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

The endocrine factors in insects are known to play an important rôle in 
postembryonic development and reproduction. Many investigations almost ex
clusively deal with the endocrine control of postembryonic development. The 
literature dealing with humoral functions in the imaginai stage, including those 
active in reproduction, is much less voluminous and somewhat controversial as 
well (DE WILDE, 1964). 

Since the part played by the incretory activity of the corpora allata of insects 
was first demonstrated by WIGGLESWORTH (1936), much attention has been 
paid to the many-sided effects of their secretory product, mostly referred 
to as the 'juvenile hormone ' or 'neotenine' (WIGGLESWORTH, 1940). This hor
mone induces the immature insect to retain larval characters as long as it is 
present in the blood in sufficiently high concentrations. At the end of larval life, 
the corpora allata cease to secrete this hormone and the insect undergoes a 
metamorphosis. The glands usually enter a new secretory phase needed to 
deposit proteid yolk during oogenesis (HIGHNAM et al., 1963; HIGHNAM, 1964; 
SLÄMA, 1964 b). The hormone produced has been termed gonadotropic hor
mone (VOGT, 1940 a; THOMSEN, 1942; JOLY, 1945). 

It is known that in many insect species the larval corpora allata can induce 
egg maturation when implanted into allatectomized adult females, and 
that adult corpora allata can inhibit adult differentiation when inplanted into 
allatectomized larvae (PFLUGFELDER, 1940; VOGT, 1943; PFEIFFER, 1945 a; 

SCHARRER, 1946; BODENSTEIN, 1947; WIGGLESWORTH, 1948; ENGELMANN and 

LÜSCHER, 1957). These results suggest that the juvenile hormone and the gona
dotropic hormone are identical. This has recently been borne out by the fact 
that substances with juvenile hormone activity like farnesol (WIGGLESWORTH, 
1961), farnesyl methyl ether (WIGGLESWORTH, 1963) and cecropia-extract 
(WILLIAMS, 1956; CHEN et al., 1962) have the juvenile as well as the gonadotro
pic effects. However, a 'multiple hormone ' hypothesis has in some cases gained 
acceptance (BODENSTEIN, 1954; LÜSCHER and SPRINGHETTI, 1960; LÜSCHER, 

1960; SÄGESSER, 1960). 

The juvenile hormone is apparently neither species-specific nor even order-
specific in its action. This follows from the transplantation experiments of 
PIEPHO (1950), NOVAK (1951, a,b) and WIGGLESWORTH (1952,1954) who showed 

that corpora allata exerted juvenilizing effects even when exchanged between 
species as distantly related as Calliphora erythrocephala (Diptera) and Rhodnius 
prolixus (Hemiptera). Furthermore, the corpora allata do not seem to be sex-
specific since gland implants from male as well as female donors may furnish the 
hormone necessary for the maturation of eggs (PFEIFFER, 1940; THOMSEN, 
1942, VOGT, 1940 b ; WIGGLESWORTH, 1936). 
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1.1. FUNCTIONS OF THE CORPUS ALLATUM IN ADULT INSECTS 

1.1.1. Effect on ovarian activity 

The control of yolk formation and egg maturation by the corpus allatum was 
first demonstrated by WIGGLESWORTH (1936) in Rhodnius and has subsequently 
been confirmed in a large number of species of different orders: Melanoplus 
(PFEIFFER, 1936, 1939, 1940), Leucophaea (SCHARRER, 1946; LÜSCHER and 

ENGELMANN, 1955; ENGELMANN and LÜSCHER, 1956 a,b; SCHARRER and VON 

HARNACK, 1958), Periplaneta (BODENSTEIN, 1953), Locusta (STRICH-HALBWACHS, 

1957; JOLY, 1960), Diploptera (ENGELMANN, 1959), Schistocerca (H IGHNAM et 

al., 1963), Anisolabis (OZEKI , 1949), Oncopeltus (JOHANSSON, 1954, 1958), 
Pyrrhocoris (SLÂMA, 1964 b), Dytiscus ( JOLY, 1945), Leptinotarsa (DE WILDE and 

DE BOER, 1961), Calliphora (THOMSEN, 1940, 1942), Phormia (ORR , 1964a), 
Drosophila (VOGT, 1940 a,b, 1943; BODENSTEIN, 1947), Anopheles (DETINOVA, 

1945), Aedes (GILLETT, 1956), Culex (CLEMENTS, 1956; LARSEN, 1958). In many 

of these insects the impaired yolk formation in allatectomized adult females 
may be restored by implantation of corpora allata. 

Some species of Phasmida and Lepidoptera are exceptions to the above-
mentioned rule: Dixippus (PFLUGFELDER, 1937), Sipyloidea (POSSOMPÈS, 1958), 
Bombyx (BOUNHIOL, 1938, FUKUDA, 1944). Moreover, LEA (1963) has shown 
that allatectomy has a varied effect on egg development within a single genus, 
Aedes, and even within one species. Other complications arise when the extir
pation takes place in the juvenile stages. Thus, THOMSEN (1952) found that Cal
liphora females allatectomized in the adult stage were incapable of oogenesis, 
while POSSOMPÈS (1949, 1956) found that adult Calliphora females obtained 
from allatectomized larvae formed normal eggs. Likewise, FUKUDA (1944) show
ed that young allatectomized lepidopterous larvae moulted to the pupal and 
after that t o the adult stage (with omission of one or more larval instars) even
tually developing fully functional gonads. He assumed, in this case, the im
portance of the prothoracic gland hormone in the absence of the juvenile hor
mone for gonad maturation. 

1.1.2. Effect on accessory sex glands and their secretions 

Data in the literatuie are divergent about the effect of the corpora allata on 
the accessory sex glands. 

1.1.2.1. F e m a l e s 

In females of Melanoplus, the secretory activity of the epithelial lining of the 
oviduct, corresponding to the accessory sex glands of other insects, depends on 
the presence of the corpora allata (PFEIFFER, 1939). In the female cockroach, 
accessory glands (collaterial glands) are involved in the secretion of the pro
tein-containing material used in the formation of the cockroach oötheca. 
SCHARRER (1946) found that the secretory activity of these glands was controlled 
by the corpora allata, since implantation of corpora allata into allatectomized 
females of Leucophaea restored the ability of the accessory sex glands to pro-
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duce normal amounts of secretory material. Similar results were obtained with 
Periplaneta by BODENSTEIN and SPRAGUE (1959), again with Leucophaea by 
ENGELMANN (1957), and with both Blattella germanica and Pycnoscelus surina-
mensis by ROTH and STAY (1959). The same was found for the female accessory 
sex glands in Calliphora (THOMSEN, 1942). 

In contrast to the situation in the former insects, allatectomy has no effect on 
the female accessory sex glands of Lucilia and Sarcophaga (DAY, 1943). 

1.1.2.2. Males 

In 1936 WIGGLESWORTH found that the accessory glands of male Rhodnius 
did not secrete when the corpora allata had been removed. In Calliphora 
(THOMSEN, 1942) the male accessory glands also appear to be to some extent 
under the hormonal control of the corpus allatum. However, the male accessory 
glands of Lucilia, Sarcophaga (DAY, 1943) and Leucophaea (SCHARRER, 1946) 
were not affected by allatectomy. 

1.1.3. Effect on mating behaviour 

Apparently, in some insects at least mating depends on the presence and ac
tivity of the corpora allata. Allatectomy either impairs the ability of the female to 
perceive the male odour, essential in their courting (as found by ENGELMANN, 

1960a with Leucophaea), or it inhibits female pheromone secretion (as demon
strated by BARTH, 1962 with Byrsotria). 

In adult females of Melanoplus (PFEIFFER, 1936), Diploptera (ENGELMANN, 

1960b) and Galleria (ROLLER et al., 1963), however, allatectomy does not affect 
mating behaviour. 

In male insects, the corpora allata mostly do not seem to interfere with their 
mating behaviour. Nevertheless, LOHER (1960) demonstrated that the corpora 
allata are essential in the sexual behaviour of the gregarious phase of adult 
Schistocerca. In this case, production of a pheromone by the mature male 
which stimulates maturation and responsive behaviour in the recipient locusts 
is apparently under the control of the corpus allatum which, in turn, may be 
activated by the pheromone per se. Similarly STAAL (1961) considered the yel
low colour, produced only under crowded conditions, in Locusta males to be 
caused by the influence of a possible pheromone on the corpus allatum. 

1.1.4. Effect on metabolic rate 

1.1.4.1. Fa t me tabo l i sm 
The presence of the corpora allata tends to reduce the storage of fat in the 

fat bodies of most insects. In adult females, when yolk is being deposited in the 
ripening eggs, the corpora allata also facilitate the uptake of neutral fat as 
triglycerides by the ovary (ORR, 1964b). This takes place in all insects when the 
reproductive cycle is started after the adult moult. However, in adult insects 
which show no gonadotrophic cycles, this relationship seems to be absent 
(WIGGLESWORTH, 1964). 
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A detailed study of the production and transport of fat in the grasshopper 
Melanoplus has shown that the corpora allata cause a change in the metabolism 
in the adult females. This change was manifested from an early phase of fatty 
acids increase during the first 15 days of the adult stage to a later phase after
wards when the fat stores are depleted and some of the fat is passed into the 
egg yolk. 

In allatectomized females with ovaries left intact or removed, the fatty acid 
content continues to rise at the same rate as that observed during the early 
phase. In castrated insects, the usual depletion of the fatty acids follows, 
showing that the ovary is not involved in the above-mentioned mobilization 
(PFEIFFER, 1945b). 

Similar results were obtained by O R R (1964 b) in Phormia and this led to the 
conclusion that the hormone from the corpus allatum acts directly on the fat 
body and nowhere else; removal of the gland, in any case, leads primarily 
to lipid deposition in the fat body. Likewise, VOGT (1949) working on Drosophila 
and BODENSTEIN (1953) on Periplaneta have shown that allatectomy leads to an 
increase in fat storage. 

1.1.4.2. P r o t e i n s y n t h e s i s 

Many workers have stated that the corpus allatum is involved in the induc
tion of protein synthesis in several insects (DAY, 1943 in Lucilia and Sarcophaga; 
VOGT, 1949 in Drosphila; THOMSEN, 1952 in Calliphora; L 'HÉLIAS, 1953 in 

Dixippus; BODENSTEIN, 1953; W A N G and DIXON, 1960 in Periplaneta). WIGGLES-

WORTH (1964), however, suggested that this effect may well be the result of a 
feed-back from the ovary upon the neurosecretory system, since HIGHNAM et al. 
(1963) assert that protein synthesis in Schistocerca is controlled by the neuro
secretory system during oocyte development, whereas the corpora allata secrete 
a gonadotropic hormone facilitating protein uptake by the growing oocyte. 
Similarly, the experiments of THOMSEN and MOLLER (1959, 1963) on Calliphora 
favour the idea that the cerebral neurosecretory cells are involved in protein 
synthesis. The possibility remains, however, that the corpora allata affect 
protein synthesis indirectly by the activation of the neurosecretory cells (LEA and 
THOMSEN, 1962; H ILL , 1963). H I L L (1963) pointed out that the decrease in oxygen 
consumption observed in Schistocerca after allatectomy may be caused by the 
resulting cessation of protein synthesis and not to any direct effect of the corpus 
allatum hormone. 

Anyhow, whereas the part of the corpus allatum hormone in protein syn
thesis seems to be well established, the actual mechanism by which it exerts its 
effect is still provoking a great deal of dispute. 

1.1.4.3. O x y g e n c o n s u m p t i o n 

The oxygen consumption of female Calliphora drops about 24 % after allat
ectomy (THOMSEN, 1949); an effect not caused by lack of development in 
the ovaries in the absence of the corpus allatum hormone, since ovariectomized 
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insects have a normal oxygen consumption (THOMSEN and HAMBURGER, 1955). 
Similar reduction in oxygen uptake was reported in Leptinotarsa (DE WILDE and 
STEGWEE, 1958), in Leucophaea (SÄGESSER, 1960), and 'mLocusta (ROUSSEL, 1963). 
All these authors favour the view that the corpus allatum hormone has a direct 
and general stimulating effect on the respiratory metabolism. Moreover, DE 
WILDE and STEGWEE (1958) and STEGWEE (1960) inferred that this effect is 
achieved at the sub-cellular level, perhaps between succinate and cytochrome c. 
CLARKE and BALDWIN (1960) also suggested that the site of action of the corpus 
allatum hormone on respiratory metabolism lies perhaps within the citric acid 
cycle. 

Moreover, STEGWEE (1960) reported that the oxidative phosphorylation, in 
sarcosomal preparations obtained from the thoracic muscles of diapausing 
Leptinotarsa, was stimulated by the addition of rather low concentrations of the 
cecropia-extract. 

However, negative results have been reported in Dixippus (PFLUGFELDER, 
1958; NEUGEBAUER, 1961), egg maturation in the stick insect being inde
pendent of the corpora allata. PFLUGFELDER'S earlier view (1952) assumed an 
indirect effect of the corpus allatum hormone on respiratory metabolism by the 
activation of the ovarian growth. This view was confirmed later for Pyrrhocoris 
by NOVÀK et al. (1959), and SLÄMA (1964 a). 

1.1.5. The rôle in adult diapause 

D E WILDE and DE BOER (1961) were the first to demonstrate the endocrine 
origin of diapause in adult insects. They showed that in the adult Colorado 
beetle the complete syndrome of diapause is produced after allatectomy. Repro
duction comes to a standstill, the oxygen consumption is lowered to as little as 
20 % of the normal value (DE WILDE and STEGWEE, 1958) and behaviour changes 
from feeding to burying. For this reason, these authors described diapause in 
Leptinotarsa as 'pseudo-allatectomy'. However, whereas allatectomy-diapause 
may be easily reversed by implanting 2-4 active corpora allata, this does not 
affect normal-(short-day) diapause. They concluded therefore that diapause in 
th is insect is not merely a syndrome of corpus allatum hormone deficiency. 

The corpus allatum of the aquatic beetle Dytiscus shows a cyclic activity 
during the reproductive season ; its hormone is released about every twelve days. 
There is a periodical oösorption of the terminal oocyte when the hormone titre 
is low, similar as in diapause (JOLY, 1945). D E WILDE (1964) suggested that 
diapause in this insect is different from that in Leptinotarsa. Whereas the corpus 
allatum is completely inactive during diapause in Leptinotarsa, it shows some 
activity in Dytiscus, though at its minimum level which is also observed in the 
oösorption period in the active insect. 

In Pyrrhocoris, SLÂMA (1964a) related the imaginai diapause to the endocrine 
deficiency of the cardiacum-allatum complex and not only to that of the corpus 
allatum. 
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1.2. BASIC PROBLEMS OF THE MULTIPLE ACTION OF THE CORPUS ALLATUM 

The endocrine control by the corpus allatum on a multitude of processes 
may either be caused by correlated effects of one and the same hormone or to 
the effects of several coexisting corpus allatum hormones. Our present know
ledge does not allow a decision between these two possibilities. This lack of 
knowledge is manifested in two conflicting points of view : 
a. The corpus allatum produces a 'gonadotropic hormone' which is similar to 

that in vertebrates, acting specifically on the ovary and consequently 
affecting over-all metabolism. 

b. The corpus allatum furnishes a 'metabolic hormone' directly affecting over
all metabolism. 

The more specific term 'gonadotropic hormone' has been used by various 
authors (VOGT, 1940 a; THOMSEN, 1942; JOLY, 1945). At the same time, others 
(PFLUGFELDER, 1939 ; DAY, 1943) have suggested that the various known actions 
of the corpora allata may be explained by the postulation of a hormone which 
function is the control of certain metabolic processes. This interpretation is 
much supported by PFEIFFER'S (1945 b) furnishing experimental evidence of the 
existence of a 'metabolic hormone' in Melanoplus. Subsequently, the influence 
of the corpus allatum hormone on the metabolism was quantitatively proved by 
the work of THOMSEN (1949). She studied the influence of allatectomy on the 
oxygen consumption in adult Calliphora flies and found that allatectomy leads 
to a decrease in oxygen consumption by about 24 %, whereas the implantation of 
extra three active corpora allata brings about an increase of only 19%. Similar 
results were reported by PFLUGFELDER (1952) on the basis of measurements of 
the oxygen consumption in Dixippus. However, in a detailed discussion on this 
matter, PFLUGFELDER 0958) concluded that there is no convincing evidence for 
such a 'metabolic hormone'. Recently, HIGHNAM et al. (1963) and HIGHNAM 

(1964), working on adult Schistocerca, favoured the conception of the corpus 
allatum hormone being gonadotropic in its action. Likewise, the experiments of 
NOVAK et al. (1959) and SLÂMA (1964a, b) on Pyrrhocoris suggested that the 
corpus allatum hormone is a 'gonadotropic' one. 

Whilst there is no doubt that the corpus allatum hormone has a gonadotropic 
action, several problems are still to be solved. If the corpus allatum contains 
more than one hormone and if any hormone from the corpus allatum directly 
affects metabolism are matters needing detailed research. Anyhow, the control 
of egg maturation by the corpus allatum hormone(s) clearly is part of a very 
complex system (see discussion by TELFER, 1965). 

1.3. THE ENDOCRINE HIERARCHY CONTROLLING OVARIAN FUNCTIONS 

As yet, three organs may be considered to be involved in the endocrine inter
play controlling the activity of the female reproductive system. These organs 
are : the brain, the corpus allatum, and the ovary itself. 

In the previous sections the rôle of the corpus allatum in reproduction was 
reviewed and the target systems of its secretion in this respect. Many studies 
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have centered on the regulation of the secretory activity of the adult corpus 
allatum and its integration into the internal and external milieus (for details, see 
DE WILDE, 1961 ; DOANE, 1962). This integration is mediated through the brain 
by a bi-partite neuro-hormonal control (SCHARRER, 1958). Moreovei, the corpus 
allatum must be kept informed of the physiological state of the ovaries (SCHAR

RER, 1958), but whether or not some sort of humoral feed-back mechanism is 
involved remains open to dispute. However, according to VAN DER KLOOT 

(1962), there is no evidence for the secretion of an ovarian hormone in any in
sect. 

WIGGLESWORTH (1964), in his comprehensive survey, tried to explain most 
of the so-called 'metabolic-effects' of the corpus allatum hormone on the basis 
of a homeostatic regulation. However, due to the findings of PFEIFFER (1945b) 
in Melanoplus and of THOMSEN and HAMBURGER (1955) in Calliphora that the 
corpus allatum affects the storage metabolism even in the absence of the ovaries, 
he concluded that both processes (direct metabolic action and feed-back effects) 
may be operating simultaneously and that their relative importance may vary 
in different insects. 

1.4. TOPIC OF THE PRESENT STUDY 

Because of the controversial data, reviewed in the preceding pages, on the 
action of the corpus allatum hormone in the control of egg-maturation in differ
ent insect species studied so far, it seems difficult to outline a single unifying 
concept. Allatectomy in the adult female Leptinotarsa results in the complete 
syndrome of diapause (DE WILDE and DE BOER, 1961), whereas in other adult 
insects, lacking the 'diapause mechanism' its only effect, if any, is on reproduc
tion and some aspects of metabolism. 

Our attention therefore, was focused on the problem if this 'diapause 
mechanism' merely consists of an 'off-switch' of the corpus allatum or if it is also 
located in the peripheral tissues. In other words : do the tissues of an insect with 
a 'diapause mechanism' react differently to low titre of the corpus allatum hor
mone than those in non-diapausing adult insects? Secondly, we were interested 
to know if the metabolic effects of the corpus allatum hormone are merely 
caused by its effect on a primary target organ, e.g. the ovary, or if there also is 
a more general effect on other metabolic centres. 

The intention of this study was mainly to compare the effect of allatectomy on 
respiratory rate and respiratory quotient (R.Q.) to that of castration in two 
adult coleopterans: the Colorado potato beetle (Leptinotarsa decemlineata Say) 
which has a 'diapause mechanism' and the yellow mealworm (Tenebrio molitor 
L.) in which this mechanism is absent. 
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2. MATERIALS A N D M E T H O D S 

2.1. COLORADO POTATO BEETLES 

2.1.1. Rearing under standardized conditions 

All test animals were kept at 25 °C on potato foliage. Active and operated 
beetles received a daily photoperiod of 18 hours with white fluorescent tubes 
controlled by a switch-clock. Diapausing beetles were obtained from cultures 
receiving a 10-hours' photoperiod. Experimental insects were reared separately 
in glass crystallizers of 6 cm diameter. 

2.1.2. Allatectomy 
The corpora allata were removed by the method described by DE WILDE and 

DE BOER (1961). This method left the corpora cardiaca intact. Sham-operations 
were carried out in a similar way to allatectomy except that the corpora allata 
were left untouched. 

2.1.3. Implantation 

The allatectomized beetle was narcotized by exposure to the vapour of 
diethyl ether for about four minutes. It was subsequently fixed in a wax basin 
and submerged in Ringer's physiological saline 'Ephrussi and Beadle modi
fication'. Six corpus allatum-cardiacum complexes from active ovipositing 
females were implanted by very finely ground watchmaker's forceps through a 
small puncture pierced dorso-laterally in the intersegmental membrane between 
the metathorax and the first abdominal segment. Sham-operations were done 
in a similar way to implantations, except that the insect was supplied with a 
piece of cervical muscle corresponding in size to the implanted glands. 

2.1.4. Castration 
A newly emerged beetle was etherized, fixed with the dorsal side upwards in 

a wax basin and submerged in physiological saline. Wings and elytra were 
stretched sidewise. A slit was cut in each side of the abdomen just above the 
ovary at the first and the second abdominal segmets or above the testes at the 
first and the second abdominal segments. Then, the ovaries or testes were pulled 
out by very fine forceps and very cautiously detached from both the tracheoles 
and the Malphigian tubules. The slits were sealed with paraffin wax. In these 
operations the accessory sex glands of either sex were left intact. Sham-ope
rated insects were obtained by the same treatment except that their gonads were 
left undisturbed. 
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2.2. TENEBRIO MOLITOR 

2.2.1. Rearing under uniform conditions 

All test insects were kept in separate small dishes covered with moist cloth 
at 25 °C in a dark room and were supplied with rusk. 

2.2.2. Allatectomy 
This operation was carried out exactly as in Colorado beetles except that it 

was performed on the second day after emergence to avoid the high mortality 
observed when younger insects were operated. It is interesting to mention that 
pure allatectomy, i.e. only removing the corpora allata, leaving the corpora 
cardiaca intact, is much easier in these insects than removing the post-cerebral 
complexes, quite the reverse of the situation in the Colorado beetle. In order to 
extirpate the post-cerebral complex in Tenebrio, it was imperative to bend the 
tips of the forceps into a very fine hook. 

2.2.3. Castration 

This was performed in a similar way to that in Colorado beetles; only here the 
slits were made at the second and the third abdominal segments in females and 
at the third and the fourth ones in males. 

2.3. RESPIRATION MEASUREMENTS 

Oxygen consumption and carbon dioxide output of all experimental animals 
were manometrically determined by the Barcroft differential respirometer 
(UMBREIT, BURRIS and STAUFFER, 1957). The animals were starved before every 
determination. The required time of starvation was 24 hrs for Leptinotarsa and 
1 hr for Tenebrio. The insects were immobilized in small cylindrical perforated 
metal gauze cages closed with a plug of cotton-wool. This treatment was applied 
to obtain a rate of metabolism approaching the basal level. The difference in 
volume between the oxygen consumption and the carbon dioxide output during 
a period of one hour was at first determined without adding KOH-solution. 
Oxygen consumption of the same insects during one hour was subsequently 
determined after providing the central-well of both the reaction and compensa
tion vessels of each manometer with a strip of filter paper soaked in 0.2 ml of 
20 % KOH-solution. During each experiment, the manometers were kept in a 
thermostatically controlled water-bath at 25 °C ±0 .01. A period of 15 minutes 
was allowed for equilibration after which the stopcocks were closed and the 
manometer values were recorded at 10 minutes' intervals. Each individual in
sect was weighed directly after the experiment. 

Thus, oxygen consumption read by the direct change in pressure and carbon 
dioxide output was calculated according to the equation : 

C 0 2 = 0 2 — ( 0 , - C O , ) 
where, (0 2 — COg) is the difference between the 02-consumption and the C02-
output as obtained by the first part of the experiment. The exact volume of the 
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gases was expressed in [xl. per gram of wet weight per hour taking the flask 
constants into account. 

The above procedure is only allowed if the changes in respiratory rate are 
negligible during each period of mesurement. As shown in the tables I and II, 
the constancy of the basal meatabolic rate sufficiently meets this requirement. 

Because of necessity to measure long-term changes in respiration rate, the 
determinations were made on single insects over periods of 20 days for Colorado 

TABLE I. Respiration rate of 7-days'-old adult 2 Leptinotarsa decemlineata of two prolonged 
experimental periods. There was an i hour's interval between the two measuring-
periods 

Time in minutes ^__^_—-

^--^~ Insect no. 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 

0-10 
10-20 
20-30 
30^10 
40-50 
50-60 

Manometer readings in mm 

1 

24 
19 
19 
18 
18 
20 

21 
20 
18 
19 
18 
19 

2 

14 
10 
11 
11 
11 
10 

12 
12 
10 
11 
10 
11 

3 

15 
21 
24 
23 
22 
21 

23 
21 
22 
22 
21 
22 

4 

11 
10 
8 
9 
9 
9 

10 
9 

10 
10 
9 

11 

5 

32 
28 
30 
29 
28 
27 

29 
31 
28 
29 
30 
32 

7 

17 
19 
17 
18 
16 
20 

20 
17 
16 
18 
17 
17 

8 

21 
21 
19 
20 
18 
19 

21 
20 
21 
18 
19 
19 

9 

20 
18 
21 
21 
22 
21 

19 
22 
18 
20 
20 
21 

10 

18 
16 
18 
16 
15 
20 

18 
19 
16 
16 
18 
16 

TABLE II. Respiration rate of 4-days'-old adult ? Tenebrio molitor of two prolonged expe
rimental periods. There was an 1/2 hour's interval between the two measuring-
periods 

Time in minutes ^ ^ _ - - ~ 

^^—-—'"""'^ Insect no. 

0-10 
10-20 
20-30 
3(M0 
40-50 
50-60 

0-10 
10-20 
20-30 
30-40 
40-50 
50-60 

Manometer readings in mm 

1 

9 
8 
9 

10 
9 

10 

8 
10 
10 
9 

10 
8 

2 

7 
6 
5 
6 
7 
6 

8 
7 
6 
6 
6 
6 

3 

7 
8 
7 
8 
9 

10 

7 
7 
8 
8 
7 
9 

4 

14 
12 
11 
12 
10 
11 

11 
11 
12 
12 
11 
11 

5 

12 
11 
12 
11 
11 
11 

10 
11 
12 
11 
11 
12 

7 

9 
8 
9 
8 
8 
8 

10 
9 
8 

10 
8 
8 

8 

10 
9 
8 
9 
8 
9 

9 
9 

10 
9 

10 
8 

9 

14 
13 
14 
15 
17 
16 

14 
14 
15 
15 
18 
16 

10 

9 
8 
9 
7 
8 
7 

7 
8 
7 
7 
7 
8 
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beetles and at least 16 days for Tenebrio molitor. The data of the experimental 
insects which died during these test periods were not taken into consideration. 
To avoid possible differences in the metabolic rate between different batches of 
insects reared at different times, special precautions were taken to assure that the 
groups of operated and sham-operated insects to be compared were always 
obtained from the same batch. 

Whereas, the experiments with Tenebrio were carried out every other day, 
those with Leptinotarsa could only be carried out every four days. Preliminary 
experiments done every other day with the intact long-day Leptinotarsa re
sulted in a very low respiration rate similar to that of normal-diapausing or 
allatectomized insects. This may be due to a partial starvation since these in
sects, as has already been mentioned, were starved for 24 hrs to obtain the basal 
metabolic rate and they could not resume their feeding activities because of the 
experiments carried out every other day. This could be inferred from table III. 

TABLE III. 02-consumption of intact long-day Leptinotarsa dec 

Age in days 

0 
2 
4 
6 
8 

10 
12 
14 
16 
20 
24 

Males2 

(xlOa/g/hr 

1368.2 ± 208.4 (S.E.) 
1118.3 ± 198.1 
416.2 ± 103.9 
527.7 ± 75.8 
643.5 ± 93.3 
630.0 ± 124.2 
634.3 ± 181.7 
626.1 ± 168.9 
654.1 ± 262.8 
740.8 ± 156.4 
781.3 ± 349.1 

emlineata1 

Females3 

jxl02/g/hr 

1186.1 ± 214.5 (S.E.) 
983.7 ± 203.2 
410.4 ± 31.1 
449.3 ± 109.6 
481.9 ± 65.6 
526.1 ± 27.3 
559.5 ± 64.5 
646.6 ± 60.5 
680.1 ± 55.0 
761.1 ± 79.9 
753.7 ± 87.8 

1 Investigations were carried out every other day. 
2 Mean of 5 individuals. 
3 Mean of 9 individuals. 

2.4. COMPARATIVE STUDIES ON NORMAL-DIAPAUSING AND 

ALLATECTOMY-DIAPAUSING ADULT FEMALE COLORADO BEETLES 

2.4.1. Experimental insects 

The insects used were normal-(short-day) diapausing as well as allatectomy-
diapausing female Colorado beetles. All shor^day treated insects usually enter 
into diapause within 7-14 days from the day of emergence, whereas 20-30% of 
allatectomized long-day ones go into diapause within 2-3 weeks (DE WILDE and 
DE BOER, 1961). 

In our investigations the allatectomized insects which entered diapause 
within this period were used only. Because of unknown conditions, some of the 
insects after the allatectomy laid eggs and/or resumed feeding activities. These 
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insects were rejected. At the same time it was observed that under short-day 
treatment, a number of beetles failed to enter diapause. Both phenomena may 
have been caused by the selection of a strain with decreased incidence of dia
pause by our breeding procedure in which diapausing beetles were always ex
cluded from reproduction (DE WILDE, personal communication). 

All experimental insects of either diapausing group were obtained from the 
same batch. 

2.4.2. Quantitative determinations of some body constituents (fat, glycogen, tre
halose) 

2.4.2.1. Chemicals 
Reagent grade D (+)-trehalose hydrate and glycogen (shell-fish) were ob

tained from 'Sigma' Chemical Co., Missouri, U.S.A. 

2.4.2.2. Expe r imen ta l p rocedu re 
The estimations were carried out by the procedure outlined by BADE and 

WYATT (1961) with some modifications. These consisted of prolonging the 
heating period for colour development from 15 minutes to 30, the dissolution 
of glycogen obtained from a single insect into 5 ml of H 20 instead of 50 ml, and 
the dissolution of trehalose obtained from a single individual into 5 ml of H 20 
instead of 0.5 ml. 

Each determination was checked for the recovery of glycogen or trehalose. 
This recovery, ranging between 70-80 % of pure materials, was taken into 
account in representing the final data. 

Only 4 experimental insects were available to be used for each age-group in 
either diapausing state. 

2.4.3. Measurements of the Respiratory Quotients (R.Q.) 

Because of the short supply of experimental insects, according to the restric
tions outlined (see section 2.4.1.), these determinations were carried out on two 
different groups of insects than those used for biochemical estimations (under 
section 2.4.2.), one group of allatectomy-diapausing insects, the other of nor
mal diapausing insects. However, they were taken from the same batch used for 
the biochemical investigations. Moreover, the same insects from each group were 
used successively for the whole test period. The data of the experimental insects 
laying eggs and/or resuming feeding activities were discarded. 

2.5. STUDIES ON FERTILITY OF MALE COLORADO BEETLES 

2.5.1. Observations on allatectomized insects 

Each allatectomized male in this group was kept with a virgin female in a 
separate dish. As a control, a normal male of the same age was retained in con
tact with a virgin female. All females under observation were examined every 
day for the number of eggs laid. 
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2.5.2. Observations on normal-diapausing insects 
Each male was supplied during the illumination period of the short-day 

treatment with a virgin long-day female. To keep these females in active condi
tion, they were daily transferred to long-day conditions and only returned to the 
males during the next short-day illumination period. 
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3. E X P E R I M E N T A L RESULTS 

3.1. FLUCTUATIONS IN RESPIRATORY INTENSITIES 

AND THEIR INTERPRETATION 

It was noticed that the respiratory intensities as a rule fluctuated in the course 
of time in all groups of both insect species studied. These fluctuations were less 
in short-day treated beetles and, especially, in diapausing ones. 

In trials to investigate the actual cause of these fluctuations, determinations 
were carried out on animals normally fed from their imaginai emergence up to 
21 days later at fixed times twice a day, once in the early morning and again in 
the late afternoon. Oviposition was recorded for females over these determina
tion periods. 

As our daily measurements of respiratory intensities were obtained from 
readings made in the morning and afternoon, we were interested to learn at 
what time of day respiration varied most. Comparison of morning and after
noon curves showed no difference (fig. 1). 

Secondly, the possibility was investigated if the fluctuations were caused by 
fluctuations in body weights. This was not confirmed in the tests (fig. 3 and 7). 

Thirdly, the hypothesis was tested whether respiration fluctuations followed 
gonotrophic cycles or rhythms in oviposition. No such correlation could be 
shown. In males of both species studied and in females without any oviposition 
(fig. 8) the respiratory fluctuations still manifested themselves. 

It was suspected therefore that the insects, in spite of the anticipated immobil
ization inside the metal gauze tubes, were still struggling, and might be responsible 
for the fluctuations observed in the respiratory curves. This may be related 
to the observation that Leptinotarsa, as many other beetles, shows the pheno
menon of catalepsy, i.e. feigning death whenever it is disturbed. A phenomenon 
which is most obvious in young beetles (DE WILDE, personal communication) 
and is perhaps responsible for the lack of respiratory fluctuations early in adult 
life (see fig. 3). 

Observations performed under the binocular microscope confirmed this idea. 
Both sexes, in Leptinotarsa as well as in Tenebrio kept in the metal gauze tubes 
showed different degrees of mobility from resting to struggling. Freshly emerged 
Leptinotarsa usually showed a resting behaviour. 

3.2. 'RESTING' AND 'STRUGGLING' RESPIRATION 

To study the actual effects on the respiratory rate of different surgical opera
tions, it is imperative to find the most basal metabolic rate. 

The analysis of the results obtained, presented in the previous section, reveals 
that the basal metabolic rate 'the resting respiration, is generally concealed by 
'the struggling respiration' which may easily give rise to misleading conclusions. 
Practically, it is almost impossible to secure a resting condition in the insects 
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inside the metal gauze tubes without a tendency to struggle. Attempts have been 
made to find the respiration data of the resting condition from the original data. 
Therefore, the data of both insects studied, excepting those of the first four days in 
Leptinotarsa, have been classed in the frequency polygon of the respiratory in
tensities presented in fig. 2. The figure shows that the respiratory intensities in 
Leptinotarsa are dispersed according to a normal frequency distribution through
out the period of observation, whereas in Tenebrio the frequency distribution is 
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FIG. 1. Oxygen consumption and fresh body weight of intact normally fed beetles in the morn
ing and in the afternoon. A, average curves derived from seven long-day Leptinotarsa 
decemlineata females. B, average curves derived from five long-day Leptinotarsa 
decemlineata males. C, average curves derived from six un-mated Tenebrio molitor 
females. D, average curves derived from ten un-mated Tenebrio molitor males. 
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distinctly skew. The graph also indicates that arbitrary 1000 JJII Oa/g/hr and 
1100 [A1 Oa/g/hr may be considered a maximum level of resting respiration of 
Tenebrio females and males respectively, while higher values are considered to 
belong to the struggling respiration. Considering the normal frequency distri
bution in the respiratory intensities of Leptinotarsa, however, the lowest values 
of oxygen consumption over the whole test period, apart from those of the first 
four days and irrespective of the insects'age, are assumed to approximate those 
of the resting respiration, whereas the highest values approximate the rates of 
the struggling respiration. 

3.3. ARE THE RESPIRATORY QUOTIENTS INFLUENCED BY THE 

STRUGGLING RESPIRATION? 

To test this possibility, the mean respiratory quotients obtained from the 
original respiration data of the intact long-day Leptinotarsa (excluding 

FREQUENCY 
20-

16-

12 

8 

i ® 

10/12 H/16 18/20 22/24 
RESP. INTENS.IN/il 02/g/hr/100 

4/8 12/16 20/24 28/32 
RESP. INTENS. IN/il 02/g/hr/100 

US 8/10 12/W 16/18 20/22 
RESP. INTENS. INyul 02/g/hr/100 

5/7 9/11 13/15 17/19 21/23 
RESR INTENS. IN/jlOj/g/hr/100 

FIG. 2. Frequency polygon of respiratory intensities. A, in intact long-day normally fed 
Leptinotarsa decemlineata females. B, in intact long-day normally fed Leptinotarsa 
decemlineata males. C, in intact normally fed, un-mated, ovipositing Tenebrio molitor 
females. D, in intact normally fed, un-mated Tenebrio molitor males. 
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the data of the first four days) as well as those of Tenebrio were com
pared to the mean respiratory quotients of the resting respiration. The f-test was 
applied since it was recognised that the respiratory quotients of all tested groups 
followed the normal frequency distribution. This comparison, as obvious 
from table IV, has led to the conclusion that there is no significant difference 
between the two groups of values. This means that the values of the respiratory 
quotients in the original data are not influenced by including the respiratory 
quotients of struggling animals. 

TABLE IV. Effect of 'struggling' respiration on the respiratory quotients of the intact insects 

R.Q. ± S.E. 
(original data) 

R.Q. ± S.E. 
(resting data) 

Comparison 
of means 

Long-day cJ Leptinotarsa 

Long-day Ç Leptinotarsa 

cJ Tenebrio 

$ Tenebrio 

0.770 ± 0.026 
(n = 21) 

0.716 ± 0.044 
(n = 24) 

0.840 ± 0.033 
(n = 45) 

0.918 ± 0.037 
(n = 45) 

0.817 ± 0.037 
(7 individuals) 

0.668 ± 0.065 
(6 individuals) 

0.847 ± 0.064 
(n = 21) 

0.904 ± 0.098 
(n = 13) 

Not 
significant 

Not 
significant 

Not 
significant 

Not 
significant 

3.4. RESPIRATORY ACTIVITY IN LEPTINOTARSA DECEMLINEATA 

3.4.1. Oç-consumption and R.Q. of the intact insects 

Fig. 3 shows that the average respiratory curves of the intact long-day in
sects normally fed, males or females, closely follow the average fresh body 
weight curves throughout the determination period. However, the respiratory 
curves fluctuate irregularly around the general trend, whereas the fresh body 
weights follow a rathei smooth curve. Both sexes during the first three days of 
adult life exhibited a rapid increase in the oxygen consumption as well as in 
fresh body weights. 

In males, this increase in oxygen consumption or body weights stabilized to 
a rather constant level for the rest of the test period. 

In female insects, however, the oxygen consumption after attaining the maxi
mum value of this initial rapid increase remained almost constant until they 
were 10 days old, after which it gradually decreased. As summarized in table V, 
the average resting oxygen consumption during this period of decrease is found 
to be only significantly lower at the 10%-level than that in the preceding period. 
Moieover, the lowest values for oxygen consumption were located almost ex
clusively between 11-21 days of age, whereas the highest values were between 
5-10 days. A comparison of the ratios of the struggling with the resting respi
ration of both periods shows that the ratios are significantly different, indicating 
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FIG. 3. Oxygen consumption and fresh body weight of intact long-day normally fed Leptino-
tarsa decemlineata (presented as a mean of morning and afternoon readings). A, ave
rage curves derived from seven females. The oviposition curve is demonstrated. B, ave
rage curves derived from five males. 

that the struggling respiration is independent of the resting respiration. How
ever, their levels are almost parallel throughout the period of observation. The 
body weight curve in females, after attaining the maximum value of the initial 
rapid increase, remained almost the same until about 10 days of age, after 
which it decreased gradually. This decrease in body weights was found to be 
significant as shown in table VI. 

Leptinotarsa females seem to exhibit a gonotrophic cycle repeated about every 
three weeks, the oviposition decreases gradually till the end of this period. 
During the cycle studied, the oogenesis is apparently a continuous process that, 
however, slows down gradually during the reproductive cycle. This can be de
duced from table VI, which shows that the average decrease in fresh body weights 
determined during the period from 11-21 days (8.3 mg) is less than the weight of 
the average deposited eggs during the same period (37.3 mg). The average 
weight of a single egg is 0.55 mg. After this initial rapid increase, presumably the 
body weight curve closely follows the oogenesis rate. From tables V and VI it 
can be deduced that the resting oxygen consumption and oogenesis are almost 
parallel throughout the gonotrophic cycle. 

The average resting oxygen consumption of the intact fed insects of either 
sex was found not to be significantly different from the corresponding value of 
the animals starved for 24 hours. This can be seen in table VII. Nevertheless, 
feeding statistically proved to increase the struggling oxygen consumption in 
males only. 

Table VIII shows that there is no sexual difference in Leptinotarsa as far as 
the resting respiration is concerned, since the oxygen consumption of the one is 
not significantly different from that of the other. 

Table IX clearly shows that the respiratory quotients of the beetles starved 
for 24 hours, males or females, are mostly of a value significantly below unity. 

On the other hand, the average curves of the short-day insects of either sex, 
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TABLE V. 02-consumption over the test period of the intact normally fed long-day $ Leptinotarsa 
decemlineata1 

Ratio of Rat io of 
[Al Oa/g/hr resting resting 

± S.E. struggling struggling 
(5-10 days) (11-21 days) 

( i l
± ° S E h r Comparison 

(11-21 days) °f means 

Resting respiration 1377.9±72.3 1113.1 ±106.4 P<0.10 
1:1.716 1:1.921 

2364.2± 100.1 2138.1 ±113.5 Not 
P < 0.05 significant 

Struggling respiration 
Comparison of ratios 

1 Average of 7 individuals. 

TABLE VI. Change in the fresh body weight of the intact normally fed $ Leptinotarsa decem
lineata over the test period 

5-10 days 10-21 days 
Comparison 

of means 

Average fresh body weight in mg 166.3 
(7 individuals) 

158.0 P < 0.011 

1 The Wilcoxon-test (distribution free) has been applied because the frequency-distribution 
of the observations need not be assumed to be normal . 

TABLE VII. Effect of feeding on the respiratory activity of Leptinotarsa decemlineata 

Fed 24 hours'-starved Comparison 
(5 c? & 7 $) (7 c? & 6 Ç) of means 

Resting respiration 
((il 0 2 /g /hr ± S.E.) 863.7 ± 166.7 920.0 ± 189.0 No t 

e? significant 
Struggling respiration 
(fil O Jg /h r ± S.E.) 3151.2 ± 188.7 2302.0 ± 152.0 P < 0.01 

Resting respiration 
((xl OJg/hr ± S.E.) 1113.1 ± 106.4 1073.0 ± 135.9 

Struggling respiration 
((J 02/g/hr ± S.E.) 2364.2 ± 100.1 2145.5 ± 182.2 
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TABLE VIII. Sexual difference in 02-consumption of Leptinotarsa decemlineata 

c? ? 
(5 fed & 7 (7 fed & 6 

24 hours'-starved) 24 hours'-starved) 

Comparison 
of means 

Fed 

Resting respiration 
(Hi 02/g/hr ± S.E.) 

Struggling respiration 
(Hi 02/g/hr ± S.E.) 

863.7 ± 166.7 1113.1 ± 106.4 

3151.2 ±188.7 2364.2 ± 100.1 P<0.01 

Not 
significant 

Resting respiration 
((xl 02/g/hr ± S.E.) 

24 hours'-
starved Struggling respiration 

((xl 02/g/hr ± S.E.) 

920.0 ± 189.0 1073.0 ± 135.9 

2302.0 ± 152.0 2145.5 ± 182.2 

Not 
significant 

Not 
significant 

TABLE IX. R.Q. of the intact long-day Leptinotarsa decemlineata1 

Age in days 

0 
4 
8 

12 
16 
20 
24 

1 24 hours'-starved insects 
2 Significantly below unity 

3 
(7 individuals) 

0.838 ± 0.067 (S.E.) 
0.834 ± 0.0602 

0.851 ± 0.0432 

0.703 ± 0.0562 

0.757 ± 0.0332 

at P = 0.05 

(6 individuals) 

0.901 ± 0.0232(S.E.) 

0.753 ± 0.0332 

0.634 ± 0.0402 

0.743 ± 0.0672 

0.732 ± 0.0402 

presented in fig. 4, show that these exhibited an increase in the oxygen consump
tion at the beginning of adult life followed by a continuous decrease probably 
correlated to the onset of the diapause condition. Meanwhile, they did not show 
those fluctuations characteristic of the long-day ones. Female beetles of this 
group did not oviposit. Regarding the fresh body weight curve, it runs parallel 
to that of the oxygen consumption in males, and after the initial increase it runs 
at a rather constant level in females (see fig. 4). 

Table X indicates that the respiratory quotients of the short-day insects older 
than 10 days are usually above unity but this difference is significant only in a 
limited number of observations. This rise in R.Q. is more explicit at the later 
ages when some insects are supposed to be in a complete diapause. 
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FIG. 4. Oxygen consumption and fresh body weight of short-day Leptinotarsa decemlineata. 
A, average curves derived from eight females. B, average curves derived from seven 
males. 

TABLE X. R.Q. of the intact short-day Leptinotarsa decemlineata1 

Age in days (7 individuals) 
? 

(8 individuals) 

1 
5 
7 
9 

11 
13 
17 
19 
21 
23 
25 
27 

1 24 hours'-starved insects 
2 Significantly below unity at P 
3 Significantly above unity at P 

0.956 ± 0.053 (S.E.) 
0.993 ± 0.042 
1.009 ± 0.084 

1.248 ± 0.115 

1.298 ± 0.0773 

1.052 ±0.053 

= 0.05 
= 0.05 

1.012 ±0.054 (S.E.) 
0.837 ± 0.0342 

0.985 ± 0.059 

1.322 ± 0.0423 

1.000 ±0.050 

1.167 ± 0.093 

1.365 ± 0.1433 

3.4.2. Effect of allatectomy on 02-consumption and R.Q. 

Only eight males, out of a great number of operated ones, survived the test 
period. The data obtained from six of these survivors are illustrated in fig. 5. The 
other two were excluded when it was found that the extirpation of the glands 
was incomplete as checked microscopically after the experiments. 

Like the sham allatectomates, the allatectomates show the fluctuations des
cribed earlier for the intact insects (section 3.4.1.). The curve shows that allatec
tomy resulted in a reduction in the oxygen consumption, whereas it induced an 
increase in the fresh body weights. Table XI shows that the average ratio of 
the fresh body weights of the allatectomates of all age groups over the period 
from 8 to 24 days to the average fresh body weight on the fourth day (taken as 
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FIG. 5. Oxygen consumption and fresh body weight after allatectomy in Leptinotarsa decem-
lineata. A, average curves derived from six and nine male allatectomates and sham 
allatectomates respectively. B, average curves derived from six and nine female alla
tectomates and sham allatectomates respectively. 

an initial average weight) is significantly higher than its corresponding average 
ratio in the sham allatectomates. Because this increase in weight may be the 
result of the accumulation of inert fat (see section 3.7.5.), the average resting 
oxygen consumption of the allatectomates could be higher than expressed per 
gramme of weight of the entire animal. However, this difference was found to be 
insignificant. From the table it is evident that allatectomy in males led to a signi
ficant reduction of 67.3% (1025.2 ± 216.7 jxl 02/g/hr and 335.0 ± 114.3 [xl 
02/g/hr for sham allatectomates and allatectomates respectively) in the resting 
02-consumption. However, the reduction in the struggling respiration is es
timated at only 56.2% (2300.7 ± 206.0 fxl 02/g/hr and 1007.3 ± 127.4 jxl 02/g/hr 
for the sham allatectomates and allatectomates respectively). This latter re
duction was found to be significantly lower than the former reduction (P 
<0.001)1. Allatectomy, in some cases, also resulted in respiratory quotients 
significantly above unity, especially at later ages when some allatectomates are 
supposed to be in a complete diapause. This can be found in table XII. 

Only seven females survived the operation and lived for several months after 
the test period ended. Out of these, only one insect laid a few eggs and was 
thereupon discarded. Microscopical investigations confirmed the complete 
excision of the glands from the remaining six insects. 

Fig. 5 shows that the female allatectomates reduced their oxygen uptake in 
comparison with the sham allatectomates, but both groups still exhibited the 
fluctuations characteristic of the intact insects (see section 3.4.1.). Like the male 
allatectomates, the fresh body weights of the female allatectomates increased 

1 See footnote on page 38 
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significantly as compared to those of the sham allatectomates (see table XI). 
Again, the difference in the resting as well as in the struggling oxygen consump
tion proved not to be significant. The results indicate that allatectomy in 
females reduced the resting oxygen consumption by as much as 77 % (from 612.0 
± 74.9 (il/g/hr for the sham allatectomates to 140.7 ± 37.7 JJ.1 02/g/hr for the 
allatectomates), whereas the struggling oxygen consumption by only 52.1% 
(1565.9 ± 149.6 \û 02/g/hr and 749.9 ± 208.0 \û 02/g/hr for sham allatectoma
tes and allatectomates respectively). The latter reduction was found to be signi
ficantly lower than the former one (P <0.001)1. Table XII also shows that the 
respiratory quotients of the allatectomates are mostly of a value significantly 
above unity whereas those of the sham allatectomates are often below unity. 
Moreover, allatectomy led to a significant rize in R.Q. at all ages studied. 

3.4.3. Effect of castration on 02-consumption and R.Q. 
After the microscopical check, only eight males out of ten survivors, were 

used for the data incorporated in fig. 6. From the figure, it seems that testicto-
mates decrease their oxygen consumption throughout the whole determination 
period as compared to the sham testictomates. The castrates as well as the 
sham castrates still showed the fluctuations observed for the intact insects. 
However, table XIII clearly shows that the average of resting as well as struggl
ing oxygen consumption of the testictomates were not significantly different 
from those of the sham testictomates. It may also be inferred from this table 
that castration brought about a significant increase in the average fresh body 
weights (the average weight on the fourth day was taken as the initial value), 
although this increase does not significantly affect the oxygen consumption if it 
is figuratively assumed to be caused by accumulated inert materials. In con
trast to allatectomy, castration did not result in a rise of R.Q. to a value above 
unity, but in some cases it significantly decreases the respiratory quotients as 
compared to those of the sham castrates. Moreover, the respiratory quotients 
of either group are often significantly below unity. This can be observed 
from table XII. 

Out of eleven survivors, only seven females weie utilized for the data pre
sented. The other four were found to be ovipositing due to incomplete ovariec
tomy as microscopically verified. Fig. 6 demonstrates that castration in these 
females may induce a distinct reduction in the oxygen consumption, but only 
till the age of 12 days after which, in contrast, a remarkable increase could be 
observed as compared to the operated controls. However, table XIV indicates 
that castration did not significantly affect the mean oxygen consumption of 
the whole test period, whereas the analysis of the effect over the period proved 
that only the increase shown in the figure is significant (as demonstrated in 
table XV). Castration also induced a significant increase in the fresh body 
weights (average weight on the fourth day was the initial value). But, this in
crease in weights has no significant effect on the oxygen consumption if it is 

1 See footnote on page 38 
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figuratively assumed to be caused by accumulation of inert metabolites (see 
table XIV). Table XII shows that castration has no significant effect on the res
piratory quotients. Meanwhile, in contrast to allatectomy, it does not lead to a 
rise in R.Q. to a value above unity. Instead, both the ovariectomates and the 
sham ovariectomates mostly show respiratory quotients of a value significantly 
below unity. It is noteworthy to mention that the ratios of the struggling to the 
resting respiration of the ovariectomates in the two distinct periods, determined 
by the different levels of respiration (see table XV) vary significantly indicating 
that the struggling respiration is absolutely independent of the resting respira
tion like in intact insects (section 3.4.1.). 

3.5. RESPIRATORY ACTIVITY IN TENEBRIO MOLITOR 

3.5.1. 02-consumption and R.Q. of the intact insects 

Either the oxygen consumption curve or the fresh body weight curve of both 
sexes exhibited a rather constant level from emergence as adult up to the end 
of the test period. Nevertheless, only the oxygen consumption curves showed the 
irregular fluctuations shown by the long-day Leptinotarsa. These fluctuations are 
reduced by the correction based on the resting respiration as shown in fig. 7. 

Table XVI indicates that the resting oxygen consumption of normally fed 
Tenebrio of either sex is not significantly different from that of animals starved 
for one hour. However, feeding proved to induce a slight increase in the struggl
ing oxygen consumption in females only. 

As in Leptinotarsa, there is no sexual difference in Tenebrio as far as the 
resting respiration is concerned. This is demonstrated in table XVII which, 
however, shows that 1 hour of starvation induced a significant sexual difference. 
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FIG. 6. Oxygen consumption and fresh body weight after castration in Leptinotarsa decem-
lineata. A, average curves derived from eight and nine male testictomates and sham 
testictomates respectively. B, average curves derived from seven and nine female 
ovariectomates and sham ovariectomates respectively. 
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FIG. 7. Oxygen consumption and fresh body weight of intact normally fed, un-mated Tenebrio 
molitor (presented as a mean of morning and afternoon readings). A, average curves 
derived from six ovipositing females. B, average curves derived from ten males. 
(Notice the resting oxygen consumption curves after correction, for details see text). 

TABLE XVI. Effect of feeding on the respiratory activity of un-mated Tenebrio molitor 

Resting respiration 
(|xl 02/g/hr ± S.E.) 

c? 
Struggling respiration 
(lil 02/g/hr ± S.E.) 

Resting respiration 
(id 02/g/hr ± S.E.) 

Struggling respiration 
01 02/g/hr ± S.E.) 

Fed 
00 S & 6 $) 

664.8 ± 44.7 
(n = 250) 

1825.2 ± 61.7 
(n = 145) 

631.8 ± 16.0 
(n = 150) 

1712.1 ± 69.7 
(n = 82) 

1 hour-starved 
(9 <J&9 $) 

768.8 ±117.0 
(n = 44) 

1848.8 ± 75.0 
(n - 46) 

675.9 ± 38.0 
(n = 33) 

1546.1 ± 58.9 
(n = 55) 

Comparison 
of means 

Not 
significant 

Not 
significant 

Not 
significant 

P<0.10 

1 Ovipositing females. 

Table XVIII shows that the respiratory quotients are often significantly below 
unity, especially in males. 

During the preparation of the manuscript a paper was presented by MORDUE 
(1965a). This author concluded that both crowding and mating in Tenebrio 
females have a stimulatory effect on oogenesis and also prevent the resorption of 
the terminal oocytes as histologically revealed. He also stated that the isolated 
virgin females never oviposit, whereas the mated ones oviposit. Throughout the 
study we have generally used isolated virgins. It was, therefore, very interesting 
to determine to what extent mating would affect the respiratory activity in 
Tenebrio. The data obtained, summarized in table XIX, indicate that there is no 
significant effect of mating in both sexes on either the resting or the struggling 
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TABLE XVIII. R.Q. of intact Tenebrio molitor1 

Age in days (9 individuals) (9 individuals) 

12 
16 
20 

0.740 ± 0.0372(S.E.) 
0.975 ± 0.064 
0.905 ± 0.03l2 

0.774 ± 0.0322 

0.806 ± 0.03l2 

1 1 hour-starved. 
2 Significantly below unity at P = 0.05. 

0.822 ± 0.0262(S.E.) 
0.922 ± 0.041 
0.986 ± 0.055 
0.953 ± 0.070 
0.905 ± 0.044 

TABLE XIX Effect of mating on the respiratory activity of Tenebrio molitor1 

Mated 
(9 S & 5 ?) 

Un-mated 
(10 <? & 6 ?) 

Comparison 
of means 

Resting respiration 
(|il 02/g/hr ± S.E.) 

Struggling respiration 
(ixl 02/g/hr ± S.E.) 

667.4 ± 13.9 
(n = 201) 

1779.2 ± 67.1 
(n = 133) 

664.8 ± 44.7 
(n = 250) 

1825.2 ± 61.7 
(n = 145) 

Not 
significant 

Not 
significant 

Resting respiration 
((xl 02/g/hr ± S.E.) 

679.7 ± 27.0 
(n = 67) 

631.8 ± 16.0 
(n = 150) 

Not 
significant 

Struggling respiration 
(fxl 02/g/hr ± S.E.) 

1 Normally fed insects. 
2 Ovipositing females. 

1658.5 ± 54.4 
(n = 105) 

1712.1 ± 69.7 
(n = 82) 

Not 
significant 

TABLE XX. Effect of mating on oviposition in Tenebrio molitor l 

Age in days Mated Un-mated 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1 - 1 

_ 1 _ _ _ 
_ 2 - - 1 

5 - 3 - -

! • _ _ _ _ _ 

2 - 1 - - -
_ _ 1 _ 
- 1 1 - - -
- 1 - 1 - -
2 - 2 - - -
_ _ _ _ ! _ 

- - 1 - - 1 

1 1 - - - -

Total number of de
posited eggs 

1 Normally fed insects. 

6 3 4 1 2 0 0 0 0 8 3 6 1 1 1 0 
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FIG. 8. Oxygen consumption and fresh body 
weight of intact normally fed, mated, 
non-ovipositing Tenebrio molitor fema
les. Average curves derived from four 
individuals. 

-CONSUMPTION IN /u l /g /hr 
BODY WEIGHTS IN mg 

16 20 
AGE IN DAYS 

oxygen consumption. Moreover, although the rate of oviposition in our ex
periments was generally low, mating did not appear to influence oviposition 
(see table XX). From table XXI, it is evident that the resting oxygen consump
tion of the ovipositing females does not significantly differ from that of the non-
ovipositing ones. However, non-oviposition proved to significantly increase the 
struggling respiration of the insects. This can also be noticed from fig. 8 in which 
the respiratory fluctuations are extremely high. 

TABLE XXI. Effect of oviposition on the respiratory activity of $ Tenebrio molitor1 

Ovipositing 
(5 individuals) 

Non-ovipositing 
(4 individuals) 

Comparison 
of means 

Resting respiration 
((il 02/g/hr ± S.E.) 

Struggling respiration 
(lil 02/g/hr ± S.E.) 

679.7 ± 27.0 
(n = 67) 

1658.5 ± 54.4 
(n = 105) 

640.9 ± 30.3 
(n = 65) 

1919.9 ± 79.0 
(n = 84) 

1 Normally fed and mated females. 

Not. 
significant 

P < 0.01 

3.5.2. Effect of allatectomy on 02-consumption and R.Q. 
Fig. 9 illustrates the original data obtained. These original data of allatec-

tomates or sham allatectomates of both sexes still show the fluctuations of the 
respiratory intensities characteristic of the intact insects. Table XXII reveals 
that allatectomy has no significant effect in either sex on both the resting and the 
struggling oxygen consumption as well as on the fresh body weight. Allatec
tomy neither resulted in a comparable rise of the R.Q. to a value above unity 
as in allatectomized Leptinotarsa (see table XXIII). The respiratory quotients, 
however, are mostly of a value significantly below unity, especially in the sham 
allatectomates. Moreover, allatectomy seems to have no significant effect on the 
respiratory quotient of both sexes. 
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FIG. 9. Oxygen consumption and fresh body weight after allatectomy in Tenebrio molitor. 
A, average curves derived from seven and nine male allatectomates and sham allatec-
tomates respectively. B, average curves derived from five and nine female allatecto
mates and sham allatectomates respectively. 

3.5.3. Effect of castration on 02-consumption and R.Q. 
Probably because of the exorbitant sensitivity of the males to this operation, 

most of the castrated individuals did not survive longer than four days. A few 
of them, however, did live for a longer time, but they nevertheless died before 

TABLE XXIV. Effect of castration on the 02-consumption and fresh body weight of 
cJ Tenebrio molitor1'* 

Testectomates Sham testectomates Comparison 
(one insect) (7 insects) of means 

Fresh body weights 
(mean of weight ratios ± S.E.)2 

Resting respiration 
([xl/g/hr ± S.E.) 

Struggling respiration 
((xl/g/hr ± S.E.) 

1 1 hour-starved insects 
2 For details, see text. 

1.192 ± 0.023 
(n = 8) 

937.0 ± 18.9 
(n = 8) 

1310.6 ± 177.3 
(n = 2) 

1.250 ±0.010 
(n = 7) 

891.0 ± 49.3 
(n = 15) 

1561.8 ± 48.6 
(n = 44) 

P < 0.05 

Not 
significant 

Not 
significant 

the experiment ended. Only one insect survived for about one month. The data 
summarized in table XXIV could by no means prove that castration has any 
effect on either the resting or struggling oxygen consumption. Definite con
clusions, however, cannot be obtained from just one test animal. The table also 
demonstrates that the fresh body weight of this male castrate decreases signi
ficantly (weight on the fourth day was taken as initial value). 
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Fig. 10. 
Oxygen consumption and fresh body weight after 
castration in Tenebrio molitor females. Average curves 
derived from five ovariectomates and five sham ova-
riectomates. 
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TABLE XXV. Effect of castration on the 02-consumption and the fresh body weight of Ç Tene
brio molitor1'* 

Fresh body weights 
(mean of weight ratios ± S.E.)2 

Resting respiration 
(Ul/g/hr ± S.E.) 

Struggling respiration 
((xl/g/hr ± S.E.) 

1 1 hour-starved insects. 
2 For details, see text. 

Ovariectomates 
(5 individuals) 

1.234 ± 0.014 
(n = 8) 

860.6 ± 50.1 
(n = 11) 

1675.7 ± 107.7 
(n = 31) 

Sham ovariectomates 
(5 individuals) 

1.294 ± 0.019 
(n = 7) 

781.0 ± 48.6 
(n = 10) 

1710.6 ± 154.1 
(n = 20) 

Comparison 
of means 

P < 0.05 

Not 
significant 

Not 
significant 

Castration in females, shown in table XXV and plotted in fig. 10, has no 
significant effect on either the resting or struggling respiration, but a sig
nificantly reducing effect on the fresh body weights (taking the average weight 
on the fourth day as initial value). 

3.6. SUMMARY OF THE EXPERIMENTAL RESULTS 3.1.-3.5. 

The foregoing results indicate that all the insect groups of differently treated 
batches of both species studied either intact or operated, except those of the 
short-day Leptinotarsa, exhibited eerhythmical fluctuations as far as oxygen 
consumption is concerned. Most interesting was to find that the type of change 
in the respiration intensities in the course of the determination period was 
remarkably different in the two species. Binocular observations elucidated how 
fully dependent these fluctuations in the oxygen consumption are on the struggl
ing of the insects inside the metal gauze cages. Since it is practically impossible 
to avoid this struggling inside the metal gauze tubes, efforts have been made to 
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find the respiration values belonging to the most complete resting condition in 
the original data obtained. These original data proved to be entangled with the 
struggling respiration values which concealed the true resting respiration value 
needed to study the effects of the surgical interferences. These efforts are pre
sented in sections 3.1. and 3.2. A test has been made to see whether the R.Q. 
calculated from the original data would be significantly different from that ob
tained only from the resting respiration. The results (see section 3.3.) reveal that 
there is no significant difference and the respiratory quotients may be considered 
not to be affected by the struggling of the insects. 

By applying the above-mentioned approaches to the original data, we came 
to the following conclusions: 
1. The struggling respiration is certainly independent of the resting respiration 

but their curves run parallel as is clear from the data presented for both 
intact and castrated Leptinotarsa females. 
2. Leptinotarsa females seem to have a gonotrophic cycle repeated about every 

three weeks and oogenesis is most probably a continuous process, although 
the rate decreases in the course of the cycle. Moreover, the results show that the 
resting oxygen consumption is appreciably influenced by the process of oogen
esis. 
3. In intact long-day Leptinotarsa, of either sex, feeding proved to have no 

significant influence on the oxygen consumption as far as the resting respira
tion is concerned. 
4. The respiratory quotients of the short-day Leptinotarsa, of either sex, are in 

some cases significantly above unity. Those of the long-day insects are 
usually significantly below unity. 
5. In Leptinotarsa, allatectomy results in a significant reduction of the resting 

oxygen consumption estimated at 67.3% and 77% in males and females 
respectively1. However, the struggling oxygen consumption was only reduced 
by allatectomy by 56.2 % in males and by 52.1 % in females2. By contrast, allat
ectomy led to a significant increase in the fresh body weights, although this 
increase did not significantly affect the respiration. Allatectomy also resulted in 
a rise of R.Q. to a value significantly above unity in both sexes. 
6. In either sex of Leptinotarsa, castration proved to have no significant effect 

on either the average resting or struggling oxygen consumption or the R.Q. 
Moreover, it has a significantly stimulating effect on the oxygen consumption 
of aging females and induces a significant weight increase in both sexes. 
7. Table XXVI shows that this increase in the fresh body weights resulting from 
castration is not significantly different from that resulting from allatectomy in 
females. On the other hand, allatectomy in males induced a significantly higher 
increase in fresh body weights than castration. 

1 These percentages were found not to be significantly different at 5 % probability. The 
^-test has been applied. 

2 These percentages of reduction'in the struggling respiration were found to be signi
ficantly less than their corresponding percentage of reduction in the resting respiration at 
P < 0.001 in both males and females. The A^-test has been applied. 
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TABLE XXVI. Effect of surgical interferences on the fresh body weight (mean of weight ra
tios)1 of Leptinotarsa decemlineata? 

c? 

? 

Comparison 
of means 

Castrates 

1.144 ± 0.006 (S.E.) 
(n = 5) 

1.255 ±0.008 (S.E.) 
(n = 5) 

P < 0.001 

Allatectomates 

1.245 ±0.012 (S.E.) 
(n = 5) 

1.197 ±0.033 (S.E.) 
(n = 5) 

Not 
significant 

Comparison 
of means 

P < 0.001 

Not 
significant 

1 For details, see text. 
2 24 hours'-starved insects. 

8. Whereas the increase obtained in the fresh body weight by allatectomy in 
Leptinotarsa did not show any significant sexual difference, castration in

duced a significantly higher increase in females than in males (see table XXVI). 
9. The resting respiratory rate in either sex of Tenebrio shows a constant level 

running parallel to the fresh body weight rate from the imaginai emergence 
until the end of the experiment. 
10. Feeding has no significant effect on the resting respiration in either sex of 

Tenebrio. 
11. Mating in Tenebrio does not have a significant effect on either the resting 
oxygen consumption in both sexes or the oviposition in females. 
12. Intact non-ovipositing Tenebrio females do not show a significant difference 

in the resting oxygen consumption compared to the ovipositing ones. 
13. Tenebrio female allatectomates do not show a significant difference with the 

intact non-ovipositing females concerning the resting oxygen consumption. 
However, their struggling respiration is significantly lower than that of the non-
ovipositing insects (see table XXVII). 

TABLE XXVII. Difference in respiratory activity between allatectomates and non-ovipositing 
? Tenebrio molitor 

Allatectomates1 

(5 individuals) 
Non-oviposi ting2 

(4 individuals) 
Comparison 

of means 

Resting respiration 
((il Oa/g/hr ± S.E.) 

Struggling respiration 
(|d 02/g/hr ± S.E.) 

557.9 ± 118.0 
(n = 27) 

1488.1 ± 100.3 
(n = 17) 

1 1 hour-starved and un-mated insects. 
2 Normally fed and mated insects. 

640.9 ± 30.3 
(n = 65) 

1919.9 ± 79.0 
(n = 84) 

Not 
significant 

P < 0.01 
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14. Allatectomy nor castration in either sex of Tenebrio proved to have a signi
ficant effect on the resting oxygen consumption. Neither of these operations 

seems to affect the fresh body weight of males, but castration induces a signifi
cant decrease in females only. 

3.7. THE 'METABOLIC' EFFECT OF THE CORPUS ALLATUM HORMONE 

IN FEMALE LEPT1NOTARSA DECEMLINEATA 

3.7.1. R.Q. of insects in diapause induced by allatectomy 

Eighty insects were allatectomized and sixty-four survived the operation. Of 
these survivors, twenty insects entered diapause after 2-3 weeks. These dia-
pausing insects were divided into two groups of ten. One group was kept under 
unchanged conditions during the respiration determination, the other group was 
kept under the same conditions to be subjected afterwards to a sham-implanta
tion. Out of the non-implanted insects, two resumed feeding activities and one 
of these two laid a few eggs. The respiration data obtained by these two insects 
were rejected therefore. The R.Q. of the remaining eight allatectomy-diapaus-
ing females, summarized in table XXVIII, were found to be significantly above 
unity throughout the period studied. 

3.7.2. R.Q. of normal-diapausing insects 

From a group of short-day treated insects (all entering diapause within 1-2 
weeks after emergence, and none resuming feeding activities or ovipositing) 
six were used for the respiration measurements. These six insects showed res
piratory quotients of a value significantly above unity throughout the test period 
shown in table XXVIII. 

3.7.3. Effect of implantation of active corpus allatum-cardiacum complexes on 
the 02-consumption and the R.Q. of allatectomy-diapausing insects 

Each individual of the eight allatectomy-diapausing females used in the ex
periments in section 3.7.1. was implanted with six active corpus allatum-cardia
cum complexes (obtained from active ovipositing females) on the sixth day after 
the onset of diapause. This operation was carried out by the method outlined 
in section 2.1.3. Only five insects survived the operation. 

Sham-implanted females were obtained from the allatectomy-diapausing 
group, kept for this purpose as mentioned in section 3.7.1. Out of these ten in
sects, three resumed feeding activities and one laid eggs. These three individuals 
were excluded. Every one of the remaining seven insects was supplied with a 
piece of a cervical muscle corresponding in size to the implanted glands on the 
sixth day after the onset of diapause. Two of these sham-implanted insects died 
leaving five individuals. 

In these investigations, both implanted and sham-implanted beetles were 
deprived of food and only supplied with moist filter paper to avoid the possible 
interference of the food with the metabolites already present. 

Table XXVIII shows that the implanted insects did not change their oxygen 
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consumption significantly after implantation and a difference with the sham-
implanted insects was neither observed. However, the R.Q. obtained on the 
fourth day after implantation was found to be significantly below unity, whereas 
the R.Q. of the sham-implanted insects was significantly above unity. 

3.7.4. Effect of transferring the normal-diapausing insects to long-day conditions on 
their 0%-consumption and R.Q. 

The same insects used for the data presented in section 3.7.2. were trans
ferred from short-day conditions to long-day ones on the sixth day after the 
onset of diapause and were provided under the new conditions (as the implanted 
group) with moist filter papers only. Control was provided by another group of 
six insects from the same culture continuously under short-day conditions. The 
data recorded in table XXVIII show that the transferred insects significantly 
increased their oxygen consumption compared to that of the controls. Neverthe
less, they show a significant decrease in comparison with their oxygen consump
tion before transfer. The transferred insects show a R.Q. significantly below 
unity on the fourth day after the transfer, whereas the controls show a R.Q. 
significantly above unity. 

3.7.5. Body constituents in allatectomy- and normal-diapausing insects 

Because of the limited supply of material under the restrictions and conditions 
outlined (see section 2.4.1.), there was an insufficient number of replicates in 
these studies. This led to results with rather high values in the standard error of 
the means (see table XXIX). However, the data presented indicate that the rôle 
of the corpus allatum hormone might be to promote the oxidative break-down 
of fat to account for the energy needed by the activated insects. On the other 
hand, in the absence of the corpus allatum hormone by the surgical removal of 
the gland or its spontaneous inhibition during nor mal-diapause, the fat 
content appeared to be relatively higher. 

3.7.6. Summary and concluding remarks on the experimental results 3.7. 

The preceding results reveal that the physiological and biochemical states of 
both normal-diapausing and allatectomy-diapausing groups seem to be similar. 
Neither of them is significantly different, because the average oxygen consump
tion of normal-diapausing is 433.3 ± 27.8 [xl02/g/hr and that of allatectomy-
diapausing 438.1 ± 32.9 jxl02/g/hr. This may be inferred from fig. 11. 

Moreover, in either case, the respiratory intensities did not show those ir
regular fluctuations characteristic of the long-day insects. It seems possible (see 
fig. 11) that the normal-diapausing insects continue to decrease their oxygen 
consumption more rapidly than the allatectomy-diapausing ones. The former 
group exhibited an oxygen consumption significantly lower than the sham-im
planted insects (222.9 ± 16.2 [xl02/g/hr and 445.3 ±27.0 [i,102/g/hr respectively). 
There is no significant difference between allatectomy-diapausing insects and 
the sham-implanted ones (438.1 ± 32.9 (i,102/g/hr and 445.3 ± 27.0 |xl02/g/hr res
pectively), whereas there is a highly significant difference between the normal-
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diapausing and the control of transferred ones (453.3 ± 27.8 LII 02/g/hr and 
222.9 ± 16.2 [il 02/g/hr respectively). 

The removal of the corpus allatum hormone factor, in either case, resulted in 
respiratory quotients significantly above unity indicating a possible conversion 
of carbohydrate into fat. However, the fat content of both diapausing groups 
(normal and allatectomized), quantitatively estimated in preliminary investiga
tions, did not show a considerable increase in the course of time. Moreover, the 

NOT SIGNIFICANT 

NOT 
SIGNIFICANT 

JALLATECTOMY-DIAPAUSING — 

3 (438.1 * 32.9) 
| n = 24 
!2 
"> n-18 
g ( « 5 3 . 3 * 2 7 . 8 ) 

NORMAL-DIAPAUSING « 

— IMPLANTED 

NOT 
SIGNIFICANT 

»SHAM-IMPLANTED 

(542.5 ± 6 4 . 0 ) 
n = 10 

n-12 
(350.3 ±30 .9 ) 

-»TRANSFERRED-<-

(445.3 ±27.0) 
n = 10 

n = 12 
(222.9 ± 1 6 . 2 ) 

- •CONTROL OF TRANSFERRED/ 

P < 0.02 P < 0.01 

P< 0.001 

FIG. 11. Demonstrative diagram showing the differences between the average oxygen con
sumption (in jxl/g/hr) of allatectomy-and normal-diapausing Leptinotarsa decemlinea-
ta females as well as some other interactions. For details see text. 

carbohydrate content represented by both glycogen and trehalose seems to be 
conspicuously changed. The available data therefore suggest that the primary 
function of the corpus allatum in lipid metabolism is to promote the conversion 
of inert fat, probably by the desaturation of the fatty acids. In other words : the 
absence of the corpus allatum hormone may result in the saturation of the fatty 
acids formed from the carbohydrates which accounts for the R.Q. with a value 
persistently above unity, coinciding with the increased stable level of fat. The 
saturation of the fatty acids as well as the conversion of carbohydrates into fat 
give rise to a R.Q. of a value above unity (EDWARDS, 1953, p. 102). 

The implantation of six active corpus allatum-cardiacum complexes did not 
bring about a significant increase in the oxygen consumption of the allatectomy 
diapausing insects, although it decreased the R.Q. to a value significantly below 
unity. By contrast, the transfer of normal-diapausing insects to long-day con
ditions brought about a significant increase in the oxygen consumption as well 
as a decrease in R.Q. to a value significantly below unity (see page 49). 

3.8. FERTILITY IN MALE LEPTINOTARSA DECEMLINEATA 

In this study it was observed that virgin females mated with normal-dia
pausing males deposited non-viable eggs, but in normal number and sequence. 
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By contrast, the male allatectomates and even the allatectomy-diapausing males 
proved to be as fertile as the intact long-day males. Virgin females, mated with 
either operated or intact males laid viable eggs in comparable numbers hatching 
after the same number of days of incubation. 
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4. G E N E R A L D ISCUSSION 

4.1. THE RESPIRATORY RATE AFTER ALLATECTOMY 

Allatectomy in either sex of Leptinotarsa reduces the oxygen consumption 
throughout the period studied. Earlier work has also shown that allatectomy in 
Leptinotarsa females results in a decrease in the oxygen uptake (DE WILDE and 
STEGWEE, 1958). 

By contrast, allatectomy in Tenebrio did not show any effect on the respiratory 
rate of both sexes. 

The corpus allatum hormone in both insects studied (Leptinotarsa by DE 
WILDE and DE BOER, 1961 ; Tenebrio by MORDUE, 1965 a) is essentially involved 
in egg-maturation like in most adult female insects. 

By contrast, no relationship between the corpus allatum and adult testes has 
been demonstrated so far (cf. SCHARRER and VON HARNACK, 1961). Allatecto
my in males of various species shortly after emergence does not disturb the 
course of spermatogenesis (WIGGLESWORTH, 1936; THOMSEN, 1942; DAY, 1943; 
PFEIFFER, 1945 b). If mated with virgins, allatectomized males of the orthopterans 
i?ad//w,s(FAVRELLE, 1943) andLeucophaea (SCHARRER, 1946) can fertilize the eggs. 
Our observations on allatectomized male Leptinotarsa were consistent with these 
results. Allatectomized males were found to be fertile. However, as already 
mentioned allatectomy in Leptinotarsa males reduces the oxygen uptake, where
as it has no such effect in Tenebrio males. A question arises about the function 
of the corpus allatum in adult Leptinotarsa males. There is evidence of its in
fluence on the flight muscles. Allatectomized Leptinotarsa males showed flight 
muscle degeneration (STEGWEE, personal communication, and own observa
tions). This was not noticed in Tenebrio males (personal observations). Allat
ectomy in Leptinotarsa males brought about a reduction in the resting oxygen 
consumption of 67.3%, whereas in females of as much as 77.0%. This sexual 
difference was found not to be significant indicating that the greater part of the 
effect of the corpus allatum hormone on respiratory metabolisms is restricted 
to the flight muscle in females as well. STEGWEE et al. (1963) demonstrated in 
Leptinotarsa females a pronounced degeneration in the flight muscle sarcosomes 
after removing the post-cerebral complex of endocrine glands; the corpora 
cardiaca-allata complexes. Implantation of active complexes resulted in a very 
rapid regeneration of the muscle fibrils and new formation of sarcosomes. 
Moreover, STEGWEE (1964) argued that the thoracic tissues of active female 
beetles make up some 80 % of the total respiration. 

Although the oocyte production in Tenebrio females has been shown to be 
dependent on the corpus allatum activity (cf. MORDUE, 1965 a), removal of the 
gland did not result in a significant reduction in the oxygen consumption. In
tact Tenebrio females, unlike intact Leptinotarsa females, did not show any cyclic 
changes in the oxygen consumption correlated with reproductive cycles. This 
might be due to the very low rate of oogenesis in this insect species, since the 
females deposited rather few scattered eggs. This rate is apparently too low to be 
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distinguished in the oxygen consumption. Moreover, intact non-ovipositing 
females showed oxygen consumption comparable with either intact ovipositing 
or allatectomized females. Allatectomy in these females did not bring about 
degeneration in the flight muscles (personal observations). 

4.2. EFFECT OF MATING ON RESPIRATORY RATE AND 

OVIPOSITION IN TENEBRIO 

Mating proved to have no significant influence on the oxygen consumption in 
both sexes and neither on oviposition in females. 

Concerning oviposition, our results were found to be controversial with those 
of MORDUE (1965 a). This author pointed out that in Tenebrio, as in several other 
insect species, mating has a stimulatory effect on oogenesis and also prevents 
oocyte resorption. It was suggested that this effect is mediated through the 
neurosecretory cells of the brain which regulate oocyte growth by direct control 
of the protein synthesis (reflected in the haemolymph protein concentration and 
the protein uptake by the developing oocytes). Their secretion also acts as a 
precursor for the corpus allatum hormone or stimulates production of the cor
pus allatum in some other way (MORDUE, 1965 b). In our observations, some of 
the mated females did not deposit eggs and most of the virgins oviposited at 
about the same time as mated ones. This could demonstrate that mating is not 
a 'must' in Tenebrio to oviposit. However, the possibility should not be excluded 
that our Tenebrio material might belong to a different strain. 

4.3. THE RESPIRATORY RATE AFTER CASTRATION 

Castration in both species studied, males or females, did not lead to a reduc
tion in the oxygen uptake. Instead, it led to a significant late increase in the 
oxygen uptake of Leptinotarsa females. In Tenebrio females an increase seemed 
to occur throughout the period studied, but it proved to be insignificant. In 
fact, this increase in the oxygen consumption was not observed after allatec
tomy. Moreover, whereas castrated Leptinotarsa males increased their weight 
significantly, this increase was significantly less than that found after allatec
tomy. In Leptinotarsa females, on the other hand, castration induced an in
crease in the fresh body weight comparable to that induced by allatectomy. 
Furthermore, allatectomy in Leptinotarsa did not result in any significant 
sexual difference in the increase in the fresh body weight, whereas castration in
duced a significantly higher increase in females than in males. This could indi
cate that the metabolites accumulated after castration in females might be 
respiratory substrates in contrast to the inert metabolites accumulated after 
allatectomy. 

The data on R.Q. seem to justify this interpretation. R.Q. was found to be 
significantly below unity in castrates similar to active long-day insects and sig
nificantly above unity in allatectomates as in inactive diapausing beetles. It 
follows that in Leptinotarsa females, the effect of the corpus allatum on res-
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piration cannot merely be explained by an effect on the ovaries. On the contrary, 
the late increase in respiratory intensity observed in females castrates (fig. 6B) 
could rather point towards the reverse. 

On the basis of the physiological evidence at hand it seems most probably 
that castration in Leptinotarsa females leads to a hyperactivity of the corpus 
allatum with regard to metabolism. A corollary would be, that the ovaries nor
mally may have a restraining influence on the corpora allata. 

Another possibility could be that the late increase observed is due to a 
homeostatic mechanism regulating the haemolymph composition and demand
ing more energy as the ovaries do not remove the precursor substances for 
oogenesis produced elsewhere. But it is difficult to see why this argument should 
not be valid in the case of allatectomates. 

Although it has been observed in many cases that the size of the corpus alla
tum increases after castration (PFEIFFER, 1939; THOMSEN, 1942; BODENSTEIN, 

1947; WIGGLESWORTH, 1948; THOMSEN, and HAMBURGER, 1955; VON HARNACK 

and SCHARRER, 1956; JOHANSSON, 1958; SCHARRER and VON HARNACK, 1961), 
it is by no means certain that this increase in size is correlated with an increase 
in activity (JOHANSSON, 1948; STAAL, 1961 ; MORDUE, 1965 a). We have, indeed, 
only indirect evidence to present on this point. 

As mentioned before, the rate of oogenesis in Tenebrio might be too low to be 
reflected in the oxygen consumption. It seems, therefore, most probable that the 
ovarian influence may have escaped detection. In this regard, histological 
studies on the corpora allata of castrated Tenebrio females should be of great 
interest. 

It is noteworthy that THOMSEN and HAMBURGER (1955) working with Calli-
phora females found that castration has no reducing effect on respiratory me
tabolism. They, however, did not demonstrate any later increase. These authors 
studied the effect on 7 days'old females. Had they prolonged their observation 
from the adult eclosion over a somewhat longer period it could have been pos
sible that they might have found this increase. 

Our results in Leptinotarsa females seem to be consistent with those of Sä
gesser (1960) in that the oxygen consumption of Leucophaea females increased 
after castration. 

4.4. MAY DIAPAUSE IN LEPTINOTARSA be CONSIDERED A CASE 

OF 'PSEUDO-ALLATECTOMY' ? 

DE WILDE and DE BOER (1961) demonstrated that in adult Leptinotarsa the 
complete syndrome of diapause is produced upon surgical excision of the cor
pora allata. This is correlated with a standstill of ovarian functions, a low rate of 
oxygen consumption, and a change in behaviour from feeding to burying. These 
observations led the authors to describe diapause in this insect as a case of 
'pseudo-allatectomy'. However, whereas allatectomy-diapause is simply re
versed by implanting 2-4 active corpora allata, this leaves normal-diapause 
unbroken. For this reason, it was impossible for these workers to state decisively 
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that diapause in adult Leptinotarsa is merely a syndrome of corpus allatum hor
mone deficiency. 

STEGWEE et al. (1963) and STEGWEE (1964) inferred another similarity, but on a 
sub-cellular level. They demonstrated a drastic désintégration in the flight muscle 
sarcosomes of both diapausing states in Colorado beetle and considered the 
low metabolic rate observed to be due to uncoupling oxidative phosphoryla
tion. 

The present study provides a further similarity from the physiological as 
well as the biochemical points of view. Removal of the corpus allatum hormone 
by surgical excision of the glands or by short-photoperiod treatment resulted in 
low values of oxygen consumption as well as R.Q.'s significantly above unity 
which suggests a possible conversion of carbohydrate into fat. Moreover, the 
preliminary chemical findings in females seem to justify this conversion. 

Regarding Leptinotarsa males, there is only one distinct difference between 
allatectomy-diapausing and normal-diapausing insects. Whereas allatectomy-
diapausing males proved to be fertile, normal-diapausing ones were not, although 
they responded to a mating behaviour with virgins. 

More recently DE WILDE (1963, 1965) working with Leptinotarsa favours the 
idea that the neurosecretory material originating from the brain is essential in 
stimulating the corpus allatum to secrete its hormone (THOMSEN, 1952; SCHAR-

RER, 1958; HIGHNAM, 1962; MORDUE, 1965 b). He also stressed the importance 
of the active neurosecretory cells of the brain necessary for the maintenance of 
the activity of the glands. GRISON (1949) observed that diapausing Leptinotarsa 
start feeding and laying eggs after receiving brain implants from active in
dividuals, DE WILDE (1953) demonstrated that young female Colorado beetles 
which are about to enter diapause in response to short-photoperiod may be 
induced to lay eggs by implanting six active corpora allata. But this effect 
decreases if short-photoperiod is continued after about two weeks. 

Our failure to increase the oxygen uptake of allatectomy-diapausing female 
Leptinotarsa after implanting six active post-cerebral complexes and subsequent 
starvation, in contrast to the increase attained in normal-diapausing insects 
after transfer to long-day condition, may be explained as follows: 

According to DE WILDE et al. (1959), starvation induces diapause and prevents 
activation of the corpora allata, while after break of normal-diapause (DE 
WILDE, 1949) it cannot be easily induced a second time. 

In Leptinotarsa males it seems most likely that the corpora allate are not 
involved like in other insects, in the control of spermatogenesis. In this relation, 
there is no need to invoke a 'diapause hormone' to account for the evidence 
obtained (DE WILDE and DE BOER, 1961). 

SLÂMA (1964 a) described the imaginai diapause in Pyrrhocoris females as a 
syndrome of the endocrine deficiency of the cardiacum-allatum complex and 
not merely a corpus allatum hormone deficiency. He argued that allatectomized 
females retain a considerably higher respiration rate than either cardiac-allatec-
tomized or diapausing insects. This conclusion, in our opinion, is rather 
questionable since he expressed the oxygen consumption per individual and not 
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per gramme of weight. Moreover, he did not show to what extent the individual 
variation in his insect groups would affect the data obtained. The respiratory 
rate of cardiacectomized Pyrrhocoris females with an inactive corpus allatum 
(considered as cardiac-allatectomized insects) does not seem to be significantly 
different from that of allatectomized insects. In this regard, reference should be 
made to the observations of JOLY (1945) on Dytiscus that cardiacectomy had the 
same effect on the ovaries as allatectomy. However, because of the degeneration 
of the corpora allata after cardiacectomy he thought this effect was induced by 
the degeneration. 

Furthermore, SLAMA observed that implanting active corpora cardiaca alone 
in cardiac-allatectomized females did not cause the oxygen consumption to 
reach the level of allatectomized females, whereas implanting an active cardia-
cum-allatum complex increased the oxygen uptake to the value of normal in
sects and renewed the reproductive cycles including normal oviposition. Never
theless, the possibility should not be eliminated that diapause in Leptinotarsa is 
different from that in Pyrrhocoris. Diapause in Leptinotarsa is accompanied 
by a distinct degeneration of the flight muscles (STEGWEE et al., 1963), whereas 
the muscle tissues remain functional in diapausingPyrrhocoris (SLÂMA, 1964 a). 
Moreover, diapause in adult Leptinotarsa is characterized by an entire lack of 
feeding activities as well as a complete cessation of mobility. Pyrrhocoris during 
diapause exhibits occasional feeding and mobility. 

4.5. THE LOCATION AND NATURE OF THE 'DIAPAUSE MECHANISM' IN 

LEPTINOTARSA DECEMLINEATA 

The most obvious differences found as a result of the surgical interferences in 
the two insect species studied (see table XXX) are manifested almost exclusively 
in the effects of allatectomy. Castration, on the other hand, does not seem to 
induce any important differences between species in as far as the oxygen con
sumption and the R.Q. are concerned. In the previous section, it has been 
argued that diapause in Leptinotarsa females may be seen as a case of 'pseudo-
allatectomy'. Therefore, the differences encountered between allatectomized 
females of the two species studied may be considered a criterion in the analysis 
of the 'diapause mechanism' in Leptinotarsa. 

Allatectomy in Leptinotarsa led to a reduction in the oxygen consumption, 
whereas it had no such effect in Tenebrio. Allatectomy resulted in a rise of the 
R.Q. to a value significantly above unity in Leptinotarsa but proved to have no 
effect on the R.Q. in Tenebrio. Allatectomy induced an increase in the fresh 
body weight in Leptinotarsa but it did not show this effect in Tenebrio. 

It has been discussed earlier that these differences are partly caused by the 
degeneration of the flight muscles in Leptinotarsa. This might indirectly show 
the importance of the flight muscles in Leptinotarsa as an important location 
of the 'diapause mechanism'. The question arises wha' is the nature of this dia
pause mechanism. Is there, for instance, a biochemical mechanism in Leptino
tarsa which is not present in Tenebrio! 

So far, there is no decisive answer to this question. Detailed biochemical in-
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vestigations into the body metabolites after these surgical interferences are 
almost lacking as far as the author is aware. Though it is generally known tha t 
allatectomy results in fat body hypertrophy, mainly caused by accumulation of 
stored fat (see Introduction), the nature of this fatty material has not been 
critically investigated. 

Similarly, there is substantial evidence in the literature showing that diapause 
is also accompanied by an increase in fat content {Leptinotarsa by DE WILDE, 
1955; Anopheles by VINOGRADOVA, 1958; Culex pipiens by DANILESVSKII and 
GLINYANAYA, 1958 ; Anthonomus by BRAZZEL and NEWSOM, 1959 ; Coccinella by 

HODEK and CERKASOV, 1960; and Culex tar salis by HARWOOD and HALFHILL, 

1964). 

Our data suggest that a primary function of the corpus allatum hormone in fat 
metabolism might be the promotion of desaturation of the fatty acids synthe
sized from carbohydrates (see page 44). It is generally accepted that fat which is 
synthesized from carbohydrate tends to be saturated. This has also found in 
certain higher animals (ELLIS and ISBEL, 1926; HEILBRUNN, 1947) and the insect 

Heliothis (DITMAN, 1938). Moreover, DITMAN and WEILAND (1938) pointed out 
that a lowered content of body water, increased quantity of fat, and increased 
saturation of the fatty acids are generally associated with the ability of insects 
to withstand hibernating conditions. LEATHES and RAPER (1925, pp. 118-120) 
stated that the saturated fatty acids are more stable than the unsaturated acids. 
The saturated acids contain a greater store of potential energy than the un
saturated ones. These writers also stated that it is almost certain that a process 
of desaturation takes place when reserve fat is called upon to yield its energy. 

Concerning Leptinotarsa, there is considerable information to support that 
saturated acids are preponderant in the diapausing state, whereas unsaturated 
acids are dominant in the active state. DUCET and GRISON (1948) identified 
lecithin phosphatides in the adults of Leptinotarsa. The lecithin content in active 
insects of either sex is much higher than in diapausing ones. Moreover, it in
creases during adult life and reaches a maximum in the phase of reproduction. 
According to HEILBRUNN (1947) active muscles seem to contain more phos
pholipid than inactive ones, the phospholipid molecule serves as a transport 
vehicle for fatty acids. LAMBREMONT et al. (1964) working with diapausing boll 
weevil Anthonomus obtained as much as 90 % of the extractable lipids in the 
form of neutral glycerides and free fatty acids. Furthermore, it is generally 
known that phospholipids are considered to be metabolically active forms of lipid, 
found in all cells, whereas the simple glycerides are characteristic of the relatively 
inert storage depots {cf. GILMOUR, 1961). T IMON-DAVID (1930) outlined that 
the fat content in Leptinotarsa increased from 3 % of the live weight in larvae 
to 13.4% in adults. According to BECKER (1934), the fat content of Tenebrio 
decreased during metamorphosis; larvae contained 12-14% of the live weight, 
pupae 8.9% young beetles 8.1 % and old beetles 4 .6%. 

It is of interest to mention that LANGENBUCH'S investigations (1954, 1955) 
reveal that the fat content of the last larval instar of Leptinotarsa (L4) is much 
higher than that of the third instar (L3). There is substantial evidence that the 
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corpus allatum hormone titre during the larval stage attains the lowest level in 
the last larval instar (BODENSTEIN, 1957; WILLIAMS, 1958; SCHNEIDERMAN and 
GILBERT, 1959; VAN DER KLOOT, 1961). This low titre of the corpus allatum hor
mone may account for the fat accumulation in the last larval instar of Leptino-
tarsa. 

Considering our data as well as the information from the literature, we pro
pose the working hypothesis that in insects with the 'diapause mechanism', fat 
is the main source of energy, the absence of the corpus allatum hormone leading 
to a high fat storage. This results in a large store of potential energy and the in
sect subsequently enters into diapause. In the presence of the hormone the con
dition is reversed : fat being oxidized, the resulting energy is consumed and dia
pause is broken. Evidently, this hypothesis does not yet completely account for 
the data presented. Indeed, further studies are awaited to bring us to an under
standing of the molecular events of metabolic control in diapause. 

4.6. SITE OF ACTION OF THE CORPUS ALLATUM HORMONE 

The preceding pages, clearly show from the data on Leptinotarsa that the 
corpus allatum hormone has a general metabolic effect since castration, in con
trast to allatectomy, proved to have no reducing effect on the respiratory meta
bolism in this insect. Earlier work on Leptinotarsa females (DE WILDE and 
STEGWEE, 1958; STEGWEE 1960) also suggests a metabolic effect of the corpus 
allatum hormone. In the literature, there also is accumulating evidence that the 
corpus allatum hormone in a great variety of adult insects acts as a metabolic one 
(see section 1.2.). However, it should be borne in mind that the effect of a hor
mone on metabolism does not necessarily mean that the hormone is a metab
olic one. Many myotropic hormones influence the degree of tissue respiration 
without acting directly on the metabolic centres. 

From the evidence available at present, we may conclude that this metabolic 
effect only is normally manifested in the respiratory intensity of insects males or 
females, having metabolically active target organs. Therefore, it seems plausible 
that the corpus allatum hormone in Leptinotarsa, of either sex, has a more gene
ral effect on the intensity of respiration besides its gonadotropic influence in 
females. By contrast, such an effect is lacking in Tenebrio and apparently also 
in Pyrrhocoris mainly because of the inactivity of metabolic centres such as the 
flight muscles in these species. 

The assumption of a possible gonadotropic effect in adult female insects 
favoured by some workers (see Introduction) has recently been supported by 
SLÂMA (1964 a) working with Pyrrhocoris. The results of this author are open, 
however, to some criticism. Firstly, he compared the respiration data of allat-
ectomates with those of ovariectomates and the weights of each group with the 
weights of normal (intact) controls. He did not find remarkable difference be
tween sham allatectomates and intact insects regarding growth, reproduction, 
and respiration but he did not perform sham-castrations. In this regard, it 
would have been more creditable if he had compared each operated group with 
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a relevant corresponding sham-operated control. Secondly, (discussed earlier 
on page 49) he compared most of his data on a specimen basis which could be 
influenced by individual variations. In our analysis of the effect of the increasing 
weight of allatectomized Leptinotarsa we were able to find that this increase in 
weight has no significant effect on the respiration data if it is taken in conjunc
tion. Unfortunately, SLÄMA did not show the extent to which this would signi
ficantly influence his data on Pyrrhocoris. 

In long-day Leptinotarsa, revealed by the data on the intact as well as the 
castrated females, the struggling respiration statistically was found to be entirely 
independent of the resting respiration, but their levels remain parallel. In Lep
tinotarsa allatectomates, males or females, the struggling respiration is reduced 
by a lower degree than the resting respiration. On the other hand, the struggling 
respiration was not demonstrated in both allatectomy-diapausing and normal-
diapausing Leptinotarsa. All these findings support the suggestion that the 
corpus allatum influences the struggling respiration indirectly through the 
central nervous system which governs muscle activity. In this respect, it is most 
probable that the corpora allata activate the brain since their absence in allatec-
tomy-diapause results in lethargy causing a lack of struggling respiration. 
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5. G E N E R A L S U M M A R Y A N D C O N C L U S I O N S 

This study essentially deals with two problems: 

a) Do the tissues of an adult insect with a 'diapause mechanism' react in a 
different way to low titre of the corpus allatum hormone than those in non-
diapausing adult insects? 

b) Are the metabolic effects of the corpus allatum hormone merely caused by 
its effect on a primary target organ, e.g. the ovary, or is there also a more 
general effect on metabolism in other metabolic centres. 
To investigate this two adult coleopterans were used; the Colorado potato 

beetle (Leptinotarsa decemlineata Say) having a 'diapause mechanism', and 
the yellow mealworm (Tenebrio molitor L.) in which this mechanism is absent. 

The most important findings are summarized as follows: 
1. All treated groups of both species studied exhibited fluctuations, in the 

respiratory rate, with the exception of diapausing Leptinotarsa of both sexes. 
These fluctuations were considered to be due to the struggling of the insects 
inside the metal gauze tubes. Evaluation methods were therefore developed to 
find the most basal respiration data from the original data obtained since it 
was almost impossible to secure the resting condition of the animals inside the 
gauze tubes. 
2. The resting respiration rate in Leptinotarsa females is appreciably influenced 

by the activity of the gonads, whereas in Tenebrio this relation could not be 
demonstrated. 
3. Mating in Tenebrio proved to have no influence on the respiratory rate of 

either sex or on oviposition in females. 
4. Allatectomy in Leptinotarsa of both sexes led to a reduction in the oxygen 

uptake and to a rise in the R.Q. to a value significantly above unity, whereas 
such effects were not observed in Tenebrio. 
5. Castration in newly emerged beetles did not show a reducing effect on the 

oxygen consumption of both sexes in the two species studied. However, it 
induced a late increase in Leptinotarsa females. 
•6. It was concluded that in Leptinotarsa females, the effect of the corpus 

allatum on respiration cannot merely be explained by its effect on the ovaries. 
7. Some physiological as well as biochemical evidence is presented in favour 

of DE WILDE and DE BOER'S assumption (1961) that diapause in Colorado 
potato beetle may be considered a case of 'pseudo-allatectomy'. However, it was 
found that males are infertile in diapause, while after allatectomy, fertility is 
retained. 
8. Evidence was discussed in favour of the suggestion that the most probable 

location of the metabolic 'diapause mechanism' in Leptinotarsa besides the 
ovaries should be the flight muscles and the fat body. 
9. A working hypothesis on the nature of the 'diapause mechanism' in Leptino

tarsa is presented. This hypothesis is partly based on the assumption that the 
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primary function of the corpus allatum in fat metabolism might be the desatu-
ration of fatty acids. 
10. The corpus allatum hormone, besides its gonadotropic influence in females 

of both species studied, also has a more general effect on metabolism in 
Leptinotarsa of either sex. 
11. Resting respiration in active insects is under direct control of the corpus 

allatum, whereas the struggling respiration might be under indirect control 
of the glands, presumably, through the central nervous system. 

56 Meded. Landbouwhogeschool Wageningen 65-11 (1965} 



A C K N O W L E D G E M E N T S 

The present study was carried out at the Laboratory of Entomology, Agri
cultural University, Wageningen, the Netherlands, while the author was on a 
sabbatical leave from the National Research Centre 'N.R.C.' of Egypt, U.A.R. 

I feel greatly indebted to Prof. Dr. J. DE WILDE, Director of the Laboratory, 
who suggested this study and supported it with special interest and character
istic enthusiasm. It is also my pleasant duty to record my wholehearted grati
tude to him for introducing me to the art of microsurgery, supervising all 
phases of the study and for his critical reading and appraisal of the manuscript. 

My research was supported by the National Council for Agricultural Re
search 'T.N.O.' 

Grateful acknowledgements are due to the National Research Centre of Egypt, 
U.A.R., for the help and facilities it offered to carry out this work in the 
Netherlands without which this study would have been impossible. 

Meded. Landbouwhogeschool Wageningen 65-11 (1965) 57 



S A M E N V A T T I N G EN C O N C L U S I E S 

Deze studie houdt zich bezig met twee problemen : 
a) Reageren de weefsels van een volwassen insekt met een 'diapauze mechanis

me' op een andere manier op een geringere titer van het corpus allatum-hor-
moon dan de weefsels van volwassen insekten zonder diapauze? 
b) Worden de metabolische effecten van het corpus allatum-hormoon voorna

melijk veroorzaakt door zijn directe inwerking op het desbetreffende orgaan, 
b.v. het ovarium, of is er ook sprake van een meer algemene werking op het 
metabolisme in zijn geheel? 

Om dit te onderzoeken zijn er twee soorten volwassen Coleoptera gebruikt: de 
Coloradokever (Leptinotarsa decemlineata Say) met een 'diapauze mechanisme' 
en de meelworm (Tenebrio molitor L.), die dat mechanisme niet heeft. 

De belangrijkste vondsten kunnen als volgt samengevat worden : 
1. Alle behandelde groepen van beide soorten vertoonden schommelingen in 

ademhalingsintensiteit met uitzondering van Leptinotarsa, $ en <J, in dia
pauze. Wij menen, dat deze schommelingen te wijten zijn aan de pogingen van 
de insekten zich te bewegen in de metaalgazen kokertjes. Daarom zijn methoden 
ontwikkeld om het basaal metabolisme af te leiden uit de oorspronkelijk ver-

. kregen gegevens, daar het zo goed als onmogelijk was om de insekten in dé ko
kertjes in staat van rust te houden. 
2. Het basaal metabolisme van Leptinotarsa wijfjes wordt merkbaar beïnvloed 

door de activiteit van de gonaden, terwijl bij Tenebrio deze samenhang niet 
kon worden aangetoond. 
3. Copulatie bleek bij Tenebrio van beide geslachten geen invloed te hebben op 
de ademhalingsintensiteit, noch op de ovipositie bij de wijfjes. 
4. Allatectomie bij Leptinotarsa van beide geslachten leidde tot een verminde

ring van zuurstofopname en tot een verhoging van het respiratoir quotient 
tot een significant hogere waarde dan 1, terwijl zulke invloeden bij Tenebrio niet 
waargenomen werden. 
5. Castratie van pas uitgekomen kevers liet bij beide seksen vermindering van 

het zuurstofverbruik zien bij de twee onderhavige soorten. Maar toch ver
oorzaakte het een later optredende toeneming bij Leptinotarsa wijfjes. 
6. De conclusie werd getrokken dat het effect van de corpora allata op de adem

haling van de Leptinotarsa wijfjes niet kan worden verklaard door hun 
effect op de ovariën. 
7. Enig fysiologisch en biochemisch bewijsmateriaal wordt naar voren ge

bracht ten gunste van de veronderstelling van DE WILDE en DE BOER (1961), 
dat de diapauze bij de Coloradokever beschouwd zou kunnen worden als een ge
val van 'pseudo-allatectomie'. Daarnaast werd gevonden, dat mannetjes on
vruchtbaar zijn gedurende de diapauze, terwijl de vruchtbaarheid na wegname 
van de corpora allata behouden bleef. 
8. Aanwijzingen worden besproken, ten gunste van de veronderstelling, dat de 

meest waarschijnlijke plaats, waar het metabolische 'diapauze mechanisme' 
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zich bevindt bij Leptinotarsa, de vliegspieren en het vetlichaam zijn. 
9. Een werkhypothese over de aard van het 'diapauze mechanisme' bij Lep

tinotarsa wordt voorgesteld. Deze hypothese is gebaseerd op de veronder
stelling, dat de voornaamste functie van het corpus allatum in de vetstofwis
seling waarschijnlijk bestaat in het versnellen van het onverzadigd maken van 
vetzuren. 
10. Het corpus allatum hormoon heeft behalve zijn gonadotrope invloed bij de 

wijfjes van beide soorten ook een meer algemene inwerking op het metabo
lisme van Leptinotarsa van beide seksen. 
11. De basale ademhaling rust bij actieve insekten staat onder directe invloed 

van het corpus allatum, terwijl de ademhaling bij geforceerde beweging wel
licht onder indirecte controle staat van deze klieren, vermoedelijk door middel 
van het centrale zenuwstelsel. 

Meded. Landbouwhogeschool Wageningen 65-11 (1965) 59 



REFERENCES 

BADE, M. L. & G. R. WYATT. Metabolic conversions during pupation of the Cecropia silk
worm. I. Deposition and utilization of nutrient reserves. Biochem. J. 83 (1962) 470-478. 

BARTH, R. H. Jr. The endocrine control of mating behaviour in the cockroach Byrsotriafiniga-
ta (Guérin). Gen. comp. Endocr. 2 (1962) 53-69. 

BECKER, M. Zur Biologie des Mehlwurms. III. Mitteilung: Wandlungen des Fettes während 
der Metamorphose. Biochem. Z. 272 (1934) 227-234. 

BODENSTEIN, D . Investigations on the reproductive system of Drosophila. J. exp. Zool. 104 
(1947) 101-151. 

BODENSTEIN, D. Studies on the humoral mechanisms in growth and metamorphosis of the 
cockroach Periplaneta americana. III. Humoral effects on metabolism. J. exp. Zool. 124 
(1953) 105-115. 

BODENSTEIN, D . Endocrine mechanisms in the life of insects. Recent Prog. Horm. Res. 10 
(1954) 157-179. 

BODENSTEIN, D . Humoral dependence of growth and differentiation in insects. In : Recent 
Advances in Invertebrate Physiology. (1957) 197-211. Scheer, B. T. (ed.). Univ. Oregon. 

BODENSTEIN, D. & I. B. SPRAGUE. The developmental capacities of the accessory sex glands in 
Periplaneta americana. J. exp. Zool. 142 (1959) 177-201. 

BOUNHIOL, J. J. Recherches expérimentales sur le determinisme de la métamorphose chez les 
Lépidoptères. Bull. biol. Fr. Belg. Suppl. 24 (1938) 1-199. 

BRAZZEL, J. R . & L. D . NEWSOM. Diapause in Anthonomus grandis. J. econ. Ent. 52 (1959) 
603-611. 

CHEN, D. H., W. E. ROBBINS & R. E. MONROE. The gonadotropic action of cecropia extracts 
in allatectomized American cockroaches. Experienta 18 (1962) 577. 

CLARKE, K. U. & R. W. BALDWIN. The effect of insect hormones and of 2:4-dinitrophenol on 
the mitochondrion of Locusta migratoria L. J. Insect Physiol. 5 (1960) 37^46. 

CLEMENTS, A. N. Hormonal control of ovary development in mosquitoes. J. exp. Biol. 33 
(1956)211-223. 

DANILEVSKII, A. S. & E. I. GLINYANAYA. Dependence of gonotrophic cycle and imaginai dia
pause of blood-sucking mosquitoes on changes in the length of day. Uchen. Zap. leningr. 
gos. Univ. (ser. biol. Nauk.) no. 240 vyp. 46 (1958) 34-51. (In Russian). 

DAY, M. F. The function of the corpus allatum in muscoid Diptera. Biol. Bull. mar. biol. 
Lab., Woods Hole. 84 (1943) 127-140. 

DETINOVA, T. S. On the influence of glands of internal secretion upon the ripening of the 
gonads and the imaginai diapause in Anopheles maculipennis. Zool. Zh. 24 (1945) 291-298. 
(In Russian with English summary). 

DITMAN, L. P. Metabolism in the corn earworm. I. Studies on fat and water. Bull. Md agric. 
Exp. stn no. 414 (1938) 183-206. 

DITMAN, L. P. & G. S. WEILAND. The Metabolism of the corn earworm. II. Glycogen and 
moisture. Ann. ent. Soc. Am. 31 (1938) 578-587. 

DOANE, W. W. Endocrine control of reproduction. In: Insect Physiol., Proc. Twenty-Third 
biol. Colloq. (1962) 65-88, Univ. Oregon. 

DUCET, G. & P. GRISON. Variation de la teneur en lipides choliniques du Doryphore, au cours 
de sa vie imaginale et en fonction de son alimentation. C r . hebd. Séanc. Acad. Sei., Paris 
227(1948)1272-1274. 

EDWARDS, G. A. Respiratory metabolism. In : Insect physiology. (1953) 1100 pp. Roeder, 
K.D. (ed.). John Wiley & Sons, Inc. N.Y. 

ELLIS, N. R. & H. S. ISBELL. Soft pack studies. The effect of food fat upon body fat, as shown 
by the separation of individual fatty acids of the body fat. J. biol. Chem. 169 (1926) 239-
248. 

ENGELMANN, F. Die Steuerung der Ovarfunktion bei der ovoviviparen Schabe Leucophaea 
maderae Fabr. J. Insect Physiol. 1 (1957) 257-278. 

60 Meded. Landbouwhogeschool Wageningen 65-11 (1965) 



ENGELMANN, F. The control of reproduction in Diploptera punctata (Blattaria). Biol. Bull, 
mar. biol. Lab., Woods Hole 116 (1959) 406-419. 

ENGELMANN, F. Hormonal control of mating behaviour in an insect. Experientia 16 (1960 a) 
69-70. 

ENGELMANN, F. Mechanisms controlling reproduction in two viviparous roaches (Blattaria). 
Ann. N.Y. Acad. Sei. 89 (1960 b) 516-536. 

ENGELMANN, F. & M. LÜSCHER. Die hemmende Wirkung des Gehirns auf die Corpora allata 
bei Leucophaea maderae (Orthoptera). Verh. dt. zool. Ges. 30 (1956 a) 215-220. 

ENGELMANN, F. & M. LÜSCHER. Zur Frage der Auslösung der Metamorphose bei Insekten. 
Naturwissenschaften 43 (1956 b) 43-44. 

ENGELMANN, F. & M. LÜSCHER. Hemmung der Eireifung durch Prothoraxdrüsen bei Leuco
phaea maderae (Orthoptera). Naturwissenschaften 44 (1957) 455. 

FAVRELLE, M. Effets de l'ablation des corpora allata chez les mâles de Bacillus rossii Rossi 
(Phasmidae). C. r. hebd. Séanc. Acad. Sei., Paris 216 (1943) 215-216. 

FUKUDA, S. The hormonal mechanism of larval moulting and metamorphosis in the silkworm. 
J. Fac. Sei. Tokyo Univ. Sect. IV 6 (1944) 477-532. 

GILLETT, J. D. Initiation and promotion of ovarian development in the mosquito Aedes 
(Stegomyia) aegypti (Linnaeus). Ann. trop. Med. Parasit. 50 (1956) 375-380. 

GILMOUR, D. The biochemistry of insects. (1961) 343 pp. Acad. Press, Inc., New York. 
GRISON, P. Effets d'implantation de cerveaux chez le Doriphore (Leptinotarsa decemlineatu 

Say) en diapause C r . hebd. Séanc. Acad. Sei., Paris 228 (1949) 428-430. 
HARNACK, M. VON & B. SCHARRER. A study of the corpora allata of gonadectomized Leuco

phaea maderae (Blattaria). Anat. Rec. 125 (1956) 558. 
HARWOOD, R. F. & E. HALFHILL. The effect of photoperiod on fat body and ovarian devel

opment of Culex tarsalis (Diptera: Culicidae). Ann. ent. Soc. Am. 57 (1964) 596-600. 
HEILBRUNN, L. V. An outline of general physiology. 2nd ed. (1947) 748 pp. W.B.Saunders Co., 

Philadelphia & London. 
HIGHNAM, K. C. Neurosecretory control of ovarian development in the desert locust. Mem. 

Soc. Endocr. No. 12 (1962) 379-390. 
HIGHNAM, K. C. Endocrine relationships in insect reproduction. In : Symp. R. ent. Soc. Lond. 

no. 2, Insect reproduction. (1964) 26-42. Highnam, K. C. (ed.). R. ent. Soc. Lond. 
HIGHNAM, K. C , O. LUSIS & L. HILL. The role of the corpora allata during oocyte growth in 

the desert locust Schistocerca gregaria Forsk. J. Insect Physiol. 9 (1963) 587-596. 
HILL, L. The endocrine control of oocyte development in the desert locust, Schistocerca gre

garia Forskâl. (1963) Thesis, University of Sheffield. 
HODEK, I. & J. CERKASOV. Prevention and artificial induction of the imaginai diapause in 

Coccinella 1-punctata L. Nature, Lond. 187 (1960) 345. 
JOHANSSON, A. S. Corpus allatum and egg production in starved milkweed bugs. Nature, 

Lond. 174 (1954) 89. 
JOHANSSON, A. S. Relation of nutrition to endocrine-reproductive functions in the milkweed 

bug Oncopeltus fasciatus (Dallas) (Heteroptera: Lygaeidae). Nytt Mag. Zool. 7 (1958) 
1-132. 

JOLV, L. Fonctions des corpora allata chez Locusta migratoria (L.). (1960) 1-103. Thèse Fac. 
Sei. Strasbourg. 

JOLV, P. La fonction ovarienne et son contrôle humorale chez les dytiscides. Archs Zool. exp. 
gén. 84 (1945) 47-164. 

KLOOT, W. G. VAN DER. Insect metamorphosis and its endocrine control. Am. zoologist 1 
(1961) 3-9. 

KLOOT, W. G. VAN DER. Comparative endocrinology of the invertebrates. A. Rev.Physiol. 24 
(1962) 491-516. 

LAMBREMONT, E. N., M. S. BLUM & R. M. SCHRADER. Storage and fatty acid composition 
of triglycerides during adult diapause of the boll weevil. Ann. ent. Soc. Am. 57 (1964) 
526-532. 

LANGENBUCH, R. Zur Frage der Ursache für die Resistenz von Insekten gegenüber lipoid-
löslichen Insektiziden. Naturwissenschaften 41 (1954) 70. 

Meded. Landbouwhogeschool Wageningen 65-11 (1965) 61 



LANGENBUCH, R. Untersuchungen über die Ursache der unterschiedlichen DDT- Empfind
lichkeit der L3- und L4- Larven des Kartoffelkäfers (Leptinotwsa decemlineata Say). Z. 
PflKrankh. PflPath. PflSchutz 62 (1955) 564-572. 

LARSEN, J. R. Hormone-induced ovarian development in mosquitoes. Science, N.Y. 127 (1958) 
587-588. 

LEA, A. O. Some relationships between environment, corpora allata, and egg maturation in 
aedine mosquitoes. J. Insect Physiol. 9 (1963) 793-809. 

LEA, A. O. & E. THOMSEN. Cycles in the synthetic activity of the medial neurosecretory cells 
of Calliphora erythrocephala and their regulation. Mem. Soc. Endocr. No. 12 (1962) 345-
347. 

LEATHES, J. B. & H . S. RAPER. The fats. 2nd ed. (1925) 242 pp. Longmans, Green & Co., 
Lond. 

L 'HELIAS, C. Etude comparée de l'azote total et de l'azote non proteinique chez le phasme 
Dixippus morosus après ablation des corpora allata. C. r. hebd. Séanc. Acad. Sei., Paris 
236(1953)2489-2491. 

LOHER, W. The chemical acceleration of the maturation process and its hormonal control in 
the male of the desert locust. Proc. R. ent. Soc. Lond. (B) 153 (1960) 380-397. 

LüscHER, M. Hormonal control of caste differentiation in termites. Ann. N.Y. Acad. Sei. 89 
(1960) 549-563. 

LüscHER, M. & F. ENGELMANN. Über die Steuerung der Corpora allata-Funktion bei der 
Schabe Leucophaea moderne. Revue suisse Zool. 62 (1955) 649-657. 

LÜSCHER, M. & A. SPRINGHETTI. Untersuchungen über die Bedeutung der Corpora allata für 
die Differenzierung der Kasten bei der Termite Kalotermes flavicollis. J. Insect Physiol. 5 
(1960) 190-212. 

MORDUE, W. Studies on oocyte production and associated histological changes in the neuro
endocrine system in Tenebrio molitor L. J. Insect Physiol. 11 (1965 a) 493-503. 

MORDUE, W. Neuro-endocrine factors in the control of oocyte production in Tenebrio molitor 
L. J. Insect Physiol. 11 (1965 b) 617-629. 

NEUGEBAUER, W. Wirkungen der Extirpation und Transplantation der corpora allata auf den 
Sauerstoffverbrauch, die Eibildung und den Fettkörper von Carausius (Dixippus) morosus 
Br. & Redt. Arch. EntwMech. Org. 153 (1961) 314-352. 

NOVAK, V. J. A. New aspects of the metamorphosis of insects. Nature, Lond. 167 (1951 a) 
132-133. 

NOVAK, V. J. A. The metamorphosis hormones and morphogenesis in Oncopeltus fasciatus 
Dal. Mém. Soc. zool. tchécosl. 15 (1951 b) 1^17. 

NOVAK, V. J. A., K. SLÂMA & K. WENIG. Influence of implantation of corpus allatum on the 
oxygen consumption of Pyrrhocoris apterus. Acta Symp. evol. Insect, Prague (1959) 147-
151. 

ORR, C. W. M. The influence of nutritional and hormonal factors on egg development in the 
blowfly Phormia regina (Meig.). J. Insect Physiol. 10 (1964 a) 53-64. 

ORR, C. W. M. The influence of nutritional and hormonal factors on the chemistry of the fat 
body, blood, and ovaries of the blowfly Phormia regina Meig. J. Insect Physiol. 10 (1964 b) 
103-119. 

OZEKI, K. Mechanisms of ovarian maturation in the earwig. Zool. Mag., Tokyo 58 (1949) 232-
236. 

PFEIFFER, I. G. WEED. Effect of removal of the corpora allata on egg production in 
the grasshopper, Melanoplus differentialis. Proc. Soc. exp. Biol. Med. 34 (1936) 883-
885. 

PFEIFFER, I. G. WEED. Experimental study of the function of the corpora allata in the grass
hopper, Melanoplus differentialis J. exp. Zool. 82 (1939) 439-461, 

PFEIFFER, I. G. WEED. Further studies on the function of the corpora allata in relation to 
the ovaries and oviducts of Melanoplus differentialis. Anat. Rec. 78 (1940) 39-40. 

PFEIFFER, I. G. WEED. The influence of the corpora allata over the development of nymphal 
characters in the grasshopper Melanoplus differentialis. Trans. Conn. Acad. Arts Sei. 36 
(1945 a) 489-515. 

62 Meded. Landbouwhogeschool Wageningen 65-11 (1965) 



PFEIFFER, I. G. WEED. Effect of the corpora allata on the metabolism of adult female 
grasshoppers. J. exp. Zool. 99 (1945 b) 183-233. 

PFLUGFELDER, O. Bau, Entwicklung und Funktion der Corpora allata und cardiaca von 
Dixippus morosus Br. Z. wiss. Zool. 149 (1937) 477-512. 

PFLUGFELDER, O. Beeinflussung von Regenerationsvorgängen bei Dixippus morosus Br. durch 
Extirpation und Transplantation der Corpora allata. Z. wiss. Zool. 152 (1939) 159-184. 

PFLUGFELDER, O. Austausch verschieden alter C. allata bei Dixippus morosus Br. Z. wiss. 
Zool. 153 (1940) 159-184. 

PFLUGFELDER, O. Entwicklungsphysiologie der Insekten. 1st ed. (1952) 332 pp. Akad. Ver-
lagsges. Geest & Portig, K.G., Leipzig. 

PFLUGFELDER, O. Entwicklungsphysiologie der Insekten. 2nd ed. (1958) 490 pp. Akad. Ver-
lagsges. Geest & Portig, K.G., Leipzig. 

PIEPHO, H. Über das Ausmass der Artunspezifität von Metamorphosehormonen bei Insekten. 
Biol. Zbl. 69 (1950) 1-10. 

POSSOMPÈS, B. Ablation fractionnée de l'anneau de Weismann chez la larve de Calliphora 
erythrocephala Meig. C. r. hebd. Séanc. Acad. Sei., Paris 228 (1949) 1527-1529. 

POSSOMPÈS, B. Corpora allata, Croissance postembryonnaire et Ovogénèse chez Sipyloidea 
sipylus W. (Phasmoptère). Proc. 10 th Int. Congr. Ent., Montreal 2 (1958) 267-268. 

POSSOMPÈS, B. Développement ovarien après ablation du corpus allatum juvénile chez Calli
phora erythrocephala Meig. (Diptère) et chez Sipyloidea siphylus (Phasmoptère). Annls 
Sei. nat., Zool. et biol. animale 18 (1956) 313-314. 

ROLLER, H., H. PIEPHO & I. HOLZ. Zum Problem der Hormonabhängigkeit des Paarungsver
haltens bei Insekten Untersuchungen an Galleria mellonella (L.). J. Insect Physiol. 9 (1963) 
187-194. 

ROTH, L. M. & B. STAY. Control of oocyte development in cockroaches. Science, N.Y. 130 
(1959) 271-272. 

ROUSSEL, J. P. Consommation d'oxygène après ablation des corpora allata chez des femelles 
adultes de Locusta migratoria L. J. Insect Physiol. 9 (1963) 721-725. 

SÄGESSER, H. Über die Wirkung der Corpora allata auf den Sauerstoffverbrauch bei der 
Schabe, Leucophaea maderae F . J. Insect Physiol. 5 (1960) 264-285. 

SCHARRER, B. The relationship between corpora allata and reproductive organs in adult Leu
cophaea maderae (Orthoptera). Endocrinology 38 (1946) 46-55. 

SCHARRER, B. Neuro-endocrine mechanisms in insects. Zweites Int. Symp. Neurosekret, 
Berlin (1958) 79-84. 

SCHARRER, B. & M. VON HARNACK. Histophysiological studies on the corpora allata of Leu
cophaea maderae. I. Normal life cycle in male and female adults. Biol. Bull. mar. biol. Lab., 
Woods Hole 115 (1958) 508-520. 

SCHARRER, B. & M. VON HARNACK. Histopathological studies on the corpora allata of Leu
cophaea maderae. III. The effect of castration. Biol. Bull. mar. biol. Lab., Woods Hole 121 
(1961) 193-208. 

SCHNEIDERMANN, H. A. & L. I. GILBERT. The chemistry and physiology of insect growth 
hormones. In: Cell, organism and milieu. (1959) 157-187. Rudnick, D. (ed.). Ronald 
Press Co., N.Y. 

SLÂMA, K. Hormonal control of respiratory metabolism during growth, reproduction, and 
diapause in female adults of Pyrrhocoris apterus L. (Hemiptera). J. Insect Physiol. 10 
(1964 a) 283-303. 

SLÂMA, K. Hormonal control of haemolymph protein concentration in the adults of Pyrrhoco
ris apterus L. (Hemiptera). J. Insect Physiol. 10 (1964 b) 773-782. 

STAAL, G. B. Studies on the physiology of phase induction in Locusta migratoria migratorioides 
R. and F. (1961) 1-125. Thesis, Wageningen, Veenman & Zonen. 

STEGWEE, D. Metabolic effect of corpus allatum hormone in diapausing Leptinotarsa decemli-
neata Say. 11th Int. Kongr. Ent., Wien 3 (1960) 218-221. 

STEGWEE, D. Respiratory chain-metabolism in the Colorado potato beetle. II. Respiration and 
oxidative phosphorylation in 'sarcosomes' from diapausing beetles. J. Insect Physiol. 10 
(1964) 97-102. 

Meded. Landbouwhogeschool Wageningen 65-11 (1965) 63 



STEGWEE, D. , E. C. KIMMEL, J. A. DE BOER & S. HENSTRA. Hormonal control of reversible 
degeneration of flight muscle in the Colorado potato beetle, Leptinotarsa decemlineata Say 
(Coleoptera). J. Cell biol. 19 (1963) 519-527. 

STRICH-HALBWACHS, M. C. Action de la glande ventrale sur le développement ovarien de 
Locusta migratoria L. (Orthoptera). J. Insect Physiol. 1 (1957) 346-351. 

TELFER, W. H. The mechanism and control of yolk formation. A. Rev. Ent. 10 (1965) 161-184. 
THOMSEN, E. Relation between the corpus allatum and ovaries in adult blowflies (Muscidae). 

Nature, Lond. 145 (1940) 28-29. 
THOMSEN, E. An experimental and anatomical study of the corpus allatum in the blow-fly 

Calliphora erythrocephala Meig. Vidensk. Medd. dansk naturh. Foren. Kbh. 106 (1942) 
319^105. 

THOMSEN, E. Influence of the corpus allatum on the oxygen consumption of adult Calliphora 
erythrocephala Meig. J. exp. Biol. 26 (1949) 137-149. 

THOMSEN, E. Functional significance of the neurosecretory brain cells and the corpus cardia-
cum in the female blow-fly, Calliphora erythrocephala Meig. J. exp. Biol. 29 (1952) 137-
172. 

THOMSEN, E. & K. HAMBURGER. Oxygen consumption of castrated females of the blow-fly, 
Calliphora erythrocephala Meig. J. exp. Biol. 32 (1955) 692-699. 

THOMSEN, E. & I. MOLLER. Neurosecretion and intestinal proteinase activity in an insect 
Calliphora erythrocephala Meig. Nature, Lond. 183 (1959) 1401-1402. 

THOMSEN, E. & I. MOLLER. Influence of neurosecretory cells and of corpus allatum on intes
tinal proteinase activity in the adult Calliphora eryhtrocephala (Meig.). J. exp. Biol. 40 
(1963) 301-321. 

TIMON-DAVID, J. Contribution à l'étude de la biochemie entomologique. Huiles et graisses 
d'insectes. Bull. Soc. Chim. biol. 12 (1930) 395^03. 

Umbreit, W. W . , R. H. BURRIS & J. F. STAUFFER. Manometric techniques. 'A manual des
cribing methods applicable to the study of tissue metabolism'. (1957) 338 pp. Burgess 
Publish. Co., Minneapolis. 

VINOGRADOVA, E. B. Photoperiodic reaction of the malaria mosquito (Anopheles maculi-
pennis messeae Fall.). Uchen. Zap. leningr. gos. Univ. (ser. biol. Nauk) no. 240 vyp. 46 
(1958) 52-60. (In Russian). 

VOGT, M. Zur Ursache der unterschiedlichen gonadotropen Wirkung der Ringrüse von 
Drosophila funebris und Drosophila melanogaster Arch. EntwMech. Org. 140 (1940 a) 525-
546. 

VOGT, M. Die Förderung der Eireifung innerhalb heteroplastisch transplantierter Ovarien von 
Drosophila durch gleichzeitige Implantation der arteigenen Ringdrüse. Biol. Zbl. 60 (1940 b) 
479^184. 

VOGT, M. Zur Produktion gonadotropen Hormones durch Ringdrüsen des ersten Larven
stadium bei Drosophila. Biol. Zbl. 63 (1943) 467-470. 

VOGT, M. Fettkörper und Önocyten der Drosophila nach Extirpation der adulten Ringdrüse. 
Z. Zellforsch, mikrosk. Anat. 34 (1949) 160-164. 

WANG, S. & S. E. DIXON. Studies on the transaminase activity of muscle tissue from allatec-
tomized roaches Periplaneta americana. Can. J. Zool. 38 (1960) 275-283. 

WIGGLESWORTH, V. B. The function of the corpus allatum in the growth and reproduction of 
Rhodnius prolixus (Hemiptera). Q. Jl microsc. Sei. 79 (1936) 91-121. 

WIGGLESWORTH, V. B. The determination of characters at metamorphosis in Rhodnius pro
lixus (Hemiptera). J. exp. Biol. 17 (1940) 201-222. 

WIGGLESWORTH, V. B. The functions of the corpus allatum in Rhodnius prolixus (Hemiptera). 
J. exp. Biol. 25 (1948) 1-14. 

WIGGLESWORTH, V. B. Hormone balance and the control of metamorphosis in Rhodnius 
prolixus (Hemiptera). J. exp. Biol. 29 (1952) 620-631. 

WIGGLESWORTH, V. B. Secretion of juvenile hormone by the corpus allatum of Calliphora. 
Nature, Lond. 174 (1954) 556. 

WIGGLESWORTH, V. B. Some observations on the juvenile hormone effect of farnesol in 
Rhodnius prolixus Stâl (Hemiptera). J. Insect Physiol. 7 (1961) 73-78. 

64 Meded. Landbouwhogeschool Wageningen 65-11 (1965) 



WiGGLESWORTH, V. B. The juvenile hormone effects of farnesol and some related compounds: 
quantitative experiments. J. Insect Physiol. 9 (1963) 105-119. 

WIGGLESWORTH, V. B. The hormonal regulation of growth and reproduction in insects. In : 
Advances in insect physiology. 2 (1964) 247-336. Acad. Press (Lond. & N.Y.). 

WILDE, J. DE. La diapause imaginale chez les insectes. Acta brev. neerl. Physiol. 17(1949)27. 
WILDE, J. DE. Provisional analysis of the imaginai diapause in an insect (Leptinotwsa de-

cemlineata Say). Acta physiol. pharm, néerl. 3 (1953) 133. 
WILDE, J. DE. The significance of the photoperiod for the occurrence of diapause in the adult 

Leptinotarsa decemlineata Say. Proc. 1st Int. phtobiol. Congr. (1955). 
WILDE, J. DE. Extrinsic control of endocrine functions in insects. Bull. Res. Coun. Israel (B) 

10 (1961) 36-52. 
WILDE, J. DE. Photoperiodic control of corpus allatum activity in the Colorado beetle. Acta 

physiol. pharmac. néerl. 12 (1963) 344. 
WILDE, J. DE. Reproduction-endocrine control. In: Physiology of insecta 1 (1964) 59-90. M. 

Rockstein (ed.). Acad. Press. Inc., N.Y. 
WILDE, J. DE. Photoperiodic control of endocrines in insects. Archs Anat. microsc. Morph. 

exp. 54 (1965) 547-564. 
WILDE, J. DE & J. A. DE BOER. Physiology of diapause in the adult Colorado beetle. II. Dia

pause as a case of pseudo-allatectomy. J. Insect Physiol. 6 (1961) 152-161. 
WILDE, J. DE, C. S. DUINTJER & L. MOOK. Physiology of diapause in the adult Colorado 

beetle (Leptinotarsa decemlineata Say) - I. The photoperiod as a controlling factor. J. 
Insect Physiol. 3 (1959) 75-85. 

WILDE, J. DE & D. STEGWEE. TWO major effects of the corpus allatum in the adult Colorado 
beetle (Leptinotarsa decemlineata Say). Archs néerl. Zool. Suppl. 13 (1958) 277-289. 

WILLIAMS, C. M. The juvenile hormone of insects. Nature, Lond. 178 (1956) 212-213. 
WILLIAMS, C. M. Hormonal regulation of insect metamorphosis. In : A symposium on the 

chemical basts of development. (1958) 794-806. McElroy, W.D. and B. Glass (eds.). 
Johns Hopkins Press. 

Meded. Landbouwhogeschool Wageningen 65-11 (1965) 65 


