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ABSTRACT

by

I'lanocha i Keera t ik¿rs ikorn

BIOLOGY AND OVARIAN DEVELOPI'ÍENT OF THE

CABBAGE l"lAccOT H¿Lç¡ye- brassicae (BOUCnÉ)

(DIPTERA : ANTHOI'ÍYIIDAE)

Field and laboratory experiments were conducted in 1970 and

I97I to study the biology and ovarian development of E. brassicae,

an important pest of cruciferous crops.

Infestation on host plants rùas light in 1970 and heavy in

L97L. Studies showed that two generations and a partial third genera-

tions occurred in Manitoba. The first generation population ryas much

lower than the subsequent ones. Longevity and fecundity of a single

pair of cabbage maggot were observed in the laboratory.

Ovarian development of cabbage maggots $ras correlated with their

age using ovarian dissecting techniques. The earliest ovipositÍons

were found on the fourth day following emergence. Few \,rater-fed f lies

developed into the stage V and most of the wild flies laid at least one

batch of eggs. The earliest mating of females occurred on Ehe fourth

day after eclosion.
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C}tAPTER T

lNTRODUCTI ON

The cabbage maggot 1s the comrnon name of Ìlvlemvg Ì¡rass icae

(nouchá) used in North America (Muesebeck, Ig42) ancl thc cabbage root

fly in the United l(ingdom. This insect was first described by Bouchó in

1833 as Anthomvia brassicae. Since then it was clescribecl under severaI

generic names although the specific name, brassicae, has been generally

accepted. Coaker and Finch ( 1971) reported ilylemya r^ras used by worl<e::s

ín canada and Èhe united states and some French, German and Russian

authors used chortophila while others used phorbia, Hylemyia or Delia,

and Delia has been superseded by Erioischia in the united Kingdom.

Tn Manitoba, the cabbage maggot was first found on the roots of

rape in l95B (Allen, L964). This insect has long been a pesr of economic

importance in crucíferous crops particularly in cabbages, cauliflowers,

radishes, turnips and rape throughout canada (Harris and svec, 1966).

Importance of the study

Under suitable weather conditions, as many as 90% of the plants

in some brassicae crops may be killed in North America (Forbes and King,

L957). The maggots feed mostly on the cortex and make grooves and

passages with their hookshaped mouthparts. when damaged planLs are

pulled up the maggots can be seen embedded in the tap root and lateral

roots. The s¡rmptons of light damage are wiltlng of the outer leaves with

ready recovery, and tl'rose of moderate damage, wilting is followed by che

leaves turning bluish or reddish, wlth recovcry possible only under

favourable weather c.ondltlons. Severely damaged plants cìie owing to the

combfnatlon of larval feeding and subsequent roÈt1ng.
*
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Considerable itrforrnation is available corrcerni.rrg insecticidal

control of th j-s insect in North ¡\merica and the united Ki ngdonr.

Howevcr, little is knoivn about its biology in l'lanitoba.

The purpose of this research rvas: (1) ro study Lhe development

of the life history and generations in the field (2) ro study the

ovarian development in the laboratory. Ovarian developnìent w.rs used

as a marker of physiological age and rvas correlated with mating.

OrganÍzation of the Lhesis

The studies comprising this thesis are organized into ttro parts.

In the first part, biologÍcal field studies are described. The second

Part consists of ovarian development sEudies of cyclodiene susceptible

sLrain in the laboratory.



PART I

BIOLOGY OF THN CABBAGE }TAæOT

Hvlemya brassicae (eouchá) IN I'ÍANITOBA



CHAPTER II

REVIEI^/ OF TllE LITERATURE

The number of generations of cabbage maggots in a year depends

on the climatic conditions and varies from one in Northern U.S.S.R.

(Semenov,1953) to five in parts of the United StaLes (Carlson, Breakey

and WebsLer, Lg47) and Canada (Brooks, 1951). Probably two generations

a year occur in lt{anitoba (Al1en, 1964). There are Lhree generations

annually in South l^Iestern Ontarío and two generations in Eastern Ontario

ftlukerji and Harcourt,1970) as well as in Southern Alberta (Swailes,

1958). One generation in this study describes the cycle starting from

the egg and ending with the adult based on Miles' (L954) descríption.

Adults are active, greyish brorvn flies resembling small slender

house flies, The male is smaller, darker and more bristly than the

female vith the tip of the abdomen more broadly rounded (Brittain, 1927).

Several other Anthomyiids are very similar to Hylemya brassicae and

small variable characf-ers are all that can be used to separate the

species. q. brassicae is characterized by the third and fourth wing

veins being parallel at their apices and by Lhe pre-alar bristle being

more than half as long as the follorøing bristles (Brooks, 1951) . In the

male, the eyes meet at the front of the head (holoptic) and the basal

half of the hind femur is exceptionally hairy (schoene, 1916). Females

are distinguished by having well-separated (dichopcic) eyes and a strong

anfero-ventral bristle near the base of the middle femur and two post-

erior brisrles on each front tibia (llrooks,1951),
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livlerrva brassic¿re overrvj.nters in thc soil in tllc prrp:rrirrrn. Abu

Yaman (1960) in llol1and reported no third instar l¿rrv¿r or pup¡,t wcre

found beyond a distance of B centimetres from the plant, but Smittr (L927)

found puparia as deep ils 20-23 centimetres particularly of the 1¿lter

generations.

fupation usually takes place in the soil near the roots of the

host p1ant. The majority of puparia are found at a deprh of B-12

centimetres (Coaker and Finch , 197L),

At i^lellesbourne, England, adults of f irst generation emerge in

late April and May from the overrsintering pupae. After a preoviposition

period of 6-8 days the females begin to 1ay eggs (Hughes and Salter, 1959)

A1len (1964) stated that adults emerged and ru'ere in flight by the end of

June and the maggots appeared on the roots of rape during the first r¿eek

in July in l'lanitoba, The eggs are rvhite and elongate with one side

convex and the other slightly concave. The average length of the eggs

is 0.93 millimetres (Miles, L952). The eggs are laid singly in the soil

within 5.0 centimetres of the stem of the host plant.

Under both field and laboratory conditions, the average viability

of the egg is B9-96L (Hughes and Salter,1959; Finch and Coaker, f969).

Maxiruurn hatch is obtained when eggs are kept on a wet strrface or at rela-

tive humidities of 90% or more (Coaker and Finch f971). Under dry condi-

Lions betrüeen 10o ancl 3OoC, eggs dicl not h¿¡tch (Srvailes, 1963). Eggs

íncubated at consl-ant temperatures on moist filter paper re<¡r.rired the

following accumul¿rtion of day-degree (Do) above a threshold of 7 ,20C
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to complcte <levclopment ancl hatch: 30 Do whcn inctrl¡a tccl a t IOoC, 39 Do

at lsoC, 51 Do at 20oC, 53 Do at 25oC ancl 85 I)o ar 30oC (Fincli an<J

Coal<er , L969; Swa i les , 1963 ) .

The larvae enter the roots and develop tlirough thr:ec instars bcfore

re-emerging to form their puparia in the soil about tl'rc base of the plant

(Uukerji and llarcourt, 1970). Most larvae reach the hosr plant buL. only

a f ew become es tab lished on the hos t plants (,\,bu Yaman, 1960) . The high-

est mortality between egg and pupal stages was 97.57". The larval stage

usually lasts l9-32 days (Schoene, 1916; Smirh, L927) bur ir may be

shortened in the absence of food or rvater (Schoene, 1916) or extended if

the temperatures are low (smith, L927). under field conditions ar

llellesbourne, England, the first instars usually feed for about 4 days

before moulting, the second for about 6 days, and the third for 10-20

days until pupation (tlughes and Salrer, 1959).

In the field at Geneva, New York, the pupal stages of the early

generations last about- L2- lB days (Schoene, 1916) rvhereas those of later

generations, which overvrinLer in the soil, last 5-10.5 months.

The optimum temperature for B0% of rhe adults to emerge ranges

between 16.10 anà 2l.7oC (Harris and Svec, 1966),
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MATEIIIALS AND ]'IIiTIIOIJS

Field collection

To determine the seasonal developmcnt of Lhc cabbage maggot, an

experiment rvas carried out at the Plant ScÍence lixperimental Fielcl ,

university of l"lanitoba, during the growing season of 1970 and Lg7L, The

experimental plots contained spring cabbages, radishes and rape in 1970

and sprÍng and sun¡¡ner cabbages and radishes in 1971. The cabbage rows

v¡ere spaced 90 centÍmetres apart, with plants at 45 centimetres apart in
the row. Radishes and rape v¡ere sor^rn to have 12 to 15 plants per foot

of row, with rows 30 centimetres apart. Data \.{ere recorded from the

beginning of June until the first week of September.

The infestation of plants in 1970 was measured by the number of

larvae and pupae on or near cabbage roots and number of larvae and

pupae per foot of radishes and rape.

Ten conical fty traPs were used on raclishes and rape to ¿etermine

the number of adults emerging in the field. Each trap r^ias placecl over a

randomly chosen plant and emerging adults in each cage \^¡ere counted daily.
rn 1971, field samplings were made twice a week. Ten cabbages

and one hundred radishes were used for each sample. Later, adult
trapping was abandoned and infestation rùas deter:minecl by pupal counts

which \"¡cre more re liablc. AduIts were collectecl by a sweeping net f rom

broccoli, cabbage, cauliflower, radisli, rape ancl turnip plots (Results

shown 1n Chaprer VIII)"
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Cal-!¿aHc sampl-cå

For egg counts, thc volume of soil was a¡lproxirn¡tcly 91+.f cubic

centimetres with cover 12.0 centimetres in diameter ancl 5.0 ccntÍmetres

in depth. For larval and pupal counts, the plarrt roots wcre clr-rg out and

the soil around their roots v¡as collccteci, the volume of soil was approx-

imately 21650.7 cubic centintetres, it covered 15.0 centimetres in ¿iameter

and 15.0 centimetres in depth.

Radish and rape samples

For egg counts, the volume of soil examined was collected along

the row 81 square centimetres from centre of the plant and 5 centimetres

deep. For larval and pupal counts, the plant roots were dug out and the

soil around their roots was collected. The volume of soil collected

was 225 squaïe centimetres from the centre of the plant and 15 centimetres

dee p.

The plant roots and soil samples were collected and stored in a

cold room at 4.4oC during Lhe interval required for Lhe examination in

the laboratory

2. Laboratorv exj¡mination of field materials

Recovery_ of egßg

The eggs were

by fil Lration. This

that all the egg,s t{e

the seive"

floated from the soil with tap Lrater and recovere<l

procedure was repeated several times to etìsure

re recovered. The eggs were counrecl directly on
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lìecoverl of lar:va<¡

To obtairi tl're larvae fr:om Lhe sirnr¡r1cs, thc-' :;oi I was s¡rreacl or.rt

on a tray ancl searched f or thc lar:vae. The plant rooLs wcrc clisscctccl

and searched.

Recoverv of pupae and emply pupae

Pupae and empty pupae were collected by flotat ion. The soi I

and empty pupae \./ere

res idue.

samples were irmnersed in

skimmed from the surface

Nleasr-r rement of the s ize

tap water and pupae

or picked from the

of mouthhooks

In L9TOr 1arval samples collected from the rape field were used

for determination of Ehe numbers of each larvaI instar. The anterior

part of larval mouthhooks was dissected with forceps on a slide. The

distance between the tip of the mandible and the posterior end of the

dorsal process of the pharyngeal sclerite was measured by a binocular

dissecting microscope.

Measurement of the diameter of cabbage_core

The plant roots collected from the fielcl for larval counts, vrere

brought into the laboratory. Before they were dissectecl, the diameter

of cabbage cores vtas measured and recorded for the study of the relation-

ship betl¡reen the diameter of the core ancl the number: of eggs depositecl .

3" Laboratory studies

Lonßevitv and fecunditv

rn the beginnlng of 1971 sttrdies \^rere star-ted. cabbagc naggots
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utí1ized in this study were a cyclodiene-suscept il¡le strain sent by

Dr. G. E. SwaÍles from Lethbridge, Alber:ta. Adults that emcrged froin

the pupae, \"rere ldentif ied and l<ept as a pair Ín thc plastic cages,

size 17.8 x 17.8 x 17.8 cubic centimetres. The cage consisted of five

sides of plastic; a cloth front provided easy access Lo the cage. The

f lies $¡ere provided with waler, honey, a 70:15; 15 mixture of soya f lor-rr,

brewersr yeast and yeast hydrolysate. The cage of adult flies was held

in the laboratory at a relative humidity 60 * 5% and constant tempera-

ture cabinet maintained aL 2L.10 + loc witir a 16-hour photoperÍod (6:00

aom. - 10:00 p.m.). A petri-dish of moist.soil containing a slice of

turnip was provided for oviposition. The honey and mixture diet was

changed three times a week and the oviposilion sites were examined

da i ly.

Hatching studies

For hatching studiesr eBBS were collected from laboratory reared

adults which were held at 2L.loc and 60% relatÍve humidity. Eggs were

placed on moistened plotting paper in small petri plates (Irillipore

Limited - catalogue No. PD 10-047-00). The plares were covered ro

prevent drying and placed in the rearing cabinet. Fifty eggs were usccl

in each plate. The plates were examined for larvae after 48, 72r 96

and 120 hours of incubation. The results are summarized in Tablc IX.
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IìESUI,TS A}ID DISCLISSION

jiield. collcction

Data from lar:va1, pupal and aclult collcction cluring LC)70 in

radish piots r.rere insufficient to detc::mine life history of insects.

There hrere some results in cabbage ancl rape. The first batch of eggs

was found in cabbage on June 9th. The percentage of the cabbage maggot

infestation on cabbages is summarized in Table I. The highesr Ínfestation

occurred on June l5th' In rape, the number of larvae ancl pupae per linear

foot were tabulated in Table If. There are trvo peaks in the larval counts,

the first peal< on July 10ch and the second.peak on August l4th. on the

pupal counts, there are tr¡ro peaks also, the first peak on July loth and

the second peak on AugusL 2lst. The number of adult flies per I0 conical

traps was tabulated in Table III. PopulatÍon of adult flies varied. From

these data, probably three generations occurred in the year of L970. The

first generation was in early cabbage and the ru.onå and third generations

were founi in the later rape crop in 1970.

TABI,E I

PERCINTA,GE OF INFESTBD CA]JIJACES IN 1970

Date Percentage of infestation

June 9th
15tlì
22nd

July 2nd
7th

36.2
77.6
3 7.3

28.4
25.4
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TH I NUt'f H]R

TN P,,APE

TAI]LE ]I

or cAuuAGE t'{ GGOTS

DUIì]NG TIf E GIìOI^J'ING

PIR LINri^]ì rOOT

sE^sOt't oIr lg70

Da te

Number of cabbage maggots per linear foot

Maggots Pupae

July lOth

13 rh

1 7rh

22nd

27rh

August 3rd

13 rh

'14rh

17rh

19 th

2 lst

28th

L .7r,

I.4

1.0

0.6

0.3

t,)

r1.9

I J. Q:k;';

8.3

7.7

?1

0.4

I¿. I ,'

/, 1

1.3

0.7

0.8

0.2

L"6

3.2

4.0

s.9

$.$':dc

1.0

:'.The highest number of
:ir"-fþs highesË number of

cabbage maggoLs
cabbage maggots

in the first peal<
in the second" pcak



13

TABLTi III

THE NLI}II]iJR OT ADULT CABBAGE I'Í/\GGOT iiLI[S

CAPTUIìED IN IO CONICAL TRAPS OI,I iìA]][

DUIì]NG TIIE SLI}ßIEiì Or 1970

Date
Number of adults per

l0 conical traps

July

Augus t

16 rh

17 rh

20rh

21s t

22nd

27rh

29th

4th

1 0rh

14th

19 rh

L4

1

8

I

I

0

7

1

I

2

1
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The resulLs obLained cluring trre gr:owing scaso¡r of 1971 are

summarfzed Írl 'fal¡l e IV and Irí.gure L f clr cabbage ancl Tablc V an¿ lìigurc 2

for radish. The first batch of eggs was founcì in boÈlr cabbages ancl

raclishes on Junc Bth. The first larvae \.rcìre found in cabbagcs on June

17th and in radishes on June 14th. Pupae were first founcl in cabbagcs

on June 24th and in radishes on June 21st. Empty pupae were first found

on July 12th in cabbages and June 24th in raclishes.

Table TV and Figure I show that Ehere are three peal<s on egg

count.s and larval counts and two peaks on pupal counts. The first,

second and third peaks of egg counts were on June 24th, August 3rcl and

August 23rd and the number of eggs nere a39, L1446 and 1r030 respec¡ively.

The first, second and thírd peaks of larval counts were on JuIy 2nd,

August 12th and september 2nd and the number of larvae were 204, Lrr4g

and 340 respectively. The first and second peaks of pupal counts were

on July 12th and August 25Èh and the number of pupaç ¡vere 63 and 583

res pec t iv.e 1y.

These data sho\,r that two generations and a partial third generation

occur in Manitoba. There is a small population in the first generation

when host plants are still small. The second generation is a very large

populatiorr because there is an abundance of food source and host plants

are large. Coaker and Finch (1967) reportecl that under laboratory

corrditions the female flies laicl their first batches of eggs when pr:o-

vided with only a source of nutritive carbohyclrate. To develop the

second and subsequent batches of eggs, females must imbibe protein as

wel1 as carbohydraLes.
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Some of the second generation eggs complete development and the

emerging adults lay thelr eggs which give rise to a partiaL third genera-

tlon, the others develop into the diapause pupae. Read (L969) demon-

strated that induction of pupal diapause in the cabbage maggot involved

a relationship betl^reen photoperiodic, temperature, and light intensity

conditions provided for the flies¡ eggs and larvae.
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TARLE IV

TIIE NUMBì]R OF CABBAGE MAGCOTS AND PEIìCENTAGE OF

INFESTED PLANTS ON TEN CAB]]AGi]S

DURING TIIE GROi^ITNG SEASON OF 197I

Date Eggs Ma ggo ts Pupae
Enpty
pupae

Infes ted
plant %

June

JuIy

Augus t

S e ptember

14th
T7
2l
24
28

2

5
8

t2
15
20
23
27
30

J

6
9

T2

t6
20
23
26
30

2

9

L99
293
L96
439':,
LL7
141
7I

101
B2
74

567
881
872
442

t446;,
13 05
1382
109 0

897
852

1046''.
1001
860
816
707

none
90

LO2
r59
lBl
204),

B5
57
55
99

106
166
287
244
337
605
669

I I49 ''.
862
290

73
54
6r

342
L49

none
none
none

J

11
L7
15
I4
63t
46

8
13

7

t4
37
50
46
82

191
495
524
584''.
379
518
s99

none
none
none
none
none
none
none
none

I2
J

none
none
none
none

1

4
3

L2
15
49
55
76
69

2LLI,
L49

none
90

100
100
100
100
100
100
100
100
100
100
100
100
100
r00
100
100
100
I00
100
100
100
100
100

zi-The peak of dif ferent stages of cabbage maggots
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Tab le V and Figr-rre 2 shorv that between 5L to 95% of the plants

were inf es ted by the f ir:s t genera t ion and 27 to 100% in subseclucnt gcrìcr:a -

tions, The pe;il< of egg counts were on June 24th and AugusL 19th and the

number of eggs 189 and lr3BB respectively. The peak of larval counts

v¡ere on June 28th, August 9th, August 26th and September 9th and the

number of larvae were 340, 854, 5L4 and 390 respectively. The peak of

pupal counts vlere on July 5th, August l2th and September 2nd and the

number of pupae were 20, L74 and 590 respectively. Empty pupal counts

were insufficient in the first crop and there v/as one peak in the second

crop on September 2nd; the number of empty pupae was 166. There vras a

small population in the first generation and a large population in the

second generation on radishes which was the same situation as on

cabbages,

The reasons are described in the cabbage section. This study

showed that egg density in the first generation was lower than lhat in

the second. Opposite observations were made by Hughes and Mitchell

(1960) in England; Abu Yaman (i960) in Holland and Mukerji (1971) in

Onlarío, Canada.
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TABLE V

TIIE NU}TBEIì OF CAI]J]AGI I"TACGOTS AND PEIìCI1NTAGIl

OF INI?ESTIID PI-ANTS ON ONI] IIUNDRED RAD]SIIIS

DURING TI.IIì GROVJING SEASON OF 1971

Da te Eggs Maggots Pupae
Empty
pupae

Infes ted
plants %

June

July

JuIy

Augus t

September

L4
L7
2L
24
28

2

5
B

150
5B

136
189't
118
180
119

79

First Planting

163
t31
r26
2LI
3 40''.
264
246
T7I

none
none

4
7

2

5

20r,
13

none
none
none

2
none
none
none
none

51
45
64
63
8B
B9
95
B8

Second Planting

20
28

J

6
9

t2
16
19
23
26
30

2

9
13

L6

27
tL2
195
694
B54Y'
572
702
258
136
514't
L94
308
3 90'."
326
304

none
none

6

24
104
174
94
B4

160
tr2
352
590'v
194
I40
26t

none
none
none
none
none
none
none

6
74
B2
66

166'k
110

50
69

27
39
67
9B
9B

100
100
100

9B
96
98
9B
96
9B
95

94
167
326
786
si6
746
922

l3 BBrk

366
106
202
422

72
3B

L32

ri-The peak of dlfferent stages of cabbage maggots
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Mcasurement of tlrc s ize c>f mouthlroolts

In thble \¡T. and I'igur:e 3 the numl¡cr of larvac in cach i¡is tar is shown.

The measuremcnt can be diviclcd i¡lLo thrcc grolrps. Tlic first group ranges

between 0.64 to 0.69 millimetres (n*) the seconcl gr:or_rp is 0.74 to 0.84

mm. and the third group is 0.86 to 1.02 mni. which belong to the first,

second and third instar larvae respectively. llughes an<1 Salter (1959)

measured the distance between the tip of mandible and the posterior

end of the venLral process of the pharyngeal sclerite. They found that

the mouthhooks of the first, second and third instar larvae were a mean

of 0.29, 0.53 and 0.BB mm. respectively.

TTIE NUI'fBER U¡

IN

TABLE VT

MAGGOTS II.] D]FFERENT

}ÍA,NITOBA DURTNG JULY

INSTARS OCCURRING ON RAPE

AND AUGUST 1970

Size of
mouthhooks

(mm. )

Date of collecting
Ju ly

7 l0 L6t3
Augus t

t7 27 3 14 L7 19
Tota I

2t 28 31

3

I
I
0
3

4
I
4
5

l0
l4
L7
22
16
10

9

I

I
2

112
1111
13L2
4221
224

t
t

I

I

I
11
3I
T

22
I
3

I

1

13
311
lt

2

22 I
2

4

1

2T
I2

11
2I

3

I
11

I

,64
.66
"69
.7L
.74
,76

"79
.82
.84
.86
.89

Q)

.94

.97

.99
I .02

4
4

I

Tota I TO 10 t0 10 II 10 10 120
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Relation bctr^¡een the cl i.anrcter of ca bl;a ge c o rc ¡ì Lh ¿r

efìgs deposjted i.n 1971

There is a direct rela t Íon betwccn thc <-iianlcter of Ilic cabbage

core and the numl¡er of eggs deposited, which is shorvn in Tablc Vrr.

From l0 to 14 centimetres diameter the number of eggs are considerably

lower than tÏrat laid on roots 15 to 20 centimetres. This may not be

due to any physical attraction of the thicker roots but because at

this time of the year the fly populat.ion is much greater than during

early summer. Abu Yaman ( 1960) concluded that there r\,as a pos itive

correlation between plant diameter but not plant age and the number

of eggs deposited.

of
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TAI]],I VIl

IìIìLA1]1ON REThI]JIN TIiI] D]A}II]]]IiR OI TIIIì

CAB]],\GE CORE AND 1lII NUI'1IìL]R OF I]GGS

DEI'OSITED ]N 197I IN T}IE T]IÌLD

DiameLer of the No. of
cabbage core planLs

(cm.) Number of eggs countecl Total Average scored

10 10, 16, L6, g, 3, B, 7, 10, 3. gl 9.0 g

11 g, 4, 3, 0, 12, g, 7, Lg, 5, 66 7.3 g

12 29, 5, 5, g, L2, 15, ll, 13, 3,
23, L7, 20, 17, lB, 39, 2, 3. 241 r4"2 L7

13 18, 1, 31, 10, 7, g, 5, 4, 5,
2L, B, 7, 39, 27, 33, 6, 34,
6, 34, 22, 1i.. 297 15.6 Lg

L4 10r 0, L6,61 7, Lgr 27r 42,
57, L2, r0,34) 6, 1, 1. 249 16.5 t5

15 69, 5, 12, 0, 5, 25, 41, 30
7, 26, 49, 30, lB, 40, 4L,
lL4, 99, 94, 74, 63, gL, 4,
2r3, Br3. 942 36.2 26

16 10, 6, 3, L,0, LL, lB, 5, 4)
8r 20, 15, 10r 35, 40, 10,
31, 48r 37r 42, 1541 2,4 5L4 22.4 23

17 2,4, 10, 50, 44,6Lr 90, 64,
94, L26, 24, 2, 40. 601 46.2 13

18 12, 115, 59, 32, 35, 6, 49,
285, 151, 75, 44, 78, 45, Ig,
2L, L9, I, L2, 2, 4, 3, 26. L0g2 22

19 22, 110, Bl, 43, 58, rL, 32. 357 51.0 7
20 L7, 7, 73, 10, 31, 0, 12, g,

L57 , L25, L25, r42, 53, 2,
L9, 22, 804 50.3 16
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Longevitv

Tlie results f rom Table VIII show that male f lies live B to 36 clays,

the average being 24.0 days. Females live ll to 54 <lays, the averagc

being 29.B days. r'this study one female livecl for 54 days.

Foot (1954) reporred that longevity of mar.es rvas 19 days and

22 days for female, some females living as long as 63 days (schoene,

1916i Ntiles, i951). Swailes (f961) described rhe average age at dearh

of the måted females was 22.2 days when fed a LO"L honey solution and

some dry yeast. studÍes on adult flies by Harris and svec (1966) ir,-

dicated that cyclodiene resistant females lived longer than susceptible

strain. Adult longeviEy was reduced more by mutual disturbance than

by any other facror (Einch and Coaker, 1969).

Fecundity

The results from Table VIII show that a single female lays from

14'353 eggs. The average of egg production per female is t7l.B. The

highest daily egg producrion for a single female was 84 eggs ín a 24-

hour period. Harrís and Svec (1966) found that rhe female of rhe

cyclodiene susceptible strain produced an average of 34g.7 eggs and

the resistant sÈrain 393.5 eggs; the highest daily egg producrion for

a single female was 51 and 50 eggs respectively. During an average

life span of 22.2 days one female laid an average of 78 eggs when helcì

at 18.3o - 23.9oc (swailes, 1g6r). vereecke and Herrveldr ( 197l), using

a dffferent diet, reported the best result was 13.7 eggs per female per

day when f ed on vrater, sucrose a¡rd brewer yeast extract (5:3:2).
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Swalles (f961) noted that oviposítion occurrccl in cycles for Lhc

susceptible strain, but oviposition cyclc dicl not show clearly in the

resistant strain (Harrís and Svec, i966). Fecundity under culture

conditions depends on the size of the adults (n'inch and coaker, 1969)

and also on the diet (Fir-rch, L97L; vereecke and Hertveldt , L}TL).

Vereecke and Hertveldt (I97L) also described that factors other than

food may influence fecundity and if mated females were caged separately,

their fecundity was irregular and much lower than normal, indicating a

certain rrgroupingrr effect. However, Finch and coaker (L969) reported

that flies laid an average of 220 eggs per female when caged together

in large numbers and 376 eggs per female when caged singly.
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llatcliinfÌ stu-d j-es

1'hc resul ts f l:onr 'fable IX :;how tlr¿rt the average hatch was BB.8?1,

ancl varied from 64-1007.. The minimum time recluircd for thc ncwly-laicl

eggs to hatch rvas between 24 and 48 hours and the hatch rvas complete

after 120 hours. Finch and Coaker (L969) found thar rhe viabiliry of

the eggs laid in the culture varied from 60 to IOO% and averagecl 86%.

Swailes (1963) reported that the average hatch per female was 79% and

varied from lB to 100%. Finch and coaker (L969) also examined rhe

eggs that failed to hatch and they revealed that the embryos were

well developed with many larval characteristics, and this suggested

that exposure to dry conditions had affected hatching rarher than

d eve 1o pmen t .
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TABLE IX

PEIìCENTAGE OF }IATCH]NG AF-TER INCUBATION

PEIìIOD FOIì 5 DAYS AT 2T"IO I lOC

FROM LABORÂTORY CULTURE

No. No. of eggs No. of eggs hatched Percentage of hatching

74
100
90
96

100
86

100
BB

64
90

37
50
45
48
50
43
50
44
32
45

50
50
50
50
50
50
50
50
50
50

1

2

3
4
5
6
7

B

9
10

Tota 1 500 444 888

Average 50 444 BB. BO



PART II

OVAR]AN DEVELOPI'ßNI OF THE CABBAGE

MAGGûT, Hylemya brassigae (SouchJ)



CIIAPIER V

INTRODI]CTION

Ovarían development has been used as an indicator of the physio-

logical age in insects since the beginning of this century. I'fost of

the work was done on insects of medical and veterinary importance.

Among the caryptrate Diptera, species of Musca (smith, l968), Fannia

(Anderson, L964), Phortophormia (Harlow, 1956) and sarcophaga (Abasa,

L972) have been studied. l"lost examinations of follicular development

have been limited to the species of l'lusca due to the large size of

adults, availabil-ity and the ease of culture. Few detailed studies

have been done on the Anthomyiidae. This study was underEaken with

the objectives

a. To determine the correlation betrveen mating and the

female age,

b. To determine the correlation betr¿een ovarian develop-

menË and the female age in females fed a normal diet and in water

fed females.



CIIAPTEIì V]

RIVIEW OT TIiI LITIìIìATURE

The process of o8genesis was reviewed for the Insecta in gencral

by t]onhag ( l95B). Ifany workers devlsed a bas ic scheme- of ovarian clevel-

opment for each specific insect. Christophers (fqtf) studied the devel-

opment of the follicles in Anopheles. Þfer (L936) based on ChristophersI

studies divided oUgenesis in Anopheles elatus into 5 stages and this

was applied to Hippelates pusio by Schwartz (1965) and to Musca domestica

by Smith (1968). O8genesis in Drosphila melanogaster was divided inr,o

14 stages by King er.al. (1956). Adam and Mulla (L967) described rhe

ovarian development in Hippelates collusor in 10 stages which Adam and

Hintz (1969) adapted for studies on Musca domestica.

Correlation between mating and ovarian development have been

studied. Adam and Hinrz (1969) reporred rhar male house flies (Musca

domestica) preferred mating with females with ovaries in stage 6 to 10.

Swailes (1971) indícated that most male cabbage maggots (Hvlemya brassicae)

mated for the first time within 5 days of emergence and the peak numl¡er

of mating at the age of 3 days.

The role of nutrition in the reproduction ancl egg development of

insects was reviewed by Johansson (1964). The cabbage maggot must feed

on carbohydrate but not on protein to mature its inÍtía1 batch of eggs

(!'lnch and Coaker, 1969). It had to lmbÍbe suitable sources of protein-

aceous nurterlals or: free amino acids before it could lay its seconcl and

subseqrrent barches of eggs (Finch, l97I). þionroe and Lamb (lgóB)
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reported that Lhe effcct of only egg albumen, yeast hyclrolysate ancl

defatted milk on ovarian development in house flies produced r:epeatecl

good results at 91%, 100% and 1007, respectively.

Temperature is another factor that influenced ovarian develop-

ment. Adam and Mulla (1968) sÌrowed with the eye gnat Hippelares

collusor that no ovarian development occured at 15,6oc or at 41.loc

but optimal temperatures rangecl bet\../een 2L,Lo to 32.20C.

studies on the effects of alkylating and non-alkylating agents

on ovarian development have been reported by many workers. Morgan and

LaBrecque (L962, L964) described rhe cytological effecrs of 1,0% con-

centration of 3 alkylating agents - apholate, tepa and metepa and non-

alkylating - hempa (Morgan, 1967 ) on ovarian development of the house

f1-y. They inhibited but did not eliminate ovarian development. This

¡¿as verified by Abasa (1968) from rhe tvzo strains of the house fly,

insecticide-resistant flies and apholaEe-resistant flies.



1.

CTIAPTIR VlT

MATERIAI,S AND ÞíETIIODS

Nonnallv fed flies

Larvae were reared at 2l.loc until they reached the pupal stage.

Adult flles v¡ere allowed to enìerge from the pupae. Female aclults of

known age (1 to 25 days) vtere removed claily and dissected for ovarian

development (Table X). The sperrnathecae in the females were examined

if mating had occurred.

The flies were maintained in plastic cages size 15.2 x z2.B x

48.2 cubic centÍmetres. The cage consisted of two sides of screen and

the third side of plastic. A cloth sleeve provided easy access Èo the

cage. several emergence groups were used, the data for all emergence

groups were combined to produce the tables" samples were taken at a

rate of 10 to 20 specirnens at a time until no more flies were left in

a cage. Adult flies taken in the sample vrere anesthetlzed with CO2 and

sexed. ihu female abdomens were dissected with forceps in a drop of

saline solution using a binocular dissecting microscope. The internal

ovarian structure of the fly was noted and the fly classed into the

appropriate category. Characteristics used for the classification were:

the presence of pupal fat baIls, the stage maturation of follicles

described by Christophers (19II) wíth modifications suggesred by Clemenrs

(19ó3), the presence of follicular relics ancl the presence of ovariole

dilatatlons.
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2. Water fecl flles

The flles were maintained and lreated like the normilily fect flics

exce pt tha t wa ter on ly r¡/as prov ided . Samp les were co 1 lec tecl f rom the

dead flies from the first day to the seventh day. The female abclomens

were dissected by the sane method and the same classÍfication of the

normally fed flj.es \,¡ere fol1owed.

3. Classification of ovarian development

ChrisËopherst (tgIl) method was used with the modifications sugges-

ted by Clements (I963).

The scheme used in the present srudy to classify ovarian develop-

ment was as follows:

Stage 1 a The follicle is spherical and fully separated from the

germinal epithelium of the ovariole.

stage 1 b The definitive oocyre is distinguishable in the

terminal portion of the follicle.

stage rr a very small quantiLies of yolk, visibre onry witrr

phase contrast at high power are present Ín a

sphere around the oocyte nucl.eus.

stage rl b sufficient yolk is present in the oocyte so that the

yolk can be seen as a small plaque at magnificatÍons

of about 35x. The yoll< occupies less (usually much

less) rhan one-haIf rhe follicle.

SLage III a The yoll< occupfcs between one-half ancl two-thirds of

Èhe fo1licle.
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stage rrT b The yolk occupies bctween two-thirds and three-

quar ters of thc fo I 1 ic 1e .

stage rv a The follicle begins to elongate; thc yolk occupies

about nine-tenths of the fol licl.e.

Stage IV b The follicle assumes the shape of the mature egg.

Stage V The mature egg, complete with chorion.

Stages earlier than Ia were observed in the cabbage

naggots. These are recognized by ovaries embedded

in the fat body and firmly held ro rhe curicula by

tracheae.

4. Mating

I'fating was determined by examination of the spermathecal ducts

for the presence of sperm. spermathecae u¡ere placed on a slide in a

drop of saline solution and covered by a cover slide. By pressing the

cover s1ide, the spermathecae r^rere broken and the presence of sperm

was checked by using a high-powered microscope.



CIIAPTER VII I

RESULTS AM] DISCUSSION

1. Ovarian developmcnt in normallv fcd flies

The results are summar:ized in Table X and show that females

require 4 days to complete the first cycle of egg maturity ancl 9 clays

to reach the second cyc1e. Newly emerged flies are in stage N (Figure

4)" Ovarioles of a nulliparous female coulcl be distinguished from

parous females by the presence of tracheal skeins (Figure 5) and by the

absence of the tryellow bodiesrror follicular relics in the ovariole

pedícels and lateral oviducts (Figure 6). Follicular relics are clearly

vÍsible at the base of the ovariole, they consist mainly of remnants of

nurse cells and are surrounded by the contracted portion of the intima

in which the egg developed. Tn females which have completed a different

number of oviposítions the distributÍon and number of yellow bodies

differ. These characteristics were reported by Lineva (f953 cited in

Destinova, L962) on the house fly, I'fusca domestica and in the paper

described by Anderson (1964) on Fannia cannicularis and some other

cyclorraphous Diptera.

The abundant fat bodies in adult females at the time of emergence

are depleted as follicr-rlar development proceeds to maturity. By the tirne

the first follicles reach stage V, most of the fat bodies have been usecl

and Èhe second follicles are at stage r b to rrr a. rn a few cases, the

development of second folllcles rnay reach stage V.

By the fourth day sorne f enrales have deposited eggs. A rece¡rt
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oviposÍtiolr is determíncd by a s tr:etcfrecl ovariole ancl the presence of

inunature ovarioles on1y (Figure 7) or retainecl maLurc eggs in clevelop-

ed ovary (rigure B). As matLrration proceecJs ín the second cycle, t¡e

ovarioles again contract ancl a dilatation which the previous follicle

has developed inside, can be seen at the posterior encl of the develop-

ing eggs (Figure 9). However, the dissection of rhe ovaries of cabbage

maggots to count the number of dilatations, is technically difficult.

The stage of ovarian deveropment of rhe cabbage maggot, Hyremva

brassicae is shown in Figure l0 to 20. Figure 2l iLlustrates accumula-

tion of follicular relics in a 14-day old female.



Day

0
1

z
3

4
.5

6

7

B

9

10
11
T2
13
L4
15
16
L7
18
l9
20
2L
22
23
24
25

TÀBLE X

THE OVARIAN APPEARAú\CE O¡' O tOtüUtION OF l{vlemva brassicae

AT VARIOUS DAYS SUBSEQUNT TO EMERGENCD' EXPRESSED AS THE PROPORTTON

TN AN OVARIAN STAGE ON A GIVEN D¿.Y

1.00
.72 .28
.06.45 .27 .09
.o25.375 .25 .05
- .04 .02 .o2

.04
- .03 .15

.04

Ib IIa IIb
Nulliparous stage

IIIa IIIb IVa TW

.06

.15

.10

.01

.03

.09

.03

.L25
10

.09

.03
- .025

.08 .02 .08 .30

.01 .06 .01 .46

.03 - .03 .53
- .04 - .54

.46

.54
.03 .81
^o 

2a

. .20
.18

.06 ,40
.4L
'4t
.33
.31

' âE.JJ

.31

.27

.64

.18
.4L
.42

.04

.03

Ia Tb TTa

- .02
.05 .t4 .01 .10
.03 .09 .03 .03
- .L4

.08 .08
- .13 - .08
- .03

.18 .09
.05 .03 . l0 . r0
.03 - .06 .27
- . tl .09 .06

- .09
.04 .04 .07 .11
.20 - .07 .20

.06
- .06 - .31

.L4 . t8 .L4 .05
- .09 .09

- .24
- .06

- .ll - .05

Parous sEage

IIb IlIa ITIb IVa

.09

.15

.08

.05

.18

.20 .13

.15 .L2

.r7 .06

.32 .045

.22 .04

.07

.06
,L2
.19 .06
.05
.18
.35 .06
.06 .06
.ll

lvb V

No" of
fema I e

t?

.08

l6
l8
33
40
50
70

22
I3
¿4

3B
11
39
33
35
22
27
15
I6
T7
16
22
t1
L7

T7
i9--ær

.o4 .13
- .08
- .09
.03 .08
.06 .12

.09 - "045
.o7
.13

.13 - .50
- .r2 .35

.06

.IB

.06 .06 .06
- .18 .24
- .16 .16
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2. Ovarl¿rn development in water fecl flies

The resul[s from Table XI show that femalcs can complete Lhc fir:st

cycle on the fourth day as normaliy fed flies can. Fenale flics cliecl

before they deveLoped the second cycle. In this stucly, there arc tvlo

female flies that lived unIi1 thirteen days old. From these <]ata it

may be concluded that I^/ater fed female flÍes can develop their firsl

batch of eggs.

Development of the follicles generally progresses uniformly but

in some cases there is evidence of follicle reabsorption.



TABLE XI

PROPORTIONS OF I^IATER FED FmfALE Hvlemya brassicae, IN VARIOUS OVARTAN

STAGES AT THE AGE OF DEATH

Age of
dea th
( day)

I

TL,,

2

2!¿

J

ãLJ-2

4

5

Ia

.66 .L7

.63

.31 "73

.40 .50

.25 .34

.30 "50

.19 .18

.22 .L9

.25

"JJ

Tb

Nulliparous stage

TIa rrb

.12

.L7

"G2

"01

IIIa

6

1

IIIb

.13

.10

.08

.03

"06

.10

.06 "09 .03

IVa IVb

.07

"16

.20

"10

Parous stage

"17

Ta

.02

.03

Ib

.09"

.10

"07 .I4

.10 .07

.06 .06

rrb

.03

No. of
fema les
dissected

.01 " 01

.19 .38

aa 11oJJ t Ll

l1

l0

32

i0

oa
OJ

o/

L6

6

N

H
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3. Ovarían development in adults caugirt from Ihe field

The results from Table XII to XVII show that ovaries from fcrnalc

adult flies caught in thc field, cleveloped into thc secc¡nd batchcs of

eggs. l"fosr of the flíes laid the first batches of eggs from rhe end of

June until the middle of August. The number of flies caught from turnip,

cabbage, cauliflower, radish, broccoli and rape were 79r 46r 44r 35,25

and 10 respectively. The figures ín the nulliparous stage of ovarian

development stand for the number of fully developed eggs which were found

unlaid in the ovaries, The stage of ovarian clevelopment shows in nulli-

parous and parous flies indícating ovaries developed into those stages

(Table XII - XVIII).
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THE STAGE OIl

CAB]]AGI] }fAGGOTS

TAI]LT X]1

OVAIìIAN DEVELO]]I'I IINT

CAUGIIT IN tsROCCOLI

OF ADUI.T TE},IALE

I'LOTS DURING T97L

Da te

Stage of ovarian development No. of Flies caught

Nu I I iparous Parous Ifa 1e Fema le Total

June 29
July 2

6

9
13

L6
20

August 3

6

10
.L2

ill

53,'t lrt'

4
I IIa

_rb'*-*

rb
rb, 2rrb, IIr b

TT Ia

1

4
z
2

4

:
aJ

1

I

1

2
2
2

:

2

;J

;
5

;
I

25L213

('l

The number of eggs found unlaid in the
The stage of ovarian development found
¿¡d ',i-:t- conment applies to Tables XII -

ova r ies
in the ovaries
XV]T )
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TAI]LE XIII

THE STAGE O]T OVAR]AN DIVELOPI'ÍENT

CAtstsAGE I'IAGGOTS CAUGHT IN CAULIFLOI^/}ÌR

OF ADULT FT}'ILE

PLOTS DURTNG I971

Da te

Stage of ovarian development

Nulliparous Parous

No. of flies caught

Ma le Female Total

July

Augus t

6

9
13
L6
18

20

J
6

10
L2

3e, r:, 16

6
32

N, IIIa r38 r29 ,
22,7 ,I9 ,27 ,L2
35r 9

I TIa , 
_28 

,44 ,25

59
13 ,48 rL7

2 rrb , 
-2rIra

IIa
2TTb

NrIa r3TIb r3IIa

2rb

3TTb
fa
IIIa

2TTb, IIIa, TVa

3

J

1

J

1

I
1

I
0

7

+

13

4

5

2

2

4

4

;
2

t0

J

4
1

1

4

4439I4
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IABL]] X].V

TIIE S]]AGE OT OVAIìIAN DTVTìLO]IMIII'JT

C¿.BBAGE I.!\GGOTS CAUGIIT IN CABI]AGE

OII A]]ULT FI+L\LII

PLOTS DURTNG L97T

Da te

Stage of ovarian devel-opment

Nulliparous Parous

No. of flies caught

Ma le Fema le Total
June 25

29
Jnly 2

6

9
13
I6
18
20

August 3

6

10
T2

N, 3g

30
N ,29 ,25 ,3 g

L9
N, rïb

T ]Tb
28

9r_7r 3

L7 ,28,29 ,29
IVb

I IIa

I IIa
3IIar IIIa

2IIa, TIIa
rrb

Ib, rrb
2rb, rrla

4ITb, Irra
Ia, IIIa

:
I
2

2
4
I
1

5
0

2

1

2

2

6

2
7

4
2
7

3

7

4

2

1

4
0
3
3
I
2

3

5

3

19 27 46
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TABLE XV

TIIE STAGE OF' OVARIAN DEVELOP},ÍENT OII ADULT FMßLE

CABtsAGE I'IAGGOTS CAUG}IT IN RADTSII PLOTS DUI{IT.]G L97I

Da te

Stage of ovarian development

NuI 1íparous Parous

No. of flies caught

Male Fema Ie Tota L

June

Ju ly

Augus t

IIIa, 22 ,22,I
N, IIIa, I

IVa
rv b, 28, 33tl'

:

TIa , IVb
2IIb,_IfIa

2rrb, IIIa

25
29

2

6
9

13
16
1B

20
6

10

6
B

4
5

7

I
3

I

5
5
I
4
1

0
0

0

1

J

J

1

6

I
3

I

19 16 35
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TAI]LE XVI

T}IE STAGE OF OVARIAN ]]EVELOPI'IENT OF AI]ULT FE}I,ALE

CABBAGE }TAGGOTS CAUGHT IN RAPE PLOTS DURTNG T97L

Da te

St.age of ovarian development

Nulliparous Parous

No. of flies caught

Ma le Female TotaI

June 25
29

July 2

6
13

15

t/

1lï a
IfI a

1

2
0
4
0

1

1

0
0
I

2

3
0
4
I

10
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TIIE STACE OF

CABBAGE }IAGCOTS

TAI]LE XVTI

OVARIAN DEVII,OPMENT OI- ADUI-T FL-I,TALE

CAUGTIT IN TURNIP PLOTS DURING T97L

Date

Stage of ovarian development

Nu I I iparous Parous

No. of flies caught

I'fa 1 e Female Total

June
July

z0
August 3

N, Irb

29,46,39,25
2I r5

I
34rL9r3gr1B
33 126 r52 136
7 ,20 ,rvb, v
14,37
IIIa, V ,40,47
L9 ,L4,lB ,20
25 rL3
2rv ,L9, 18, B

4,34 ,9 ,3 ,21

41]b, I TIa

riu
Ia r2lb r 2IIb

2rb
T.a ,4Lb, 4I Ib

6rrbr TrTTa

29
2
6

o

13
T6
1B

I
1

2

0

I
2

6

2

0
7

0
0
0

T4

3
I
9

0
1

3

20

2

11

1B

3
15

24

795524
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4. IfatinB

The results f r:om Tal¡ le XVIll show that i¡r the samplcs talcen f r<¡r¡

the mixed population, no sperm was observed at spermathecae in one, t\,ro

or three clay o lcl f ema les . The ear l ies t mat ing occurred Ín the f our-<ìay

old females and it reached 100% when females were eighr clays old.

Swailes (i961) and Coaker and Finch (1967) reported that females requirecl

three days post-emergence maturation. Most females mated only once

(Swailes, 196l) and males mated up to four times from two clays after they

emerged until they died" Adam and MulIa (1968) found the relaLionship

betv¡een ovarian deveropment and mating in the eye gnat Hippelates

collusor when males were given a choice of females in five different

stages of ovarian development. They mated only with females in stage 6

to 9 and not with females in stage 2 to 5 or stage 10.

Spermathecae of a virgin female are shor¿n in Figure 22. The

presence of sperm ce1ls in spermathecae of mated fe¡nales is illustrated

ín Figure 23 a, b and c.
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TÀBLI] XVIII

IìELAT]ONSHlP ]][TI'./[[I.I AGE AND }I,ATII.IG

IN C^BBAGE Ì'IAGGOT, llylemya brassica.e

Age
(day)

Number
observed

Number
ma ted Percentage

1

2

3

4

5

6

7

9

10

10

10

10

l5

I7

15

1B

10

T9

10

0

0

0

3

l0

10

11

10

19

9

0

0

0

20.0

58. B

66.6

61.1

100.0

100.0

90 .0



CIIAPTIiJì IX

SIJI'IMAiìY

The biology and ovarian clevelopment of Il. brass icae were s tudier<,l

under both field ancl laboratory condÍEions Ín 1970 and 1971. Population

density and the infestation of the host plant were investigated in the

fieId. Ovarian development studies were made on flies cuLtured in the

laboratory and wild flies caught in the field.

1. Infestation on cabbages \^ras 25.4 to 77"7% in 1970 and 90 to 100% in

I97Li on radishes 27 to 100% in I97L.

2. Two generations and a parEÍa1 third generation occurred in Manitoba

and the population of the firsL generaEion was lower than those in

the subsequent ones. The first batch of eggs was found on or near

the host plants on June 9th in 1970 and June 8th in 1971"

3. Larvae undergo three instar before they pupate" This r+as determined

by measurements of the size of moulhhooks.

4. The average life span of males and females was 24 days anð 29.8 days

respectively. Females laid from 14 to 353 eggs or an average of

17L.B eggs.

5. Harchability of cultured eggs at 21.10 + loc was 64 to 1007. or an

average of BB.B%.

6. There r¡tas a direct correlation beLween the diameter of the core and

the number of eggs deposlted.

7. Studies were undel:taken to rear the cyclodiene-susceptible strain

in the laboratory ln order to deterniine ovarlan devel.opment \,Jith

females of known age.
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B' The time recruired for: completing the f irsl cycle of ovar j-¿¡p <1eveJç¡r-

mcnt vras f our days ancl the seconcl cycl.e was nine clays in nor:mal ly

fed f1 ies .

g. A few water: fed f lies developecl into the stage V within four clays

but they died before starting the second cycle.

10. Ilost of v¡ild flies laid at least one batch of eggs.

tl. The earliest mating of females was on the fourth clay afcer eclosion.



Figure 4

Follicular development of Hylemya brassicae,

Stage N. 63x
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lìigure 5a ( top right )

FollÍcle of nul líparous f emale of lly],emya

brassicae showing the presence of tracheal skeins. 40x

Figure 5b (Bottom righr)

FoIlicle of nulliparous female of Hvlemya

brassicae showing Èhe presence of tracheal slceins. 63x
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Figure 6 (Top right)

Follicular dcvelopment of a 13 day old

female of Hylemya brassicae after laying

52 eggs. Iilustrates follicular relics. 4Ox

Fígure 7 (Bortom ríght)

Ovary of a thirteen day old fly of Hylemya brassjcae

laying 52 eggs, showing follicular relics. 10x
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Reta ined

brass icae

Figure 8

mature eggs

in developed

of Hylemya

ovary. 10x
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Figure 9

ûvariole pedicels of a 19 day-old fly of

Hylemva brassicae. Illustrated accumulation

of follicular relics in ovariole

pedicels at base of follicles. 40x
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Figure l0

Oya ri es o f Hvlernya bras s ica e ,

Stage Ib : one day old. 10x
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Figure 11 (Top right)

Follicular development of Hvl.emva brassj-cae,

SÈage Ia. 40x

Figure l2 (Bottom right)

Follicular development of Hylemya brassicae,

Stage Ib. 40x
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Figure 13

Follicular development of Hylemya brassicae,

Stage IIa. 40x
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Figure 14 (top right)

Follicular development of llvlemva brassicae,

Stage IIa. 40x

Figure 15 (Bottom rÍght)

Follicular development of Hvlemva bra_ss icae.

Stage ITb. 40x
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l'lgure 16 (Top righc)

Follicular development of llylemya brassicae.

Stage IITa. 40x

Figure l7 (Bottom right)

Fo1lÍcular development of parous female of

Ilvlemva brass icae Stage If fa. 10x
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Fígure 18 (top righe)

One ful ly-deve loped fo I I ic lc of

Hvlemya brassicae, Stage V, 10x

Figure 19 (Bottom right)

Follicular development of I{ylemye brassicae,

Stage V. 10x
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Figure 20 (Top right)

Follicular development of I{vlem,ya brassicae

Stage V.

The picture shor.rs three sperrnathecae also. 10x

Figure 2l (Bottorn right)

Ovaries of a 14 day-old fly of Hylemya brassÍcae.

Illustrates accumulation of follicular relics in

ovariole pedicels at rhe base of follicles" 10x
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Figure

S perma theca

Hvlemya

22 ( Top

of a virgin

brass icae.

right )

female of

63x

Figure 23a

Sperm cells

maËed female of

(Bottom right)

from spermatheca of

Hylemya brass_icae. 160x
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of

Figure 23b

Sperm cells

mated female of

(top righr)

from spermatheca

Hvlemya brassicae. 160x

Figure 23c

Sperm cel1s

mated female of

(Bottom right)

from spermathecae of

Hylemya brassicae. 63x
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APPIÌNI)]X A

DAILY TTiMPIÌRATURIÌS ANJ] PIIECIPlTATlOI'I AT W]NNlPEG,

MANlT0BA, JIJNE, JULY, ATIGUST ÂND SEpTjl,lij[tì

1970 AND l97i

Tables T - vrrr give daily maximum (Max. Temp.) ancl minimum

(Uin. Temp.) air temperatures in degrees fahrenheit (oF); precipi-
tation (Ppt.) as the sum of rainfall and one-tenth of snowfall in
inches and the monthry sum of precipÍtaLion for the months of June,

JuIy, August and September of 1970 and Lg7I.

All data were recorded at the l{innipeg rnternation Airport,
tr{innipeg, ManiÈoba.
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APPENDIX A

TABLE I

DAILY TEMPERATUIìIiS AND PIìECI P] TATION

JUNE 1970

Day
Max. Temp.

oF
Ltin. Temp.

oF
Ppt.

( inch es )

I
2
3
4
5
6

7

8
9

10
11
T2
13
L4
15
16
T7
1B

r9
20
2t
22
23
24
25
26
27
28
29
30

68
73
83
B5
BB

B6
B4
97
7B

79
6B
77
78
72
74
77
73
64
69
74
76
B4
75
69
6B

74
77
90
90
90

46
52
50
53
55
50
42
63
5B
55
6t
6L
60
56
57
59
4B
47
40
45
50
51
55
44
53
54
59
63
65
6s

0

"01
0
0
0
0
0

.2L

.17
"40
.07
.11
Tr.

0
Tr.
.lB
Tr.

0
Tr.

0
0
0

"L2
0

.36
0

.08
Tr.

0

"28

TotaI: 1.99
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TABI,E 1I

DAI],Y TDI'ÍPERATURIÌS AND PREC] PITAT]ON

JULY 1970

Day
Ilax, Temp.

oF
Min. Ter,p.

oF.
Ppt.

( ínches )

I
2
J

4
5
6

7

8
9

10
11
L2
13
L4
15
L6
L7
1B

L9
20
2I
22
23
24
25
26
27
2B
29
30
31

B1
72
64
73
85
B2
76
84
92
90
93
86
83
7L
B2
87
7L
64
72
77
B2
7B

79
74
B5
8I
79
B7
B5
B5
73

56
55
51
46
53
6I
56
50
62
66
67
6s
59
s9
55
6T
55
53

47
4B
57
64
62
62
56
62
56
60
69
64
57

0
.17
.02

0
.08
.09
Tr.

0
Tr.

0
.04
.2t
.01

T.28
0
0

Tr.
.IB

0
0
0

.06

.15
"L7
.12
Tr.

0
Tr.
.16

0
0

Total: ) .7lL
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APPENDTX A

:T)\BI,lJ ]I]

DAILY TII'ÍPE}ìATLIRIìS AND PRECTPTTATION

AUGUST 1970

Day
!f ax. Temp .

oF
Min. Temp.

oF
Ppt.

( inches )

1

2

3

4
5
6

7

8
I

10
11
L2
13

T4
15
16
L7
18
19
20
2t
22
23
24
25
26
27
2B
29
30
3l

B6
67
72
B1
B6
90
90
B8
B2
86
92
92
96
80
73
7T
93
BO

70
73
69
73
B1
7B
75
80
72
74
74
67
7L

55
49
4B
54
56
60
6B
66
55
48
61
58
59
63
54
48
53
62
49
46
5I
52
49
47
47
46
47
40
54
45
39

Tr.
0
0

2,20
0
0

0
0
0
0
b
0
0
0
02
0
0
0
0
0

.08
0

.02
Tr.

0
0

.6s
0
0
0
0

Tota I : 2,95
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l1,BLiÌ IV

DA]LY TI]MPEIìATUIìES /ND IIRECIPTI'ATTON

S EPTEI'Iß EIì I9 70

75

Day
Nlax. Temp "oF

Min. Temp.
oF

Ppt.
( inches )

1

2

3

4
5
6
7

I
9

10
11
L2
13
t4
15
16
I7
1B

19
20
2t
22
23
24
25
26
27
2B
29
30

B3
76
7B

74
90
B5
66
64
61
62
53
48
49
54
48
72
65
79
82
7L
o¿
53
70
60
55
52
57
69
72
79

57
59
55
50
59
63
49
45
4l
37
39
37
30
29
3B
35
4B
42
53
53
43
43
42
45
39
32
29
35
44
42

Tr.
.16
Tr.

0
.20

0
.28
.06
.22
Tr.
.44
.08
Tr.

0
.31

0
0
0
0

2.Ot
.53
.01
Tr.
Tr.
.06
.05

0
0
0
0

ToEal 4,4L
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APPEND]X

TABLI V

DAILY TET4PERATUIìI AI{D PRECIPITATION

JUNE i9 7I

Day
Max. Temp.

oF
I'lin. Temp.

oF
Ppt.

( inches )

1

2
3

5
6
7

I
9

l0
11
L2
13
I4
15
T6
L7
1B

19
20
2t
22
23
24
25
26
27
2B
29
30

75
81
89
82
74
6s
60
69
74
7L
84
7B
7B

B2
B1
7B

79
76
66
70
76
BO

66
6B

76
70
72
74
76
64

35
45
54
59
6L'
55
42'
40
51
59
56
57
51
EA
JJ

62
57
6L
54
55
50
51
54
46
47
52
62
55
50
57
4B

0
0
0

.28

.86
Tr.
Tr.

0

"02
"22
.08
.05

0
0

Tr"
.10
Tr.

0
.52

0
0

.03

.01
0
0

.24

.13
0

.10

.35

Total = 2.99
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TAI]LE VI

DA]LY TEMPERATURES AND PRECTP]TATION

JULY L971

Day
Max. Temp.

oF
Min. Tennp.

oF
Ppt.

( inches )

1

2

3

4
5
6
'7

8
9

10
11
L2
13
T4
15
t6
L7
1B

L9
20
2L
22
23
24
25
26
27
2B
29
30
3t

75
7B
79
70
75
74
74
7L
7T

70
75
78
7B
74
80
6B
74
74
7T
79
73
73
7L
87
63
6B
6I
s9
65
75
67

4B
54
56
53
52
46
56
51
49
54
52
56
52
s6
56
46
40
55
52
46
48
50
46
60
50
4B
4B
45
40
45
53

0
Tr.
"3i
Tr.

0
Tr.
.96

0
Tr.
.32
Tr.
.L4

0
Tr.

2)
0

.72

.09
"2L
" 11

0
.08
.08
.t7
.40
Tr.
.26
.32
.02

0
.12

/, ç,.ì
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TAI]LI VT]

DATLY T[}lPEIìATURES A¡{D PRECIPITATION

AUGUST i971

Day
Max. Temp.

oF
Min. Temp.

oF
Ppt.

( inches )

I
2

3
4
5
6

7

B

9
10
11
L2
13
I4
15
16
T7
1&
L9
20
2L
22
23
24
25
26
27
2B
29
30
3I

65
68
73
76
BO

84
8B
90
79
7I
75
73
66
76
93
75
86
78
IJ
B1
90
BO

79
66
72
82
BB

92
76
77
69

43
3B
4t
49
53
54
57.
64
60
55
50
53
50
52
62
63
62
55
s6
52
60
60
55
52
53

53
55
53
52
42
52

Tr"
0
0
0
0

.01
0

Tr.
.45
Tr.

0

"13
0
0
0

"07
.01
Tr.

0
0
0

Tr.
0

Tr"

Tr.
0
0
0
0
0
0

Tota 1 ,67
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APPENDIX A

TABLIÌ VIII

DAILY TI.]'IPERATURES AND PRECIPITATION

SEPTL}II]ER L97I

Dny
Nfax. Temp.

oF
If in. Temp.

oF
Ppt.

( inches )

1

2
J

4
5
6

7

B

I
10
11
L2
13
t4
15
16
T7
1B

L9
20
2t
22
23
24
25
¿o
27
2B
29
30

74
87
83
6B
76
66
B1
75
78
74
76
75
76
6s
57
5B
54
59
67
5B

49
61
61
72
68
62
66
63
6s
61

60
48
62
61
56
53
50
45
46
40
3B
54
45
43
4T
36
31
33
42
35
2B
30
29
37
49
54
49
39
35
53

.03
0

Tr.
Tr.
.75
.06
.01

0
0
0
0

Tr.
Tr.
Tr.
.06
.10

0
0
0

Tr.
.07
"01

0
0

Tr.
.14

0
0

Tr.
.73

Tota 1 1.96


