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. INTRODUCTION

The annual cycle of animals has to be adjusted to their seasonal environ-
ment. Many species are wamed for adverse seasonal conditions by using en-
vironmental factors, correlated with season, as ‘token’ stimuli. The main
stimuli so far known emerge from the photoperiod, temperature, food, and
other animals. The information obtained from these ‘tokens’ serves to adjust
the physiclogical condition of the animal in such a way as to assure a maxi-
mum survival during the period when the adverse conditions prevail. The
‘tokens’ operate on a developmental stage characteristic for the species. This
may be the egg, larva, pupa or adult. The responsive stage is not necessarily
the same as the sensitive stage. The response may be migration, seasonal poly-
morphism or diapause. Diapause prevents the species from being active when
the environmental conditions are unfavourable and moreover synchronizes
post hibernation or -aestivation emergence (ANDREWARTHA 1952, LEES 1955,
DE WILDE 1962).

A study of the precise conditions under which diapause is induced and
terminated provides us with a better knowledge of the possibilities of survival
for the species in different parts of its areal. In connection with a previous
study on the life history and control of Ceuthorritynchus assimilis Payk. (AN-
KERSMIT 1956), we have investigated the factors determining the adult dia-
pause in this insect. The results were compared with those obtained with
C. pleurostigma Marsh. and Psylliodes chrysocephala L. both of which have
a different type of annual cycle.

1.1. TYPES OF ANNUAL CYCLES IN INSECTS

The adjustment of the annual cycle of an insect to its environment involves
that this cycle must vary with the geographic region in which the insect occurs
(DaNILYEVsKY 1957, Masakl 1961). Within one species we may find homo-
dynamic as well as heterodynamic development. Philosamia cynthia (Drury)
(Masaki 1961) has a homodynamic development in Assam, is multivoltine
with a facultative diapause in southern Japan and strictly univoltine in Naga-
saki (37° Northern Latitude). Also Tetranychus urticae Koch, is known to
be partly homodynamic in its southern races and heterodynamic with a facul-
tative diapause in the northern ones (BONDARENKG 1958). Masakr (1961)
points out that the heterodynamic multivoltine cycle is an intermediate step
between the more primitive homodynamic multivoltine towards an obligatory
univoltine cycle. In some cases the number of years needed for the completion
of one cycle becomes even more than one. For example, Dendrolimus pini L.
is bivoltine near the Adriatic coast (MELIS 1940), univoltine in Central- and
Western Europe and semivolting in Northern Russia (ERMOLATEW and Was-
SILJEV 1935),

Insects with a heterodynamic multivoltine cycle always have a facultative
diapause induced by external factors. In the heterodynamic univoltine cycles
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diapause is often also facultative, but in some cases, diapause seems to be
obligatory. In the latter case no external factors are known so far which can
prevent diapause. Within one species these two types of univoltinism may
occur, In the Leningrad strain of Acronycta rumicis L. 70-60% of the popu-
lation reacts to long experimental photoperiods by avoiding diapause but the
remaining 30-40% obviously enters hibernation, (DANILYEVsSKY 1960), yet
the field population is univoltine in this region. Ge1spITZ (1953) also mentions
some cases of univoltine Lepidoptera which can be partially prevented from
entering diapause by rearing at a special, rather narrow range of photoperiods.
The species concerned (Dasychira pudibunda L., Stilpnotia salicis L. and
Euproctis chryssorhoea L.) are at least partially bivoltine in the southern parts
of their distribution arca (SORAUER 1952, ANonyMUs 1958). Also in the uni-
voltine race of Bombyx mori L. we find a gradual change from multiveltine to
univolting races. In the latter the diapause-inducing range of temperatures is
extended to such low values that diapause becomes obligatory (LEES 1955),

It would be of great interest to find out which conditions might prevent
diapause in insects with an obligate diapause throughout their distribution
area. These insects are often restricted in the extension of their voltinism by
the limited period of the year during which suitable food is available. This
occurs with insects living on buds, flowers, and growing seeds. To this group
belong many weevils, especially Ceuthorrhynchus spp., some of which were
investigated.

2 Meded. Landbouwhogeschaol Wageningen 64-8 (1964)



2. ANNUAL CYCLE OF
CEUTHORRHYNCHUS ASSIMILIS PAYK

2.1. LITERATURE

Ceuthorriynchus assimilis, a serious pest of Brassica seed crops, is a much-
studied insect. The species occurs throughout Europe, Algeria, Morocco and in
several parts of North America (JUNK-SCHENKLING 1330, BONNEMAISON 1957).

There has been some confusion about the number of generations of this
species. TaSCHENBERG (1879) and Dosst (in SORAUER, 1954) mention two
generations but this is not confirmed by any of the extensive investigations on
this insect in Germany by HeEymons (1922), SPEYER (1923) and voN WEISZ
{1940), in France by BoNNEMAISON (1957), in California by CarLSON, LANGE
and SciaronI (1951) and in the Netherlands by ANKERSMIT (1956).

The life history of the weevil may be summarized as follows. The insect
hibernates in the adult stage in the litter under hedges, shrubs and trees,
emerges in spring and deposits its eggs, after a feeding period of one or two
weeks, into the seed pods of several Brassica spp. The larvae feed on the seeds
and are usually full-grown in June (in California some individvals already in
May). They pupate in the soil in an carthen cell. The new generation appears
in the course of July, in California in May. The young generation soon mi-
grates to its winterquarters.

2.2. FIELD OBSERVATIONS

In order to establish the voltinism of the weevil in the field, flights were
registered with the aid of yellow Moericke traps. The catches in these traps
give a good impression of the activity of the weevils throughout the season.
Some of the results are given in figs. la-h.

We can notice two major flight periods, one in spring and one in summer.
A secondary peak, sometimes found in June, is caused by the growing at-
tractiveness of the trap as the surface of yellow flowers (e.g winter rape)
diminishes. Moreover temperature is usually more favourable for flight activity
in June than in May.

During the first flight period the weevils leave their hibernation sites and
search for a suitable host plant. The spring flight may last several months. In
1953 the first weevils were noted leaving their hibernation sites on the 25th
of March. In that year the last were found in the end of May.

This long period of emergence in spring may be caused by:

1. Differences in the thickness of the litter above the weevils in their winter-
quarters influencing temperature during diapause and postdiapause.
2. Differences in their reactions to these temperatures.

3. Differences in the intensity of diapause.

Meded. Landbouwhogeschool Wageningen 64-8 (1964) 3



Figs. 1a-h. Catches of C. assimilis with yellow Moericke traps near Wageningen from 1953-
1956. (All numbers increased with one).
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During the second flight period the weevils search for winterquarters. They
usually disappear in the course of August. Only in the very cold summer of
1956, active weevils were still numerous in September and a few were even
observed as late as November 17th.

No developing obcytes were found in the ovaries of the new generation.
Apparently it enters diapause without producing eggs. Only occasionally
were some weevils with growing odcytes found in September. It was difficult
to establish with certainty to which generation these weevils belonged. The
intactness of their scales indicated that they might belong to the new genera-
tion. 1t was found in rearing experiments that in some weevils diapause is
easily broken, such weevils already producing eggs in October, and it is there-
fore possible that the weevils observed in the field belonged to the new gene-
ration. _

The possibilities of survival for the second generation are limited as only
a few pods for egg deposition are available and the temperature in the autumn
soon becomes too low to enable further development. Flight activity would
be hampered by the low temperatures, Emerging young weevils possibly could
not find a suitable hibernation site.

We may therefore conclude that Ceuthorrhiynchus assimilis in the Nether-
lands, just as in other countries, has only one generation per year.

2.3, LABORATORY OBSERVATIONS.

The purpose of these observations was:
1. To check the field observations by following prediapause and diapause in
insects of known age.
2. To influence the occurrence of diapause by changing the environmental
conditions. Photoperiod and temperature were chosen as such.

2.3.1. Methods

Pods of Brassica napus L. containing almost full grown larvae were collected
in the field. These pods ware placed on soil in cages or glass jars. The full
grown larvae leave the pods and pupate in the soil from where the emerging
weevils can be collected easily. The weevils were subsequently transferred to
glass jars and were reared on daily renewed pods of Brassica napus. A layer
of cellulose wool was placed on the bottom of the jars, which provided the
weevils with a hiding place in which they could be detected easily. Peat litter
was used in the first experiments but the examination of this material was time
consuming and also disturbed the weevils during the regular countings which
were necessary to establish the percentage diapausing weevils. The weevils
were kept at the photoperiods and temperatures mentioned in the tables. Flu-
orescent white 40 watt tubes were used as a light source at distances from
20 cm - 100 cm. The photoperiods needed were obtained by means of auto-
matic timeswitch.

Among the possible criteria for studying the development of the weevils,
behaviour and ovarian activity stand out. As in the Colorado beetle (DE WILDE
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1959) the syndrome of diapause involves changes in behaviour and a stand-
still in reproductive activity. In C. assinulis during prediapause the weevil
leaves the food plant and descends into the soil. This behaviour may again be
described in terms of the tactic components phototaxis, geotaxis and thigmo-
taxis. A decrease in feeding activity is also characteristic of diapause.

Phototaxis and geotaxis were studied in an apparatus designed by DE WILDE
(figure 2). This consists of a plexiglass tray, internal dimensions 37.5 X 7.2
* 7.2 c¢m, placed in a closed metal box. This box could be brought into any
desired slope by means of an adjusting screw. The inclination was measured
by means of a protractor and a waterlevel. On both sides the metal box could
be opened by a slide, Light from a lamp could then penetrate into the box and
the reaction of the weevils placed at the beginning of the experiment in the
centre of the box could be followed. The weevils were protected against radiant
heat by a water-cooling system,

adjustable lamp -
. . 7

water cooling inlet water cooling outlet

L il !
watér level -

FiG. 2. Apparatus for testing photo- and geotactic responses.

A satisfactory method for the measurement of thigmotaxis was not found.
Some indications were obtained by studying the hiding behaviour of the
weevils. The exact determination of nutritive activity in C. assimilis is difficult
as the weevils feed on the seeds inside the pods, yet some estimation can be
made from the number of punctures in the walls of the pods. The other major
characteristic of diapause is the standstill in otcyte growth. This is a very
clear feature which is easily determined as growing obcytes in the ovarioles
are clearly visible,

Meded. Landbouwhogeschool Wageningen 64-8 (1964) 9



2.3.2. Influence of photoperiod and temperature during the adult stage on the
occurrence of diapause

a, Effect on phototaxis

The phototaxis of weevils reared separately at 25°C and a photoperiod of
10 hours, 20 hours, and the normal daylength and temperature of July,
August and September was tested. Each group contained 20 weevils. The test
lasted 3 minutes, each weevil being tested twice. The results are given in
table 1.

TasLE 1. Percentage weevils (C. assimilis) with a positive phototaxis when reared under
different photoperiods.

Photoperiod Age of the weevils in days
and temperature 1 3 6 & 12 15 18 28 49
Room conditions of
July-Sept. ST 8 97 92 8 73 60 60 64
20 hours 25°C 7 97 94 100 93 47 60 30 50
10 hours 25°C 0 97 100 94 94 93 66 65 53

Null hypothesis: no difference in phototaxis between the age groups 3—12
days and 15-49 days.
Room conditions d =275 t; 7.6 P 0.01-0.001
20 hours 25°C d=493 tg=—214 P < 0.001
10 hours 25°C d—=320 tz— 34 P 0.02-0.01

(I

In this experiment a transition from a positive to an indifferent phototaxis
was found about 15 days after the emergence of the weevils,

In a second experiment 5 weevils were taken at random from rearing jars
and tested for 5 minutes. Each test was repeated 4 times with the same weevils
by alternating the illuminated side of the apparatus. The result is given in
table 2.

In none of these experiments was a clear negative phototaxis observed, so
that photoperiod does not have any influence on the phototaxis of the weevils.
It seems, however, that at high temperatures phototaxis is less positive than at
lower. At the low temperature of 10°C phototaxis is always strongly positive
which may indicate that the prediapause is not yet finished. In spring, photo-
taxis is also highly positive (with egg-laying weevils 90%).

b. Effect on geotaxis

In some experiments the geotaxis was studied with the apparatus described
in 2.3.1. The summarized figures are given in table 3. Egg laying weevils do
not show a clear difference between the number of positive and negative
choices (ts = 0.18). In the diapausing weevils a somewhat stronger positive
geotaxis can be observed but here too, owing to the variable results in the low
number of observations the difference is not significant {t: — 2.3).

10 Meded. Landbouwhogeschool Wageningen 64-8 (1964)



TaBLE 2, Percentage 40-55 days old weevils (C. assimilis)
with a positive phototaxis. The weevils were
reared at the photoperiods and temperatures
mentioned in the table.

Photoperiod Percentage
temperature pos. weevils
10 hours 10° 90
17° 63
20° 52
15 hours 10° 80
17° 76
20° 78
20 hours 10° 85
17° 62
20° 72

TasBLE 3. Reaction of egg laying and diapausing weew]s (C. assimilis) on gravitation. Each
weevil was tested several times.

Condition of the Number of Geotactic response expressed inpercentages
weevils weevils Positive Negative  No reactio;
Egg laying 16 39 36 25
Diapausing (160-180 days old) 15 54 20 26

c. Effect on feeding activity

Though the exact quantity of food consumed by the weevils was not deter-
mined, some estimate of their feeding activity can be given. The weevils feed
intensively during the first week after emerging from the pupa. After this,
feeding activity diminishes, but 30 days old weevils are still feeding. No effect
of the photoperiod could be found on this aspect of behaviour, only the tem-
perature being of some importance. At 25°C food intake diminished 4-6 days
after emergence and at 17°C 6—11 days after emergence.

d. Effect on hiding behaviour

This was determined by counting the number of weevils found on the food
and those hiding in peat litter in the bottom of the rearing jars or cellulose
wool as described in 2.3.1, The results of these counts are given in figure 3a,
b, ¢ and d. The number of insects used in these experiments varied from
44-100 in the beginning of the observations to at least 30 in the end.

The conclusions from these observations are the following:

1. There is a period of general activity a few days after emergence.

2. This activity decreases between the fourth and tenth day. A point with
only 50% active weevils was usually reached after 8-10 days.

3. There is no visible effect of temperature on the duration of this prediapause
in the region of 17-25°C.

Meded. Landbouwhogeschool Wageningen 64-8 (1964} 11



Figs. 3a—d. Percentage active weevils (C. assimilis) during a period of 1-2 months after
emergence from the pupae when reared under different photoperiods and tem-
peratures.

percentage active weevils

Fia. 3a.
- o 134-hour photoperiod 17°C

— « 133-hour photoperiod 22°C
e —— . —a 22-hour photaperiod 23-25°C
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5 I5 25 35 43 55 age in days

percentage active weevils
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1 T
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10 3 \—-—*—'ﬁ—O——-
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5 15 25 35 45 S5 age in days

4. There is no influence of photoperiod except with 0 hours light, In that
case all the weevils were in their hiding place within 20 days. A possible
explanation for this phenomenon might be the still rather strong positive
phototaxis of weevils of this age which may oppose their tendency to hide.

The decrease in positive phototaxis is usually observed in about 14 days
old weevils although hiding starts earlier. This means that the change in
habitat is not merely the consequence of a change in phototaxis.
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e. Effect on obcyte growth

As diapause has to be regarded as an arrest of development which enables
the insect to start reproduction at the moment when its host plant is again
available in a suitable stage, this aspect of diapause is of utmost importance.

The ovaries of C. assimilis consist of two pairs of ovarioles located at both
sides of the alimentary canal. Growing oGcytes pass through the vitellarium
and are, when developed into eggs, collected in the eggchamber until oviposi-
tion. Ovarian activity is clearly visible after dissection of the weevil by an
clongation and thickening of the ovarioles and the formation of chains of
growing odcytes.

BonNEMAISON (1957) investigated the growth of the ovarioles of this insect
by measuring their length. He found a total length of 400-600 . in the newly
emerged weevils in July. The length increased throughout August to 650~
800 p. In spring the length was still 800 y. These figures are approximately
the same as were found by the measurement of the ovartoles of weevils col-
lected in the field near Wageningen, The results are given in table 4.

These figures show an increase after emergence from the pupa during the

TABLE 4. Results of measurement of the Iength of the ovarioles of C. assimilis at various mo-
ments of the year 1953-1954.

Month of . Diameter of the Number of

collection Length in 10 germariam in p weevils
Zuly (young) 500 47 10
August - 500 47 . 13
September 750 63 3
October 630 60 3
November 670 67 5
December 650 58 8
January 520 ‘ 83 1
April soil) 480 . 50 2
April (flying) 1170 117 2
May 1420 110 24
June 2430 178 17
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prediapause period. During autumn and winter the dimensions remain almost
the same but after emergence from the winter quarters the length of the ovaries
increases markedly as a result of the formation of chains of otcytes in the
vitellarium.

Samples of weevils reared under the conditions mentioned in table 5 were
regularly collected, killed with ethylacetate and dissected in Levy’s fluid. The
ovarioles were then transferred in Bouin (modification Dubosq-Brasil) and
later stored in alcohol 70% . Measurements on the ovarioles of these weevils
did not show any signs of growth within 2 months. They were all of the same
size as in weevils taken from the field in autumn. From these results we may
conclude that photoperiod and temperature during the adult stage are not likely
to influence the growth of the ovarioles.

TABLE 5. Experimental conditions and numbers of insects used in testing odcyte development
in C. assimilis, None of the weevils showed odcytes in the descending stage.

Photoperiod in hours Temperature in Number of
per 24 hours cycle degrees centigrade weevils

0 room temperature (4 20°) 50

5 17 73

5 22 50
10 10 18
10 17 27
10 20 36
10 25 20
13 17 66
13 22 74
133 17 112
13} 22 108
14 room temperature (+ 20°) 4
15 10 50
15 17 54
15 20 59
20 10 15
20 17 24
20 20 24
20 25 20
22 25-30 45
24 room temperature (L 20°) 84

f.Spermiogenesis

Copulating weevils can often be observed about one or two weeks after
they arrive in the field, Females do not mate earlier though the males try to
mate already during prediapause. Yet SPEYER (1923) states that he could not
find functioning testes in the males during the autumn. He did not find devel-
oped sperm before January in weevils collected in a hibernation quarter. Some
observations were made to check this statement but the results did not agree
with those of Speyer. All 7 investigated 11/: month old males contained testes
with well-developed, mobile sperm.

14 Meded. Landbouwhogeschool Wageningen 64-8 (1964)



2.3.3. Effect of the photoperiod during the larval stage on the occurrence of
diapause in the adult.

MULLER (1957), with the cicadellid Stenocranus minutus F., prevented
diapause when he reared the larvae under short day conditions and the adults
under a long photoperiod. He suggested that by such an alternation of short
and long day diapause might be prevented in other univoltine insects. STRU-
BING {1960), however, doubted the complete univoltinism of S. minutus.

In order to test this supposition the following experiment was made. Egg-
laying weevils were collected in May in the field and caged with winter rape
plants for 2 days. The plants were then considered as infested, replaced by
others, and reared under short day conditions of 9 hours light by placing daily
in the evening a metal cylinder over the plants and removing it in the morning.
These short day conditions proved rather unfavourable for the plant. The
larvae were therefore transferred after some days to young cut pods of winter
rape and reared in glass jars under short day conditions, As the pods soon
deteriorated, the larvae were transferred every other day to new young pods.
In this way the larvae throughout their development were given young growing
seeds only. Under normal growing conditions they will feed at the end of the
larval stage on the ripening seeds in the pods. The emerging weevils were
reared under the conditions mentioned in table 6. In afl these cases, however,
the weevils entered normally into diapause. It follows that the result of this
experiment is negative.

TABLE 6. Rearing conditions of weevils (€. assimilis) used in the experiment on the effect of
alternation of photoperiod in larval and aduit stage.

Photoperiod in Temperature in Number of Number entering
hours per 24 hours degrees centigrade weevils diapause
13 25 20 20
18.5 16 16
20 25 17 17
18.5 7 7

2.3.4. The termination of diapause

As is known from the studies of various workers on C. assimilis (SPEYER
1923, RisBeC 1952, ANKERSMIT 1956, BONNEMAISON 1957), the weevils
appear on fine spring days when the temperature rises above 15°C, The males
leave their hibernation quarters first (R1sBec 1952, ANKERSMIT 1956). Though
the weevils become active in spring only, most of them finished the diapause
much earlier in the season. This can be shown by collecting them in the field
and rearing in the laboratory as is shown in table 7. These results show that
diapause is terminated in many specimens by the end of autumn. Yet some
weevils were apparently still in diapause as they could not be induced to pro-
duce eggs by transferring them to a higher temperature. This was even the
case with weevils collected on the 26th of March in a hibernation site. Some of
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TaBLE 7. Duration of diapause in C. assimilis under normal field conditions (1956-°57)

Date of . Number of days . Number of
collection Rearing temp. reared Y Particulars weevils
27 September 25°C 2 active 20
27 September 25°C 7 much feeding
27 September 25°C 22 no odcytes
27 September 25°C 52 no odcytes
21 November 20°C 9 active 10
21 November 20°C 17 iry to mate
21 November 20°C 24 2 eges laid
5 December 20°C 28 eges laid 10
27-29 December 20°C 1 active 20
27-29 December 20°C 3 much feeding
27-29 December 20°C 10 much feeding
27-29 December 20°C 20 2 egps
27-29 December 20°C 2 3 eggs
27-29 December 20°C 22 9 eggs
27-29 December 20°C 23 10 eggs
27-29 December 20°C 24 20 eges
some weevils
still hiding

them were not yet active on the 20th of April though they were reared during
this period at 20°C. On the other hand it is possible to observe ¢gg laying in
rearing experiments as early as October, as is shown in table §; it shows the
effect of a temperature treatment on beetles that have entered diapause in
July. Rearing for a longer time at temperatures of 20-25°C was not possible
owing to the high mortality which ensued. Odcyte growth remained slow at
temperatures of 17° or 10°C, since during more than 3 months almost no
development was observed.

TasLg 8. Effect of temperature on growth of obcytes of C. assimilis,

Temperature Age in days With odcytes Number
20°C 20-100 2 41
17°C 80-100 1 56
10°C 80-10¢ 1 (small odicytes) 42

2.3.5. Histological study of the ovaries

In addition to the morphological study, the histological structure of the
ovaries was examined. In this way we were able to observe early stages of
ovarian activity which could not be seen by mere morphological investigation.
Moreover, the activities of the different ovarian tissues could be studied sepa-
rately.
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Methods

Weevils killed in ethylacetate vapour were dissected in Levy’s fluid. Their
ovaries were transferred to Bouin’s fluid (modification Dubosq Brasil} and
after 1 day stored in alcohol 70%. Paraffine slides were made of 5 microns
thickness. Prior to embedding in paraffine the ovaries were stained with 5%
eosine during 5 minutes. This made it possible to find the embedded ovaries
back in the paraffine. The sections were finally stained with haematoxiline and
eosine.

Histology of the ovarioles

The ovarium of C. assimilis is of the telotrophic type. The main body of its
ovarioles is formed by the germarium containing odcytes and trophic elements
and the vitellarium where the main odcyte growth takes place. As in other in-
sects the whole is suspended by a terminal filament to the dorsal part of the
thorax. The ovarioles are covered by an endothelial sheath, the nuclei of which
arc visible as elongated dots along the margin of the ovarioles. Inside this
sheath according to LENkOWA (1949) and ScHLOTTMAN and BonHAG (1956)
an inner envelope is found. The nuclei of this envelope are only locally visible.

The germarium. The germarium forming the anterior part of the
ovariole consists of primary odcytes, trophocytes and prefollicular tissue.
Odicyte differentiation apparently is completed during the very early adult
stage. A mitotic figure was observed in the germarium of a one day old female
only.

The trophocytes are concentrated in the anterior part of the germarium.
Their nuclei grow considerably during the maturation of the ovarioles, their
diameter increasing from about 3 y to 15-20 y (sce plate 1 and 4). This in-
crease is most obvious in the posterior part of the trophic tissue. When count-
ing the number of nuclei on a transverse line in an undeveloped ovariole we
find about the same number of nuclei as in a germarium of an egg-producing
ovariole. The mature ovariole is about twice as thick as the immature ovariole.
The main cause of this is the growth of the trophocyte nuclei.

The trophocytes are separated from the vitellarium by the prefollicular
tissue and by odcytes of vartous size but before the stage of descending. In one
case nutritive cords were noticed in the lower part of the germarium (plate 2).
It concerned a weevil kept for 4 months after the prediapause period at 10°C,
which was afterwards transferred to 20°C for 18 days, when it was dissected.
The obeytes in this weevil, as the others of this group, did not show any clearly
visible growth.

The prefollicular tissue serves in the formation of the follicular epithelium,
which surrounds the growing odcytes. This means that considerable numbers
of cells are needed for the building up of this epithelium so that one might ex-
pect a rather intense mitotic activity in this tissue. Such activity was observed
by ScHLOTTMAN and BoNHAG (1956) in Terebrio molitor. No mitotic figures
were found in the prefollicular tissue of C. assimilis. This means that probably
the prefollicular ceils are already present in full number at an early stage.
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The vitellarium. The vitellarium lies at the posterior part of the
ovariale between the germarium and the egg-chamber. Its tissue consists of
follicular epithelium and odcytes. At first the follicular epithelium can be seen
as minute cells gathering around the young otcytes. Later these cells expand
enormously when yolk formation has staried (plate 5).

In mature ovarioles the number of follicles varies from 6 to 10. The end of
the vitellarium is formed by an epithelial plug separating it from the egg-
chamber (plate 3). In diapausing females we can only find odcytes prior to the
stage of yolk formation. After the termination of diapause we did find ovari-
oles containing growing odcytes, accumulating yolk and proceeding their
growth till the egg stage. Ovisorption was not found.

BoNNEMAISON (1957) noticed ovisorption in post diapause weevils as a
result of a preceding cold period in spring. This suggests that ovisorption occurs
in this weevil if environmental conditions are unfavourable. He did not men-
tion any diapause behaviour in these weevils.

De WiLDE, DUINTIER and Mook (1959) found ovisorption in the Colorado
beetle in the diapausing fraction of beetles reared under long day conditions
at 25°C, These conditions prevent diapause in about 70% of this beetle. They
also noticed ovisorption in the ovaries of beetles transterred from ‘long day’
to ‘short day’ conditions.

The physiological explanation valid in both cases is probably the induction
of ‘pseudo allatectomy’ (JouanssoN 1938, pE WILDE and DE Boer 1961). In
C. assimilis we have a different sitnation as compared with the Colorado beetle.
All weevils enter diapause under all conditions tested, and the weevils are not
sensitive to photoperiod.

2.4. SEASONAL SYNCHRONISM BETWEEN THE PHYSIOLOGICAL STATE OF THE
HOST PLANT AND THE LIFE CYCLE OF C. assimilis

The main host plants of C. assimilis are several Brassica spp. (e.g. B. olera-
cea L., B. napus L., B. rapa L.). All these host plants have their main flower-
ing period in May and June. After these months the number of pods in the
field diminishes rapidly. This flowering period is timed in two different ways,

Firstly, the seed may germinate in summer, but the plants do not flower in
the same year as they need chilling before entering the vegetative phase.
Stokes and VERkERK (1951) working with Brussels sprouts found flowering
only if a cold treatment of 6-9 weeks was given to plants that were grown for
at least 11 weeks in a warm greenhouse. The percentage of flowering plants
increased when the cold treatment was given when the plants were in a more
advanced stage, it became 100% with plants grown for 20 weeks in the green-
house before chilling. This means that these plants will flower once a year only.
As seeds may germinate just after maturation young plants will start growing
at the beginning of August. They enter the sensitive phase for cold treatment
in the second half of October and enter the generative phase in the course of
December. This is more or less in agreement with the annual cycle of C. assi-
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milis. As was shown in table 7 a number of the weevils collected in hiberna-
tion sites during December produce eggs when transferred to a higher tem-
perature and fed. Those collected earlier do not. The diapause stage of the
weevil and the vegetative phase of the plant are terminated at about the same
time.

Secondly the plants need a long photoperiod for flowering. This case does
not occur frequently in Brassicas but it is found e.g. in summer varicties of
rape seed. Under our conditions these plants do not survive in winter. They
must be sown in spring and then produce flowers only somewhat later than
the winter varieties of rape seed.

To adapt itself to this annual cycle of the plant C. assimilis must produce
eggs during spring only. This is assured by the univoltine cycle. When the
new generation of C. assimilis emerges (usually in July) the quantity of pods
is already low and continues to diminish throughout August. Such a situation
is most unfavourable for the multiplication of the weevil. Being univoltine
with an early break of diapause has therefore a high survival value for C. assi-
milis.
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3. ANNUAL CYCLE OF
CEUTHORRHYNCHUS PLEUROSTIGMA
MARSHAM

3.1. LITERATURE

C. pleurostigma, a pest of several cruciferous plants, according to Junk-
Schenkling (1930) occurs throughout Europe, in Siberia, and in Algeria. The
study of Isaac {1923) has revealed the occurrence of two races in this insect,
one laying its eggs in the autumn and one ovipositing in spring. The spring
race has as its main host plant Sinapis arvensis L. and, locally, cabbage species.

The two races were also observed by KAuFrMANN (1923) in Germany, who
noticed the occurrence of two distinct phenological forms, one ovipositing in
autumn and the other in spring. As he sometimes found weevils during winter
he thought it possible that hybridization would occur in some cases, giving
rise to intermediate forms.

ScHEIDING (1956) confirmed IsaAc’s findings but considered it likely that
the time of year in which the eggs are laid determines the number of genera-
tions per year. In her opinion some early-laid eggs could give a second gene-
ration. This second generation was indeed produced in the laboratory. It was
not established in the field.

VaN T SANT et al. (1961) observed both races in the Netherlands. The
spring race was found only locally on cabbage, the autumn race occurred in
many parts of the country. He studied the phenology of the weevil (1955,
1956, 1957, 1958) in the Netherlands. According to his observations the
spring race emerges from the hibernation sites in the second half of May. The
adults of the new generation appear after the middle of August. They do not
lay eggs and disappear in their hibernation quarters under dead leaves and in
grass. In the phenologically early year 1955 the weevils emerged from the
hibernation quarters already in the second half of April and the adults of the
new generation in the second half of July. The adults of the autumn or summer
race appear according to VAN T SaNT in the course of June. They oviposit in
August and September. The ensueing generation hibernates in the larval stage.

The auntumnn race also occurs in Sweden (Lampa 1894}, The spring race is
not mentioned. DE PIETRI-TONELLI (1950) noticed the antumn race in Italy.
The spring race was not observed there either. DaNoN (1953) found both races
in some localities of Yugoslavia (Varazdin) and in others (Zagreb) only the
autumn race.

It seems that the autumn race has been noticed more generally than the
spring race. This may be due to the economic importance of the antumn race.
The spring race usually occurs on Sinapis arvensis and many authors have
perhaps overlooked its presence. None of the investigators could observe any
morphological differences between the two races. SCHEIDING (1936) was able
to cross the two races but gave no details on the behaviour of the offspring
and its fertility. The life history of both races is similar, Eggs are laid in the
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root collar region and on the roots inside the plant tissue. According to
DEeuBERT (1955) the female produces some teratogenic substance, which enters
the plant with the egg. The larva lives inside the ensueing gall, when full-grown
it pupates in an earthen cell in the soil. After emergence the weevils feed on
the leaves.

3.2. FIELD OBSERVATIONS

The phenology of C. pleurostigma can be followed to a large extent by
checking the emergence holes in the galls and observing the formation of new
tumors. The adults are rather inconspicuous and may be easily overlooked.
They often crawl on the soil and can be found near the stembase during the
oviposition period. Weevils in their prediapause phase are more often found
on the leaves of the plant. They can be trapped in yellow Moericke traps but
the numbers we observed were always rather low, except in one case in the
north of the province of Groningen, where large numbers were caught.

The first galls of the autumn race were found by the end of September. The
first emergence holes occurred at the end of November though the majority
of larvae remained in the galls and did not pupate till next spring. Soil tempe-
ratures are usually too low to allow of any activity up till the end of March. The
weevils emerged from the pupae during June. After a short feeding period the
weevils entered diapause,

In one serics of observations weevils emerged between the 20th and the
24th of June and stopped feeding to a large extent by the beginning of July.
Their activity remained low up till the middle of August. Small odcytes were
observed in the ovaries on 13th August.

In the Netherlands the spring race mainly lives on Sinapis arvensis. It was
found in rather numerous quantitics on this weed near Wageningen, in the
Rhine Delta and in the extreme south of the Netherlands. As VAN 'T SANT
et al. (1961) remark it is of rather common occurrence on cabbage in a locai-
ity near Kampen (IJssel Delta).

Galls of the spring race were found throughout June. At the end of this
month the first emergence holes appear but up to the end of August some
plants with galls and larvae may be found inside. They enter diapause and
hide under leaves and shrubs until next spring.

According to vaN 'T SaNT et al. (1961) effective control of the weevil can be
obtained by treatnent with aldrin, chlordane, and parathton. These treatments
are also effective against the cabbage root fly (Chortophila brassicae Bché),
Their frequent application in spring against this fly has been the cause of a
strong decline in the infestation by the spring race of C. pleurostigma on cab-
bage in the Netherlands.

It is clear that the two races have a different annual cycle resulting in a
chronological separation of the adults. The exact nature of the responses un-
derlying these differences can be studied only in laboratory experiments under
controlled conditions,
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3.3. LABORATORY OBSERVATIONS
3.3.1. Laboratory observations on the spring race
A Methods

Galls of C. pleurostigma from Sinapis arvensis near Wageningen or from
cabbage plants grown in a region near Kampen (IJssel Delta) were collected
in the field. The galls were transferred to glass jars partly filled with soil and
kept at room temperature. The weevils, emerging about three weecks later,
were collected daily. They were reared in glass jars partly filled with cellulose
wool and received rapeseed leaves as food. This material is readily accepted
and available throughout the vear except during severe winters. The observa-
tions included a study of behaviour, food consumption and ovarian develop-
ment. The appearance of diapause behaviour can be followed by counting the
number of active and hiding weevils. Ovarian development was studied by
dissection as deseribed in 2.3.2.¢.

B. Influence of some photoperiods during the adult
stage

Weevils were reared at photoperiods of 13 and 20 hours at 17°C. In each
experiment 50-60 weevils were used.

Effect on behaviour The results of the counts are given in fi-
gure 4. They clearly show that there is no difference between the two treat-
ments. Hiding is more complete when compared with the results from the
observations with C. assimilis, Nine days after emergence almost all weevils
are hiding. A small number of weevils (8) was reared at 5 hours photoperiod
and 17°C but they gave the same response. Also weevils reared at 13 houts
and 21 °C were soon hiding (7 days after emerging fig. 5). The latter remained
inactive during about 75 days. Then they became active again and were feed-
ing intensively.

100 percentage active weevils
90
80
70
60
50
a0 #==———=a 13-hour photoperiad 17°C

30 o= o 20-hour photoperigd 17°C
20

5 15 n 2|S a‘g: il'll days
FiG. 4. Percentage active weevils (spring race C. pleurostigma) during one month, after emer-
gence from the pupac when reared under photoperiods of 20 and 13 hours at 17°C.
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Fi1G. 5. Number of punctures made by adult C. plesrostigma (spring race) per weevil per day,
when reared under a 13-hour photoperiod and 21°C,

Development of the ovaries. The ovaries of the weevils reared
at 5, 13 and 20 hours photoperiod and 17°C were examined after 30 days.
In none of them any signs of otcyte growth could be observed. As was found
with C. assimilis only small odcytes are present but their growth seems to be
slow and none of them were in the stage of yolk formation.

3.3.2. Laboratory observations on the annual cycle of the awiumn or summer
race

A-Methods

The rearing methods were largely the same as with the spring race. How-
ever this race can be more easily obtained, since the galls of this weevil are
present throughout the winter. The first galls can be collected by the end of
November. These galls produce under room conditions (about 20°C) weevils
in the second half of December. Galls on kale were chosen as being the best
available source. The only problem in rearing the weevils from these galls is
the high percentage of parasitism by Diospilus oleraceus Hal.

As with C. assimilis, photo- and geotaxis, hiding behaviour, feeding activity
and the development of the ovaries under the conditions of several photo-
periods and temperatures during the adult stage were studied.

Photo- and geotaxis were investigated with the apparatus described in 2.3.1.
Feeding activity can be registered by daily counting the number of punctures
made by the weevils. As Isaac (1923) describes the weevils bite a hole into
the Ieaf and scoop out the inner succulent tissues, leaving the outerwall of the
lower and upper epidermis intact. These cavities have a diameter of approxi-
mately 0.5 mm. Their maximum size is determined by the length of the
rostrum of the weevil. The errors in this estimation of feeding activity are
firstly, possible differences in thickness and food quality of the leaves and
secondly difficulties in counting the number of punctures when the cavities
coalesce. Photoperiods were obtained as described for €. assimilis in 2.3.1.
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B. Influence of photoperiod and temperature during
the adult stage on the annual cycle

The effect of photoperiods of 0, 5, 10, 12, 13, 14, 16, 161/2, 18 en 24 hours
at temperatures of usually 17 and 21°C during the adult stage was investigated.
The effect of temperature was more extensively studied at the photoperiods of
13, 16 and 20 hours.

a. The effect on phototaxis. The phototactic behaviour was
compared between weevils reared at a long photoperiod (18 hours) and a high
temperature (25-30°C) and weevils reared at a short photoperiod and a lower
temperature (13 hours 20-25°C). For each obscrvation 15 weevils were used.
They were tested in groups of 5 weevils, The results are given in figure 6. They
show no difference in reaction. We observed in both groups a decrease in the
percentage of positive choice after one or two weeks. This decrease takes place
somewhat earlier in the weevils reared under long day and higher tempera-
tures than in those reared under short photoperiod and lower temperatures.
This period with a rather negative phototaxis lasts for about 2—3 weeks. At
the end of this period the phototactic response of both groups is again at the
same level as at the beginning. No significant differences in this phototactic
response could be ¢stablished between the two groups (D = 0.4 == 2.1).

100 percentage with positive phototaxis
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FIG. 6. Phototactic response of C. plewrostigma (autumn race) when reared under an 18-hour
photoperiod and 25-30°C, and a 13-hour photoperiod and 20-25 °C, respectively.

As may be expected phototaxis 1s never strongly positive. The normal place
where these weevils occur is near the soil or on the underside of the leaves.
The ovipositing weevils also did not make more than 50% of positive choices.
The period with a more pronounced negative phototaxis coincides more or less
with the later (3.3.2. B.c.) described period of decline in feeding activity. It can
be noted that the rise in positive phototactic response also occurs with weevils
reared at the long photoperiod (later described as diapause inducing). We can
conclude that the phototactic response cannot be used as an indicator of dia-
pause behaviour in this species.
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b. The effect on geotaxis. With the same weevils used in the
experiment on phototaxis described above, the geotactic response was studied.
The apparatus described in chapter 2.3.1 was used. In all experiments the
slope of the bottom of the tray was 45°, The results of these experiments ex-
pressed as the percentage of negative choices are given in fig. 7. It seems that
geotaxis is somewath more negative with weevils reared at a short photoperiod
than with those reared at a long photoperiod (D — 5.6 = 2.0). In most obser-
vations geotaxis is neither strongly positive nor negative.
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Fic. 7. Geotactic response of C. pleurostigma (autumn race) when reared at an 18-hour
photoperiod and 25-30°C, and a 13-hour photoperiod and 20-25°C, respectively.

¢. The effect on feeding activity. Feeding activity was

evaluated by daily counts of the number of punctures made in the leaves un-

der the conditions mentioned in the figures 8a, b and c. As with C. assimilis

and the spring race of C. pleurostigma, a period of intensive feeding followed

FiGs. 8a~c. Number of punctures made by adult C. pleurostigma (autumn race) per weevil
per day when reared under photopetiods of 20 hours.
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by a steep decline to a rather low level is apparent. Contrary to the behaviour
of the spring race feeding activity is not completely arrested but continues on
a very low level with the insects rcared at a photoperiod of 20 hours. With a
photoperiod of 13 hours we also observed a decrease, but the rate of punc-
turing remained higher. With the weevils reared at 21°C the decline was much
smaller. This shows that the activity continues in weevils reared at a photo-
period of 13 hours and not with those reared with a photoperiod of 20 hours.

Temperature also influences feeding behaviour. The period with intensive
feeding clearly depends on the temperature as is shown in table 9. The period
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with a high food consumption increased strongly with decreasing temperature.
It seems to last somewhat longer when a long photoperiod is applied. The
quantity of food eaten per day rises with temperature as is shown in table 10,
At the photoperiod of 13 hours the correlation between the two variables is
highly positive (r == 0.99, t = 9.26, at 2 degrees of freedom).

TaBLE 9. Number of days after emergence of C. pleurostigma (autumm race) froin the pupa
with intensive food intake (more than 2 punctures per day per weevil).

Photoperiod
Temperature —_— R
13 hours 20 hours
28°C - 6 (18 hours)
25°C 7 10
21°C =+) 9
17°C 10 12
12°C 17 18

+) Food intake did not fall below the two-hole level.

TABLE 10. Number of punctures made by (C. plerrostigma autumn race), per day during the
period of intensive feeding after emerging from the pupa.

Photoperiod
Temperature
13 hours 20 hours
28°C - 7.1 {18 hours)
25°C 8.9 5.1
21°C 6.1 8.9
17°C 5.5 4.8
12°C 29 33

At the long photoperiod the relation is more obscure (r = 4-0.59, t —
1.26, at 3 degrees of freedom, which is insignificant). One can also study the
total food consumption as is shown in table 11. This shows a positive correla-
tion between total food intake and temperature (r = 0.95, t = 43.3, at 2 de-
grees of freedom, which is highly significant) for the short photoperiod, but an
insignificant negative correlation (r = 0.41, t = (.78, at 3 degrees of free-
dom) for the long photoperiod.

TasLE 11. Total food consumption expressed in the number of punctures made by C. pleuros-
tigma (autumn race) during the period of intensive feeding.

Photoperiod
Temperature
13 hours 20 hours
28°C - 42,8 (18 hours)
25°C 62.0 51.1
21°C 54.8 79.8
17°C 55.3 57.6
12°C 48.0 59.9
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On evaluating these data one must realize, that both the rate of pre-diapause
development and the rate of feeding are a function of temperature. The in-
crease in the rate of feeding with temperature may be considered as a normal
reaction, as activity increases with temperature and the rate of food intake also
rises. Total food consumption, however, is a function of feeding rate and time.
In the short day weevils feeding is continued and therefore only the rate is
limiting. In long day beetles, however, the duration of pre-diapause sets the
limit of food intake. This duration is shortened with higher temperatures and
as a consequence total food intake is not increased.

d. Effect on hiding behaviour. Insome experiments the num-
ber of insects found on the plant was compared with the number hiding in the
cellulose wool on the bottom of the rearing jars. This number is very high with
newly emerged weevils but it decreases rapidly. In rearing experiments only
3% of the insects was found on the plant at 13 hours and 17°C after 10 days.
Then the number increased gradually, to reach about 33% (in 206 insects)
after 50 days. When we make daily counts of the insccts the number tends to
be higher, as is shown in figure 12. In this graph the activity of weevils reared
at 20 hours photoperiod and at a temperature of 17°C is compared with that
of weevils transferred from these conditions to a short photoperiod (13 hours
17°C). The weevils continuously reared during 53 days at a long photoperiod
show a rather low activity after the initial activity period. Weevils after 15 days
transferred from a long day to a short day at first showed a lower activity
than those kept constantly under long day conditions but their activity in-
creased gradually and was higher about two weeks later (figure 12). In the
second experiment weevils were transferred to a short photoperiod after 40
days under long day conditions. In this case a similar behaviour was noted.
The transferred weevils began to show a lower activity (expressed as per-
centage non-hiding weevils) which increased rather rapidly after some days.
These weevils then had well-growing odcytes in their ovarioles. Owing to cir-
cumstances this experiment had to be stopped prematurcly.

Summarizing the results of our observations on the behaviour of C. pleu-
rostigma we can say that feeding activity and to some extent also hiding be-
haviour provided us with the clearest indications concerning the activity of
the insects. The higher food consumption of insects, reared under short day
conditions as compared with those reared under long day conditions coin-
cided with a smaller number of hiding weevils. The phototactic and geotactic
response showed no or only minor differences, respectively, between the in-
sects reared at a long or at a short photoperiod. Obviously a long day induces
a diapause behaviour in the autumn race of C. pleurostigma while a short day
has the opposite effect,

e. Effect on oicyte growth. The influence of photoperiod and
temperature on C. pleurostigma can also be followed by investigating the devel-
opment of their ovaries, the same considerations as for C. assimilis being valid
(see 2.3.2.¢e).
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We may distinguish 3 stages in development:
1. Ovarioles without visible, growing obcytes (figure 9).
2. Ovarioles with clearly visible odcytes in the vitellarium.
3. Ovarioles with eggs in the egg chamber and odcytes in the vitellarium
(figure 10).

Fi1G. 9. Ovary of diapausing C. pleurostigma
(autamn race).
G. Germarium V. Vitellarium
C.E.Ch. Common egg chamber

Fic. 10. Part of the ovary of ovipositing C. pleurostigma(autumn
race). G. Germarium V. Vitellarinm CE.Ch. Com-
mon egg chamber

In later experiments the first stage was split up into two classes viz. those
without visible obcytes and those with very small odcytes only. The results
presented in the tables 12 and 13 show that photoperiods shorter than 161/y
hours are more or less favourable for follicular activity resulting in visible
odcytes. Longer photoperiods induce an arrest of activity. Photoperiods be-
tween 10 and 14 hours are optimal. Shorter photoperiods obviously are also
less favourabie for obcyte growth.

Photoperiodic response curves have been constructed for several species
of insects (e.g. LEES 1955). In most cases they show an opposite reaction as
compared with our weevils, most insects sensitive to photoperiod being long
day insects. They also show a change in response to daylength from diapause
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TapLE 12. Influence of photoperiod and temperature on the development of the ovaries of
C. plevrostigma (autumn race). Collected near Wageningen (51° 57 Northern

Latitude.)
Photoperiod and  Age of the Number of 7
temperature in weevils in Total . . .
degrees Centigrade days with eggs w'tzﬁiry?:smg de\‘::lltg ;::em
0 hrs®} roomtemp.) 24 22 7 11 4
5, 17° 24 100 6 22 72
5, 17¢ 36 10 9 1 0
10 17° 24 3 5 2 1
10 ,, 22° 24 12 5 6 1
13 ., §2° 90 43 5 3 35
13 i7° 24 40 4 12 24
13 ,, 17 26 12 2 5 5
13, 17 30 37 6 7 24
13 ,, 17° 33 10 1 3 6
13, 17¢ 65 3 3 0 0
13 17° 71 5 5 0 0
13 21° 16-20 24 15 7 2
13 22° 24 16 13 2 1
13, 24° 4245 14 1 4 9
13 ,, 24° 47-54 33 3 7 23
13 ,, 25° 30 36 13 13 1G
15 ,, 21° Y 28 2 9 17
16 ,, 17° 24 12 1 0 11
22° 24 8 1 4 3
16} ,, 21° 34 16 0 4 12
18 ,, room"} 24 44 0 1 43
i8 ,, »”» 60 15 0 0 15
18 " 62 1 0 0 1
18 , ' 63 5 0 1 4
18 ,, . 15 7 0 2 5
18 ,, ” 77 2 0 0 2
18, ,, 79 4 0 0 4
18 ,, . 94 6 0 1 5
18 ,, » 115 10 4 1 5
20 ,, 17° 24 28 0 0 28
20 ,, 22° 24 41 0 0 41
20 ., 25° 32 8 0 0 8
24 ., rooml) 24 26 0 0 26

1} The room temperature mainly varied between 20 and 22°C.
%) Photoperiod approximately 5 minutes, this period being necessary for changing the food
of the insects.

to non-diapause in a rather narrow range of photoperiods, comprising the
intermediate or critical photoperiod. In C. pleurostigma this critical photo-
period is found between 14 and 16 hours (figure 11),
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TasLE 13. Effect of photoperiod on odeyte growth in C. pleurostigma (autumn race) at 21 °C
after 24 days. Weevils collected near Wageningen.

Percentage of 99
Photoperiod ith with clearly with very  without visible
with eggs visible oGcytes  small odeytes development
0 hours (£ 5 min.) 2 28 45 25
5 hours 8 55 17 20
10 hours 60 40 0 0
12 hours 15 70 0 13
14 hours 13 64 0 22
16 hours 0 10 62 28
percentage
1004 active weevils
90
80
704
60 Wageningen
50
40
. . . 30
FiG. 11. The influence of photoperiod at 21°C
on obgenesis in two groups of C. pleu- 20, Antibes
rostigma (autumn r1ace), respectively, 104
collected near Wageningen 51°57"N.L. 0 .

and Antibes 43°35" N.L. T 4 € & 1012 14 16 18 phatoperiod

The figures in table 12 also show that weevils can produce eggs provided
that they are kept at a long photoperiod for a sufficiently long time. Eggs
were found in 3—4 months old weevils reared at 18 hours (20-22°C) and in
95 days old weevils kept at 20 hours (17°C).

Temperature is also of great importance in photoperiodic response. With
a photoperiod of 13 hours and a temperature of 21°C the first eggs were de-
posited 16 days after the emergence of the adult weevil from the pupa. At
24°C already a rather high number of weevils showed no visible odcyte
growth. When we studied the effect of temperature at a photoperiod of 16
hours we noticed (table 14) the highest number of weevils with some devel-
opment at 21°C; however, indications were found that development advanced
somewhat further in a small number of weevils at 17°C. At 25, 29 and 12°C
the development of the ovarioles was clearly inferior.

The observations show that C. pleurostigma is & short day insect with a
critical photoperiod between 14 and 16 hours and an optimal temperature for
reproduction of about 21°C.
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