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Notwithstanding the fact that work on the transmission of
horsesickness was commenced as long as 30 years ago, the actual
natural transmission of this disease has up to the present not been
cleared up.

According to general opinion mosquitoes are strongly suspected
of being the tldn%mlttlno agents, although this viewpoint does not
find unanimous support amo nﬂst the f.irmmrj community in South
Africa amongst whom a diversity of opinions exists. We will, how-
ever, discuss these latter theories more fully in another paper
confining ourselves here solely to the main facts.

Horsesickness is not contagious. Its occurrence under natural
conditions 1s restricted normally to the summer months and the
severity of an outbreak depends mainly on the amount of rainfall.
Infections generally take place only at night, round about sunset
or sunrise. Horses kept in screened stables at might escape infection
even in known bad horsesickness areas. These facts collectively are
to be regarded as strong indications that mosquitoes are involved in
the transmission of this disease and when we started our work on
the transmission of horsesickness in 1931 mosquitoes received primary
attention.*

* This paper constitutes the first of a series dealing with the transmission
of horsesickness and bluetongue of sheep, carried out at the Onderstepoort
Laboratories.

One of the authors (0.N.) remained in South Africa during the winter
1931 and the summer 1931/32 as a foreign IFellow of the Rockefel'~~ Tounda-

tion and continued work during the summer 1933, assisted by esearch
Grant of the Rockefeller Foundation and a grant from the So African
(Government. He wishes to express his deep indebtedness to the kefeller

Foundation for the generous support granted him, which made it possible for
him to study these interesting problems, and to Dr. P, J. du Toit, Director
of Veterinary Services and Animal Industry, for the generous hospltahtv
e‘{tended to him at the Onderstepoort Laboratories. He also wishes to express
his gratitude to Prof. Dr. L. de Blieck, Director of the Institute for Parasitic
and Infectious Diseases of Utrecht, who allowed him the long leave, necessary
for the journeys to South Africa.
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MOSQUITO SURVEY AT ONDERSTEPOORT DURING 1931-32.

In order to obtain the necessary information about the species of
mosquitoes most probably connected with the transmission of the
disease under review, a mosquito survey was carried out at Onderste-
poort during ‘the swmmer months of 1931-32. At the same time.
however, suitable experimental methods had to be worked out and
the transmission experiments themselves conducted. The desired
degree of completeness in this survey could, therefore, not be
expected.

The original farm on which Onderstepoort stands was known in
former years as a particularly bad place for Liorsesickness. Although
subsequently many important alterations have taken place in the
neighbourhood of Onderstepoort, notably the construction of the Bon
Accord Dam, the site was regarded as suitable for this research, as
we considered that the breeding places of the most preobable
transmitters could quite reasonably still be expected to exist. The
success of the work, however, depended largely on climatic factors,
nawmely, as to whether these would be such as to result in a real
horsesickness season or not. In this respect we were disappointed.

CLIMATIC CO )ITIONS
AT 0 I

As previously stated, all available information tends to indicate
that outbreaks of horsesickness depend mainly ou the amount of
rainfall during the summer months. The rainfall recorded from
Qctober, 1931, until April, 1932, at the meteorological post at Onder-
stepoort is shown in Table 1.
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MOSQUITO STRVEY AT ONDERSTEPOORT DURING 19: .32.

zaximun, was noted on 1 day in November, not at all in  ecember,
twice in January, twice in February, and once in March, altogether
on 6 out of more than 200 days.

The rainfall actually corresponded with that of a very dry
season which was further bornme out by observations on plant life
and the level of water present in the Bon Accord Dam, lying in the
immediate neighbourhood of the Onderstepoort aboratories, which
was far below that of normal seasons. As a result of the dry season,
only a few isolated cases of horsesickness occurred at Onderiepoort
and the adjoining farms towards the end of the season, and in only
one of these cases did no history of a previous immunization exist.

To obtain a clear idea of the rainfall in a bad horsesickness
season, we must compare the rainfall in the season under review
with that of the summer 1917-18 and 1922-23, when severe outbreaks
of horsesickness occurred at Onderstepoort and the adjoimng farm
Kaalplaas, which also belongs to the Laboratory. This d erence is
clearly shown in Table 2 and Graph 1.
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Fig. 1.—Monthly distribution of rain during two good horsesickness
seasons (1917-1918 and 1922-1923) and during the season 1931-1932.

TABLE 2.
1917-1918. | 1922-1923. | 1931-1932.

July. .o | -40 — 1-43
AUGUSE. Lo i e s i 2-07 3-07 —
September........... il : 34 -31 —
October. ..o e e -35 3-97 2-45
NOVEIMDET. . oottt e 13-82 5-26 5-075
December. .. ... e 7-35 6-30 1-65
JANUATY .o oottt 3-74 12-05 3-99
February.............. . ..o ool 5-11 3-58 485
March. ... oo e 6-89 3-12 2-08
April. .o e — -86 275
May...cooiiiii — -01 —
JUne. . e e — -12 —

JULY-JUNE.. .. ..o 40-07 38-75 22-275

NOVEMBER—APRIL. ..vvveveneeennn 36-91 31-47 18-34H

Comparison between the rainfall in 1917-1918 and 1922«1923,~

two notable horsesickness seasons, with the season under review.
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outh Africa the following 102 species of mosquitoes belong-
different genera have been found up to the present:—

Tribe Anoplelini.
Anopheles (Anopheles ) mawritianus Daruty & d’Emmerez.

. Aunopheles (Myzomyra) ardensis (Theobald).

Anophleles ( Myzomyia) cinereus Giles.
Anopheles (Myzomyia) cinereus Giles.
dnopheles (Myzomyia) funestus Giles.
Anopheles ( Myzomyia) funestus leesons Evans.
Anopheles (Myzomyia) gambiae Giles.
Anopheles (Hyzomyia) jacobi (Hill & Haydon).
Anopheles (Myzomyia) listeri De Meillon.
Anopheles (Myzomyia) longipalpis Theobal

. Anopleles (Myzomyia) maculipalpes (riles.

. Anopheles ( Myzomyia) marshalli (Theobald).

. Anopheles (Myzomyia) natalensis (Il & Haydon).
3. Anopleles (Myzomyia) nili Theobald.

. Anopheltes (Myzomyia) pharoensis Theobald.

. Anopheles (Myzomyia) pretoriensis Theobald.

. Anopheles ( Myzomyia) rhodesiensis Theobald.

. dnoplieles (Myzomyra) rufipes (Gough).

Anopheles (Myzomyia) squamosus (Theobald).

. dAnopheles (Myzomyia) squamosus sydippis de Meillon.
. Anopheles (Myzomyia) theileri Kdwards.
. Anopheles (MHyzomyi) squamosus cydippis De Meillon.

Anopheles (Myzomyia) demeilloni Kvans.

Anopheles (Myzomyia) demeilloni carter: FEvans & De
Meillon.

Anopheles ( Myzomyia) garnhami  dwards.

Anopheles (Myzomyia) garnhamr walshi Fvans and De
Meillon.

Tribe Culicini.

Aédes (Aédimorphus) abnormalis ('heobald).

Aédes (Rédimorphus) albocephalus (Theobald).

Aédes (Aédimorphus) alboventralis (Theobald).

Aédes (Aédimorphus) apicoannulatus (Edwards)

Aédes (Aédimorphus) argenteopunctatus (Theobald).

Aédes (Aédimorphus) bevisi Edwards.

Aédes (Aédimorphus) capensis (Edwards).

Aéles (Aeédimorphus) cumminsi (Theobald).

Aédes (Aédimorphus) dentatus (Theobald).

Aédes (Aeédimorphus) durbanensis (Theobald).

Aédes (Aeédimorphus) fascipalpis (Edwards).

Aédes (Aédimorphus) filicis Ingram & De Meillon.

Aédes (Aédimorphus) furcifer (Fdwards).

Aédes (Aédimorphus) marshalli « heobald).

Aédes (Aédimorphus) minutus (L'heobald).

Aédes (Aédimorphus) ochraceus (Theobald)

Aédes (Aédimorphus )punctothoracis (Thech, |

Aédes (Aédimorphus) quasiunivittatus + heobald).
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MOSQUITO STRVEY AT ONDERSTEPOORT DURING 1931-32.

41. Aédes (Aédimorphus) tarsalis (Newstead).
42. Aédes (Banksinella) lineatopennis Ludlow.
Aedes (Banksinella) lineatopennis cilrcumluteola Theobald.
43. Aédes (Banksinella) luteolateralis Theobald.
Aédes (Banksinella) luteolateralis fiavineryis Kdwards.
44, Aédes (Finlaya) barnardi Kdwards.
45. Aédes (Ochlerotatus) caballus (Theoabld).
46. Aéles (Stegomyia) argenteus (Poivet).
47. Aédes (Stegomyia) metallicus B vards.
48. Aédes (Ntegomyia) poweri Theobald.
49. Aédes (Stegomyia)pscudoniger~ Theobald).
50. Aédes (Stegomyia) wnilineatu: reobald).
o1. Aédes (Stegomyia) simpsoni (© bald).
H2. Aédes (Stegomyia) subargente dwards.
03, Aédes (Stegomyia) vittatus R got.
54. Armigeres argenteoventralis heobald.
55. Culex annuliorts Theobald.
56. Culex aurantapez Edwards.
57, Culex bitaeniorhynchus Giles.
58. Culex consimilis Newstead.
59. Culexr decens Theobald.
60. Culex duttoni Theobald.
61. Culex fatigans Wiedemann.
62. Culex laurenti Newstead.
3. Culex pallidocephalus Theobald.
64. Culea pérengueyi Ydwards,
65. Culex pipiens Tinné.
66. Culexr pulchrithorar Edwards.
67. Culexr guasigelidus Theobald.
68. Culex rima Theobald.
69. Culex salisburiensis Theobald.
70. Culexr sergent: Theobald.
T1. Culexr stmpsont Theobald.
TR, Culex thalassius Theobald.
3. Culex theileri Theobald.
4. Culex trifilatus Edwards.
5. Culexr univittatus Theobald.
6. Culex vansomeri Edwards.
(7. Culew (Culicomyia) nebulosus Theobald.
8. Culex (Micraedes) inconspicuosus Theobald.
9. Eretmopodites chrysogaster Graham.
80. Eretmopodites quinguevittatus heobald.
S8l. Eretmopodites silvestris Ingram & De Meillon.
32. Harpagomyia trichorostris Theobald.
83. Lutzia tigripes Daruty & d’Emmerez).
84. Megarhinus (Toxorhynchites) brevipalpis Theobald.
85. Mrmomyia hispida (Theobald).
86. Mimomyia mimomyiaformis (Newstead).
87. MHucidus mucidus Karsch.
88. Mucidus scatophagoides Theobald.
89. Taeniorhynchus (Taeniorhynchus) aureus Edwards.
90. Taeniorhynchus (Taeniorhynchus) chubbi Edwards.
1. Taentorhynchus (Taeniorhynchus) fuscopennatus Theobald.
9. Taeniorhynchus (Taeniorhynchus) metallicus (Theobald).
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0. NIESCHULZ, G. A. H. BEDFORD AND Tt. M. DU TOIT.

93. Taeniorhynchus (Mansonioides) africanus Theobald.

94. Taeniorhynchus (Mansonioides) mediolineatus Theobald.
95. Taeniorhynchus (Mansonioides) uniformis Theob: 1.

96. Theobaldia (Allotheobaldia) longiariolata Macquart.

97. Uranotaenia alba Theobald.

98. Uranotaenia bilaeniata fraseri Kdwards.

99. Uranotaenia candidipes Edwards.

100. Uranotaenia fusca Theobald.

101. Uranotaenia mashonaensis Theob~1d.
102. Uranotaenia montana Ingram & e Meillon.

3. MOSQUITO SPECIES F(

It was naturally impossible {0 conduct transmission experiments
with every one of these 102 species and no useful purpose would
have been served. Unlikely species had, therefore, to be eliminated.
As already noted Onderstepoort could be regarded as a good lace for
Liorsesickness work and the natural transmitter of the disease could
be expected to occur here in fair numbers at any rate. Species not
present at Onderstepoort could therefore be disregarded.

During the course of the work, 24 species of mosquitoes were
found towards the end of the winter of 1931 and summer of 1931-32.

In the mosquito traps, which will be described in the next
chapter, the following 16 species were caught as adults: —

. Anopheles cinercus.

. Anopheles mauritianus.
. Anopheles squamosus.
Aédes caballus.

Aédes dentatus.

6. Aédes hirsutus.

. Aédes lineatopennis.
8. Aédes poweri.

9. Aédes punctothoracts.
10. Culex annulioris.

11. Culex decens.

12. Culex fatiganms.

13. Culex theiler:.

14. Culex univittatus.

15. Lutzia tigripes.

16. Taeniorhynchus africanus.

The following species were found in the larval stage in  =ir
breeding grounds:—

17. Anopheles pretoriensis.

18. Aédes argenteus.

19. Aédes durbanensis.

R0. Aédes nigeriensis.

21. Aédes vittatus.

22. Culex duttons.

23. Culex salisburiensis.

24. Mucidus scatophagoides.
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MOSQUITO SURVEY AT ONDERSTEPOORT DURING 1931-32.

Of these species, Adédes durbanensis and A. nigeriensis were
recorded from Onderstepoort and the Transvaal for the first time.
The following were collected both as larvae and adults:—

Aédes caballus.
Aédes dentatus.
Aédes hirsutus.
Aédes linneatopennis.
Anopheles squamosus.
Culex theilert.
Lutzia trgripes.

It must be mentioned here that no special effort was made during

this season to procure as ma

_ cles as possible.

Besides the species mentioned above the following have pre-
viously been collected at Onderstepoort (cf Bedford 13th and 14
Rept. Dir. of Vet. Ed. and Res. 1928) : —

2.
26.
R7.
28.
29.
30.
al.
o2.
33.
34.
26.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.

Altogether therefore, 47 species of mosquitoes b

Anopleles
Anopheles
Anopheles
Anopheles
Anopheles
Anopheles
Anopheles
Anopheles
Anopheles
Anopheles theileri.
Anopheles demedlloni.
Aédes cumminsi.

Aédes quasiunivitiatus.
Aédes simpsond.

Culex bitaeniorhynchus.
Culex pulchrithorax.
Culex quasigelidus.
Culex simpsont.
Mucidus mucidus.

argenteolobatus.
ardensis.
Ffunestus.
gambiae.
maculipalpis.
marshallz.
natalensis.
rliodestensis.
rufipes.

Taeniorhynchus fuscopennatus.

Taentorhynchus uniformis.
Theobaldia longiareolata.
Uranotaenia candidipes.

following 8 genera are known to occur
present : —

Anopheles ...
Aédes

Culex ...
Lutzia ...

Taeniorhynchaus

Theobaldia ...

Uranotaenia
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The finding of 2 species of Aédes during this survey not pre-
viously known to oceur in the Transvaal indicates that this list might
not yet be complete, although the more common species have cer-
tainly all been included.

4. RESULTS OF GA™ HING
TR

The number of mosquito species present at Onderstepoort is still
far too large to make it practicable to use them all for transmission
! £5€ 10 praf ! . ; .
experiments. [urther selection on epidemiological grounds 1s, there-
d . (=] ) b
fore, still necessary.

In order to obtain some information as to the relative abundance
of the mosquito species flying around at night, we used specially
constructed traps, containing a horse as bait animal. Traps of this
sort had already been used in the earlier mosquito work at Onder-
stepoort.

These traps consist of a wooden framework covered with thin
mosqguitoproof hessian and protected against rain by waterproof
linen. This mosquito tent contains a horsebox into which a horse
18 put in the late afternoon, at 5 o’clock, the animal remaining there
over-night. The entrance is closed in such a manner that a small
vertical slit remains open between the two overlapping parts of the
hessian forming the entrance. Mosquitoes, atiracted by the animal
can enter through this slit, but it is difficult for them to find their
way out again. When looked for the next morning they are found
resting under the roof or at the sides, often in some dark corner
behind the wooden poles supporting the tent.

Two wof these traps were placed some distance outside the
laboratory. ™The first irap was erected towards the east near the
Aapies river under some trees at the edge of an area of bushveld.
The second trap was placed about two-thirds of a mile to the north
of the laboratory on a swmall road sheltered by trees be zen the
native location and a large portion of open bushveld surrounding
the Bon Accord dam. In the neighbourhood, breeding places ot
Aédes caballus, A. lincatopennis and A. dentatus were present.

On some occasions lights were kept burning all night in the
traps with the intention of making them more attractive to
mosquitoes. ITowever, no constant differences between dark and
illuminated traps were observed.

The first trap was ready for use on September 24th, and the
second in the beginning of November, 1931. The use of both traps
was discontinued on February 11th, 1932. A list of mosquitoes
collected in these traps is given in Table 3.

Altogether 1,224 mosquitoes were caught, representing 1€
species. Of these 21 specimens belonged to Anopheles, 683 to Aédes,
517 to Culex, and 3 to Taentorhynchus and Lutzia together.
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MOSQUITO STURVEY AT ONDERSTEPOORT DURING 1931-32.

The Anophelines were very rare, only £
A. maurittianus and A.

3 species, A. cinereus,
found. The season, therefore,
Anopleles breeding.

two-thirds of the total number,

ing dirvectly on rainfall.

specimens belonging
squamosus, bel
must have been very unfavourable ror

Furthermore, 4. squamosus, to which h~longed

is a river breeding species not  pend-

Of the 5 Culex species present amongst our material, C. theiler:

was the only common species.
caught in October in the trap alongside the Aapies viver,

they were breeding in large

Nearly three-quarters of them were
whers
species common

numbers. is a

throughout the year with no special summer preference.

T:

List of Mosquitoes collected

between R4th September,

JE 3.

in Mosquite Traps at Onderstepoort
1931, and 11th February, 1932,

’ Sep-
tember,

Month. October.

November.

December.| January. February.\ Total.

Cinereus. ... ...
mauritianus . . .

1. 4n.
An.
An.

Trap. } I

W o

I Ir ) 1 Iry r 11

|
s
SERES

SGUAMOSUS. . o . . ‘ 1 ‘

. Aédes eaballus.. .. .. ’
Aédes dentatus. . ...

Abdes hirsutus... . .. ‘
Aédes lineatopennis.
. Aédes poweri...... .
. A. punctothoracis. ..

© 001Uk

—
®  othe
SO Ot =

—
P

|

. C. annulioris... ...
. C.decens..........
12. C. fatigans.........

——
-

14, C. univittatus. .. ...

[
5 et
w%:cl\:m‘

13.

13. C. theilerio...o..o .. 9 { 327
L. tigripes......... l
I

l

16. 7. africanus. ... ...

|
(
|
\
]
~ |

\
\
i
1

Taeniorhynchus africanus
Lutzia tigripes only by one.
is not a bloodsucker.

represented by 2 specimens, and
latter species so far as we know,

was

This

In Nentember 0 out

The Aédes species were the most numerous.
of 10 belonged to them;
out of 305; in December, 121 out of 216;
and in February, 234 out of 253 specimens.

in October, 2 out of 342; in
in January, 40 out of 77;

yvember,

276

This distribution of the Aédes species coincides very closely with

the rainfall (c¢f. Table 1).

The largest numbers were caught in

November, this month, especially during its first 10 days, having had

a good and well- dfstributed rainfall.
1 60 inches of rain having fallen.

December was very dry, only
The number of mosquitoes was

reduced, but still remained fairly large, a fair number of those which

hatched out in November undoubtedly still being alive.
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the effect of the drought in December was well demonstrated by the
extremely small nuwmber of specimens collected.  On 20th and 21st
January, more than 3 inches of rain fell and in I'ebruary large
numbers of mosquitoes re-appeared again. In 11 days’ time nearly
6 times as many mosquitoes were caught as during the whole of
January.,

Of the 6 dédes species found, A, dentatus, with 455 specimens,
was by far the most common. Then followed A. linnewtopennis with
186 specimens, wheveas of A. caballux, 21, of A. punclothoracis. 11,
of A. powerd, 6, and . hirsutus, 4 specimens were collected.  This
numerical distribution of specimens over the different species, how-
ever, could not coincide with the actual composition of {he mosquito
fauna in the field. On several oceasions we were breeding out
thousands and thousands of mosquitoes, especially A, caba s within
a few hundred yvards of owr second trap, but notwithstanding this,
only very few specimens could be recovered from the trap. The
traps therefore failed to giva ws an accurate indication of the
relative abundance of the mosquitoes present in the field, which was
the main object of their use and that is the reason why further work
with them was discontinued in IFebruary.

It 15 a well-known fact, that some species of mosquitoes regularly
enter houses or stables at night, whereas others are only exception-
ally found inside rooms.  Our mosquito tent seened to have the same
effect ou these insects as a house or stable. Some species were
aftracted by 1t and the bait animal 1nstde and consequently were
caught in large numbers. Other species only occasionally entered
the traps and some others not at all. Horsesickness. however, 15 a
disease transmitied in the field and only very exceptionally in
stables.  Thus, Instead of giving us the information desired, the
iraps merely showed o tendency to select those <wecies, which were
less likely to be connected 1with horsesichness. his negative infor-
mation, however, was also of some importance asx we will see in the
final =ection of this paper.

5. BREEDING PLACES AND
MOSQUITO SPEGIES FOQUI

The most valuable information, so far as this could be expecied
in a not very favourable season, we hoped to obtain from a survey
of the breeding places in the neighbourhood of the lahoratory. To
this we devoted quite an important part of our time.

The Onderstepoort Laboratories arve huilt on whatl was formerly
a farm about 8 miles distant from Pretovia near a small viver, the
Aapies viver, which enters the Bon Accord dam. The aboratory
buildings, houses, stables, farm yard and some areas or cultivated
Land form a centre, which for a large part is surrounded by tyvpical
Transvaal bushveld. more or less untouched except by the grazing of
animals.  Just at the edge of this veld in particular we searclhed for
breeding places and were fortunate in finding all the diff~rent con-
ditions of the veld {o be present within a few lhours’ wa so that
regular visits were possible without interfering too much with the
experimental work.
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MOSQUITO SURVEY AT ONDERSTEPOORT DURING 1931-32.

In the accompanying wap (Fig. 2) the site of the main breeding
places in the neighbourhood of the Laboratory is shown.

AL Breepise Praces or dnopheles Tarvak.

Anopheline larvae were very scarce bul were found from {ime
to time together with those of (. t/heileri in backwaters of the river
from October onwards. Most of them proved to

be Adwopheles
squamoss and later in the summer o few larvae of A, pretoriensis

Rvaler

ron Comet
Jrrght :

300 o Eoc 000 1500
cer

Fig. 2.—Map showing the d¢des breeding places near Onderstepoort.
numbers are referred to in the text.
dentatus, H=4. hirsutus, L=4.

The
A=4. argenteus, C=A. caballus, D=A.
lLineatopennis, and V=Ad. wittatus.
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On the 2nd of January, 1932, e.g. we filled the pool with tap
water. On the 4th, 0-4 inch rain fell. On the 6th large numbers
of small larvae were seen. he pool depended in the meantime
practically solely on tap water. The first pupae appeared on 11th
January in large numbers. They were frequent the next day, but
thereafter their number decreased, on the 15th the last ones being
collected. On that date the breeding place alimost dried up but was
immediately filled again. Small numbers of larvae reappeared on
21st January, but did not becoine numerous. On later occasions we
were also able to produce larvae by filling the place with tap water and
sometimes, but not regularly, obtained them in quite large numbers.

The eggs must have been present in the dried up pool for when
L e appealed at all, they did so after a few days and were nearly
all of the same size. When water remained in the pool for scme
time Culew species deposited their eggrafts on the surface of the
water, their larvae hatching out, but being quite small still at the
time that the dédes were pupating. This fact also serves to indicate
that the hirsutus eggs must have been present in some dormant state
in the dried pool. Whenever we kept this under water for a longer
period than sufficed for one generation of hirsutus to breed out no
more larvae appeared, or at any rate only very small numbers. As
it was not possible to keep the water level in the pool constant, these
larvae might have originated from eggs lying in parts of the pool
that had been dried up for some time. Occasionally some larvae of
Aédes lineatopennis and Anopheles squamosus were found breeding
in the same pool besides the Culexr already mentioned.

A few yards from this pool another breeding place of A. hirsutus
(No. 10) was situated in the same furrow. It was very small and
shallow, however, and only occasionally vetained sufficient water to
produce adults. On one occasion 1t was filled with clear weter y
a leakage from a cattle drinking trough and this also cause eggs
to hatch out. In this pool the Tarvae were sometimes found asso-
ciated with those of Wucidus.

Some really good breeding places were l~cated between the
native location and a small spruit or stream 3. 13).  They con-
consisted of a few medium-sized, elongated, shallow pools alongside
a few large boulders. They were unsheltered although there were
a few low shrubs in the vieinity, the smirounding veld consisting of
sparse bushveld. After a good rain these pools became filled with
muddy water and, provided they remained full for a sufficien - long
period, regularly yielded a good supply of larvae.

Two other breeding places, situated close together, were found
on the other side of the native location (No. 15, map). One con-
sisted of a fairly deep old quarry, in which, however, larvae were
only occasionally present. The other lay a few yards away in a
very shallow depression covered for the most part by short grass.
A tree standing in the vicinity afforded the only protection, other-
wise the swrroundings were quite bare. After a good rain the place
would be filled with muddy water and fair numbers of A. Jirsutus
were frequently present. On 20th and 21st January, e.g. heavy rain
fell, and on the 25th numerous small larvae were observed. Com-
pared with others, this place, on account of its vegetation, was not
a typical hirsutus breeding ground.
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Typical breeding places were encountered again to the east of
the native location in depressions formed in a number of small
gulleys, conducting rainwater to the main stream, which traversed
a slope covered with sparse bush (Nos. 16-18 of the map and another
further south not shown). One of these pools in particular (Fig.
regularly produced larvae in fair numbers after every rain. eeding
places of this type, depressions in gulleys or furrows filled with
water only after rains, were also found to the south-west of the
laboratory (breeding place 1).

Another breeding place, which, during its short existence,
supplied us with large numbers of larvae, lay near the main build-
ings of the laboratory (breeding place 3), alongside a road on either
side of which depressions existed which occasionally became filled
with rain water. Another similar place was situated behind the
Library (breeding place 4).

Fig. 4.—Breeding place of Aédes hirsutus. A small pool in the veld filled
with muddy water. At Onderstepoort.

A different type of breeding place was found near the Aapies
river (breeding place T), alongside an irrigation furrow which was
generally full of water. This consisted of a number of small pools
of the size of animal hoofprints and crab holes in which on one
occasion a fair number of Airsutus were found.

At the beginning of March, 1932, we paid a short visi* to the
Government Irrigation Settlements at Tosperfontein, about )} miles
west of Pretoria, where horsesickness had appeared amongst immu-
nized mules at that time. Near Losperfonteir 4édes hirsutus was
found breeding in a very remarkable manner. Tater v irrigation
and drinking purposes was conducted by a small furrow constructed
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The larval development is short, the first adults appearing about
8-10 days after the filling of the breeding places. The rate of larval
development depends on the outside temperature and the size of the
breeding places, small and shallow pools being warmer than larger
and deeper places.

Adults were not observed in the neighbourhood of the breeding
places except only dirvectly after hatching from pupae.

C. Breevine Praces or Aédes caballus axp A. Linecatopennis.

The first larvae of A. caballus were found quite unexpectedly
in October, 1931. On that date larvae were observed in shallow
water covering quite a large piece of open veld situated between the
Aapies river and the old native location, just below some fields of
maize (breeding place 23). The following day a small amount of
\x;eater only was left which had completely dried up the .y there-
after.

A week or so later larvae of 4. caballus were found, again quite
unexpectedly, in a furrow covered with grass situated near a plan-
tation of trees at the edge of open veld, between the pies river
and the new native location (breeding place 20-21). OUn returning
the next day all the water had disappeared.

In both cases it was difficult to trace any connection between
the appearance of the larvae and rainfall but on going into the
matter we found that the ground had most probably been flooded
by an overflow of water used for irrigating maize fields. On 4th
November we once more saw larvae in the first breeding place and
were then able to trace definitely the source of the water to the
irrigation operations. Having established this fact, we connected
both breeding places with the irrigation system of the farm lands
belonging to the laboratory by means of small furrows (cf. map),
in order to enable us to fill the breeding places at will and thus be
independent of rain to some extent. One difficulty which confronted
us, however, was to get sufficient water to the breading spots during
the spells of dry weather. The distarce from e point where the
water had to be pumped out of the ipies ~*rer to our breeding
places was nearly 1} miles, and it took more an 24 hours for the
water to reach its destination as very large guantities were ahsorbed
by the dry ground of the furrows. On account of the high evapora-
tion rate, water had to be led to the places over a period of several
days, which would frequently interfere with the farming operations.
As an example of the extreme dryness of the ground we may menti~»
the following observation. On one occasion we endeavoured to
one of the smaller breeding places (No. 15) with water by nieans
of a water cart. 6,000 gallons of water were poured on to the same
spot during one day but this was immediately all taken up by the
ground. We were therefore forced to give up this idea.

Reverting back to the breeding places themselves, the kst were
the three marked in the map as 20-21 and already partia - scribed
(Thig. 6 and Fig. 7). The centre was formed by an old furrow covered
with grass which, since the middle of January, had been connected
with the main irrigation canals. The water coming down this
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furrow was stopped by the remains of an old road slightly raised
above the ground level. At this point the water flowed {o either s5ide
of the furrow into open pans covered with grass but »ot ere
m any way. Small dams and furrows were construct so that we
could dry up these pans alternately. A number of I 3 were
so as to concentrate the water and larvae in them white the pans
were drying up.

On 21st January the larger of the pans was filled by rainwater
and during the following days irrigation water was added to prevent
it from drying up. On the 26th very numerous larvae and pupae,
about equal in number, were observed. Tater on we found that 5-6
days was the ovdinary period for the larv  development during warm
weather.

Fig. 6.—Breeding place of Addes caballus and Addes linealopennis,  An
old furrow covered with grass. At Onderstepoort.

We were now alle to expect enormous numbers of larvae with
absolute certainty a few davs after the place had been filled by rain
or irrigation water. llowever, when the place was kept filled with
water over a longer period than that necessary for the development
of one generation of dédes. never would a second generation appear
and only Cwlewr would then continue breeding thereafter. Ioos of
Cule were often observed on the water surface. By the time their

larvae hatched out, the Adddes were alwost ready to p1 o ate. he
same holds good for Lutzia tigripes, whoreas the larvae ot Jucidus
appeared together with those of Adédes.  here 15 no doubt that, as 1s

the case with hirsutws, the eggs ready to hateh out are present in
large numbers in the dited up pools.
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In these pans and in the furrow Aédes caballus ~»d A. linea-
topennis always bred out together. A. caballus was e more pre-
valent species from the beginning, and towards the end of the season
the percentage of A. lineatopennis still further diminished, so that
eventually only very few specimens could be obtained, v ereas the
numbers of A. caballus remained practicallv unchanged. This may
have lLeen due to a seasonal adaptation of e species or to changes
in the breeding places, produced by the repeated floodings with
irrigation water.

Besides these two species and the other specles previously men-
tioned Aédes nigeriensis and A. durbanensis were forund in the same
place towards the end of the season. e adults of 4. caballus and
A. lineatopennis would frequently auvack us in Dbroad daylight
although they were definitely morve active in the late afternoon. The
mosquitoes did not really fly around duving the day, but on being
disturbed and settling down thereafter on the body, they immediately
commenced feeding. The same observation was made with donkeys
that frequently grazed over the breeding grounds.

The second place already mentioned (breedire place 23) also
regularly yielded a large number of larvae, mainly caballus mixed
with a smaller percentage of A. lineatopennis, when it was filled
with irrigation water. It was, liowever, very shallow and dried up
quickly and was therefore mot as suitable for our purpose as the
places described above. The adults behaved in the same manner.
After hatching out they remained at their breeding place for a con-
siderable time. Up to the middle of February a mobqulto trap con-
taining a horse as bait animal was used a few hundred yards away,
but, as has been stated already, only very few 4. caballus entered
it. Tt would seem, therefore, that this species remains on or near
its breeding grounds even at night.

A place, which produced A. lineatopennis exclusively, was four
not far distant alongside the small stream running at the foot i
the new mative location and later joining the Aapies river (breeding
place 19). Just at the edge of this stream a depression in the for
of a small backwater had been formed, It was covered with fai
thick grass and after a rain would be filled with rainwater, but at
the same time it became connected with the streamn by the rising
water. It was remarkable that no calballus were found there as
conditions appeared to be favourable for this species.

In the water reservoir lying bhetween the old native location and
the open fields north of the “frst A-scribed breeding places, larvae of
Aédes were occasionally found. 1is reservoir was only filled with
water for irrigation purposes from time *o time. he first larvae
were observed in it at the beginning of  vember, most of which
belonged to Culex and a %mall nnmber were Aédes cabaﬁus, lineato-
pennis and dentatus. The dam did not prove to be a good breeding
place for larvae of the latter genus however.

Oune of the breeding places first located by us lay between =
road and an irrigation furrow (breeding place 9). A row of trees
stood there and thick grass covered the v ole area. ‘ter heavy
rains the lrrigation canal overflowed and pools were formed in the

62



0. NIESCHTULZ, G. A. H. BEDFORD AND R. M. DU TOIT.

grass under the trees. In November, when the place was first noticed,
principally larvae of A. lineatopennis were found although besides
them a few A. hirsutus, caballus, dentatus, Mucidus, Lutzia tigripes
and large numbers of small Culex larvae were also discovered. The
place was very small and dried up on most occasions b Hre the
larval development was accomplished, and apart from this, it did
not produce larvae after every rain.

The last breeding place of this servies (No. 8) was found at the
beginning of January on the other side of the Aapies river. It con-
sisted of a small clearing in fairly dense bushveld at the foot of a
raillway enbankment and lay at a somewhat deeper level than the
surrounding ground. After heavy rains it hecame filled with rain-
water, augmented perhaps by an overflow from an irrigation furrow
situated close by, and on several occasions contained falr numbers
of larvae. These belonged mainly to 4. lineatopennis and only a small
percentage of A. caballus. The usual small Culex larvae were also
present.

Conclusions.

From these observations the following conclusions may be
drawn : —

Aédes caballus and A. lineatopennis show a definite preference
for certain types of breeding places. They select furrows, small or
medium-sized pans or slight depressions forming part of the wveld,
1.e. amarshy spots covered with grass and filled with rainwater. Con-
trary to A. hirsutus they prefer places with vegetation.

The larvae of both species develop equally well in rain or irriga-
tion water. On no account do they make use of permanent water
for breeding and should the water in their most suitable breeding
places become permanent, not more than one generation will appear
therein. [If, however, the place dries up for some time and becomes
filled rith water again, another gemeration immediately starts to
develop.

The egys, ready to hatch, must be present in the dried breeding
places.  The contact with water probably provides the stimulus
necessary for the hatching process. Not all the eggs seem to respond
to this stimulus at the same time, however, as a number appears to
remain nnhatched when th~ place dries up again =md perhaps the
next contact with water w  cause them to hatch. * this were not
50, 1t wonld be difficult to explain the constant large numbers of larvae
which hatch out every time the place is flooded, even when the in-
tervening dry period was very short. This fact is of great biological
importance to the species. If all the eggs were to hatch out after
the first contact with water, practically all the larvae woul” be
destroyed after some rains insufficient to permit of the & lts
emerging.

DBoth species must overwinter in the egg stage. In winter adults
of the different Aédes species were never encountered. When, how-
ever, at the beginning of October (before the adults appear), one of
the breeding places was filled with irrigation water, large n—bers
of larvae appear ‘4 directly. The place dried up =2fore the wvae
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Conclusions.

According to our « servations Aédes dentatus seems *- prefer
well sheltered and shaded pools without any vegetation. "e have
never succeeded in finding its larvae in the open veld.

This species also depends on rain for its larval developnent, as
permanent water was never found to be used.

We did not observe the adults near the breeding | wces. As
stated before, they entered the mosquito traps in relatively large
numersbh at night, in fa  they were the most abundant Aédes species
caught in them.

It seems, therefore, that A. dentatus is a shadow or shelter liling
species both in its larval and adult stages.

1. Brrepine Praces or Aédes vittatus.

Aédes vittatus, a species belonging to the same subgenus as the
yvellow fever mosquito, was found in three places.

The first place (breeding place ), was situated almost under
a railway bridge crossing the Aapies river. On the top of a rock
some 10 feet wide and b feet high, situated towards one side of the
bed of the viver, a depression, about 10 inches in depih, existed.
After a fair rain this depression became filled with water which
remained there for a number of days. From Octobher we kept this
place filled with river water for the greater part of the season, as it
was known by one of us, from former observations, to be a suitable
breeding place for Aédes vittatus. At first Culex theileri only were
present, but in December, larvae of Aédes wvittatus also appeared
which were later sometimes associated with those of Culew
salisburiensis.

The larvae of A. vittatus occurred more or less regularly in this
pool. TPeriodical drying up and refilling of the place did not seem
to be as necessary for them as for the other A#des species although
hatching condition may possibly be more favourable when the place
is regularly dried up.

The number of A. witiatus obtained from this place was not
very great. From January onwards dragon-fly larvae, which preyed
upon the mosquito larvae, were always present in this pool and it
was practically impossible to get rid of them notwithstanding daily
destructions, as the adult females continued laying eggs. The semi-
permanent nature of the poel may possibly have attracted the dragon
flies more than would have been the case of a pool under natural
conditions.

Another breeding place of A. wittatus was found on the farm
Kuaalplaas near Onderstepoort. In this case the breeding place was
of the same mature as the one described above, and consisted of a
shallow depression containing rainwater on a large flat rock situated
halfway up one of the hills. Quite a number of fullgrown larvac
and pupae were present.
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(. Breenize Pracks ov Aédes argenteus.

Larvae of this spe s were found in some concrete ig troughs
near the stables of the 1aboratory (breeding place 5). They appeare?
there in April, towards the end of the season, but were not at a
common.

H. Brrwnise Praces or Hucidus scatophagoides.

The larvae of MNucidus, a remarka + large mosquito in Loth its
larval and adult stages, are carnivorous, preving upon other mos-
quite larvae. They do not seem to attack other aquatic insects or
at any rate mosquito larvae are their preferential food. and they

have therefore to breed in association  th other mosquit cles.
The largest numbers of Wucidus larvae were found e main
caballus and lineatopennis breeding place (Nos. 20-21). e their

numbers increased gradually and towards the end of the scason they
became quite common.

Apart from this, larvae of Jucidus were located in three other
places (breeding place 1, 9 and 10), twice associated with A. hirsutus
only (1 and 10), and in the other place (9), with A. caballus, den-
tatus, hirsutus and lineatopennis.

In all cases the larvae of M wucidus appeaved together with those
of the Aédes species, whereas the larvae of Lutzia, which also liv
on wmosquito larvae, appeared later. e eaas of Mucidus must
therefore have been present in the dried pools, and in its breeding
habits this species is closely allied to the typical Aédes species. Tt
also does not breed in temporary water and should its breeding pool
not dry wup one generation onlyv appears, In the wain calballus-
lineatopennis place, where most of the Mwcidus larvae were found,
conditions were extremely faveurable on account of the continued
experimental flonding, and 1t is therefore difficult to decide whether,
if under natural conditions caballus places are more favourable for
Hucidus development thau lirsutus pools. That the caballus  laces
are very suitable is certain and further, that hirsuius poois also
accurately fulfil the larval requirements of this species is lLevond

doubt.

Adults of Hucidus were occasionally observed on their breeding
grounds, but these had probably hatched out recently, as 1t would
seem that they do not remain there as regularly or as long as the
adults of A. caballus and A. lineatopennis.

Conclusions.

Muecidus scatophagoides /s « larvivorous mosquilo resembling in
its breding habits the typical Aédes species. 1t is often associated
with the larvae of A. calballus, A. lincatopennis and with those of
A. Tirsutus, thus breeding in marshy spots of the veld covered with
grass, and in pools of muddy water containing no vegetation.

As is the case with the tvpical  des, this species breeds only
in temporary waler and the egos ave present in the dried places
ready to hateh after the first rain.

67






0. NIESCHTULZ, G. A. H. BEDFORD AND R. DU TOIT.

6.

Before gn~ing into a discussion of the results of onr mosquito
survey 1t wot | seem advisable to try . d obtain some rmation
from other diseases related to horsesi~'ness itself or shoy > simila-
rities in the seasonal distribution. here are *our diseases which

may be of use for comparative purposes, viz., 1 tetongue of sheep,
yvellow fever, dengue and malaria.

Bluetongue certainly shows affinities to horsesickness, Both
are non-contagious virus diseases and have a similar distribution
South Africa. The transmission of s disease 13, he¢ ver, not
vet known.

Yellow fever and dengue are virus diseases of man. " e viruses,

especially 1n the case of yellow fever, » very similar vo that of
horsesickness in quite a number of respects. oints of dissimalarity
also exist, but of all the diseases we know vallow fever seems Lo be
the most ('loael} related to horsesickness. ow fever and dengue

are transmitted mainly by Adedes argenteus. Besides this species
a number of other mosquitoes, chiefly belonging to the Aédes group,
has been found to be capable of 1]&]151111f‘[1110 vellow fever experi-
mentally in recent vears, whereas dengue is transmitted by at least
one other Aédes species.

The seasonal appearance of malaria in the Union shows a definite
correlation with that of horsesickness. Bad malaria years are bad
horsesickness years as well, both diseases being limited to the sunmer
months and depending in thelr severity on the Amount of raintall.
It must be mentioned. however, that geographically the two diseases
differ, malaria being more restricted.

Horsesickness cannot, however, be transmitted by the same
species of mosquitoes that carry malaria and yellow fever. The two
malaria transmitting Anopheles species of the Union, A. gambiae
and . funestus, arve house-frequenting species, w hereas horsesick-
ness is not generally contracted in stables but in (he field. yart
from this, the geographical distribution of the two diseases, as pre-
viously mentioned, is not entirely the same. Aédes argenteus, the
vellow fever mosquito, can also not play an important part m the
transmission of horsesickness. It lives in close association with
houses and being mainly a tropical and sub-tropical acies its
distribution in the Union is more restricted than that of (ue horse-
sickness areas,

In analogy with wmalaria and yellow fever, we can therefore
cxpect a species of Anopheles or Aédes, but a true field rariety of
these species, to be the (ransmitter of horsesichkness and reton gue.

In tiying to obtain information as to the pr able transmitter
of horsesickness from the vesults of ouwr mosquito surrey, we must
not lose sight of the fact that the season wnder review was not a
typical horsesichness season at all.
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Of the 13 Aédes species, known to oceur at Onderstepoort, 160
were found duving this survey, viz.. d. argentens. A calllus, A,

dentuatus, A. durbanensis, A, hirsutus, A lineatopewnis, niger-
ensis, A poweri, Ao punctollioraces and citlatus, To the case of
S of these species the breeding places were located. e had thus

vained quite valuable information so far as the dddes species were
concerned.

A vwmber of these Nédes specios fitted i very well r/‘/'/// the
cpidemiology of lorsesiclyess. To start with, all the Adédes species
stadied, depended entively wpon rainfall. T there i no rain ne
mosquitoes will develop, and their numbers inerease in accordance
with the amount of rain. They do not make use of permuanent water
tor breeding purposzes, not even during a very dry purt of the seuson

when no temporary water 1s available, he egos are present i the
dried up pools ready 1o hateh when these pools hecome filled with ram-
water.  Larval development ix accomplizhed \\'11]1111 a week during

the warm summer monihs,  Should o breeding place dry up for o
short time and become Hooded agaim, another generation immediately
commniences to appear, but it 15 never followed by a second generation
without intermediate drving up.

Of the 8 dédes species found this vear, o1, argenters may not
be regarded as a tran<mitter on account of its resiricted distribution
and special habitx ax has been mentioned alveady,

Aédes hirsutns has 1o e reckoned amonest the potential caomiers,
Tt was quite common throughout the season and bhred mainly in small
to medium-sized pools of muddy water containing no vegetation. A\ﬂ( ot
a good rain plenty of these pools are formed along the sidex of the

voadx and inothe veldo Inopractically ol the temporary water
courses Jormed after cood raims pools of this nature remaim, dilled
with sullictent water for breeding purposes. Water oy also he
added artificially in certain circumstances and o this way adulis
may he obtatned nudependent of the rain (¢f,  osperfonieini, This

iz, however, rather the exception than the rule.

On account of the nature of s breeding places AL Jisutus ix
bound 1o he one of the most common of the dddes species. A very
wet season 1s not necessary for its development as even a moderate
rain ix generally sufficient. This fact may theretore. to some extent,
militate against the importance of its ¥ole as o probable transmitter,

Aedes caballus and AL lieatopenni/s me= he considered together.
Although belonging syvstematically 1o two  fferent sub-genera, they
are hiologically closely related 1o one another. Thex breed in marshy
spots in the veld, by preference in small or medium-sized pans, in
small depressions or {emporary furrows, provided these are covered
with grass,

We were able to breed these two species, especially o vaballus,
in very large numbers, but only under semi-artificial conditions by
flooding their ovdinary breeding grounds rvegularvly with fimieation
water.  Normally thew pans are filled with water only afte  eavy
rains, and more rain s required laler in order to enable n to
retain suffictent water until the Luval development s accomplishe:d.
We feel convinced that without these artificial Hoodings . caballus
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Lastly, Mucidus scatophagoides ix recarded in the literature as
being a non-bloodsucking mosquito, (1 - fowards the end of the
<eason did we discover that thiz statement was not corvect, as ¢ ts
fed rveadily on horses and took up a suwrprisingly lavee quantity of
blood.

Jucidus uses the breeding places ot dédes caballus. . linea-
fopennis and A, hirsutus and has to rank with these species amongst
the potential transmitters.  As it feeds on the larvae of these spectes
it 1s usnally less common. Large numbers of Vueidos can only be
expected from the larger caballus pools after heavy rains, and it
appears to become frequent only towards the end of the season, after
a suflicient number of generations of the species on which 1t prevs
have developed. [t must, therefore, cortaimly be recarded as one of
the tmportant polential transmitiers.

The transmitiers of horsesickness must of necessity have a faily
wide geographical distribulion as the disease itself oreurs over the
larger part of Africa.

We will give here the ceopraphical distribution of the species
of Aédes known (o oceur at Onderstepoort, <o far ax 1t s known in
the countries where horsesickness is endemic.

A wrgentens.—Transvaal, Natal and Zululand, Rhodesia. Tan-
cunyika Territory, Veanda, Nyvussaland., Belegian Congo. Nigeria,
Sudan and Feypt.

Aocaballus.—Transvaal, Natal and Zululand, and Kenyva.

A cvmmbis —Transvaal, Natal and Zululand, Kenya, Uganda,
Nvassaland, Belgian (‘oneo (var.).

Aodentatus.—Transvanl, Natal and Zululand, Kenva, Uganda,
Belgian Congo and Sudan.

Ao durbanensis.—Transvaal, Natal and Zululand, Kenva and
Ueanda.

A hirsutuss Transvaal, Natal and  duland, Rbodesia, Kenva

and Ueanda.

Ao leatopennis—Transvaal, Natal and Zululand, Rhodesia,
Kenva, Uganda, Nvassaland, Beloian Congo, Nigeria and Sudan.,

Aoonrgeriensis.——Fransvaal, Kenva, Uganda, Nyvassaland and
Nigertu.

A poweri—Transvaal, Nutal and Zululand, Rhodesia, Kenva,
Belaian Congo.

AL punctothoracis.—Transvaal, Natal and Zululand,  hodesia
and Belgian Congo.

Transvaal, Natal and Zululand, Rhedesia,

A quasiunivitiatus,
2 vary), Kenva, Uecanda, Nyassaland and

Tangunyika Territory (!
Nigeria.

Ao simpson/.—Transvaal, Natal and Zululand, Tanganvika
Territory, NWenya, Uganda, Nyassaland, leian Congo and Sudun.
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A considerable time was spent in a survey of the breeding places
of mosquitoes near Onderstepoort,

Larvae of Anopheles squamosus and A. pretoriensis were found
in backwaters of the Aapies River, the former species sometimes
being encountered in one of the Aédes hirsutus pools as well. Ano-
pheline larvae were exceptionally scarce throughout the whole
Seasoll.

All the Adédes species studied depend mainly on rvainfall for
their larval development. They make use only of temporary water
for breeding purposes and even in a suitable ~lace one ~»neration
only will develop so long as the place remains  oded. hen such
a place has dried up awnd becomes filled ~gain, another generation
appears. Permancent water is never used v them for breeding even
should there be no temporvary water available for a long time.

The eggs ure present in the dried-up pools and the larvae hateh
out within a very short time after such pools becounte filled with
water. It appears that on contact with water only a certain per-
centage of the eggs hatch out, the remainder lving dormant until
the place has dried up and 1s filled again.

The Aédes species pass the winter in the egg stage. In the early
spring and sumnier, without adults being present, large numbers of
larvae were observed developing after their breeding places had
become filled with water.

Larvvae of Aédes hirsutus were quite common after cood rains
and were found mainly in small to medium-sized pools of muddy
water containing no vegetation. Pools of this nature are present in
large numbers after ¢ood rains.

The larvae of Aédes caballus and A. Iineatopennis live for the
most part associated with one another. They select marshy spots
in the veld covered with grass, small to medium-sized pans, furrows
or slight depressions in the veld. Most of these places ave filled with
sufficient water only after heavy 1ains.  Larval development will
also take place, however, when the breeding places arve filled with
nrigation water. By this means we were abie to breed these species
in large numbers independent of the weather conditions.

The adults of both species remain for a considerable period,
even during the day, at their breeding grounds, sheltered in the
grass. They are strictly confined to these places which usually
retain o sufficient degree of humidity for a longer time than the
rest of the veld.

Both species, when disturbed, bite in broad daylight, but do
not actually fly around during the day hunting for food.

A. caballus in particular, was not attracted to any extent during
the night by horses kept in tent-like stables erected in the neigh-
Lourhood of one of its breeding places.

Aédes dentatus prefers well sheltered pools nwnder trees and
bushes with decomposed vegetation for breeding. 1 the open field
its larvae were never found.
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