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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 role 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 imaginal 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; 
SLAMA, 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 

LUSCHER, 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; LUSCHER and SPRINGHETTI, 1960; LUSCHER, 

1960; SAGESSER, 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; LUSCHER and 
ENGELMANN, 1955; ENGELMANN and LUSCHER, 1956 a,b; SCHARRER and VON 

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

1957; JOLY, 1960), Diploptera (ENGELMANN, 1959), Schistocerca (HIGHNAM et 
al., 1963), Anisolabis (OZEKI, 1949), Oncopeltus (JOHANSSON, 1954, 1958), 
Pyrrhocoris (SLAMA, 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 (POSSOMPES, 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 oSgenesis, 
while POSSOMPES (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 to 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 literature are divergent about the effect of the corpora allata on 
the accessory sex glands. 

1.1.2.1. Females 
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 ootheca. 
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 ofLucilia and Sarcophaga (DAY, 1943). 

1.1.2.2. Ma le s 

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. F a t me t abo 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 gonadotrophs 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 ORR (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. Protein synthesis 
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'HELIAS, 1953 in 
Dixippus; BODENSTEIN, 1953; WANG 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 M0LLER (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; HILL, 1963). HILL (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. Oxygen consumption 
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), inLeucophaea(S'AGESSER, 1960), and inLocw.sta(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 NOVAK et al. (1959), and SLAMA (1964 a). 

1.1.5. The role in adult diapause 
DE 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 
this 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 oosorption of the terminal oocyte when the hormone titre 
is low, similar as in diapause (JOLY, 1945). DE 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 
oosorption period in the active insect. 

In Pyrrhocoris, SLAMA (1964a) related the imaginal 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 (1958) 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 SLAMA (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 role 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 AND METHODS 

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. TENEBRTO 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 — (02— CO,) 
where, (02 — COj) 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 jxl. 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 $ Leptinotarsa decemlineata of two prolonged 
experimental periods. There was an | hour's interval between the two measuring-
periods 

Time in minutes ^^^^~-

^^-^--~ Insect no. 

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

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

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

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 

Manometer read 

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 

ngs in mm 

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 decemlineata1 

Age in days 

0 
2 
4 
6 
8 

10 
12 
14 
16 
20 
24 

Males* 

|ilO,/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 

Females' 

(jJCyg/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. 
s Mean of 5 individuals. 
* 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 short-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. Experimental procedure 
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 H20 instead of 50 ml, and 
the dissolution of trehalose obtained from a single individual into 5 ml of HgO 
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. EXPERIMENTAL 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 imaginal 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 \d Oa/g/hr and 
1100 (xl 02/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 
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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. R.Q. ± S.E. Comparison 
(original data) (resting data) of means 

Long-day c? Leptinotarsa 

Long-day $ Leptinotarsa 

tj Tenebrio 

<j> 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. 02-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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