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THEOREMS 

Predators most likely play a minor part in larval mortality in the cabbage 
root fly. (Erioischia brassicae BCHE) 

II 

The main factors responsible for the severe damage by the cabbage root fly 
observed in Brassica crops in spring time are: 

a. Strong infestation. 
b. Low temperature, reducing the recovery power of the plants. 

Ill 

Progress in biological control is much hampered by a lack of knowledge of 
numerical data on plant pests. 

IV 

The recent method for the determination of the in vivo inhibition of acetyl­
cholinesterase in insects poisoned with an organophosphorus insecticide is 
insufficient to establish what is the relation between this inhibition and the 
accompanying accumulation of acetylcholine. 

In several cases, the summer sprays as currently practised against plant 
diseases and pests in Lybia, could be successfully replaced by dormant sprays. 

VI 

Especially in arid regions, crop rotation and killing vines at harvest may be 
considered of great importance in controlling Late Blight {Phytophthora infes-
tans) of tomato and potato. 

VII 

The recent discovery of a plant virus which causes harm to its insect vector 
does not support the theory of an insect origin of certain plant viruses. 

VIII 

In view of the soils and root-stocks as used in citriculture, the virus disease, 
"quick decline" is a standing threat to this industry. 

IX 

To obtain better economical yield of banana grown in the Jordan River 
Valley (El-Ghor), Jordan, the use of windbreaks (e.g. Casuarina equisetifolia) 
and the removal of male-flower clusters is highly recommended. 

Dissertatie I. K. Abu Yaman 
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X 
The separation between the student societies as well as their very fixed 

traditional ways make it difficult for most foreign students to adapt themselves 
to Wageningen student life. 

XI 
Agricultural projects as a mean to solve the Palestine-Arab problem will fail 

because of the resistance of the refugees against measures which will keep them 
away from the restoration of their integral rights. 
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CHAPTER I 

INTRODUCTION 

The intensive use of chemicals in the control of phytophagous nests and the 
resulting undesirable effects of most of these c h e S i f a f f o S S ^ ' J S S l S 

In most insect populations in their natural environment, a very high mortality 

t u X S n c S o t s " l i t *"*"**• ™ S m 0 r t a l i t* i s SL^KZ 

S S T S £ S 4 5S8 appropnate'therefore'to make more use of 

In order to obtain information on the importance of these factors for agri­
cultural pests, we must study the natural mortalitv „f•£ • } !. FL 
conditions.This can be done only by populaToncoIts ^ " ^ ^ ^ 

When the natural resistance factors and their effprte ' a „ t-
to find ways to improve them (culture methods ch S o f v E S ^ " 

Insecticides and fungicides are merely "new" resignZ £ 7 S ' r 
it is of great importance to know whether the*: S t anCe f a c t o r s- T h e r e f o r e> 
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a. are harmful to other resistance factors and, if so, to what extent. This refers 
especially to biological control factors. 

b. promote multiplication of the pest (stimulate egg production, stimulate 
growth and survival e.g. by improvement of leaf quality). 
In economic entomology we are interested in regulation of the population 

density of a pest at a low level. Under the conditions of practice, this can be 
achieved successfully, only by the combination of chemical and biological con­
trol methods. A change in the balance between a pest and its natural enemies 
in favour of the last is very important. For this purpose, two things must be 
combined: 
1. Selective insecticides - the discovery of many more of them is essential. 
2. "Density dependent" factors, for they may regulate the population density. 

Since, so far, no selective insecticide has been discovered for the control of 
our phytophagous insect, the cabbage root fly, it seemed important to study the 
effects of the two most recommended insecticides, Aldrin and Chlordane, on 
its control and on the abundance of its natural enemies. 

In the experimental field of the Laboratory of Entomology at Wageningen, 
the abundance of different stages of the cabbage root fly has been followed over 
a period of five successive years (1955-1959). Started as a series of short in­
vestigations by graduate students, the work has been continued by the present 
author since 1957. In this paper the results obtained during the five years period 
are summarized. In addition, a preliminary experimental analysis of the mor­
tality factors has been carried out. 

CHAPTER II 

GENERAL REMARKS ON THE CABBAGE ROOT FLY AND ITS 
DAMAGE 

The cabbage root fly, Erioischia x) brassicae BOUCHE, belongs to the Family 
Anthomyiidae; Order Diptera. The larvae of many species of this family affect 
agricultural and horticultural crops. Many species can only be identified in the 
adult male. The cabbage root fly and some other species can be identified by 
larval characters. 

LUNDBLAD (1933) gave descriptions of the adults and immature stages of 
13 species of the Anthomyiids attacking crucifers in Sweden, among them the 
cabbage root fly. 

DE WILDE (1947) surveyed the morphological characteristics of all stages. 
MILES (1952) described the immature stages. 
The distribution of the cabbage root fly is restricted to the temperate zone 

of the holarctic region (35°-60° N.L.) (DE WILDE, 1947). 
SCHOEN (1916) and METCALF & FLINT (1933) mentioned in the U.S.A. that 

below 40° N.L. it causes no damage. The same holds for Europe, below 45° N.L. 

*) For using the genus name Erioischia, a name which is now in common use in the English 
applied entomological literature, I based myself upon the "check list of British Insects" by 
KLOET & HINCKS (1945). 

According to a private correspondence with Dr. W. J. KABOS, Dipterologist, the only other 
genus name for brassicae is Delia, when one thinks that the characters which the species D. 
brassicae, D.pilipyga and D.floralis have in common, are too small to erect a valid genus 
for them. 
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The attacks by the cabbage root fly develop every season in much the same 
way. Between 15 April and 15 May the adult flies emerge from hibernated 
puparia. After a pre-oviposition period of 3-4 days, the females lay their eggs 
in the ground at or near the stalk of the plant. Oviposition takes place at air 
temperatures above 15 °C (MILES, 1955). Upon hatching, the first instar larvae 
move down along the main root, feed mostly on the cortex, and make grooves 
and passages with their hookshaped mouth-parts (plate la). As a result they 
destroy the feeding system of the plant. The plant remains small and looses its 
turgidity, and when heavily damaged, the whole root system decays and the 
plant dies (plate lb). 

At the end of the third instar, the larvae crawl a few centimeters horizontally 
into the soil to pupate. These pupae give flies of the first generation which ac­
cording to DE WILDE and MILES is more numerous than the over-wintering 
generation. 

The number of generations varies from one country to another. It ranges 
between 1 and 5 per year. 

LUNDBLAD (1933) in Sweden mentioned that there are at least 2 generations. 
D E WILDE (1947) in Holland recorded 3 generations and a partial 4th. 
CARLSON et al (1947) in U.S.A. mentioned 4-5 generations. 
BROOKS (1951) in Canada mentioned 3-5 generations. 
SEMENOV (1953) in the arctic regions of U.S.S.R. mentioned only one 

generation. 
WAGN (1955) in Denmark mentioned 3 generations. 
MILES (1955) in England mentioned 2 generations and a partial third. 
LEIN (1956) in Norway mentioned 2 generations. 
Locally, the appearance of the cabbage root fly in cultivated crucifer fields 

shows strong annual fluctuations. In some years the damage is comparatively 
small, in others the pest may be called epidemic. For example, in the years 1929 
and 1956 losses were severe, while in 1930 and 1955 the damage was insignifi­
cant. In addition to the standing threat of such epidemics, the loss of yield is 
considerable in more normal years. 

The above-ground system of the damaged plants may show the following 
symptoms: 
1. Light damage: wilting of the outer leaves due to lack of water, with ready 

recovery. 
2. Moderate damage: wilting followed by colour change of the leaves. Recovery 

possible only under favourable weather conditions. 
3. Severe damage: total wilting of the plant and usually collapse because of the 

entire loss of the root system. 

CHAPTER III 

MATERIALS AND METHODS 

A. MATERIALS 

Cauliflower transplants of the local commercial varieties (Alpha and Lecerf) 
were used in this study. The investigations were carried out under field condi­
tions in the experimental plot of the Laboratory of Entomology at Wageningen. 
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It is an old arable land, moderately dry deep blackish-brown gravel sand. About 
sixty centimeters blackish-brown top soil. Humus content is low ( ± 2 %). 
Water table is about twenty meters from soil surface. The pH is 5.6-5.8. 

B. ARRANGEMENT OF EXPERIMENTAL FIELD 

With the intention of following the abundance of stages of the cabbage root 
fly through the growing season, several fields were utilized in succession to 
synchronize with the generations. The first transplantation was made before the 
appearance of adults from hibernated puparia; later transplantations at the 
end of the oviposition period of each generation (fig. 10-14). Each experimental 
field was divided into 9 plots of 60 plants each, separated by rows of broad 
beans (Vicia faba). The plant distance and shape of plots were as shown in 
fig. 1. 

15.52'A m 

5.17ft m 

3.15 m 
• 1£t ROW 

, . PERIPHERAL 
2QS1 ROWJ 

X CENTRAL 

« 5 m " 

F I G . 1. Diagram of experimental field for population count. Peripheral (1st and 2nd rows) and 
central plants. 

C. COUNTING METHODS 

The number of eggs collected on two successive days from 50 plants chosen 
at random over the whole field, was taken as a sample for egg density. Prior 
replications of such sampling had shown it gave a representative mean. 

The density of larvae and pupae was determined by digging out a certain 
number of plants scattered over the 9 plots on two successive occasions. The 
first sample was taken about 6 weeks after the first ovipositions took place, as 
within this time-interval most larvae would have reached the pupal stage. About 
2-4 weeks later, counting was repeated on a series of other plants. 

The density of adults emerging was determined by means of catching-boxes 
in 1955 and by cone-cages in 1958 and 1959. 

1. Counting of eggs: 
Eggs were counted by means of the "washing method". A circle of soil about 
10 cm. in diameter and 1 cm. deep was collected with a table spoon into a 250 
cc. glass crystallizing dish, from around the base of each plant. The area sam­
pled was based on preliminary experiments the results of which are given in 
fig. 2. The dishes were then put in a wooden box for safe carriage (plate Ha). 
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In the laboratory, the dishes were taken out, filled with tap-water, stirred with a 
glass rod, and left for a few hours to settle. After this they were examined for 
eggs (Plate lib). This was carried out every other day throughout the season. 
When the eggs were not needed for further studies, a drop of caprylic alcohol 
added to each dish was of great help in clearing the surface and removing foam. 

'/.EGGS 

0-5 1 2 3 < c m 

FIG. 2. Percentage of eggs collected at various distances from the stalk. 

Error of egg counting: To determine the efficiency of egg recovery by 
the washing method, 100 eggs mixed with the normal amount of soil were put 
in a glass dish, and treated and counted by the usual method. This was repeated 
10 times. The mean percentage recovery was 99.2. We therefore refrained from 
applying a correction factor for egg counts. 

2. Counting of larvae and puparia: 
The "auger" method was used. It is known that the maggots restrict them­

selves to the roots and only in the third instar crawl away for a few centimeters 
to pupate in the soil. This necessitates the examination of the root system as well 
as the soil around the plant. An auger (fig. 3) was therefore used for digging out 
the plant with the soil around its roots, after removing its head. Its dimensions 
(20 cm high, lower aperture 16 cm. wide) were based on the fact that no 3rd 
instar larva or pupa are found beyond a distance of 8 cm. from the plant (fig. 4). 
The soil was sieved with two sieves of different mesh (Plate Ilia). The first (25 
meshes/inch) retained the root system, big stones and particles of other mate­
rials, while the second (256 meshes/inch) retained puparia, larvae and other 
particles of similar size. The sieved soil was spread out on a zinc tray and 
searched for small larvae. The root system was dissected for larvae inside 
tunnels (Plate Illb). 

Only larvae of the 2nd and 3rd instar and puparia were found by this proce­
dure. Larvae of the 1st instar were not found. The accuracy of the method 
depends on the examiner and the weather. 

Errors in sampling larvae and puparia in dry soil: It is difficult 
to determine the error in finding larvae in the roots; we therefore checked only 
the error of collecting larvae from the soil. Fifty 3rd instar larvae and 50 pu­
paria were counted. Each stage was dealt with separately. The 50 larvae were 

6 Meded. Landbouwhogeschool, Wageningen 60 (1), 1-57 (I960) 



mixed with the normal amount of soil in a zinc tray. After that, they were 
counted again by the usual method. This same was done with the 50 puparia. 
The mean percentage obtained with larvae was 99.0, and with puparia 99.4. The 
error of counting was thus very small and has been neglected. 

<7> 

O 

3 

K> 
O 
O 

3 

50 cm 

•jaS-l !==_%— 
2cm 

16cm 
FIG. 3. Auger used for sampling 

sub-soil stages. 
Fio. 4. Natural position of puparia near the root 

system (after DE WILDE 1947). 

In the case of the 2nd instar larvae we used another method of estimating the 
error: the "brine" method, employing a saturated solution of sodium chloride. 
The larvae float on the surface owing to the high specific gravity of the solution 
and can easily be counted. However, because of practical difficulties this method 
was used only for one check of our standard method. For that purpose, 20 
plants grown in pots were infested each with 20 1st instar larvae. After a week, 
10 of them were examined by the brine method, and the other 10 by the usual 
method. The 2nd instar larvae found were 131 and 127 respectively. Even if the 
error had been considerably greater, it could have been neglected in the light 
of our practical experience, since 2nd instar larvae were usually few compared 
with other stages. 

3. Adult emergence 
Two methods were used for counting adults: 
a. The "catching-boxes" (fig. 5a) with a wire-gauze top-cover were used in 

1955 to determine the number of adults emerging in the field. A known number 
of plants were dug out with the soil around their root systems and covered with 
boxes, and the number of adults emerging in each box was counted. 
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b. "Cone-cages" (VANDINTHER, 1953) (fig. 5b), were used in 1958 and 1959 
instead of the catching-boxes. This type of cage was preferred because it inter­
feres much less with the micro-climatic conditions, especially temperature and 
air humidity. As a rule, 20 cone-cages were used, each placed over a randomly 
chosen plant in the field at the time of larva and puparium sampling. The adults 
emerging in each cage were counted daily. 

27cm 6 0 c m 

FIG. 5. Catching-box (a) and cone-cage (b) as used for studying adult emergence. 

CHAPTER IV 

DISTRIBUTION OF ERIOISCHIA POPULATIONS 

It is known from the literature that phytophagous insects are by no means 
evenly distributed over the area covered by their hostplants. Many factors can 
be responsible for this. 

The types of insect distribution according to their biological significance were 
fully discussed by ULLYETT (1947) and can be summarized as follows: 

1. "Contagious distribution" in which the distribution is not random in any 
one generation but depends on the distribution of individuals of the pre­
vious generation. 

2. "Attractional distribution" governed by the condition of the hostplant 
(healthy or in certain growth stage). 

3. "Migrational distribution" effected by a source of infection near the crop 
attacked. 

4. "Directional distribution" effected by directed "drift", e.g. western winds. 

Since we were dealing with Erioischia, a mobile insect in the adult stage, it 
was of importance to check our method of sampling with the distribution of the 
eggs deposited per plant in the field. For this purpose, central and peripheral 
plants were compared, as well as eastern to western and northern to southern 
plots (fig. 1). 

A. METHOD 

The experimental block was divided into 9 plots of 6 X 10 plants each. Fifty 
plants were selected at random over all plots. The size of the sample taken was 
about 9 % of the total. Records were kept of egg population on individual 
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plants. In this way the pattern of infestation over the whole field could be mapped. 
This was done in two different fields on two different dates. The number of eggs 
deposited at each plant was used as a parameter for distribution. 

Migrational distribution was studied by the use of the data obtained in the 
first field with reference to the location of the different plants from a cauliflower 
field of the previous season. The same was done in the second field with reference 
to the location of the first field. 

Attractional distribution as related to the size and age of the plant was studied 
and fully discussed on pages 19-22 of this paper. It has little influence on the 
distribution over the whole field as plants were planted randomly with regard 
to size. 

B. RESULTS 

The results obtained are shown in table 1. 
TABLE 1. Summarizing distribution of eggs deposition of the 1st and 2nd field in 1959 

a. Location of the plants (peripheral and central) 

Field 

I 

II 

Examination of the whole field 

eggs/plant 
(mean) 

sx 
SX 

eggs/plant 
(mean) 

sx 
Sx 

1st row 

254 

136 
43 

23 

10 
4 

2nd row 

305 

72 
24 

37 

38 
12 

centre 

200 

66 
12 

33 

27 
5 

Examination 

eggs/plant 
(mean) 

eggs/plant 
(mean) 

1st row 

230 

109 
22 

32 

25 
5 

per plot 

2nd row 

247 

84 
20 

34 

38 
11 

centre 

190 

40 
14 

32 

26 
8 

b. Infestation mean for the 9 untreated plots per field 

Field I 

36.5 
CI 

24.2 
A2 

30.4 
B3 

Field II 

27.8 
Bl 

57.3 
C2 

15.6 
A3 

53.6 
Al 

38.2 
B2 

9.3 
C3 

222.7 
C3 

220.2 
B2 

260.5 
Al 

206.0 
A3 

161.6 
C2 

269.5 
Bl 

197.0 
B3 

265.3 
A2 

251.0 
CI 

(means 
per row) 

(209.2) 

(218.8) 

(260.9) 

(means 
per row) 

(39.1) 

(39.9) 

(17-9) 

(235.3) (215.4) (239.5) 
(means per column) 

(30.4) (35.1) (32.5) 
(means per column) 

C. CONCLUSIONS 

In field I, there were no significant differences found between: 
1. different plots of the field (different rows placed from North to South and 

different columns placed from East to West). 
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2. the peripheral plants (1st row), the peripheral plants (2nd row), and the 
other plants of the field. 

3. the peripheral plants (1st row), the peripheral plants (2nd row) and the 
other plants of every plot. 
For field II, we may conclude: 

1. There were some differences between the mean infestations of the 9 plots. 
Except for the difference between C2 and C3

 x), these were not significant. 
2. There are no significant systematic differences in the directions N-S and E-W. 

These conclusions do not mean that the flies are distributed at random among 
the individual plants, with special reference to plant size. We will deal with 
this subject in Chapter VI. 

CHAPTER v 

ABUNDANCE OF DIFFERENT STAGES IN THE COURSE 
OF THE SEASON 

A. EGGS 

The results obtained during the growing seasons of 1955,1956,1957,1958 (part) 
and 1959, are presented in figs. 6-10 and summerized in table 2. They indicate 
that the accumulative number of eggs deposited per 50 plants of the sampling 
in each generation increased towards the end of the season in 1955, while in 
1956, 1957 and 1959, it decreased gradually. In 1958, the egg counts started late 
(about the middle of the season) so they comprised part of the eggs deposited 
by the 2nd generation during the period of 30/7-26/8 (793 eggs counted) and 
all of those deposited by the 3rd generation (656 eggs counted). It follows that 

TABLE 2. Abundance of larvae andpuparia as compared with the accumulated number of eggs 
of same generation during the seasons of 1955-1959. Numbers refer to samples of 
50 plants. 

Year 

1955 

1956 

1957 

1958 

1959 

Field I 

Eggs 

4/5-1/6 
4430 

3/5-3/6 
17800 

5/4-31/5 
10657 

few 
few 

15/4-25/5 
9940 

L + P 

8/6 
844 

10/6 
469 

7/6 
2122 

8/7 
86 

1/6 
348 

Field II 

Eggs 

6/7-2/8 
5880 

5/6-18/8 
8800 

21/5-8/7 
6512 

22/6-30/7 
1567 

L + P 

9/8 
520 

25/8 
779 

15/7 
894 

25/8 
305 

7/8 
| 52 

Field III 

Eggs 

16/8-9/9 
9420 

4/8-18/9 
5960 

18/7-22/9 
3114 

28/8-29/9 
642 

25/8-30/9 
142 

L + P 

16/9 
265 

25/9 
286 

6/10 
150 

6/10 
135 

*) The plants in this plot were very weak and small due to soil deterioration in the plot in 
the dry summer of 1959. 
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in 1958, the total number 
of eggs produced by the 
2nd generation must have 
been greater than that of the 
3rd generation. Therefore, 
it seems that in 1958, there 
had been a decrease in the 
number of eggs towards the 
end of the season. 

It is clear also that there 
are considerable differences 
between the total numbers 
of eggs deposited by simi­
lar generations of different 
years. 

1000 

29 3 8 13 18 23 28 
AUG. SEPTEMBER 

3 8 13 18 23 
OCTOBER 

FIG. 9. Explanation see fig. 6. 

B. LARVAE AND PUPARIA 

If we examine the foregoing table 2 for the total numbers of larvae and pu­
paria per 50 plants as counted about 6 weeks after the beginning of the first egg 
deposition, we see that in 1956, the highest number was that of the 2nd gene­
ration, while in 1955 and 1959, the first generation was most numerous. In 
1957, of the two generations sampled, the 1st generation was more abundant. 
In 1958, the 2nd generation was the more numerous. 

From this it appears that the relative increase in the number of larvae and 
pupae took place in the beginning or in the middle of the season, and in no case 
at the end. In this respect the number of larvae and puparia does not run 
parallel with the number of eggs. The latter showed a tendency to decrease 
towards the end of the season in 4 years, a tendency to increase up to the 3rd 
generation only in 1955, and in no case showed a maximum in the middle 
of the season. 

C. ADULTS 

The results obtained, as presented in table 3, show that the percentage of 
adults emerging as found by the catching-box method, are different from one 

TABLE 3. Adults emergence in catching boxes and cone-cages in 1955, 1958 and 1959 as com­
pared with density of larval stages 

Method 

C.-boxes 
1955 

Cone-cages 
1958 

Cone-cages 
1959 

Field 

I 
H 

III 

I 
II 

in 

i 

Plant 

Point.H.Cabb. 
Caulif. 
Caulif. 

Caulif. 
Caulif. 
Caulif. 

Caulif. 

L+P per 
50 plants 

±500 
±500 
±250 

±103 
±305 
± 100 

±263 

Cages 
placed at: 

15/6/*55 
ll/8/'55 
22/8/'55 

14/6/'58 
26/8/'58 
20/10/'58 

8/6/'59 

Number of 
adults 

205 
100 
20 

45 
90 
4 

75 

Percentage 

41 
20 
8 

43.7 
29.6 
4 

28.5 
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generation to another (even if the adults originated from about the same num­
ber of larvae and puparia, as it appears from the figures of the lste and 2nd 
generations of 1955). This was also confirmed by the results obtained by the 
cone-cage method in 1958. Also, these percentages varied between similar 
generations of the same year. It is clear, further, that this percentage showed a 
sharp decrease towards the end of the season during the two years of study 
despite the use of two different methods. This may be ascribed to three causes: 

Firstly, this decrease ran parallel with that of egg deposition, as was proved 
in four successive years of our investigations (1956-1959), as has been dis­
cussed before. 

Secondly, most of the puparia found later in the season will enter diapause 
until the next season. As a result, only part of them will emerge. 

Thirdly, the percentage of parasitism of the puparia is highest at the end of 
the season as is shown in Chapter VI (p. 35). 

Comparing the total number of eggs deposited per 50 plants with the number 
of larvae and pupae developed from these eggs in all generations during the five 
years of our investigations (figs. 6-10 and table 4), we observe that only a small 
fraction of the eggs develops to the pupal stage. This fraction of survivors indi­
cates that very great losses are suffered during the earliest stages. It is also clear 
that these losses were maintained at about the same level over the five different 
years. 

TABLE 4. Density of eggs, larval stages and calculated survival of the latter during the five years 
of our observations. Fields synchronizing with generations. Eggs counted up to one 
week before larval sampling. 

Year 

1955 
1956 
1957 
1958 
1959 

Eggs 

4430 
17800 
10657 

few 
9940 

Field I 

L+P 

844 
469 

2122 
86 

348 

/o 

19.0 
2.6 

19.9 
-
3.5 

Eggs 

5880 
8800 
6512 
-

1567 

Field II 

L+P 

520 
779 
894 
305 
52 

/o 

8.8 
8.8 

13.7 
_ 
3.3 

Eggs 

9420 
5960 
3114 
642 
142 

Field i n 

L+P 

265 
286 
-

150 
135 

/o 

2.8 
4.8 
-

23.3 
95.1 

Since this great mortality took place in the field under natural conditions, 
we call it "natural mortality, and since it is highest in the earliest stages, the 
term "juvenile mortality" seems appropriate. 

The observations mentioned above raise the following questions: 
1. What are the causes of this high natural mortality? Are they biotic or abiotic 

factors? 
2. Which stage or stages are affected most? 

The following chapters will deal with these problems. 

CHAPTER VI 

FACTORS INFLUENCING ABUNDANCE 

The percentage mortality in the field up to the larval and pupal stages during 
the years of our investigations is summarized in table 5. 

We found that the overall percentage of juvenile mortality in the different 
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generations was very high in all years. It is also evident that this juvenile mor­
tality remained at about the same level during the course of climatically very 
different years. 

Similar results have been found in other insects studied. BODENHEIMER (1958) 
brought out the importance of juvenile mortality by studying the distribution 
of the total mortality over the different stages of the desert locust (Schistocerca 
gregaria FORSKAL) in outdoor cages. ULLYETT (1947) found the same when he 
studied the mortality of the diamondback moth (Plutella maculipennis CURTIS). 

In this chapter we will make an attempt to analyse the factors influencing the 
abundance of different stages. 

TABLE 5. Summarizing the natural mortality percentage in the field up to the larval and pupal 
stage during the seasons of 1955 to 1959. 

Year 

1955 
1956 
1957 
1958 
1959 

First generation 

1st 
Count 

% 

81.0 
97.4 
89.0 
_ 

96.5 

2nd 
Count 

/o 

80.9 
-

82.4 
-

98.3 

Mean per generation 
Sv 
Si 

Mean 
V 
10 

81.0 
97.4 
85.7 
-

97.4 

90.4 
8.3 
4.2 

Second generation 

1st 
Count 

% 

91.2 
91.2 
86.3 
_ 

96.7 

2nd 
Count 

/o 

89.5 
-

88.5 
-

97.1 

Mean 
% 

90.4 
91.2 
87.4 
-

96.9 

91.5 
4.0 
2.0 

Third generation 

1st 
Count 

% 

97.2 
95.2 
-

76.7 
4.9 

2nd 
Count 

% 

95.7 
96.5 
-

91.2 
-

(except 1959) 
„ 
>» 

Mean 
% 

96.5 
95.9 
-

84.0 
4.9 

92.1 
7.1 
3.5 

Generations 

First 
Second 
Third 

Mortality limits at P = 0.95 

77% and 100% 
85% and 98% 
77% and 100% 

A. ADULT CONDITION 

As it has been observed in most cases that the overwintering generation pro­
duces the greatest number of eggs, the question arises whether the fly is most 
fertile at relatively low temperatures. Therefore, it is very important to know 
the influence of temperature on the rate of oviposition and longevity of the 
flies of different generations. This can only be studied under controlled con­
ditions. 

1. Methods 
Flies from a stock of puparia were liberated in an insectary (fig. 11a). In this 

insectary 3-4 young plants had been planted for oviposition. An artificial flower 
(fig. lib), made of a small glass "carbon disulphide pot" and yellow and blue 
coloured pieces of card, was mounted on top of a small stick. The "flower" was 
filled daily with a fresh solution of sugar and casein (1 : 1). A piece of cotton 
wool was dipped into the solution to enable the flies to suck. The insectary was 
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piaced before a north window ,o - ^ £ ^ , £ £ S £ f t 3 j 2 S 

j rrrrrsrSaSrsKsra^ar!,«* - - . «-
and often hide under the leave ™ f ^ S ^ C f f i £ w re <»e» 
phane was used to trap them by ^ ^ ^ e e t a ^ T h ^ ^ ^ 

in this way could be counted easily. 
Since it was impossible with our me­

thod to determine longevity and fertility 
of individual females separately, we 

counted t he 
c total number 

32 cm 

•A—ft 

Ucm 

FIG. 11. 
(a) Insectary for study of 
longevity and oviposition 
with (b) artificial feeding flo­
wer and (c) counting trap. 

of eggs laid by 
[7cm a group of fe­

males ; t h i s 
n umbe r was 
counted daily. 
Females were 
placed in the in­
sectary on the 
day of emer­
gence and fed 
on sugar and 
casein solution. 

Observations were continued until the last fly had died. In this way the total 
n u X of fly/days was known. Divided on the number of eggs this gave the 
meTn egg deposition per female/day. Divided by the total number of females 
added to the cage, it gave the mean longevity per female. 

2 Results 
The results obtained by following these methods on the over-wintering, first, 

and mixed (second and third) generations are presented in table 6. 

3. Discussion and Conclusions 
The egg laying capacity of the over-wintering generation was greater than 

that of the first generation at the same temperatures (19 and 24 C). At w «-
temperature we found that the egg laying capacity of the over-wintering gene­
ration was 87 eggs/female, while it was 42 eggs/female in the mixed (2nd and 
3rd) generations. . . . 1 0 o 

The longevity of the flies of the over-wintering generation was greater at iy 
than at 24 °C. . • „u 

At the same time, the longevity of the over-wintering generation was mucn 
greater than that of the 1st generation at the same temperatures (19 and 
24 °Q. . . 

At 19 °C longevity of the over-wintering generation was 33 days in insectary 
A, while it was 20.6 days in the mixed (2nd and 3rd) generations. 

In most cases the females live about 2.5 days longer than the males. 
jg Meded. Landbouwhogeschool, Wageningen 60 (1), 1-57 (1960) 



TABLE 6. Longevity and egg laying capacity of flies of different generations when reared in 
insectaries kept at different temperatures 
a. Spring experiments 

Generation 

Over-wintering 
generation 

1st generation 

Insectary 

A 
B 

C 
D 

Flies 

<?<? 

18 
16 

13 
7 

?? 

16 
14 

8 
17 

Mean 
temperature 

19 °C 
24 °C 

24 °C 
24 °C 

Average 
eggs/? 

87 
54 

24 
20 

Calculated mean 
longevity in days 

33 
30 

16 
14 

b. Summer experiments 

Generation 

Mixed 
2nd and 
3nd gen. 

Insectary 

1 
2 
3 
4 

Total 
Mean 

Period of 
breeding 

19/8-17/9 
17/9-16/10 
25/9-31/10 
29/9-31/10 

Mean 
temperature 

22.9 °C 
17.5°C 
17.6 °C 
17.6°C 

75.6 °C 
18.9°C 

Average 
eggs/? 

40 
42 
41 
38.4 

166.4 
41.6 

Average longevity 
in days 

& 
12.8 
19.1 
24.7 
20.7 

77.3 
19.3 

? 
18.6 
20.8 
24.1 
24.2 

87.7 
21.9 

B. OVIPOSITION 

It is clear from our egg counts that there are differences in the total number 
of eggs deposited on different 
plants at different dates. These dif- ^ B 

ferences, upon which the abundance 
of other stages may depend, neces­
sitate the study of the factors affect­
ing oviposition. 

1. Plant size 
To study the effect of plant size 

the following parameters were com­
pared : 

a. Plant height (length of long­
est leaf). 

Twenty-five plants were selected 
at random in an untreated experi­
mental field. The total number of 
eggs deposited per plant in succes­
sive intervals was recorded. At the 
end of the intervals, the plants were 
measured (fig. 12a). 

The results obtained are shown in 
table 7. FIG. 12. Way of measuring plant size (a) length 

of leaf (b) plant diameter. 
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TABLE 7. Relation between the length of the highest leaf and the number of eggs deposited in 
1955 

Plant No. Number of eggs 
Length of blade 

in cm 
Note 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23-
24 
25 

22 
33 
26 
32 

? 

31 
16 
23 
20 
25 
34 

? 
53 
21 
28 
30 

? 

31 
46 
63 
81 
12 
25 
68 
43 

11 
11 
12 
12 

13 
14 
14 
15 
15 
15 

15 
16 
16 
16 

16 
16 
16 
17 
18 
18 
18 
21 

r = 0.33 
0,95 > P > 0.90 

From this table we may conclude that at P = 90 % there is some positive 
correlation, but at P = 95 % the correlation is not significant. 

b. Plant diameter 
Two successive untreated fields were utilized to study the relation between 

the plant diameter and the total number of eggs deposited. The plants were 
selected at random and the number of eggs deposited per plant in successive 
intervals was recorded. At the end of the interval the plants were measured 
(fig. 12b). 

The results obtained are shown in fig. 13a, b, c and table 8. 

TABLE 8. Summary of correlation coefficients of plant diameter and egg-number, and reliability 
intervals as observed in the experiments shown in fig. 13. 

Field II (19 Aug. 1956) 
n = 47 r = 0.43 
n - = 17 r = 0.86 

Field III (4 Sept. 1956) 
n = 40 r = 0.66 
n - = 12 r = 0.78 

Field III (29 Sept. 1956) 
n = 48 r = 0.54 
n- = 20 r = 0.79 

P = 0.95 

0.18 < r < 0.65 
0.66 < r < 0.94 

0.45 < r < 0.80 
0.35 < r < 0.23 

0.32 < r < 0.72 
0.53 < r < 0.91 

P = 0.99 

0.07 < r < 0.68 
0.50 < r < 0.97 

0.35 < r < 0.84 
0.15 < r < 0.95 

0.22 < r < 0.75 
0.43 < r < 0.93 

n = total number of plants. 
n - = total number of plants with the lowest numbers of eggs. 
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FIG. 13. Comparison of plant-diameter 
and egg number (plants arranged in 
order of increasing egg number). 
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As a conclusion, we may say that there is a positive correlation between plant 
diameter and the number of eggs deposited. In all cases the correlation coeffi­
cient is higher when calculations are based only on the plants with the lowest 
numbers of eggs. 

It is evident now that the attractiveness of the plant is determined by its 
horizontal rather than its vertical dimensions. Attractiveness increases with 
increasing plant size. 

2. Plant age 
Comparing the attractiveness of different cabbage fields, we have as a rule 

to deal with plants of different planting date/Therefore, we want to find out if 
there is a difference between egg deposition near old and young plants which, 
apart from size, depends upon other factors. 

The field of experimentation, designed to be planted at two different dates, 
was to contain alternating old and young cauliflower plants at the "same time. 
The planting dates were the 1st and 15th of July, 1956. Egg counts were started 
three days after the last planting date. Young and old plants were chosen in 
turns for the experiment. The plants selected were marked. 

Observations were made at different periods, viz.: 1) 11-14 August, 2) 29-31 
August. 

At the beginning of each observation period new plants were selected for 
examination. Young and old plants were very different in size during the first 
period of observation. Later on differences decreased. 

The results obtained are presented in table 9. 

TABLE 9. Relation between plant-age and number of eggs deposited 

Number of 
plants 

25 . 

First period (11-14 Aug.) 

Total eggs 

Young 

. 7 8 . 

Old 

47 

Second period (29-31 Aug.) 

Total eggs 

Young 

125 

Old 

85 

mean 
Sx 
Sx 

3.1 
4.2 
0.84 

1.9 
3.1 
0.62 

5.0 
6.1 
1.2 

3.4 
5.3 
1.06 

It is clear that there are no significant differences between the mean numbers 
of eggs deposited near young and old plants. However, large plants are fa­
voured over small ones of the same age. 

3. Seasonal conditions 
The number of eggs deposited every other day per 50 plants sampled was 

compared with the daily temperature and rainfall during the seasons of 5 dif­
ferent years. 

The results obtained are represented in figs. 14-18. 
The ideal situation, taking account only of the multiplication rate, would be 

as follows: 
eggs of 2nd generation > eggs of 1st generation 
eggs of 3rd generation > eggs-of 2nd generation. . 
Temperature and rainfall affecting this picture. 
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