vespa orientalis F. , the subject of this 
paper.

The colonies consist of a founding queen and workers, to which, 
later in the season, are added males and virgin queens. At the end of the 
year, the males and workers die off, while the fertilized queens hibernate 
till spring, when each surviving queen founds a new colony.

The adults subsist usually on the carbohydrates in flower nectar, 
in aphid secretion and in fruit juices, but they feed their larvae on animal 
proteins derived from insects or occasionally from the meat of verte
brates.

The oriental hornet is known to occur in the following regions: 
the Southern and Eastern parts of the Mediterranean basin, Southeast and 
Central Asia, Egypt, the Arabian Peninsula, the Sahara, Ethiopia and 
Malagash. In the Near East, it is regarded as the primary pest of the 
honeybee and of various summer fruits. The life-history of this hornet 
in Israel has been studied and described by Bodenheimer (1930, 1933),
Rivnay & Bytinski-Salz (1949), Ishay (1962, 1964, 1965) and Darchen 
(1964).

Colonies of the oriental hornet are quite frequent around settle
ments, both rural and urban. They occur usually close to food and water 
sources, like human abodes, springs, bee-hives, e tc . , and are rather 
rare at other locations. Under natural conditions, two hornet colonies 
may be situated quite close together. Thus, for example, several colon
ies may be encountered in the walls of adjacent houses or in the ground, 
some 2-6 metres apart.

B, MATERIAL AND METHODS.
The Housing Unit.

The artificial nest box, housing one hornet colon each, was built as described 
by Ishay (1962), see Fig. 1. The vespiary was constructed out of asbestos to 
measure 4 metres in length, 2 metres in width and 2 metres in height. Shelves 
were fixed along the walls of the vespiary which could hold 12 nests each, 
at a distance of 50 cm. apart, (Fig. 4). A round hole was bored in the wall 
of the vespiary opposite the entrance to each nest, so as to allow hornets
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exit out of the vespiary, when the observer so desired. During observa
tion periods, the investigator removed the plywood board affixed under
neath each nest and was then able to observe the hornets inside. In this 
way, it was possible to observe everything that went on inside the nests, 
without disturbing the hornets and without the danger of being stung. The 
main drawback of our system was the unavoidable illumination of the in
terior of the nest during observation periods. However, the irritation of 
hornets consequent to removal of the plywood shield was of a transient 
nature, and the hornets were soon accustomed to this intrusion and even 
came to tolerate the light of an electric bulb.

Two cages were built out of "saran" netting to surround the as
bestos vespiary so as to enable flight of hornets around their new abode.
The first cage (Cage A) surrounded the vespiary in such way as to leave 
room also for a courtyard measuring 9 x 4 x 2. 25 metres. This enclos
ure housed facilities for running water, electricity sockets for light, 
ventilation, heating and photography, various working gear and equipment, 
and a ’dining table* for the hornets which included also a bee-hive.

The second cage (Cage B) measured 13 x 1. 5-2 x 2. 5 metres. At 
the one end of the cage, there was a wire net supporting several shelves.
On these shelves were placed 5 hornet nests - 3 with their apertures open
ing out to the surrounding field and the remaining two opening into the en
closed courtyard. This second cage was also equipped with the necessary 
facilities and working gear, but additionally it housed (at a distance of 6 
metres from the nests) a special accoustic installation for picking up the 
sounds produced by hornet colonies.

Connecting the two cages, there was a screen-door which could 
be opened, if necessary, to allow traffic of hornets from one cage to 
the other.

At any one time, there was room inside the cages for a total of
18 nests.

Part of the hornet colonies which served as subjects for observa
tion and experimentation was obtained from fertilised queens which had 
undergone hibernation in the cages. The remaining colonies were intro
duced in toto directly from the field.

As already pointed out, for purposes of picking up the sounds pro
duced within hornet nests, the second cage contained an accoustic installa
tion or an accoustic chamber which was fully insulated from the surrounding 
environment. Within it could be grown an entire hornet colony and the 
sounds produced by the individual hornets could be recorded without dis
turbing the normal development of the colony (Fig. 2. ).
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Figure 2



In order to obtain an accurate count of the number of hornets 
that pass through the nest entrance during various hours of the day, a 
photo-electric cell was installed in the passage tube which served for 
hornet traffic inside the accoustic chamber. The photo-electric cell was 
connected to a D. C. Activity Discriminator and every hornet that passed 
through the tube triggered the cell and was thus 'counted'. The pulse 
emerging from the Discriminator was passed into a Preset-Count Elec
tronic Scaler, Model EL-SU-P, which determined thè time (in seconds) 
it took 10 hornets to pass through the nest entrance.

Data on the ground temperature during the months of main hornet 
activity and at the depths at which their nests are likely to be found, were 
kindly provided by the Israel Meteorological Station at Beit-Dagon. Our 
own measurements of the ground temperature were made by the use of a 
Tele-Thermometer Model 44, T.D. Serial 900 (Yellow Springs Instru
ment Co. ).

C; RESULTS and DISCUSSION OF RESULTS.

1. Daily Activity in the Nest.
Fig. 3 presents a typical example of the colony activity in the vespiary. 

From the recorded results, it is clear that hornet activity as expressed in mob
ility persists also in the dark. The main activity of hornets occurs at a 
nest temperature of 29-31°C., the outside temperature at that time being 
20-26°C. The maximal activity was observed during the hours before 
sunset and up to two hours after. Some activity, albeit low, was observ
ed also during all hours of the night. Ishay (1962) assumed this to be the 
case with Vespa orientalis. According to Blackith (1958a), Vespa crabro 
hornets carry out foraging trips also be moonlight. Callan (1950) and 
Gaul (1952) described a hornet from the West Indies, Apoica pallida 
Olivier, which is distinctly nocturnal in habits.
2. Longevity of the Workers.

In order to determine their life-span, workers had their thorax 
or abdomen marked upon eclosion with different colours and were then 
observed till they died or disappeared. The hornets were marked during 
the months of June, July, August and September. Marking of hornets 
was carried out in colonies with queens as well as in queenless colonies, 
and in confined colonies as well as in colonies allowed free exit to the 
field. Workers which had been marked after the beginning of August re
ceived food inside their nest on cold days, and the nest was warmed by a 
lamp to enable activity of the hornets.
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No hornets left the nest during the first 2  days after éclosion, and 
none left the nest after an age of 35-38 days. The life span varied between 
12 and 64 days. Only the observations within the enclosure of the Vespiary 
are relevant for the calculation of theoretical longevity of the workers 
(average 45. 5 days). In the field (average 36.1 days), the hornet popu
lation may be reduced by many external factors, such as destruction by 
man and birds, poisoned food resources, etc.; some of the wasps may 
not return at all to the family. The lower life span in workers having 
access to the field is especially noticeable during the first 14 days, when 
the mortality in the Vespiary bounded group is only 8. 8% of the total 
mortality, while in the field bound group it reaches 42. 5%, (Table 1).

The majority of hornets die outside the nest; that is to say, the 
hornets leave the nest without returning. Hornets which die inside the 
nest are ejected shortly after without being eaten, unlike foreign hornets 
which are used as food upon entering the nest.

3. Daily Activities of Individual Hornets.

On 11.7.1966, we labelled 4 workers from a small nest under ether 
anaesthesia. Subsequently, we kept a record of the nest activities of the 
labelled hornets. Data collected in this fashion give an idea of the activity 
of individual hornets during the follow-up period, as well as a general 
picture of the activities taking place in the nest. In all, we carried out 
some 15 observations on the daily activités of individual hornets. The 
following is a record of the typical activities of 4 hornets during approx
imately 2 hours on 11.7.1966 (Table 2).

F u n c t i o n a l  S t r u c t u r e  of  the P o p u l a t i o n  
__________ i n s i d e  the N e s t .

4. Division of Work.

As is well known, investigations on the behaviour of the honeybee 
have shown that with bees the division of duties in the family is a function 
of age. Not so in the Oriental hornet, where each worker performs a series 
of different duties each day. To determine exactly the changes in the activity 
of hornets, we carried out extensive observations on labelled hornets.

When one observes a hornet colony with some 35 workers, one 
usually finds the workers scattered all over the surface of the comb as 
well as in the space surrounding it. One of the workers stands guard at 
the exit, several others are taking care of the larvae and others, still, 
clean the nest or fly out to forage. The overaH impression is one of



T A B L E 1

L o g e v  I t y  o f  w o r k e r s  i n  t h e  v e s p i a r y  a n d  i n  t h e  f i e l d

hi the vespiary
| D e  a d  a f t e r  d a y s

N est N o.
D ate of 
m arking

N o . of 
workers

12-16 17-21 22-26 27-31 32-36 37-41 42-46 47-51 52-56 57-61 62-64 1

i 2 0 .6 .6 6 15 1 1 1 2 1 2 4 3 I
3 1*7.65 IS - - - 2 1 i - 2 2 3 3 |
5 8 .7 .6 5 15 - - - 4 2 4 3 1 - - i  I
7 2 0 .7 .6 5 15 - - - 2 3 2 2 2 1 2 i  1
9 1 5 .8 .6 5 40 i 1 3 2 2 5 6 5 5 3 9 I

11 1 5 .5 .6 6 5 - - 1 i - - 1 1 - i •  I
13 1 5 .5 .6 6 8 i 2 ”* 1 1 i 1 - 1 i  §

T otal 113 2 3 5 13 10 14 14 12 10 14 18 I
-  ■

A verage 4 5 .5  days

F ligh t to  the fie ld

D e a d  a f t e r  d a y s  ( o r  d isappearadce)

N est N o .
D ate of 
m arking

N o. of 
workers

12-16 17-21 22-26 27-31 32-36 37-41 42—46 47-51 52-56 57-61 62-64

2 2 5 .6 .6 5 15 1 1 1 1 1 • 1 1 2 4 1
4 8 .7 .6 5 15 - 1 6 2 i i 1 - i 2 -
6 1 2 .7 .6 5 15 - 6 3 - - - - 2 3 1 -
a 2 .8 .6 5 IS 3 2 1 3 i - 1 - i - 3

10 1 5 .9 .6 5 40 6 6 10 4 - 2 2 3 2 2 4
12 1 5 .5 .6 6 5 1 - - - - i i i - 1 -
14 2 5 .5 .6 6 8 - - - - 2 1 • i 2 1 1

T o ta l 113 i i 16 21 10 5 5 6 8 11 11 9

A verage 36 .1  days



TABLE 2
D e v e lo p m e n t o f a H o rn e t C o lo n y  w ith in  an  a r t i f ic ia l  n ^ t .
T h e  n e s t ,  in th is  c a se  w as fo u n d e d  by a q u e e n  w h ic h  h ad  h ib e rn a te d  th e  w in te r  in th e  c a g e .  T h e  d a ta  w e re  c o l le c te d  a t  1 1 .3 0  a * m , 
te m p e r a tu re  to k e n  in  th e  s h a d e . N o tew o rth y  is th e  f a c t  th a t  m a le s  a p p e a r  a l re a d y  in  th e  m id d le  o f  Ju ly  -  an  e x tre m e ly  ra re  
o c c u rre n c e  In a n e s t  c o n ta in in g  an  o v ip o s it in g  q u e e n  .

D a t e
T e m p ,
in °C

T o ta l  N o . 
o f c e l ls

In c re a se  in  N o . 
o f c e lls

S
...............

e a le d  c e l
—
Is T o ta l

a d u lts

H o rn e ts  in n e s t M o v e m e n t w ith in  
10 m in u te s  

a t  1 1 .3 0 .to ta l w o rk ers
i

q u e e n

a t  1 1 .3 0

! $ • .< ? ! ? ? o ' ?

1 .5 .6 6 25 1 1 1 1
8 . 5 . 6 6 25 32 31 1 1

1 5 .5 .6 6 26 45 13 1 1
2 2 .5 .6 6 28 70 25 1 8 1 1
2 9 .5 .6 6 29 200 130 5 5 1 1

5 .6 .6 6 30 2 40 4 0 12 12 1 1
1 2 .6 .6 6 31 290 50 26 26 2 1 1 1
1 9 .6 .6 6 33 3 20 30 80 8 0 5 4 1
2 6 .6 .6 6 3 1 .5 3 60 4 0 n o n o 10 9 1 2

3 .7 .6 6 31 3 80 20 140 140 28 27 1 5
1 0 .7 .6 6 32 4 20 4 0 160 160 66 65 1 6
1 7 .7 .6 6 32 S10 90 160 180 89 85 3 1 12 I
2 4 .7 .6 6 32 620 n o 160 160 100 94 5 1 26
3 1 .7 .6 6 33 640 20 135 135 118 115 12 1 23

7 .8 .6 6 33 830 190 150 150 162 140 21 11 36
1 4 .8 .6 6 34 940 n o 140 140 144 120 23 1 14
2 1 .8 .6 6 34 1100 160 181 180 1 102 84 17 1 24
2 8 .8 .6 6 3 4 .5 1250 150 222 2 10 12 86 60 25 » 18

4 . 9 . 6 6 33 1340 78 2 183 160 23 87 55 31 1 26
1 1 .9 .6 6 3S 1420 74 6 124 80 44 86 4S 4 0 1 24
1 8 .9 .6 6 35 1475 20 35 85 60 25 86 4 0 4S 1 19
2 5 .9 .6 6 33 1559 84 66 4 0 26 54 25 28 1 25
2 .1 0 .6 6 32 1687 128 48 30 18 33 15 17 1 17
9 .1 0 .6 6 * 28 1847 160 64 5 0 14 23 12 6 3 19
1 6 .1 0 .6 6 29 1847 82 75 17 38 6 12 18 15

1 1 9 .2 .6 7 19 1847 4 4

* On 9 ,1 0 .6 6  first heavy ra in .



D a i l y  A c t i v i t y  i n  t h e  F i e l d  ( o b s e r v a t i o n s )

D ata  co llected  on 5 colonies observed in fields around G iv 'a t Hereel during July, 1965 (average num ber of adults 
per nest ; 208)
The soil on w hich the nests were encountered was overlaid w ith garbage m ixed together w ith various construction wastes. 
The activ ity  was m easured from  the early  m orning til l  a fte r sunset. The tem perature readings were taken  in the  shade in 
the v ic in ity  of each  nest.

T A B L E  3

H o u r
Tem perature 

in shade 
°C

Average of
workers
entering

Average of 
workers 
leaving

(b)

Average of 
to ta l

m ovem ent 
a + b

Percentage of 
activ ity  of 

to ta l
population

R e m a r k s

6 --6:10 23 5 7 6 3
7 -  7:10 28 16 16 16 8
8 -  8:10 2 8 .5 43 33 38 18
9 -  9:10 28 48 50 49 24 alm ost a ll carry  sand out

10 -  10:10 31 152 149 150.5 72
11 -  11:10 3 1 .5 139 137 138 66
12 -  12:10 30 209 220 215 .5 103 strong breeze
13 -  13:10 29 148 140 114 68
14 -  14:10 29 119 123 121 58 strong breeze
15 -  15:10 28 .5 77 77 77 37 alm ost a ll carry sand out
16 -  16:10 28 .5 39 32 3 5 .5 17 M »1 It ft >1

17 -  17:10 28 .5 22 30 26 13 ii it ii ii n

18 -  18:10 28 25 25 25 12
19 -  19:10 28 58 20 39 19

Com m ents on Table 3

Workers w ith  th e ir wing beating  cduld be observed near the  nest en trance during a ll hours of the  d ay .
H ighest a c tiv ity  occurred a t 30°C (in the  shade) lowest -  a t 23°C . I t  is quite lik e ly  th a t ac tiv ity  started about an hour before 
m easurem ents (but unfortunately , i t  was impossible to  reach  the a rea  ea rlie r than  we d id) sim ila rly , ac tiv ity  persisted into the 
n igh t hours, a fte r m easurem ent were d iscontinued.
During the tim e of peak  a c tiv ity , the num ber of hornets entering  or leav ing  the nest over a period of 10 m inutes rare ly  exceed 
the  to ta l num ber o f workers inside the n e s t,'a lth o u g h  m any  workers entered  or le f t  m ore th an  o n ce .



TABLE 4 Observations over 2 hours on 4 individual hornets from a sm all nest, w hich had been 
m arked vnth grey, red or w hite p a in t. (June 1066)

T im  e Grey on abdom en Red on thorax Red on abdomen W hite on abdomen

9:00 Drags the larva  along Builds Rests on the com b Flies out
9:05 tt «i i> it It M It It Returns, builds
9:03 It  M It Flies out It I I  It It Nurses the  larvae
9:09 it it it Returns, builds it it ti n It It H

9:15 Lets the larva  go Builds Waves her wings -
9:22 W anders about Descends from com b ti it it -
9:30 n n d itto ti n  it Returns w ith m ea t
9:34 Nurses larvae D itto D itto Feed workers and larvae

10:00 Nurses the larvae Nurses the larvae W anders about Nurses the larvae
10:02 D itto Flies out D itto D itto
10:04
10:05

Examines cells Returns to  nurse Nurses the larvae D itto

10:20 Wanders about Nurses the larvae D itto Ditto
10:30 Ditto Flies out On the  floor of the  nest D itto
10:33 D itto Returns w ith m e a t D itto Flies ou t
10:35 D itto Feeds d ie  larvae D itto -
10:36 Flies out D itto D itto -
10:41 Returns w ith honey Nurses the larvae Wallis slowly on the floor 

of the nest .
10:43 Nurses the larvae D itto D itto Return? with h o ney , feeds
10:45 Builds Flies out D itto Nurses the  larvae
10:47 D itto Returns, builds Ditto D itto
10:49 Nurses the  larvae Builds D itto D itto
10:52 Nurses the larvae Builds W alks slowly on the  floor 

of the  nest .
10:55 Flies out D itto D itto -

- D itto D itto -
- Nurses the larvae Nurses the  larvae -

- J i t to Builds .

11:00 Flies out D itto Returns w ith building m ate ria l
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constant, bustling activity and of strict assignation of individual workers 
to specifically defined tasks.

The labelling of workers enables accurate follow-up of their 
activities in the nest. Thus, we found that newly emerged workers do 
not leave the nest during the first two days. During this period, they 
are engaged in strictly interior activities, such as wanning the larvae, 
receiving, chewing and passing to the larvae the food obtained from for
aging workers, cleaning the cells, collecting wastes off the floor of the 
nest and disposing of them outside, extracting diseased larvae or pupae 
from their cells and subsequently expelling them from the nest, cleaning 
the cells following eclosion and arranging the formation of 'resting 
circles' about the queen.

Care of the larvae.
Each worker spends a considerable part of her time in the nest 

caring for the larvae. Care for the larvae consists of constant inspection 
tours of the larval pool, during which the worker intrudes her antennae 
into each cell and explores its contents; upon detecting a live larva, the 
working promptly feeds it a morsel of meat or a drop of liquid food and 
receives, in return, a droplet of saliva. The relations between these 
nursing workers and the larvae are called "trophallactic" ones and will 
be discussed in detail later on. When the temperature is above 26°C. , 
care of the larvae continues uninterrupted during all hours of the day, 
whereas below 26°C,, there is less feeding of the larvae, but the work
ers crowd over the openings of the larvae-containing cells and cover them 
with their bodies.

Apart from nursing the larvae - a pivotal task which keeps the 
majority of workers busy during most of the period of activity - the 
workers may temporarily engage in other tasks, such as cleaning the 
cells after eclosion of the imagoes, standing guard over the nest entrance 
and attacking any enemy threating the nest, bringing water to cool the 
nest, transporting forage from the field, providing building materials, 
digging inside the nest cavity to enlarge it and, when necessary, repair
ing cells.

During prolonged observations, we have npted that care of the 
larvae is a pivotal activity and the mainstay of all other activities. Thus, 
for instance, building or repairing within the nest (e. g. addition of mat
erial on the cell walls to complete them) are undertaken by the worker 
only after nursing the larvae and so also foraging or guarding. It should
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be emphasized that in no instance was a hornet observed to pass from 
building to field work, or from guard duty to intra-nest digging, without 
first nursing the larvae. These observations stress the importance of 
larval care.

The GuardingWorker.
In small colonies, one does not always observe a "sentry" hornet 

at the entrance of the nest; in medium-sized colonies of 8-40 workers, 
however, there is generally a sentry at the entrance during most hours 
of the day, while in large colonies there are 3-20 workers engaged in such 
guard duty. The majority of these hornets wave their wings, thus also 
ventilating the nest.

A "sentry" hornet stands at the nest entrance with its head facing 
outwards. The task of such hornet is to inspect every hornet that enters 
the nest and also to 'clear' all hornets departing from the nest. In case of 
attack on the nest, the "sentry” hornet will alert all workers within to the 
impending threat by ejecting a drop of venom. This drop of venom contains 
a volatile substance, the odor of which apparently serves to warn members 
of the nest. Such a substance has been described also by Maschwitz (1964) 
and by Lindauer (1965).

Changing of the guard is carried out in the following manner: the 
"sentry" hornet enters the nest and climbs upon the comb. Seconds later, 
another worker approaches the nest entrance, circles briefly around it 
from the outside and then climbs to the outside, where it remains.

Table 5. presents a chronological record of guard activity in a 
small nest (7 workers). As can be seen from this record, there was 
occasionally no "sentry" at the entrance.
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T ab le  5 . Guard Duty a t  the Entrance of a Sm all Nest of Vespa O rientales on 1 0 .7 ,1 9 6 6 .

T im e of Day A ctiv ity  a t the Nest Entrance

1245 No guard a t the en tran ce .

1250 A worker approaches, c ircles and then stops a t the inner end of the entrance 
in such a position th a t before a worker can enter or leave  the nest, the  sentry 
m ust m ove aside to allow her to  pass.

1256 Sentry withdraws in to  the nest. Entrance le f t  unblocked.

1320 A new sentry posts herself a t the en trance.

1325 Sent withdraws into the nest. Entrance le f t unblocked.

1328 New sentry approaches.

1333 New sentry flies out of the nest (unlike the others, who re treated  into the 
est).

1345-1353 OBERVATIONS INTERRUPTED

I 1353 No sentry .

1355 New sentry a t  nest en trance.

1406 Withdraws into nest -  new sentry approaches.

1410 Sentry retires into nest -  rep lacem en t arrives.

1412 New sentry withdraws into nest.

1413 Another sentry approaches.

1420 Withdraws into nest -  rep lacem ent approaches.

1426 R eplacem ent withdraws -  nest le f t unblocked.

1440 New sentry a t en tran ce .

1452 Sentry retires into nest, leaving entrance unblocked.

OBSERVATIONS DISCONTINUED.
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In the larger colonies, sentries stand guard at the nest entrance 
for about 7-12 minutes. Usually, even before the guard period is ended, 
another worker approaches from the rear and waits until the sentry leaves 
before taking her place.

Upon entering the nest, every worker identifies herself to the 
sentry by presenting her tongue. If recognised as a member of the colony, 
she is allowed to enter; otherwise, she is driven off and even chased after.

6. Sequence of Introduction into the Nest of Various Materials.

The worker hornet brings into the nest various materials for 
building, as well as for feeding the colony. As building materials, the 
worker introduces dried woody matter and soil particles. These two ele
ments, when masticated and mixed with saliva, comprise the material 
from which the comb is built. As food materials are introduced: water 
(which serves also to cool the nest), proteins (derived from captured bees 
as well as from other available prey)_ and suger-containing substances.
Honey is obtained by hornets in nature both by consuming bees (the honey 
stomach of the bee), as well as by robbing honey from the bee-hives.
When we bred hornets in an enclosed case, we provided them with honey, 
which we placed in flat dishes on their food table.

The daily hornet activity begins mostly about 7 ^ - 0 8 ^  when 
the nest temperature reaches 27 C. It is interesting to note that usually 
the initial activity is not the foraging for food, but rather the introduc
tion of building materials. In the course of observations, we noted that 
the introduction of materials into the nest followed a definite, recurring 
sequence, as building materials - animal protein - carbohydrates (sugar 
solution or honey). Water is introduced in small quantities during the 
whole period of activity. The time devoted to hauling in each type of mater
ial ranges between 45 to 75 minutes and depends on various factors, such 
as availability of the material, its distance from the nest, the external 
temperature, the wind velocity and also the immediate needs of the colony.
When a particular material such as meat, for instance, is on the schedule, 
all foraging hornets will bring in only this material and nothing else,(Table 6a.).

Following are observations on the sequence of materials introduced 
into a nest which contained 8 workers. Each time indication represents the 
entry of a single hornet with a particular substance.
Workers in orphan nests do not introduce building materials (Table 6b.).
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T able  6 . Records of m ateria ls brought into a nest by individual hornets of Vespa O rientalise

a) Observations carried  out on a sm all nest containing 8 workers in Cage A:

T em perature  in the shade 
°C .

Carries building 
m ateria l

Carries m ea t Carries honey

3 0 .5 0853
30 .5 0854

3 1 .0 0900
3 1 .0 0930
3 2 .0 0938
3 3 .0 0945
3 3 .0 0950 (2 hornets)
3 3 .0 0951
3 3 .0 1000
3 3 .0 1005

3 4 .0 1026
3 4 .0 1034
3 4 .0 1040

3 4 .0 1055
3 4 .0 1058
3 4 .0 1102
3 4 .0 1109
3 4 .0 1120
3 4 .0 1125
3 4 .0 1134
3 4 .0 1144

I 3 5 .0 USO
3 5 .0 1158
3 5 .0 1205

3 5 .0 1205

b) Observations carried  out on a s n a i l  nest containing 20 workers w ithout queen (orphan nest] 
in Cage A .
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T able  6b (C ont'd l

b)
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Frequently hornets can be seen imbibing a little water before they 
taka other materials, and we have therefore not kept a separate record of 
such water intake. During noon hours, however, when it is quite warm in 
the nest, hornets are clearly observed to introduce large drops of water 
into the nest which they wedge into the grooves between the pupal domes.
The purpose of this action is to cool the nest (for more details see Page 89).

In the morning and in the evening, when the nest temperature drops 
below 27 C ., a few hornets will, from time to time, leave the nest to bring 
water. The remaining hornets are not overly active during such hours, 
neither inside nor outside the nest.

It takes the hornet about 8 minutes to fetch meat, but only a few 
seconds to imbibe water. Occasionally, hornets drink while in flight: 
they swoop diagonally towards the water surface, dip their tonque in with
out pausing and then soar aloft again. The hornet spends some 4 minutes 
in collecting honey in one foraging flight. For the first half-minute or so, 
she flies around the honey, taking occasional small nips, but then she re
mains near it and proceeds to ingest it steadily.

To capture bees, a hornet will either approach the swarm proper 
or a place where single bees may be encountered, such as the threshold of 
the bee-hive or the vicinity of an apian feeding site. The hornet seems to 
creep up on the bees, avoiding sharp or sudden movements. Grabbing a 
bee with her fore-legs, she soars rapidly and while in flight, she stings 
the prey to paralyse it.

Occasionally, entire bees are brought to the nest to be divided 
among the various members of the hornet colony. Usually, however, the 
predator hornet starts preparing the prey for consumption even before 
returning to the nest. She alights on a tree branch some 3-6 metres from 
the ground and usually hangs head down attached by one or both hind legs.
She now uses her free legs to roll the prey between her jaws. The head 
and belly of the bee are bit off and discarded, while the muscular thorax 
is chewed up with the aid of the mandibles, till it becomes a soft plug of 
meat ready for apportionment. This done, the hornet flies back to the 
nest with her load of meat.

In many cases, no part of the bee is carried back to the nest. In
stead, the hornet slits open the belly of the paralysed’bee, removes the 
crop containing the honey and drains it dry. The carcass of the bee is then 
discarded and the hunt resumed.
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During summer months, the hornets stand or fly for hours at the
entrances of beehives, in wait for bees to return from the field. As is 
known, there are, in Israel, two main races of bees -  the local and the 
Italian ones. The local bees protect themselves against hornets by form
ing dense clumps at the entrance of the hive. In such instances, a hornet, 
in order to capture a bee, must first detach it from the rest, a rather 
difficult feat which is rarely successful. There is the additional danger 
that the overly venturesome hornet, in coming too close to the apian phalanx, 
may occasionally become the victim of its prey and be stung to death by the 
massed bees. In contrast, the bees of the Italian race do not defend them
selves against hornets. In most cases, the hornet will approach to within 
1.5 cm. of one of the bees standing at the entrance of the bee-hive. It 
will then entice the bee to chase after it by executing sharp movements of 
retreat. The bee leaves its hive-mates and follows the retreating hornet, 
gradually closing the gap between them. To a spectator from the side, the 
two protagonists seem to be executing a grotesque pas de deux, with the 
relatively larger hornet simulating retreat and the smaller bee giving 
chase. When the two have moved some 2-4 cm. from the rest of the bees 
and are about 3-5 cm. apart, the hornet suddenly pounces on the bee, 
grabs it with its legs and soars straight up to a nearby branch, where 
it commences to chew up its prey.

In this fashion, hornets deplete bee-hives during the summer and 
may on occasions totally destroy entire apiaries. The reason entire api
aries are destroyed is that, after the hornets dispose of the sentry bees at 
the hive entrance, they invade the hive proper and "gobble up" the adult 
bees, the young and any food lying about.

Fighting between hornets was frequently observed at the nest 
entrance, as well as at the food table. When we marked all worker horn
ets in our vespiary with different colours, we found that the fighting 
hornets belonged to two different colonies. In this case, the competition 
of individuals of the same species gives way to a competition between indi
viduals belonging to the same species but to different colonies only. There 
was, however, .no animosity between workers of Vespa orientalis and those 
of Paravespula germanica, Polistes gallicus, Bombus terrestris or Apis 
mellifica, when eating together from the food on the plates.

In this connection, Kalmus (1941), Sakagami (1959) and Brian 
(1965) note that honeybees of different races (e. g. the Caucasian and the 
Italian) will show animosity when they meet near a food source, while bees 
of the same race but of different colonies will not. No animosity, however, 
was observed between Paravespula germanica and Paravespula vulgaris,
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despite the fact that they occupy the same biotope and frequently visit the 
same food sources (Kemper, 1961; Kemper & Ddhring, 1962).

While hornets shown antagonism towards members of other col
onies, they do collaborate with members of their own. Thus, we usually 
find 2-3 hornets of the same colony standing together at the entrance of 
bee-hives and occasionally while one of them 'draws' the apian phalanx 
towards it, the other pounces on a lone bee and captures it. If the food 
is too heavy for a.single hornet to carry, it will bite off a chunk it can 
handle and willingly leave the rest for a nearby nest-mate. Were it a 
'foreign' hornet, however, it would not be allowed possession of the re
maining food, but instead would be chased away.

We also note that when hornets gain control of a beehive and in
vade it, they will not leave till they have emptied it of all food and bees.
A few hornets will stay at the mouth of the hive to guard it against invasion 
by hornets of other colonies, that is to say, they appropriate the hives 
strictly for the use of their own colony.

The rate of hornet predation on bees was determined by us experi
mentally by counting daily the number of bees in a hive introduced into the 
enclosed courtyard of the cage. We found that the average loss of bees per 
day per hornet was 33. As is known, the average weight of a bee is 0.1 gm 
Hence, a 3.3. gm. weight of bees was the average daily catch per hornet. 
However, only about a third or less of this catch was brought into the nest 
as food (for reasons explained earlier). We know that not all hornets leave 
the nest. The ones that remain in the nest are usually the very young, the 
very old and the relatively small hornets - as has been observed by Rich
ards (1953b) for various wasps, and also by Free (1955) for Bombus spec
ies. Consequently, it is clear that in medium-sized and large colonies, 
not more than 50% of the winged population leaves the nest to forage in the 
field. This means that each predatory hornet captures in fact 6. 6 gm. of 
bees per 24-hour period (there is nocturnal predation as well), of which 
not more than 2.2 gm. - i. e. almost 7 times the weight of the individual 
hornet (average weight of hornets being 0.305 gm.) - is brought back as 
food. Considering, however, the weight of the fresh prey, such an amount 
of insect meat is about 50% more than that brought daily by Paravespula 
germanica (4 gm. per day, according to Herold, 1962). This difference 
might be attributable to the greater size of Vespa orientalis, which enables 
it to capture larger insects, such as honeybees. While there are no exact 
data on the daily catch of bees under conditions in nature, it is well-known 
that bees of the "Italian" race are very hard to raise in areas infested by 
hornets, particular during the months of main hornet activity.
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Carrying the captured bees to the nest apparently imposes no 
great burden on the hornets, as can be seen from the following data on 
the weight of objects usually carried by hornets during the season:

a) To the nest: entire bees - 0.1 gm; bits of meat or fish - 0.3-0.5 gm.
(but the latter are brought from afar, occasionally from 
many kilometres away).

b) From the nest: soil particles removed in the course of enlarging the
nest - 2. 5-3. 7 gm; queen larvae that had fallen out of 
their cells - 2. 3-2. 7 gm; dead queen - 0.712 gm; dead 
worker - 0.305 gm; pupa - 0. 668 gm; 5th-Instar larva - 
0. 919 gm. Note, however, that these objects are 
carried only short distances from the nest, e, g. a few 
centimetres to several metres at the most.

Frequently, when large objects, like a large piece of soil or a 
large larva fallen out of its cell, are to be removed from the nest, two 
or more hornets are seen to grab hold of it at the same time; however, 
since each hornet pulls the object in its own direction, it usually is not 
carried in the desired direction but is frequently rotated in place or 
carried around in circles. After a while, one of the hornets wins out 
and eventually carries the object out by herself. In addition to bees, 
small grasshoppers, mole-crickets and the larvae of flies and butter
flies are also brought into the nest. Savory (1928) describes hornets as 
a natural enemy of spiders, but we have never seen hornets to bring 
spiders into the nest. In fact, when we placed live spiders at the en
trance of the nest, or even inside it, these were not touched by the horn
ets and mostly got away from the nest.

The speed of flight of the worker hornets in various regions and 
at different altitudes was measured by us at various hours of the day and 
was found to be 2, 6-3. 8 m /sec. (in flights to and from the nest). Hornets 
carrying a load usually fly at a lower speed. When escaping some danger 
or under threat of attack, hornets can fly much faster than' stated, but 
only for short distances. According to Wenner (1963), a honeybee on a 
windless day will fly at a speed of 7. 5 m /sec, unloaded, and at 6. 5 m /sec. 
while carrying a load. It follows then that bees usually fly faster than 
hornets and this probably explains why hornets attempt to capture bees 
at the mouth of the hive rather than on the wing.

Hornets visit also flowers and collect nectar from them. Meeuse 
(1961) notes that the flowers which hornets prefer and which they visit in 
large numbers are species of the genus Epipactis, of family Orchidaceae.
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The hornets are apparently attracted to these flowers from quite afar, 
and what attracts them is probably their brownish-purple colour. In the 
course of drawing nectar from the flowers, the hornets are instrumental 
in their pollination.

hi Israel, hornets visit various flowers, but without clear-cut 
preference for any particular species. Of the visited flowers, there are 
the species Ochradenus baccatus (Resedaceae), Zizyphus spina-christi 
(Rhamnaceae) , Urginea martima (Liliaceae'l. Umbelifers and many 
others. All of these have in common the fact that their nectar is exposed 
and easily available. This enables hornets, which are insects with a 
relatively short tongue, to reach the nectar and lap it up. Regular, 
visits are also paid to aphid-infested plants, since hornets tend to 
lap up the aphid secretion, either directly off their backs or from the 
substrate, where it collects in droplet form.

We tested the persistency with which hornets visit the food 
sources, by labelling them. We marked the ones that visited the area 
of the apiary in the Botanical Gardens of the Tel-Aviv University, and 
also the ones that visited the Ochradenus baccatus plants in the same 
gardens. The marked hornets were seen to return each one to its 
site day after day for two weeks and, at the same hour at which they 
were labelled.

Next, we tested the possibility of training hornets to accept food 
both in the field and in the cage at a fixed hour of the day. As food, we 
used honey solution, ground meat and bees, which we placed in numerous 
identical plates so that the hornets would not fight over the food. The ex
periment was run near the vespiary of the Tel-Aviv University in the 
middle of August, 1966, at the time when hornets are found in abundance 
near the entrances of bee-hives. About tow hours after the food plates 
were laid out, all were visited by hornets and near a few plates, hornets 
could even be seen fighting each other. Hornet visits to the food plates 
persisted for as long as there was food in them, and no preference for 
any particular plate or time of visit was observed. By marking hornets 
caught at the food plates and then, following them to the nest, marking 
also their nest-mates with the same colour, we were able to identify any 
of the hornets that paid the food plates a second visit. Thus we found 
that hornets of the same colony pay concerted visits usually to one food 
source and shift to a second food source only after a certain time inter
val. From the foregoing, it seems that hornets of the same colony that 
fly out of the nest towards a given food source comprise a unified work 
group which usually brings back to the nest only one type of material at



any one time. The duration of such visits may range from 15 minutes to 
2 hours. In view of the different food requirements of different colonies, 
there is no overlapping of visits to the same food source by different horn
et colonies. The findings of this experiemnt confirm our earlier observa
tions on .hornets in captivity with regard to the sequence of introduction of 
materials into the nest.

6. The Use of food- and building materials^inthemest.

A worker returning to the nest with food foraged in the field, en
counters first of all the sentry at the entrance, and passes to it some of 
the food in her mouth. The rest of the food is apportioned to some of the 
workers on the comb, as well as to the larvae. Workers which receive 
food from the forager hornet, pass part of it to other workers and some 
of it also to the larvae, A worker in the process of chewing the food re
ceived from one foraging hornet, will not accept a second food offering 
from another. A worker intent on leaving the nest will circle about the 
inner surface of the entrance, touching from time to time the wing or foot 
of the sentry hornet, till the latter eventually steps aside and enables her 
to leave. Workers bearing building materials are immediately recognis
able upon return to the nest by the fact that they do not pass any of the 
material in their mouth to the sentry hornet. Neither do they distribute 
any of the building material to the other workers, but instead they climb 
upon the comb and commence crushing and chewing the building material. 
Subsequently, they walk over to various cells in need of repair or enlarge
ment and start to mend or build accordingly. There are usually many 
such cells- in the comb, so that every worker returning with building mat
erial handles a different cell. A cell is built initially from its upper 
foundation, i. e. the one close to the stem of the comb. A building hornet 
stands on the edge of the cell, ejects some of the building mash from its 
mouth and, after molding it in place on the cell wall, uses her mandibles 
to smooth it from both sides so as to conform to the thickness of the wall 
and to the general shape of the cell'(mostly hexagonal). Construction pro
ceeds backwards, that is to say, the hornet retreats as she builds. While 
using its mandibles to smooth down the forming walls, the building hornet 
touches both sides of the wall with her antennae, as if to test the direction, 
thickness and qualify of the constructed part.

On her way to fetch building materials, a worker first pauses at 
the water supply and drinks a bit, the water apparently playing some part 
in the preparation of the building mash.

The building materials used in constructing the comb are partly 
organic and partly inorganic, as has been described in detail in an earlier 
paper (Ishay, 1965).
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LEGENDS TO PLATES

Plate I, A Queen constructing the first 2 cells of the nest.

Plate I, B The same queen as in A has now constructed 4 cells in 
the vespiary. Eggs have been laid in two of the cells 
and the queen now guards the nest and warms it through 
repiratory activity.

Plate I, C The comb of a hornet nest. Water droplets are visible 
on the silk domes as well as on the cell walls. The 
water droplets are 'hung out' by the workers during the 
warm hours, in order to cool the nest.

Plate II, A Hornet nest at end of the active season (October). 
Envelopes have been built around the nest to isolate it 
from the immediate environment and to protect it from 
extreme temperature variations. Wasps on the bottom 
are anesthethized to take the photograph without glass 
pane.

Plate H, B Part of the comb with cells constructed of layers of 
different materials.

Plate H, C Workers engaged in chewing up bees. They suspend 
themselves with their hindlegs only from the edge of 
the comb and so reduce to a minimum the transmission 
of noises, produced by the act of chewing, to the comb.
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When we marked hornets and followed their movements in and out 
of the nest, we were able to ascertain that different hornets leave the nest 
each time. In a large nest (more than 35 workers), working groups of 3-4 
hornets each are formed, and the entry into the nest of one group is  immedi
ately followed by the exit of a similarly-sized second group. In a large nest, 
there is hardly any traffic of single hornets through the nest entrance. A 
worker group leaving the nest to collect building materials will break up 
outside and each hornet will seek out a different type of building material. 
We have never observed two or more hornets of the same work group to 
approach the same source of building material. In other words, if the 
first worker approaches the bark of a live tree, the second will approach 
a dried-up branch and the third - a charred wooden board. In contrast, a 
hornet group that leaves the nest in search of food stays together and, upon 
finding a food source, its members take turns in collecting the food until it 
is fully depleted. We have noted that although different groups of hornets 
will leave.the nest to collect building materials, the members of each 
group always approach the same 3 or 4 sources of building materials as 
the preceding group.

The first cells, built by the queen alone, are usually of the same 
material and of uniform structure (Plate I, figs. a. and b .). In larger 
nests, no worker builds an entire cell by herself, but rather adds a layer 
with the building material collected, then leaves and collects more mater
ial from the same source. Meanwhile, another worker adds another strip 
to the first cell (of a different colour) and the first worker now builds a 
strip on a nearby cell. In this way, the cell walls are not only built of 
materials of different colour and texture, but strips of the same colour 
may be observed over several adjacent cells (Plate n, fig. b.).

In a normal nest, the bringing in of food is more extensive than 
the bringing in of building materials. There i s also this difference: the 
collection of food entails the separate collection of honey and of meat, 
whereas the collection of building materials is done indiscriminately by 
the simultaneous introduction into the nest of a jumbled assortment of 
materials. Since honey and other carbohydrates are more easily and 
rapidly processed than other materials, more honey is normally brought 
into the nest than all other materials together. This, however, is  not 
always so and, under certain conditions, the situation may be reversed. 
Thus, for example, if the balance of conditions in the nest is upset, other 
materials may be preferred, depending on the need of the moment. One 
such instance has already been mentioned, namely when there are no free
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cells for the queen to oviposit in, and the need for building materials is 
greater than the need for food. A similar situation exists with regard to 
the meat supply to the nest: when there is  a relatively large number of 
larvae, particularly of big larvae, the meat supply is increased, but when 
there are no larvae in the nest, the meat supply is cut off completely.

We have already pointed out that hornets that prey on bees in an 
apiary, tend to return to the same hive day after day. We were therefore 
interested in finding out how fast hornets associate with a particular 'food 
table'. To test this point, we set up the following experiment: in Cage B, 
which is 13 metres long, we placed a dish containing honey solution in one 
of the niches close to the ground and at a distance of 7 metres from the 
nest entrance. The hornets discovered this food after 6 minutes of search
ing along the wall of the shed and within two hours, all workers that norm
ally fly out of the nest had visited the place. Subsequently, we shifted the 
honey dish a distance of 6 metres from the previous site. The workers 
continued visiting the previous site but, not finding food there, they com
menced moving in ever-increasing circles and after 16 minutes of search
ing, they finally reached the new location of the honey. For the next two 
days, the majority of hornets adopted the following flight course: from the 
nest entrance to the original site of the honey dish, thence to the current 
location of the dish, where they alighted and fed on the honey; this done, 
they flew back to the nest, but again passing over the original site of the 
honey. During the next days, the hornets flew straight and returned 
direct to the new site. We repeated this experiment several times with 
different colonies brought in from Cage A to Cage B, and each time the 
results were the same.

The findings of the above experiment indicate that hornets are 
quick to recognise food locations and that once they have been to one, 
they are capable of returning to it time and again. A further indication 
is  that after a single visit, hornets associate to a particular food source 
for a period of about two days.

7. Food Preference.

For the purpose of testing the food preferences of hornets, we 
juxtaposed two different food items in identical glass bowls and every half 
hour we reversed the order of the bowls so as to prevent hornets from
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associating with the site of the bowl, rather than -with the food. Experi
ence taught us that there are times when hornets collect food solutions 
and times when they collect meat, so that there was no point to test any 
preference between these two major categories. Consequently, we re
sorted to testing twin items in each category, as shown in'Table 7.

Table 7, A nim al protein preference of the oriental hornet, as based on choices betw een double 
sets of food items (The tests were run in cages A and B during July, August and Sept” 
ember of 1965 and 1966. Each test was run 6 tim es with all the colonies in the cages).

TEST MATERIAL PREFERENCE

D ead honeybees vs. dead hornets C learly  for the bees (hornets were co llected  
only after all bees had been co llected ).

Entire bees vs. bee parts Entire bees .

Bee parts! choice of head, thorax or 
abdomen

None -  all parts equally  a ttrac tiv e .

Live bees paralysed by cooling vs. 
boiled bees

Live bees.

Boiled bees vs. solution in which 
they were boiled

The bees proper (but ex tract also a ttrac tive  
and hornets w alk over it and taste the liquid 
with their an tennae).

Bees vs. m ole crickets Slightly in favour of bees.

Hornets! workers vs. queens C learly  for the workers.

Hornets! workers vs. m ales C learly  for the workers.

Hornets: queens vs. m ales M ale hornets.

Frozen hornets vs. boiled hornets C learly  for frozen hornets.

Entire hornets vs. hornet parts (head, 
thorax or abdomen)

Entire hornets.

Hornet parts: h ead , thorax , abdomen All parts equally  a ttrac tiv e .

Honeybees vs. gTound beef C learly  for honeybees.

Honeybees vs. bits of fresh fish Slightly in favour of bees.

Bits of fresh fish vs. ground m ea t C learly  for the fresh fish.
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The hornets did not collect any of the following items offered: 
casein, white or yellow cheese, maggots of the fly genera Musca, Calli- 
phora and Lucilia, or the larvae of the grain beetle Trogoderma granar- 
ium.

They did, however, imbibe avidly the haemolymph from the 
bodies of injured larvae or maggots.

8. The Response to Foreign or Undesirable agents which enter the Nest.

In the course of raising and observing hornet colonies, we noted 
that the hornets show specific, typical responses to the presence of foreign 
or undesirable objects in the nest. The following may serve as examples 
of such hornet responses.

We introduced a live bee into the nest. Within seconds, the bee 
was detected and chased by the hornets ;and this despite the weak illum
ination within the nest. The first hornet to catch up with the bee grabbed 
her with her fore and mid-legs and, after paralysing her with her sting, 
carried her back to the comb, where she suspended herself from the 
edge of the comb by her hind legs and, with head hanging down, com
menced to chew up the prey. Seconds later, the hunter hornet was ap
proached by other hornets, who proceeded to tear off chunks of the prey. 
Each hornet nibbled on its share of the meat and then started apportion
ing bits of it, mixed with apian cuticle, to the larvae.

The above-described behaviour was observed only in nests with 
a larva-containing comb. In colonies from which we removed all the 
larvae, the hornets either stung the bee and then ejected it from the nest, 
or they merely chased it out. When we introduced larger insects into the 
nest, such as specimens of Xylocopa sp ., the hornets made unsuccessful 
attempts to lull them and, after several minutes of futile combat, dragged 
them to the mouth of the nest and threw them out. On the other hand, 
roaches (Periplaneta americana) are a common occurrence in both nat
ural as well as artificial hornet nests. Weakened colonies are also in
vaded by various species of ants. The latter may, on occasions, wreak 
havoc on the colony by eating up the larvae, but usually they content them
selves with merely picking up the refuse which collects on the floor or at 
the corners of the nest. Wasps like Polistes sp. or Vespula sp. , when 
introduced into the nest, are chased out by the indigenous hornets. Weak
ened colonies are occasionally invaded by Paravespula germanica 
workers, which enter the nest and, in full view of the hapless occupants, 
collect various food materials and even extract larvae out of the cells .
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Veteran (=foraging) workers of Vespa orientalis who inadvertently 
enter a foreign nest are within seconds identified by the occupants as 
aliens; they are caught, stung to death, their meat consumed and the 
hard portions of the body ejected out of the nest. Young workers up 
to two days old are, however, accepted without any signs of hostility and 
they immediately join the indigenous workers in climbing on the brood 
combs and caring for the larvae.

The expulsion out of the nest of a foreign body or of a larva fallen 
out of its cell, always occur in the same fashion: the object is  dragged con
tinuously and in a straight line from the comb to the nest entrance. If, for 
some reason, the dragging is interrupted, as in the case where two or more 
workers are pulling on the object at the same time and in different direct
ions - the object is then carried back to the comb and the dragging starts 
anew. The worker, or workers, will go through this dragging procedure 
time and again until the object can be dragged in a continuous sweep to the 
entrance of the nest.

Hornets returning from the field or from the caged enclosure, fly 
to the nest in a straight line and alight at the entrance, near the sentinal 
hornets. Again if, for some reason, they are unable to reach the entrance 
in one sweep, they withdraw in the direction whence they came and once 
more fly in a straight line directly to the nest entrance.

9.- Observations on the Larvae.

We were interested in determining the frequency and duration of 
worker visits to hornet larvae at various stages of development. For this 
purpose, we carried out counts and measurements at various hours of the 
day and at different temperatures. Our findings showed that the larvae 
are visited approximately the same number of times during every hour of 
the day.

The duration of visits to a large larva is  2-13 seconds, depend
ing on the hunger of the larva and the nature of the food. The large larva 
is visited not only by the workers, but also by the queen (who does not pay 
such visits to the medium-sized or small larvae). The queen's visits, 
however, are not included in the foregoing counts, since she does not 
come to feed the larvae, but rather to obtain food from them. That the 
queen is the recipient, rather than the donor of food during visits to the 
large larvae, is clearly indicated from the following observation. Occa
sionally the larva retracts towards the bottom of the cell upon the queen's 
approach, apparently unwilling to be 'milked' further by her. In such 
cases, the queen intrudes her head into the larval cell and presses her
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mandibles underneath the head of the larva, forcing it to release a drop 
of food from its mouth. In contrast, during worker visits, the larva at
tempts to hold on to the worker by means of its jaws,

A queen's visit to the larvae usually lasts about 70 seconds, but 
can occasionally extend up to 3 minutes. The duration of worker visits 
to small and medium-sized larvae is  1-2 seconds and 1.5-3 seconds re
spectively.

The larvae are offered, on occasions, unchewed bits of meat 
which they are capable of chewing by themselves, A bit of meat, 1.5-2  
mm. in diameter, is chewed by a large Larva for 3-4 minutes. A hungry 
larva scrapes its mandibles against the rim of its cell, producing a sound 
which is well audible even to the human ear. The significance of this 
sound will be discussed in detail later on.

Communication between larvae and adults.

How exactly do the adults and'larvae communicate their recipro
cal need for food and the amounts required? To understand the manner in 
which such communication is accomplished, we must first describe the 
structure of the nest. The nest of the oriental hornet is composed of com
pact horizontal combs in which the cell openings face downwards. The 
combs, usually 3-7 in number, are connected to one another and to the 
roof of the nest cavity, by means of relatively thin 'columns'. The shape 
of the nest more or less resembles an inverted pagoda. Such structure of 
the nest, with relatively large, complete combs which enable passage of 
hornets from one comb to another only at ;their margins, is typical for 
the genus Vespa and related genera, and has been described by numerous 
investigators, among them Janet (1895), Bischoff (1927), Mellor (1927), 
Bodenheimer (1933), Weyrauch (1935, 1936), Kugler (1938), Rivnay and 
Bytinski-Salz (1949), Darchen (1964) and Ishay (1962,1964,1965). This 
type of nest is  designated as tetelocyttare'and differs from the nests of 
other vespid genera prevalent in tropical regions, like Protopolybia and 
Pseudochartergus, in which the combs are interconnected at the margins 
so that passage of adults from comb to comb is only possible through 
openings at the centre of the comb. The latter type of nest is  designated 
as 'phragmocyttare'.

The nest of the oriental hornet, belonging as it does to the 
'stelocyttare' type, shows stability-ensuring features typical of 'static 
data' along with 'acoustic data' which, on the one hand, helps to insulate 
nest sounds from the noises of the surrounding environment and, on the 
other, enables communicative bonds between members of the colony.
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Of the static data we may point out the following: the first combs 
are built in the shape of a dome, which makes for stability. The 'columns' 
which connect one comb to another and also help to'bind the nest to the roof 
of the nest cavity, are rigid, elastic structures and are scattered all over 
the surface of the combs. They are composed primarily of well-chewed 
organic material such as tree bark, cardboard or the like, and not of in
organic material as maintained by Bischoff (1927). The combs, however, 
are composed essentially of earth taken from the immediate environment, 
the percentage of organic matter being relatively low. The 'columns' are 
broadly attached to the comb below and become thinner towards the comb 
above; they are constructed in the form of longitudinal fibers (Rivnay and 
Bytinski-Salz, 1949, fig. 9; Ishay, 1964, Plate II, fig. b.). In this way, 
they lend stability to the nest over a relatively wide area and, at the same 
time, enable free passage of hornets between the cells. In contrast to the 
columns, the cells of the combs are constructed of transverse layers of 
materials of different origin, which differ not only in colour and composi
tion, but also from an acoustic aspect (Plate II, fig. b .).

From the acoustic standpoint, the columns help to mold the nest 
into a rigid structure and to set it apart from the surrounding milieu. The 
nest is thus well-insulated from extraneous noises which otherwise might 
have reduced or blocked the transmission of solid-borne sounds produced 
on the combs and consequently might have prevented intercommunication 
between members of the colony. In the case of the Oriental hornet, the 
larvae hang by the end of their bodies to one of the highest points within 
their cells. Longitudinal muscles enable the larva to contract and, in 
contracting, its mandibles are caused to slide across the horizontal bands 
of the cell, producing a series of solid-borne noises which are specific 
each cell in accordance with the arrangement, thickness and composition 
of the individual bands. It was shown (Schaudinischky and Ishay, 1967) 
that these sounds are hunger signals, beckoning workers to come and feed 
the larvae. Whether the nursing workers can identify the individual 
'codes' of the different cells or merely respond to the general call of 
the larvae, is an interesting point which requires additional study. All 
we know for sure at present is that the signalling is a combined effort, 
produced concurrently by all the hungry larvae as they wriggle within 
their cells. Each wriggling cycle of the larvae consists of successive 
contractions and extensions of the body and lasts 1. 5-1. 6 seconds, of 
which rubbing of the mandibles against the cell walls occupies a third 
of the time.

The structure of the comb in the hornet nest, the manner in which 
the combs are connected and the upside-down position of the larvae within 
their cells, are all in full concord with the acoustical demands. It stands
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to reason that the same holds true also for the nests of other species of 
the genus Vespa and related genera. It is not certain, however, whether 
a similar mechanism occurs also amon^ wasps of the genus Polistes, who 
build their combs at an angle of 90-180 to the ground. At any rate, the 
combs of hornets are clearly not analagous to those of bees, especially 
not to those of honeybees, since the latter are made of wax, which is an 
'inert' material from an acoustic standpoint, that is to say, it transmits 
elastic waves at tremendous losses and, from a practical standpoint, may 
be regarded as a non-transmitter of such waves. The walls of the cells 
in the combs of bees are smooth and of uniform structure, while the 
larvae are situated horizontally within their cells and are occasionally 
partially submerged in the liquid which serves as food material. These 
characteristics of the honeybee comb do not enable sound production or 
reception by the larvae.

In view of the fact that for purposes of communication, both 
air-borne and solid-borne sounds are produced concurrently in the nest 
of hornets, there is apparently no interference between these two types 
of signals. In this connection, it is worth mentioning that in simultane
ous recordings of air-borne and solid-borne sounds within the nest, only 
few air-borne sounds were picked up as solid-borne. Clearly, the two 
sources of sound are well insulated from each other. The following may 
be cited as factors which contribute to such insulation of air-borne sounds 
from solid-borne sounds;

-  The body and legs of insects are articulated; such articulation 
can serve as a method of attenuating vibrations and may enable 
the separation of sounds produced during gnawing, wing vibra
tion or other bodily activity, from the sounds of the substrate.

- Workers chewing on food inside the nest, do so with their 
body suspended downwards. In this upside-down position, the 
workers usually grasp the comb with two hind legs only, which 
minimizes contact of their body with the comb and thus makes 
it unlikely that sounds produced during gnawing be passed 
through the substrate.

-  Likewise, and probably for the same reason, workers gnawing 
on food fasten to the edges of the comb rather than to the center 
or to the interconnecting 'columns'; the edges, like the rim of
a drum, are less amenable to the conduction of vibrations (Plate 
II, fig. c .).

On the other hand, there is no doubt that the hornets themselves 
are sensitive to solid-borne sounds and respond to such sounds, as afore- 
described. Apparently, receptors of solid-borne sounds are located on 
the tarsi of hornets.
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The sounds produced by hungry larvae are evidently not unifunc
tional. Since the larvae produce these sounds after finishing digestion of 
food received, it is reasonable to assume that they are now 'ordering' a 
second meal. A worker which feeds a larva receives from it, in return, 
a droplet of 'saliva' containing digested food. The rate of good digestion 
by the larvae determines the frequency of additional food offerings to the 
larvae on the one hand, and on the other - the frequency at which the 
workers, males and the queen, obtain the digested food from the larvae.
In other words, inasmuch as the larvae are interested in and signal.for 
additional food offerings, so also is the readiness of adults (queen, work
ers and males) to respond to these hunger signals by the larvae.

Contents of the Mid-gut of Hornet Larvae.

In larvae, as is known, the mid-gut and hind-gut are not con
nected, so that remnants of undigested food accumulate in the mid-gut and 
are excreted only after pupation, when such a connection is formed. .. In a 
5th-Instar worker larva (weighing about 0. 92 gm.), contents of the mid-gut 
weight about 0.28 gm ., i. e. about 30% of the total body weight. In a 5th- 
Instar queen larva (weighing about 2. 4 gm.), contents of the mid-gut weigh 
about 0.6 gm. , or 25% of the total body weight. Microscopic examination 
of the gut contents showed them to be composed of a dark-brown, homo
geneous liquid and of traces of animals consumed, like antennal segments 
and bits of insect cuticle, and occasionally also traces of plant matter - 
probably the gut contents of consumed butterfly larvae. The mid-gut of 
the larva usually contains also the bacteria Staphylococcus aureus var. 
albus and Proteus vulgaris. These were the only bacteria encountered and 
they were detected by repeated seeding of mid-gut contents on agar and 
also on other culture media.

Husing (1954, 1956) examined the gut contents of the larvae of 
various species of European social wasps and detected in them undigested 
remnants of materials traceable to the insects on which they were fed.
Thus, for instance in larvae of Paravespula .. vulgaris, he found many 
traces of cellulose, derived probably from the gut content of the larvae 
of the butterflies Pieris rapae, Pieris brassicae and Pieris napi, on 
which they are fed; he also found slight traces of cellulose in the mid-gut 
of larvae of Paravespula germanica. On the other hand, he found only 
traces of insect cuticle in the intestine of larvae of Dolichovespula sp. 
and Vespa crabro. Hence, from the standpoint of larval diet, Vespa ori- 
entalis resembles Vespa vulgaris, despite the fact that from a systemat
ical standpoint it is considered more closely related to Vespa crabro.
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The Temperature in Hornet Nests.

Hornet nests are mostly located In the ground or within spaces 
in stohework, as can be seen from Table 8.

T A B L E -  8 . Locations of 39 hornet nests exam ined during the h e igh t of the active  season

i------------------

D a t e Locality
D irection  of 
nest en trance

■ — -  -  ■— — ■ -~r-„

Location and starting depth

1 4 .5 .6 5 T el-A v iv East In Cardboard box
1 3 .7 .6 2 Arara South In the stone-work of a wall
1 3 .7 .6 2 Arara W est In th e  soil! upperm ost comb at depth of 12 c m .
1 5 .7 .6 2 T el-A v iv Upwards n  n  H n  it II II " 9 cm .
1 5 .7 .6 2 T el -Aviv W est t l »1 II II M II II " 14 cm .
1 8 .7 .6 2 T el-A v iv Upwards m  it  it  i i  n II II " 5 cm .
1 8 .7 .6 2 T el-A v iv Upwards h  ii i i  n  n II 11 " IS cm .
2 7 .7 .6 2 Ein Hod Downwards Beneath ceilin g  of room
3 0 .7 .6 5 Arara W est In Stone w all
3 0 .7 .6 1 Arara North II II II

3 0 .7 .6 1 Arara East 11 M II

7 .8 .6 1 U m -el-F ahm East In the soil! upperm ost comb a t depth of 25 c m .
7 .8 .6 1 Tira East In Stone w all

1 0 .8 .6 2 T ira East II It II

1 0 .8 .6 2 T ira South In w all of hollow bricks
1 5 .8 .6 1 Ara East G West In stone w all
1 5 .8 .6 1 Ara East Beneath house-roof
I S .8 .61 Ara East In stone w all
1 5 .8 .6 1 Ara East In stone w all
1 5 .8 .6 1 Ara East Beneath house-floor
2 2 .8 .6 1 Arara West In house wall
2 2 .8 .6 1 Ara Upwards Beneath house-floor
2 2 .8 .6 1 Ara East In stone w all
2 5 .8 .6 1 T el-A v iv East Beneath terrace-stone
2 5 .8 .6 1 T el-A viv South In the soil! upperm ost com b a t depth  of 8 cm .
2 7 .8 .6 1 T el-A v iv Upwards II II M 11 II 11 5-10 h

6 .9 .6 1 R am at Rahel South It 11 M II <1 11 10-15 n

6 .9 .6 1 R am at Rahel Upwards M ff i!  M 1» II 10-15 h

1 5 .9 .6 1 T el-A v iv Downw.'tds In a w all supporting a house-roof
1 0 .1 0 .6 2 T el-A v iv W est In hollow bricks
18 .1 0 .6 2 R am at Gan Upwards In soil upperm ost com b a t depth of 8 c m .
5 .1 1 .6 0 R am at Gan South M 11 II II 11 65 "
8 .1 1 .6 0 Tel-A viv East I l II II II II 45 "

1 5 .1 1 .6 0 T el-A v iv North II III II 1: II 15 "
1 8 .11 .61 M ikveh Israël Upwards I l H II It If 15-20 cm .
2 1 .1 1 .6 1 T el-A viv East 11 «  I 1 II <1 25-40 h

2 .1 1 .6 0 T el-A v iv East I l II 11 II II 2-26 i

1 2 .1 2 .6 0 T el-A viv Upwards 11 V  II II II 2-26 m

1 5 .1 2 .6 0 T el-A v iv Upwards In w all of hollow bricks
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From the data in the above table, one gets the impression that 
there is no uniformity in the direction of the nest entrance, which is to 
say that the ne§t entrance can face in any direction. Most of the nests 
were located in the ground or in places protected from extreme temperat
ure fluctuations. A similar observation has already been made by Steiner 
(1930, 1947) and by Schremmer (1962) for various social wasps occurring 
in Europe.

Following are data on the ground temperature during the main 
months of hornet activity, at such depts at which nests are likely to be 
located. These data comprise statistical averages which have kindly 
been provided by the Israel Meteorological Station at Beit Dagon (Table 9).

These data indicate that there are ho ext reme daily temperature 
fluctuations at the depts at which hornet nests are located.

We compared the temperature within a natural nest in the ground 
with the temperature at the ground surface. The method of recording the 
temperature is illustrated in Fig. 6

f a n  e 0 H » n r f / t i u e i f & 8  2t i i  i t i w u  * * «



T A B L E 9 M in im u m  tem p era tu res  a t  ground  l e v e l ,  and  a v e ra g e  tem p e ra tu re s  In C °  in  d iffe re n t  d ep th s  (0 .5 - 1 0 0  c m ) , 
rec o rd e d  a t  th re e  d iffe re n t  t im e s  o f  the  d a y  ( 0 8 .0 0  ,  1 4 .0 0 , 2 0 .0 0 )  d u rin g  th e  m onths June to  D e c e m b e r  1964 • 
a t  th e  M e te o ro lo g ic a l S ta tio n  -  B e t-D a g o n .

J U n e j  “  1 y A u g u c t S e p t e m b e r O c t o b e N o v e m b e  r D e c  e m b e r

D  a Y 1 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30

M in im u m  T e m p , 
a t  ground le v e l 1 5 .1 1 2 .8 1 7 .6 1 6 .6 1 8 .7 1 8 .8 1 7 .4 1 8 .8 1 7 .0 1 7 .4 1 5 .6 1 8 .2 1 1 .6 _ L k ! 1 0 .2 7 .1 8 .0 1 3 .1 5 ,1 7 .6 3 ,« 9 ,0

D ep th T a m p , a t
Ö 5 T ” 2 8 .6 2 7 .8 2 8 .5 3 0 .6 3 0 .0 3 0 .7 3 0 .7 3 1 .1 3 0 .8 3 0 .4 2 7 .4 2 7 .6 2 4 .4 2 3 .8 : 2 1 .1 1 7 .8 1 8 .0 1 4 .7 1 2 .2 1 1 .1 8 .2 1 2 .6

0* 5  cm 14 3 8 .6 3 8 .0 4 0 .2 4 0 .6 4 0 .9 4 1 .4 4 1 .1 4 1 ,3 4 1 .1 3 2 .0 3 8 .2 3 7 .3 3 3 .2 3 2 .3 3 3 .0 2 9 .3 2 7 .8 I S . 8 1 9 .6 1 3 .4 1 6 .7 1 9 .7
20 3 2 .8 3 3 .0 3 4 .3 3 4 .4 3 4 .8 3 5 .4 3 5 ,8 3 4 .6 3 4 .7 3 3 .4 3 2 .2 3 1 .0 2 8 .6 2 7 .0 2 6 .4 2 3 .2 2 2 .6 1 3 .8 1 4 .4 1 1 .0 1 2 .5 1 4 .6

08 2 7 .8 2 7 .2 2 8 .4 2 9 .6 2 9 .7 3 0 .1 3 0 .4 3 0 .2 3 0 .0 2 9 .5 2 7 .8 2 7 .6 2 4 .4 2 3 .4 2 1 .9 1 9 .3 1 9 .0 1 5 ,2 1 2 .2 1 1 .9 9 .4 1 2 .9
] 10  c m 14 3 4 .8 3 4 .3 3 6 .6 3 6 .6 3 6 .5 3 6 .9 3 6 .9 3 6 .9 3 6 .7 3 5 .9 3 4 .3 3 3 .5 3 1 .0 2 9 .8 2 8 .8 2 5 .6 2 5 .7 1 6 .1 17. S 1 3 .6 1 5 .1 1 7 .8

1
20 3 3 .2 3 3 .2 3 4 .8 3 5 .0 3 5 .4 3 5 .9 3 6 .2 3 5 ,5 3 5 .4 3 4 .4 3 3 .0 3 2 .0 2 9 .2 2 8 .0 2 7 .5 2 4 .6 2 3 .8 1 5 .1 1 5 .8 1 2 .0 1 3 .4 1 5 .6

08 2 8 .8 2 8 .4 2 9 .8 3 0 .6 3 1 .0 3 1 .5 3 1 .9 3 1 .6 3 1 .4 3 0 .9 2 9 .8 2 9 .8 2 6 .4 2 5 .2 2 4 .3 2 2 .1 2 1 .4 1 7 .0 1 4 .1 m ; o 1 1 .8 1 4 .3

2 0  c m 14 3 6 .1 3 1 .3 3 2 .6 3 3 .4 3 3 .4 3 3 .8 3 4 ,0 3 4 .0 3 3 .9 3 3 .3 3 1 .8 3 1 .0 2 8 .3 2 7 .0 2 6 .2 2 3 .7 2 2 .8 1 7 .2 1 6 .4 1 4 .4 1 3 .9 1 6 .3
20 3 2 .9 3 2 .8 3 4 .2 3 4 .8 3 5 .1 3 5 . S 3 5 .9 3 5 .5 3 5 .3 3 5 .5 3 3 .2 3 2 .3 2 9 .5 2 8 .4 1 7 .9 2 5 .2 2 4 .3 1 7 .1 1 7 .1 1 7 .3 1 4 .4 1 6 .6

08 2 9 .9 2 9 .8 3 1 .0 3 1 .8 3 2 .2 3 2 .7 3 3 .3 3 2 .9 3 2 .9 3 2 .3 3 1 .4 3 0 .4 2 8 .3 2 6 .8 2 6 .0 2 4 .0 2 3 .0 1 9 .0 1 6 .2 1 5 .7 1 3 .9 1 5 .3

JO c m 14 3 0 .0 2 9 .9 3 1 .0 3 1 .9 3 2 .2 3 2 .6 3 3 .1 3 2 .9 3 2 .8 3 2 .2 3 1 .2 3 0 .3 2 8 .2 2 6 .7 2 5 .8 2 3 .7 2 2 .8 1 8 .6 16J3 1 5 .5 1 3 .8 1 5 .5
1 20 3 1 .2 3 1 .2 3 2 .4 3 3 .2 3 3 .5 3 3 .9 3 4 .3 3 4 .1 3 4 .0 3 3 .4 3 2 .3 3 1 .4 2 9 .2 2 7 .8 2 7 .1 2 4 .7 2 3 .8 1 8 .6 1 7 .2 1 5 .2 1 4 .6 1 6 .3

1 • 08 3 0 .0 3 0 .2 3 1 .3 3 2 .2 3 2 .5 3 3 .0 3 3 .6 3 3 .3 3 3 .3 3 2 .8 3 1 .9 3 0 .8 2 9 .2 1 7 .5 2 6 .7 2 4 .8 2 3 .8 1 9 .9 1 7 ,2 1 6 .6 1 4 .8 1 5 .8

I 4 0  c m . 14 2 9 .8 2 9 .9 3 1 .0 3 1 .9 3 2 .2 3 2 .6 3 3 .2 3 3 .0 3 2 .9 3 2 .4 3 1 .6 3 0 .5 2 8 .6 2 7 .2 2 6 .4 2 4 .4 2 3 .4 1 9 .6 1 7 .0 1 6 .2 1 4 .5 1 5 .7
20 3 0 .3 3 0 .4 3 1 .6 3 2 .6 3 2 .8 3 3 .2 3 3 .7 3 3 .S 3 3 .5 3 3 .0 3 2 .0 3 1 .1 2 9 .1 2 7 .7 2 6 .9 2 4 .8 2 3 .8 1 9 .4 1 7 .4 16.1 1 4 .8 16.1

08 2 9 .9 3 1 .3 3 2 .3 3 3 .2 3 3 .6 3 4 .0 3 4 .7 3 4 .4 3 4 .3 3 3 .8 - 3 1 .1 2 9 .6 2 8 .0 2 7 .2 2 5 .4 2 4 .4 2 0 .9 1 7 .8 1 7 .3 1 5 .5 1 6 .2

5 0  c m 14 3 0 .5 3 0 .8 3 1 .8 3 2 .8 3 3 .2 3 3 .6 3 4 .2 3 3 .9 3 3 .8 3 3 .4 3 1 .8 3 0 .8 2 9 .2 2 7 .6 2 6 .8 2 5 .0 2 4 .0 2 0 .6 1 7 .6 1 7 .0 1 5 .2 1 6 ,1

2 0 3 0 .8 ■ 3 1 .1 3 2 .3 3 3 .1 3 3 .7 3 3 .9 3 4 .5 3 4 .2 3 4 .2 3 3 .7 3 2 .1 3 1 .1 2 9 .2 2 7 .8 2 7 .0 2 5 .2 2 4 .1 2 0 .4 1 7 .8 1 6 .9 1 5 .4 1 6 .4

08 2 7 .4 2 8 .6 2 9 .5 3 0 .5 3 1 .1 3 1 .5 3 2 .1 3 2 .3 3 2 .3 3 2 .2 3 1 .8 3 0 .9 3 0 .4 2 8 .9 2 8 .2 2 7 .0 2 5 .8 2 4 ,3 2 1 .1 2 0 .1 1 8 .2 1 7 .8

100 c m 14 2 7 .S 2 8 .6 2 9 .6 3 0 .5 3 1 .1 3 1 .5 3 2 .2 3 2 .3 3 2 .3 3 2 .2 3 1 .8 3 1 .0 3 0 .2 2 8 .9 2 8 .2 1 7 .0 2 5 .8 2 4 .3 2 1 .1 2 0 .0 1 8 .2 1 7 .8

20 2 7 .5 2 8 .6 2 9 .6 3 0 .4 3 1 .1 3 1 .5 3 2 .2 3 2 .3 3 2 .3 3 2 .2 3 1 .8 3 1 .0 3 0 .1 2 8 .9 2 8 .2 2 7 .0 2 5 .8 2 4 .3 2 1 .1 2 0 .0 1 8 .2 1 7 .8
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Our measurements showed that the external (=surface) temperature, 
measured 2 cm. above the ground, fluctuates within a range of 18-39°C ., 
whereas the nest temperature range is 28. 5-29.3°C. (Fig. 5).

Figure 6
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Next, we measured over a period of several months, the temperat
ure variations within a normal, populated nest, and compared them with 
th,e temperature variations within an unoccupied cavity of similar dimens
ions and properties (Fig. 5,7). We found that the colony 'tries' to maintain 
a constant nest temperature of 28 C. At the beginning of September, the 
nest temperature was one degree lower than that of the control cavity, but 
subsequently, despite decrease in the ground temperature (and also in the 
control cavity temperature), the nest temperature remained practically 
steady, so that the temperature difference between the nest and the control 
cavity eventually reached 4-5 C. There was a sudden drop in nest temper
ature at the end of October, which was caused by cessation of activity within 
the nest. Most hornet nests become depopulated during this month (Fig. 8) 
and this for the following reasons: In the first place, sexual forms (i. e. 
males and young queens) leave the nest to carry out their nuptial flights 
and for the most part do not return to the nest; secondly, the workers die 
off; and thirdly, the larvae who are now left unattended and unfed, die of 
starvation.

Fig. 7 indicates that even during the months of November and Dec
ember, there is still a difference between the nest temperature and the 
temperature in the control cavity. The difference is due to the fact that 
the empty combs which are still present in the nest, decrease the volume 
of the nest, divide it into smaller air spaces (cell spaces) and contribute 
to its insulation from the external environment. As soon as the empty 
combs are removed from the nest, its temperature becomes the same as 
that of the control cavity.

Similar temperature measurements were made on hornet nests ar
ranged in the artificial vespiary as in Fig. 4, or laid out in a row on 
special frames.

We also determined the temperature changes during most of the 
active season, in populated and unpopulated vespiaries.

We found that in the beginning of the season (during May), when 
hornet colonies consist merely of a queen and a comb with few larvae 
(Plate I, a. and b .), the nest temperature curve corresponds roughly to 
the temperature curve in an empty vespiary, but during the daytime, the 
nest temperature is somewhat higher (Fig. 9). Fig. 10 compares the 
temperature in an empty nest to that in a nest made up of a queen, 2 work
ers and a 26-celled comb containing eggs and larvae in different stages of 
development. As can be seen in the graph, the greatest fluctuations of 
temperature occurred during the cool night, whereas in daytime, only 
slight fluctuations were recorded. The sudden increases in temperature 
are attributable to the respiratory movements of the queen and workers





— H* 4 b ■f i t '• * » it * * * S ì -tir ¿ é»9 »



88



§9

which produce a slight elevation in temperature. In June, the external 
temperature is higher than the nest temperature and, as the first workers 
are already present, they help to increase the temperature of the nest. 
Indeed, during prolonged observations we have noted that the queen only 
rarely leaves the nest during this period, but when she leaves it, she does 
so only during the warmer hours of the day.

Of interest is the fact that both Fig. 9 and Fig. 10 show the nest 
temperature to be higher than 19 C. In tests carried out with hornet eggs, 
we found that eggs kept for 2 hours at a temperature lower than 19 C. will 
fail to develop any further, suggesting that 19 C. is the critical nest temp
erature. Inasfar as the ground temperature in the coastal plain between 
November and April never exceeds 19 C ., there is no possibility for 
larvae to develop during winter and spring.

Starting from July, hornet nests are populated with numerous work
ers - 80 and more. Comparison of the temperatures in empty and populated 
nests shows that the form of the temperature curve in the populated nest 
conforms to that in the control cavity, but is consistently higher by several 
degrees (Fig. 7). ;

11. Thermoregulation within the Hornet Nest.

Regulation of the nest temperature is accomplished in several ways. 
As already pointed out, natural hornet nests are usually located in sites 
where there are no extreme temperature fluctuations during various hours 
of the day. However, the presence and also the activity of the numerous 
adults and larvae in the nest causes a certain elevation of the nest temper
ature i s  compared to that of the surrounding environment. So long as the 
nest temperature remains below 29 C ., the only thermoregulatory activity 
is a constant alar ventilation produced by workers situated at the nest en
trance. The function of these wing movements is probably to produce con
vection currents between the nest and the surrounding environment. When 
the temperature rises above 29 C ,, there is increased ventilatory activity: 
more workers are seen vibrating their wings and they arrange themselves 
in a line extending from the brood combs to the nest entrance. During 
warm days, there are many workers engaged in such alar ventilation and 
the buzzing produced by their vibrating wings can be heard several metres 
away. On very warm days, the line of ventilating workers extends even 
outside the nest entrance, and in this respect their behaviour resembles 
that of honeybees in similar situations.

In addition to alar ventilation, some workers are seen to bring 
water droplets into the nest, which they then deposit on the silk domes 
of the pupal cells, as well as on other cell walls (Plate I, fig. c ,), while 
other workers use their mandibles to enlarge the nest entrance and free 
it from adhering clods of soil.
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Figure 9
WOODiK BOX WITH KHHHATiD HtST
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Figure 10
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Alar ventilation, water-spraying and enlargement of the nest en- 
trance_ are all means of reducing the nest temperature. There are, on 
the other hand, methods for increasing the nest temperature. At night, 
for example, hornets crowd en masse on top of the combs, thus causing 
elevation of the nest temperature, while at the end of the Reason, when 
even the daytime temperatures drop below the optimal 29 C ., the hornets 
wall off most of the nest entrance and also construct special envelopes' 
around the.populated combs, as shown in Plate n, fig. a. In this con
nection, it is worth mentioning that Mellor (1927) observed Egyptian Ori
ental hornets to build envelopes around the nest also in the beginning of 
the active season and presumed that they are a means of protection against 
high temperatures and low relative humidity. Paravespula germanica, 
the German hornet prevalent in most parts of Israel, also builds envelopes 
around the nest throughout the season. Vespa crabro, a hornet prevalent 
in many parts of Europe and considered to be related taxonomically to the 
Oriental hornet - also builds envelopes around her nest.

In our artificial vespiary, we have not observed the Oriental horn
et to build envelopes around her nests except when the vespiary was sub
jected to strong illumination (with a white light) for several days. Neither 
do hornets build such envelopes in the soil except when, due to hardness 
of the terrain, they are unable to enlarge the nest within the soil and are 
forced to build exposed combs above it.

Vuillaume (1962, and personal communication, 1965) studied the 
daily temperature fluctuations in the nests of various species of European 
wasps and found that there was usually a sudden drop in the nest temperature 
about 4 a.m. He attributed this drop to the inability of the wasps to 'warm' 
the nest due to a decreased Sugar level in their haemolymph. In our ob
servations on the Oriental hornet, we have never observed such sudden 
drop in temperature and neither did examination of hornet haemolymp re
veal any marked changes in the sugar level during various hours of the day.

In summarising, we note that from the point of view of nest temper
ature, the life of a colony is divided into three periods:

Period I. At the beginning of the season, when workers are few 
or none, the nest temperature approximates that of the surrounding 
milieu, and the main efforts of the queen and adult hornets are 
aimed at raising the minimal nest temperature so as to prevent 
harm to the developing progeny.

Period H. Extending over most of the active season, this period 
is marked by an abundance of workers and larvae in the nest. 
Temperature conditions in the nest are fairly optimal, because
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of the high ground temperature and also due to purposeful thermo
regulatory activity by the adults. Towards the end of this period, 
there is 'éclosion primarily of sexual forms, who leave the nest 
shortly after.
Period in. Along with the drop in ground temperature and the con
sequent reduction in the hours of daily activity, there is decrease 
in the size of the hornet population due both to death of workers, as 
well as to departure of the sexual forms. Consequently, there is 
less thermoregulatory activity in the nest and the nest temperature 
approximates that of the surrounding milieu.

One final observation merits attention at this point, in that it seems 
to be connected with the nest temperature - namely, the fact that many 
hornet larvae die before or during pupation and are subsequently thrown 
out of the nest by the workers.

Ejection of hornet larvae from the nest is a long-known phenomenon 
Mendelssohn & Steinitz (personal communications 1961) observed it in 1942 
in a hornet nest near MaTiaroth, and so did Kugler (personal communica
tion, 1962) in a nest near Ma'gan-Michael. Cohen (personal communica
tion, 1962) saw larvae ejected from hornet nests near Jerusalem, during 
September, October and November, 1961; in October, the number of 
larvae ejected each day reached several dozen.

As for our own vespiary: the workers from Nest 33 ejected larvae 
from 22. 8. 62 till the end of the season; Nest 19 - from 11. 9. 62 till the 
end of the season; and from Nest 23 - from 30. 8. 62 till the end of the 
season. From the last-mentioned nest, all larvae at that time present in 
the cells were thrown out. When we examined the ejected larvae, we found 
that most of them had died before, and this was probably the reason for 
their ejection from the nest. Rivnay and Bytinski-Salz (1949) also re
ported that after poisoning the nest population with Thallium bait, the 
ground around the nest entrance is covered with ejected larvae (up to 
15 per day/nest. Berland and Grassé (1951) believe that towards the 
end of the season, the mature workers murder off the older larvae and 
then either eject them from the nest or use them as food for the remain
ing young larvae, or for themselves. During our own observations, 
however, we have never seen workers to eat larvae and we further be
lieve that what causes the death of such larvae is the drop in the nest 
temperature below 19 C. It is worth mentioning that bee larvae also die at 
18-20°C.
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LEGENDS TO FIGURES
Page

Fig. 1. the breeding box (shown upside down). 48

1) glass bottom;
2) aperture through which hornets enter or leave 

the nest;
3) the holes in the rear of the vespiary are intended 

for the introduction of electrodes or food into the 
nest.

Fig. 2. Diagram of the nest within the acoustical chamber 50
and apparatus recording sound production and flight 
activity by photo-cell. For further explanations see 
Fig. 3.

Fig. 3. Typical hornet activity, as measured in a colony 52
within the acoustic chamber. The index of activity 
was the average number of hornets leaving or 
entering the nest during a given period (15 minutes). 
Recording of the activity was done by use of a photo
electric cell which was placed in the exit tube of the 
acoustic chamber. Hornets passing across this cell 
temporarily cut off the light beam and these inter
ruption pulses were passed on to a discriminator.

Fig. 4. A corner of the asbestos enclosure in cage A 48
(schematic). The nests are arranged in a row on 
a shelf.
A) electrode for measuring the temperature in the 

immediate vicinity of the nest;

Bj electrode for measuring the vespiary temperature;

C) Thermograph.

Fig. 5. Temperature recording in hornet nest as compared 83
to that in an analogous cavity (control) of identical 
properties. These two hollows and numerous ad
ditional hollows in the vicinity served during the 
previous year as nests for bee-eaters (Meropidae).
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Page
A) Hornet nest with an entrance^the larger dia

meter of which is 13 cm, the smaller -  10 cm.
B) The control cavity, with a volume similar to 

that of A. -

C) The thermograph used in measuring the tempera
ture. One of its electrodes is inserted into the 
hornet nest, the other into the control cavity.

Pig. 6. The temperature curve in the hornet nest (A) as 85 
compared to that of the external environment (B). 
Recordings were made in the shade during a 24-hour 
hour period 2 cm above the ground in the field.

Fig. 7. Temperature curves of hornet nest and control 87
cavity during September.

Fig. 8. Scheme of population development, average from 88
several nests.

Fig. 9. A 24-hour record of the temperature during May 90
in a small nest in comparison with an empty nest.

Fig. 10. A 24-hour record of the temperature in the same 91 
nest during June. Apart from larvae, the nest 
contained a queen and two workers.
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D. G EN ER AL D ISC U SSIO N .

Hornets of the genus Vespa and related genera are distributed 
mainly in the temperate and sub-tropical regions of the Northern Hemi
sphere and maintain annual colonies. The nests are founded in the spring, 
when nature is  in full bloom, but maximal development of the colony oc
curs towards the end of the summer, i .e .  when the flowering season is 
about over and consequently the nectar supply -  the food of the adult horn
ets -  is diminishing.

Investigators of hornets note that hornets visit flowers for their 
nectar and also visit plants infested with aphids. Apparently aphi d secre
tion constitutes a substantial source of carbohydrates for wasps, in the 
same way as does the nectar from flowers. The present study describes 
the frequent visits which hornets pay to their larvae. Tests run by Ikan 
and Ishay (1966) have shown that the secretions of both aphids and hornet 
larvae contain a number of mono-, di- and trisaccharides, the concentra
tion of which> in the larval saliva passed to the adults during each visit 
reaches 7%. In addition, the larval saliva contains about 1.4% nitrogenous 
substances. Apart from carbohydrates and nitrogenous substances, this 
secretion of the larvae, which is  passed to the adults in a process called 
trophallaxis, contains also substances of qualitative importance only, such 
as proteolytic enzymes. Phenomena of food-exchange between the adults 
and particularly between the adults and the larvae (trophallaxis), have 
long been investigated by various authors. Opinions are generally divided 
as to the significance of the latter phenomenon. Thus Janet (1895) and 
Roubaud (1916) believed that the saliva droplets passed by the larvae are 
tasty to the adults and are for this reason collected by them. Brian and 
Brian (1952), on the other hand, consider this secretion to be primarily 
an excretion which is passed orally to the adults for lack of any other 
means of disposing of it, inasmuch as the larvae cannot, till the time of 
pupation, pass excretory materials from the mesenteron to the procto- 
daeum. According to Weyrauch (1936), the larval secretion serves 
mainly to regulate temperature and humidity in the nest. Michner (1958b), 
Michner and Lange (1958c) and Sakagami and Michner (1962) are of the 
opinion that trophallactic relationships are of primary importance in the 
evolution of insect societies.

Ishay (1964) has observed oriental hornets during the rainy 
season to 'milk' the larvae almost incessantly for salivary secretion. 
Montagner (1963b), Montagner and Courtois (1963) and Montagner 
(1964 a,b, c, d) have studied the problem extensively and have also used
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radioactive gold (Au198) feedings to elucidate the nature of trophallaetic 
relationships in colonies of various European species. They have found 
that the males do not receive any food from the workers and subsist solely 
on larval secretion. Their studies also describe in detail a certain be
haviour of adults which excites other adults and also the larvae to secrete 
food droplets. Montagner (1963, 1964) notes that also in these relation
ships, there is pronounced dominance of the older workers, who demand 
food from the larvae and from the younger workers, much the same as 
reported by Pardi (1950) for wasps of the genus Polistes. Spradbery 
(1965) discusses trophallaxis in great detail but fails to commit himslef 
on the significance of this phenomenon. Morimoto (1960 a, b) fed adults 
of the genus Polistes on food containing radioactive phosphorus (P32) and 
detected radioactivity in the larval saliva 3 hours after the radioactive 
meal. Maschwitz (1965) did the same with adults of genus Vespa and 
found radioactive phosphorus in larval saliva passed during trophallaxis. 
He also succeeded in isolating sugars and amino acids from the larval 
saliva, and concluded that the larval saliva droplets can definitely substi
tute as food.

The above findings confirm Wheeler's (1928) supposition that 
trophallaxis serves an important role in the formation of bonds between 
the different members of social insect colonies.

From the standpoint of sugar concentration and content of nitro
genous substances, it is interesting to compare larval saliva with Royal 
Jelly of honeybees and with mammalian pailk. (Table 10).

TABLE 10 . SUGARS AND NITROGENOUS SUBSTANCES IN HORNET LARVAI SALIVA, 

ROYAL JELLY OF HONEYBEES AND MAMMALIAN MILK.

MATERLAL Saliva of Larvae 
of Vespa vulgris 
V . crabro and 
V . germ anica 
(According to 
Maschwitz, 1956}

Saliva of Larvae 
of Vespa oriental is; 
pH = 4 .5

Royal Jelly 
for 3 -4  day 
Larvae of 
Apis m e l l i-  
fera (After 
Decourt, 1956, 
1956a; Ronch

e tti  S F arg- 
ian , 1958;' 
pH = 4 ,1 —4 .5

M am m alian  Milk 
(After W est G 
Todd, 1959)

Hum an Bovine

Various Suga 
(in  %)

rs
8 .89 7 .0 12.49 7 .2 4 .8

T otal Protein
(in %) 1.75 1 .4 12.34 1 .5 3 .5
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Of interest is  the fact that the sugar-concentration in the larval 
saliva of Vespa orientalis is somewhat lower than in the larval saliva of 
European wasps and hornets, although the concentration of nitrogenous 
substances is  much the same. There is also close similarity of larval 
saliva to human milk in respect to protein concentration. The sugar con
tent of European hornet larval saliva is greater than that in mammalian 
milk and also greater than in larval saliva of the oriental hornet,

Concerning Royal Jelly, it is indeed a very highly concentrated 
substance, but one must remember that we are dealing here with two op
posing processes. Royal Jelly is a food material which nurser bees se
crete into the cells of the royal larvae or into those of very young worker 
and male larvae. They do this in order to feed the larvae, just as adult 
hornets feed their own larvae with bits of meat. In contrast, hornet larval 
saliva is a food material which is passed from the larvae to the adults.
Each hornet larva is visted by the adults anywhere from 53 to 98 times 
an hour, during most hours of the day, and in the course of each visit, it 
is made to release a drop of saliva. In other words, we have here a con
stant 'milking' of the larvae - the larvae receiving bits of food material 
and, after digesting them, returning most of the products of this digestion 
to the adults.

What is  the ultimate destination of this larval secretion?

Montagner (1963) has shown that male hornets are capable of sub
sisting solely on larval secretion. According to the observations of one of 
us (Ishay, 1965), the workers, towards the end of the season, chase the 
males away from the larva-containing combs and in this fashion bring 
about their death by starvation.

Another observation of Ishay (1964, 1965) is that the queens do not 
leave the nest at all once it contains workers in it, which is  to say, from 
June till December. During this period, they feed exclusively on the larval 
secretion. One quite readily sees the queen pausing between oppositions 
and 'milking' the larvae one after the other. When about to found the nest, 
the queens weighs 712 mg. on the average. The fecundity of the queen per 
one season is  estimated by Janet (1895) and by Rivnay and Bytinski-Salz 
(1949) to be as high as 1500 eggs, whereas Ishay and Ikan (in press) esti
mate the total as more than 4000 eggs per season. Since each egg weighs 
about 2 m g ., total weight of the eggs laid should be some 3000-8000 mg., 
that is to say, 4-11 times the weight of the queen in the spring. In the 
spring, before the start of opposition, the ovaiioleu of the queen weigh 
9-10,1 mg,, while at the peal: of opposition (in September), they weigh 
153.1. mg., i .c .  15 times as much. Since, as uk_nJ, pointed out, the
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queen feeds during the active season primarily on larval saliva, it is  but 
reasonable to assume that nitrogenous substances in the larval saliva are 
the main factor responsible for instigating and maintaining oviposition by 
the queen.

Apart from the queen, the workers also 'milk' the larvae for 
salivary secretion and they do this during intervals between foraging 
trips to the field. Indeed, colonies devoid of larvae survive but a brief 
period, the adult population eventually scattering or starving to death. 
These findings clearly indicate that the Larvae are essential for proper 
maintenance of the colony.

Experiments (Ishay and Ikan, 1967) have show  that, like mam
malian liver, the fat body of hornet larvae is also capable of degrading 
proteins into sugars, but we have not yet proven that other organs of the 
larvae are incapable of doing the same. Our findings do, however, indi
cate that (at least) in colonies of the oriental hornet, only the larvae are 
capable of gluconeogenesis, and that after breaking the proteins down to 
amino acids and sugars, the larvae pass onto the adults the excess di
gested food and also the enzymes necessary for protein digestion. It 
follows then that the protein food brought to the nest, while serving to 
feed the larvae, indirectly feeds also the adults, since they receive from 
the larvae the breakdown products of this otherwise indigestible food. It 
is clear, therefore, the social inter-relations are a sine quo non for the 
oriental hornet and that the phenomenon of trophallaxis forms an organic 
bond between the various members of the colony, uniting them into a 
functional unit from a biochemical point of view.

There is nothing particularly surprising in the lack of proteinases 
in the adults. In fact, a similar situation exists also among butterflies 
(Lepidoptera), where only the larvae feed on proteins, while the adults 
feed merely on the carbohydrates present in the nectar. So far as is 
known, the only digestive enzyme present in adult Lepidoptera capable 
of feeding, is invertase; starch, fat or proteins mixed to the food re
main unchanged in the stomach (Snodgrass, 1961). Moreover, the adults 
of many Díptera, Hymenoptera, Lepidoptera and other insect orders, are 
know to subsist quite adequately on sugar solution alone (House, 1965). 
That only larvae digest proteins is a common enough phenomenon among 
insects, but in the case of wasps this, has special significance, for the 
products of protein degradation are transferred from the larvae to the 
adults and serve as raw materials for nitrogenous metabolism. In this 
connection, it is  worth mentioning that all insects which do not digest 
proteins (in the adult stage) are also short-lived, something that would 
not be possible in a colony of social insects.
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From the foregoing, it is clear that among hornets there is abso
lute interdependence between the larvae and the adults, i .e .  a symbiosis 
in which the function of the adults is to collect food while that of the larvae 
is to digest it. At the beginning of the season, when the nectar which serves 
as-food for the adults is  abundant in nature, the inter-dependence is chiefly 
with respe’ct to protein digestion. This probably explains the many field 
trips undertaken by the workers during the start of the season. The only 
one remaining in the nest immediately after eclosion of the first workers 
is the queen, who needs the 'milk' secreted by the larvae for proper ovar- 
ial development. With the advent of summer, there is in Israel and countries 
of a similar climate, a drop in the natural nectar supply, and the interde
pendence of the workers and larvae becomes obligatory also with respect 
to carbohydrates. Thus, towards the end of the season, the workers come 
to depend mainly on the secretions of the larvae under their care and, con
sequently, they pay more frequent visits to the larvae, which indirectly 
leads to the following auxiliary phenomena:

a. These frequent visits by the workers cause a considerable 
increase in the number of developing larvae, similarly to the 
increase in aphid populations when ants 'milk' them at a faster 
rate. This explains the high rate of brood production attained 
in hornet colonies towards the end of the season.
b. As already pointed out, the workers which 'milk' larvae at 
frequent intervals obtain from them also protein solutions. In
gestion of such proteins leads to ripening of the ovaries and to 
the start of egg-laying by nursing workers.

c. The presence of ovipositing workers in the nest results in 
the killing of the queen and the nest thus becomes an orphaned 
nest.

d. The laying workers start fighting over the right to control 
as many larva-containing cells as possible, because they are 
now dependent for their food on these larvae or 'milking cows'
(Ishay, 1964), much as was the deceased queen before them.

e. However, as the temperature drops below 19°C. towards 
the end of the summer, the larvae die off and are ejected from 
the nest. The workers, now that they are deprived of their food 
supply, starve to death and consequently the entire nest dies out.

Obviously, in tropical countries, where the nectar is 
abundant all the year round, there is no absolute interdependence 
of the adults and larvae and perennial colonies -(of the Vespid 
genus Belonogaster and others) can therefore occur.
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Apparently, all groups of social insects resort to some mode of 
fool hording and its subsequent gradual apportionment. They may store 
food in honey- and pollen cells, as do various bees (honeybees, Bombus 
and others), and also species of Polistes who store drops of nectar in 
their cells; they may rely on replete honey pots, as in the case of ants of 
the genera Prenolepsis, Myrmecocystus and others or they 
may store the food in the mid-gut of their larvae and subsequently retrieve 
it piecemeal through the process of trophallaxis, as do wasps and ants.
From the ecological point of view, the latter method would seem to be the 
most efficient, as it allows the widespread distribution of wasps in a variety 
of nest-types and climates, particularly in northern regions with very brief 
summers and in dry prairie or steppe regions where the flowering season 
is of the shortest duration. Apparently, this method of food-hording is 
typical chiefly for social insects which feed their larvae on animal pro
tein. It is primarily in such insect societies that symbiosis exists between 
the adults and larvae in all that concerns the storage, digestion and event
ual distribution of proteins - a state of affairs which demands a highly 
developed social organization,
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