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The species of L, pharoensis was regarded by Xarkpatrick in 1925
a® o potential malaria vector i1a Jgypt but no evidence was given until 1936,
“hen 1ts infectivity was demonsirated simultaneocusly by Barber & Rice and by
iadwar on specimens brought from some localities in lgypt where a sporozoite
rate of 0,3%%c was obtained by the former workers and 1.4% by the latter. In
1c3ard to the habits of .., pharoensis, Barber & Rice remarked that it occured
o ndantly in areas of rice cultivation but¥was scarce in houses and stables
vhile 1t showed marked preference to congregete in tents, TFarid (1937-1942)
ohsexrved .., pharcensis resting in rice fielda, Concerning the Anthropophilic
inCex, the precipitin tests made by Barber & Rice in 1937 showed that .\, pha=-
roensie collected from humon habitations gave 97,5% positive for human blood;
izom stebles this percentage fell to 10.8e., V1th the selection of the faeld
Treinang Srea in the direct vicinity of Cairo, the writers were given an opp-
ortunity to investigate the habits of the specres. Preliminary studies made
1n May and June 1959 showed that the field Traxming .rea 1s a malarious area
and that ., pharoensis i1s the only known vector present there. In a survey
mede in June 1959, density of i, pharoensis in houses, during daytime hand
coptureg, was 0,23 mosourtos per men-hour end by flatting an average of 1,76
nosquitop per room was obtained. In most daytime collections there was a
preponderance of “blood fed and half gravad females while the gravid were
either deanty or absent, The present investigation was intensified at
aelected farms 1n the T.7.., with relatavely large patches of rice cultiv-
ation, Tt started on 12 July 1959 with observations on outlet traps which
proceeded regularly until sbout the end of October 1959.  Various attempts
cere made to study the noctural activaties of .. pharoensigs and & few trials
vere also made 1n respect of determining the time and stages of 1ts exodus
from houses,
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The presence of ..; phercensis in natural outdoor shelters also occupied
part of the present study. To determine the anthrophilic index, blood meal
saxples were taken from various resting places and sent to the laster Institute
for adentification. The results which have been received so fer are given later,

It should he emphaesized thal data presented in thig paper is only pre-
liminary and views given are tentative pending further confirmstion, The whole
work done within four months period may only be considered as an approach to the
problems connected with the praincipal vector an the U,.,R., that may be useful
For further studies to be inaugurated during the preparatory phase of the
linlaria Fredication Campaign of Egypt.

Deseraption of the srea:

The field trsaning area 1s & septor selected in the scuthern part of
the Nile Delta, which 1s known as Ciza Provance, More precisely, the area
ocours at about 12 km, nogthewest of Cairo., About 25,000 inhabitants live
in the eree, distributed on four villages and 68 scattered farms, With the
exgeption of the unlevelled edge of the western desert, the area is a flat
l1and covering 57 so. ¥m. of arable land, Lend is ut1lized in maxed crop
cultavation such as cotton, rice, corn, vegetables and others, The rice
cultivation 1s patchy snd mey vexy from one year to another, The ares has
not receaved any house spraying or larviciding, The present entomologiecal
investigations were concentrated in a few farms which had rice cultivation
in the summer of this year, In the background there 18 one village, Kombera,
of about 2,522 inhabitants which was also subject to observations in the course
of the seneral routine monthly malariometric and entomological surveys of the'«
whole ares. )

Malariometric surveys were carried out by the Training Centre persornel
from .pril 1959 untal October 1959, a8 shown in Tables {1) and (2) on page 3.

The mean temperature and average relative humidity during the periocd of
obgerva tion, according to dats collected by the Igyptian Metereologicel Office
for Giza Province, were a8 follows:

Date Mean temperature ¢ R.H, %
11-16/7 25,7 59,2
18-23/7 28,3 51,9
25-31/7 27.7 5940
1~ 6/8 27.4 62.9
15-20/8 2633 64,1
22-27/8 26;4 €3 o9
30,/8~3/9 2644 66,1
5/9~10/9 26,3 65,1
12-17/9 22;5 571
19-24/9 2345 65,1

26~30/9 2345 65,3
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ToBLE (1) Parasite Survey in localities of the T.T.A.
vherce the Dntomolormcal Investigations were carried out.

—

Place Hombera Villarse 8 Tarms

Month June ”!Euly . {Aug, Oct. July August] OCct,
ége Ex.l Pos{ Ux¢ Pos{ Bx,|Posi TxJ Pos.| Lx.|Pos,.| Ix. Pos.} ExJ Pos,
Toup 0

) |
Infants 91[ 07 51y 0 ,.99( 0] 81}11.1 2} - 3 0 - -

1~ 2 2] 100| 30{12.3( ~| =] 41{24,6f 2{ ~ L {0 | ~ | -
2~ 9 -l ~{150] 8] ) ~1l122{ 15| 21{4.7| 10{20 | 8 | ©
10 + -1 ~ {409 2.8f -~ 1| -~ 313%3.3] 6317.9 ] 271 7.4 19|21

Total 9%t 2 16401 4.2 99{ 0 |246 1 10,1] 88{6.8 | 41 9,8 271! 14.8

No survey was made an Xambera in September and
no survey wag made 1n the 8 Tarms in June or September

TABLE (2) Parasite Survey in all vallages and forms of the
“eld Training Area,

Place 513 vaillases OTA A1l Parms FTA
Yonth June | hug. t&ept. 'Oct. July  aus. l Sept. l et

L ,_' I
éfgup Tx.Pos. .Ex.PosL'Em.Posl. Exﬁjosl Exf.PosiEleos@Ex*Pos%.Efoos...
Infants | 6111.161498 .6 414! 2,4] 134] 4.4} 18]5.5 15)1§.j 3166.6 62122.5
1~2 - |~ -1 -~ 128013.9 76|5.2] 18{5.5 16‘18. 2] 0 ‘ 31125.8
2 ~9 - |- ~ 1~ 1127}5,7; 932| $.8{119| 13,3 129 13,9 9 22 262 21.3
0+ | - i~ | o] me7.) 4sle.s|205 42332 5.4 15]0 [ers] o
Total 611!,16/494 .6 1953'4.8!1188 414%916.8| 4921 8,3 29?13 974!15.8

1

Fo survey was made in villeges during July
No survey was made in forms during June
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The obove data shows the melariousness of the M1eld Troining Area, where
te enfomolosical investigation was carried out, It shows also that most
infectron 18 localized an farms, This nay be explained by the fact that
ihe close proximily of farms to rice fields renders che small humen popul-
ation more expesed to a hisher baiting rate, consegquently to a higher risk,

Towever, tronsmssion in the I'TA on the wholc secmsd to have been of a
low pace #which was ~reatly enhanced in Oclober. 111 positive cases weore
identafied as P, vivax, the other species have not so far been encountered,

ITNTHOIS

1) OCutlet windorr traps,’

The mgan objective of the use of window traps was to collect
information on the exodus of A, pharoensis in unsprayed areas under nat-
ural conditions, Three traps were installed in five rooms selected in
taree farms, as defined 1n the followng :

Trap 1 -~ was faxed onto a wmndow facaing north in a bedroom of
2 mud house, Observaetion with this trap started on 13 July 1959 and is
st1l1l proceeding, The room has only one entrance which opens inte a lobby.

Trap 2 ~ was fixed onto a bedroom window facing scuth, an the same
hiouse, opposite to the above, Operation of ithis trap started en 13 July as
adove, The room has only onc entrance, a door opening into a lobby.

Trap 3 -~ This trap was installed in another farm, Tixed to a
bedroom wandow facing north., This room had oaly one door whicih opencd
also north cormecting the room dircctly with the outside., It vas found
necessary to fix a screen of jutc cloth on to the outsiade of the door to
eliminate escape of mosquitos through small holes that ocoured betwesn the
door frame and the walit. . The operation of this trap started on 24 Ausust
1959.

The traps used in this investigation are of the portable type,
wialch have wooden frames, the dimeasions of which are 35 cm x 35 ecm x 35 on
to whach 1s attached a cone of mosguito netiing allowiag passage of mosquitos
that fly out of ilhe room to the confanbement of a mosguito net cage-like irap
around the cone. To avoxrd loss of tame, arrangements were mode to remove
the traps when each had mosquitos and replacing it by another g aply trap.
Inhabitants were instructed to sleep inside and close the door at dawm,
keeping 1t closed until time of collection which was usually between 8.30
and 9.30 am. Trapwith moscuitos were trunsported to the lavoratory for

xamaination, Although ihis wos zenerally followed, some 1rregularities
covld not be excluded. The number of days of operation of the traps per
wgek varied, thus the average for the week 1s represented oy the average
mosguirtos collected per irap per day. Collections from rooms of traps were
made every second day,
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In the 1nitial stages of the invesiigation, determination of
5211la stages -ras made oa trap collections but later, after stalff was
trained, Christopher's stages also werc simultoncously determined and
loter an attempt was madc lo determine the proportion of Limlliparous
~ad parous females, but on & forr numbers, thus 1t 18 not included here,

I1 HIGIT OBSEAVATIONS:

Tew night observations vere planned during July and _ugust 1959,
ritn a view to determining the onset of activities of .. pharcensis, naightly
nllux, 1ndoors and culdoors biting habits. In the first nmight observations,
tne farst wrater noted tanc presence of .., pharcensis population post Feeding
resting on cotton snd okrn planmts (I"ibiscus escolentus) and on the outsidé
of walls outdoor , hence collections from such situations were mede

gratematically through the hours of the nisht and in further night obser-
vations,

Semples of blood meals -rere token from mosguitos resting on
cotton and okra plants and from outside walls and were sent to the Lister
Instatute for precipitin adentification,

Collections of mosquitos during nizht capture were made on
subgects sitting or lying outdoor mnear houses and subjects sitting
or lyinz . indoor . The collection &t each situation wog made by hand
copture by one collector for 15 minutes every hour of the night from the
onset of baiting activities until the time when the activities were fully
depressed. 'hen 2 collection wes obtoined from two subjects, the figure
was reduced to one. In all observations moscuitos were collected when
they were on actval bitc.

I OUTDOURS DAYTIID RESTIVG PL..CL3:

The okjective of thas irial was to confirm the outdoor resting
habits of part of the .., pharoensis population which was observed earlier
by Faridy and to clagsify mosguitos obtoined from cutdoors shelters accord-
ing to Sells ond according to the results of the blood precipitin tests,

~Tler preliminary searches in various types of vegetation, 1%
vas found that ., pharoensis populations fovoured rice plants as a daytime
resting place. Collection from rice plants by hand capburc was strenuous,
time consuming ond yielded only a sn2ll numoer of mosguitos. Hence a
cubical tent of 1473 cm x 143 cm with an overall height of 155 cm, 15-20 cm
of which are pushed into the soi1l, was devised by the first writer, * The
roof and entrance of the teat vere made of mosquito netting but the walls
ere made of canvas, The tent, which con be installed within 10 minutes
18 later lafted and dracsed an rice ficlds for further placements. In
cach placement, two collectors went to the inside and the door wae tightly
closed. Tmce plants were shaken, mosquitos sere seen on the canvas sides
of the tent, vherceby they were collected by suction tube. Collection of
cach placement was restricted to 15 minutes by tvo collectors, 1ost coll-
actions worce identified by blood digestion stages of Sella (1?20) and blood
meal samples werc sent to the Taster Instatute for precipitia determination.
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IV CTRIAL FOR DETERMINING TIME EXQDUSS

In the course of siwudy of the exodus of A. pharoensis, time
only allowed for two trials vhich should only be taken as an approach
to the guestion. Juwring night observations, rooms of Traps } and 2
were utilized. The tent devised by the first writer for regular coll-
ection of mosquitos, was also introduced in this trial after being
fitted wath an outlet trap.

In the two trials made, the deorg of the rooms and tents were
kept opened until 1 am. after which they were kept closed and collsction
firom traps was made at hourly intervals, The human subjects who slept
in sbout 10 pm were allowed to go out at 5-6 am and the door of room
Jo. 1 was kept closed until ¢ amyonly while that of No. 2 and the tent
vere kept closed contimously untal 9 am, 48 hours later. During the
48 hours too, collections were made from each of the three traps at
hourly intervals, except during night pericds extending from 8 pm to 8 am.

More detsils on these trials are given later,

RUSULTS OF VARICUS INVDSTIGATIONS

IT =~ NICHT OBSIRVATIONS:

For convenience, results obtained from naght
cbservations are presented before proceeding to other observations.
Nipht observations were conducted on 22 July 1959, 5, 19, 26 August
1¢59, Results of the 15 minute captures made at various sites every
heur of the night are i1llustrated in Tags, 1, 2, 3 & 4, Inrtially it
was difficult to find access to human subjects in the local mud houses
but this could be solved later in observation of 26 August, Apart from
the latter observations, captures were mede not/regularly as inhabitants /wgrﬂ
did not retire before 11 pm, Indoor counts taken from the tent device
were more controlled as the subject was s labourer temporarily employed.

It should be emphasized that observations were
nade et summer time which was one hour in advance of the local time.
Local time being two hours in advance of Greenwich llean Time.  Obser=-
vations made at different dates were not adentical. This might have
been due partly to chenges in climatic conditions and partly to individual
variation caused by change of collectors in some nights,  Nevertheleass,
the observations exlnbited common charszcteristics,

Tirst, all cobservations showed that A, pharoensis
18 en early biter, During the period of observations a1t started biting
about 20 minutes after sunset, To 1llustrate, data of collections made
at the very onset of biting activities up to 1C pm. 28 shown in tho foll~
owaing
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Bite Date NWumber collecited an 15 % of total

minutes per person by wightly

one collector aollection

From humen outdoors 22 July 42 30, 2%
20 Augost 27 19,64
26 Aug, 27.5 39 5%
Tumen in tent device 20 Aug, 1 2.,1%
Taren in local mud house 26 Aug, 1.5 3, %%
Trom camel cutdoors 22 July 308 49.3%
20 Aug, 35 18, 7%
26 Aug. 16 15.0%

The average ruamber of bites received per person per 15 minute period
throughout the night 18 given in Pable (3). During the period of cbservations
this average was for human indcors 3,75 - 4,6 bites; Ior Inman oytdoors 6.3~
13,9; for human in- tent 4:45 - 7; for humen in ries fields 10.2 and for
animals putdeors 11,3 = 62,5.

Seeond, bhiting sotivities in most observations were suppressed about
half an hour before sunrise, TFhird, in observations of 5, 2 and 26 August,
there was & tendency %o Tenewed biting sctivities on animals outdoors, in the
last hour before actavaiies were finally depressed, while on humans activities
rradually declined., TFourth, in sll observations there was a tendency towards
reduetion of mctivities shortly after the initial peak, then mosguitos behaved
differently later in various nights., For example, on 20 August, the level of
biting activities remained wuch the same without a dastinct peak for about 6
hours in the mwiddle of the night, whereas on 5 Augusf, activities flnotusted
frequently.

Purther the trend of biting activities on humans indoors seemed to have
neen alnost parallel to that of the outdoors, with some indication that biting
~tdoors was more intenge on humans and even more exsggerated on enimals, It
18 rather difficult, however, to draw s velid conclusion-ffom 8 few observations
1 which meny verisbles were involved.

131 ~ TRIALS FOR DEFFRIONING TIME AND STAGES OF EXODUS OF A. PEAROENSIS

Only Two trials could be made in the course of this investigation, during
nisht ohgervations,

The first trial-wes started on Wednesday 19 August 1959 and comprised the
hedroom trap (No, 2) faeing south and trap (No. 2a) facing esst, installed in the
tent device near hunan hebitation, Mosquatos were cleared off at the start from
the bedroom and the tent. The door, which 18 the only entrance to the bedroom,
was kept wmade open for 5 hours for mosquito entry starting from the onset of biting
activities, while that of the tent was also used for 15 minubte night captures at
hourly intervals, i,e. it was exposed to mosquito entry for about 10 hours,
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(learance of the mosquitos from traps wes made hourly until midmght. The door
of the room was clos ed on subjects, sleeping inside, at 1 am. of Thursday 20
Apgust 1959. This door then had to be opened for a few minutes to evacuate
gsubjects at 5«6 am. but was continuously sealed thereafter until 8 am, Saturday
22 Adugust, The door of the tent was closed from 6 mm., Thursday 20 August until
the end of observation on Saturday 22 August, as above, 1.,e. closed for sbout 50
hours,

The second trial which started on Wednesday 26 August 1959 comprised
the above bedroom and the tent operated in the same manner as in the first trial.
In addition, two more traps were added, bedroom 4rap (No, 1) facing north and
bedroom trap (No. 3) also facing north, installed in an adjacent farm. In this
trial these two traps were operated in the same way as they were operated rege
ularly in the prolonged investigation in order te assess the validaty of results
of observations made from 13 July to 31 October 1959. In both rooms human
subjects slept and were evacuated about 5-6 am, of the 20th. Doors of the
roors with traps (1) and (3) were operated in the same manner up to 8 am, of
the following day, Thursday 27 August. Then they were opened all day until
6 pm, when they were again closed until 8 pm, Thence, doors were reopened
and inhebitants slept 1n and were inatructed to close doors sbout 5-6 am,
Results of the collections ma de are according to the following schedules

Time Doors of Traps Dooras of Traps Colleciion
(2) & (2a) (1) & (3) from traps

'ed/Thur, 1st night Gpm~lam opened opened hourly
Thursdey, lst day lem~Bpm closed closed hourly
Thur/Fri, 2nd maght Spm~Bam closed closed 5am~Bam Ban Friday
Tradsy | 2nd day Bam~8pn closed closed 6pm-Spm hourly
Tri/Sat , 3rd night Spu~Bem closed closed 5am-Bam Bam Sat,
Saturday, 3rd day Samn~-Jam closed closed final observation

¥rom the above schedule 1t 1s c¢lesr that 8 am, collections of the 2nd
2nd %rd deys rrpresented exodus throughout the previous night, - Mosquitos were
reficved. from traps and immed:iately classafied according to SellA's stages,

The reault%“ab%a@éregm the two trials, Table (4), (5) and (6),

indicated a considerable varig An the exodus of A. pharcensis population.

In rooms that were allowed opened for moSgusta e entry the firat half of the night
and then sealed for about 56 hours, excdus of mosguites wes not menifested wntil
they became at the lattier stage of the gonetrophic cycle. In-the first trial
(trap Mo, 2) about 35% of the total exodus of mosquitos was made by females in
Sella stages V and VII after 31-32 hours and sbout 38,7% made exodus when they
were full grevid afier 41-42 hours, The losa of one observation at 19 hours
did not allow drawing firm conclusion from the above observations, THowever, a
week later the second itrial gave & reading of exodus after 19 hours, Mesquitos
came out after 19 hours in
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the second triel, constituted 5.9% as Sella stage T3 9,8% a3 Sella stage V;
31,4, 58 Sella stage VI and 5,9% as full gravid in stage VII,

The presence of a propertion of gravad females after 19 hours from
closing the door or 24 hours after the onset of biting activities, was also
cbserved in mosguitos coming out of the tent. trap at the same time.

It may be superfluous bto assume in the present circumstsnces that
sach females vere eerly biters vhich could securs & blood meal at the very
onset of biting activities, as the doors were kept opened for about five
noura in the first holf of the initaasl nisht of observation, Also because
in the {wo trials there was exodus at earlier steges in some traps, it may
be possible that some fomales in Sella stages IV & V, on being interrupted
from seme other-indoor resting places, mey seek shelter indoor sagain.
Sut again the giedtion is further complicated 1f it is considered in the
light of some other observations made by Zahar and Thymakis (1959) during
treir stulies on the suscepiibility of i, pharcensis to insecticides.

In order to obiain an i1dea on the progress of blood digestion, batches of
moequl tos were kept indivadually in tubes psrallel to theae which were
under obeervation post exposure. These observations indacated that
amongst mosquitos collected in the merning a5 Sellats siages I1 & IIT and
confined 1n tubes the some morning, there were in some obhservatiens s few
thet could reach Sella's stage VI and sn o6d one reached Sslld's stage VII,
at the evening of the same day. The majority were in Sellsls stage VI in
the following morning, a8 shown in the fellowang :

Date Time of con- Sella's stages Remarks
finment in tubes IT  IiI Iv v VI VII
5 Sept, 9 an 20 - - - - -
" 12 noon 16 4 - - - -
" 2 pm 2 18 - - - - 10 were taken
® 4 pm - 2 8 - - - for suscep-
A & pm - - 7 3 - - tibility test
R - - S - - 5 5 2 -
5 Sept, lliam_ ~ T TTTIS T 2777 -7 TZTT- &
o 2 m 1 2 14 0 2 -
" 3.30pm - 3 1 ¢ 2 =
u 4:30pm - 3 4 o 2 -
H 6.30pm - - 11 5 2 -
1 . 8 pm - - 8 T 2 1
T SBept. 11 am 2 8 - - - -
3] 1‘1}9& - 10 - - - -
Ei] 3 PR - 2 8 - - -
" 5.30 pn .
1 ) 7 pi - - a 2 - -
8 Sept, 8.30 anm - - - - 10 -
8 Sept. IC am 4 b 1 - - -
n 1 pm - 8 1 1 - -
" 3,30 pm - 3 6 1 - -
t 6 pm - 1 T 1 1 -
9 Sept. 9 an - - - 1 7 1

No conclusien can be drawn from the above observatiens in regard

to the duration of the gonotrophic cycle as the exact tame of feeding “coumd
not be known.
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Until further trials are made which will be supported alse by
determinatien of the state of ovaries by Chritophers in the females that
reach Sella's stages VI and VII, 1t may be reasonable to suggest that the

sonotrophic cycle in ., pharcensis may take sbout 48 hours at a mean daily
temperature above 26 C.

In the two trials, ., pharoensis exodus sxhibited two patterns,
the first was that of the mesquito which did not leave the rooms except in
later stages of development; +the second was that of the exodus at early
stages as was observed in trap (3) in the trial of 26 August and trap (2a)
of the tent in both triais, By studying conditions at various resting sites,
1t became obvious that ., pharcensis tend to leave the indoor resting place
under the influence of thexr unsuatebality. In addation to microclimatie
factors, disturbance may be considered as an additicnel factor influsncing
exodus of mosquites, This was clesrly demonstrated by the exodus of recen~
tly fed females in Sella stage II in the early hours of the morning starting
at 3 am and ending with maxtimum exodus between 6~7 am (summer time) amount-
ing to almost 304 of the total exodus of mosguitos into trap (2a). inother
turn of exodus was observed in this trap after 24 hours had elapsed since the
onset of biting actaivities, but mosquitos of this batch had mede much advance
towards completion of the gonotrophic ¢ycle, as they were mastly in Sella's
stegea V and VI and a small minoraty in stages III, IV and VII, It may thue
be postulated that, though ., pharoensis in other observatiens, showed marked
preference to tent shelters, they are easily driven away partly by sharp
changes in microclimatic comditions during the daytime and pertly through
d1sturbances that are likely to occur in a structure such as this,

Lxodus of /.. pharoensis however was not restricted to tents but
similarly almost the same phenomenon was observed in the trap (3) installed
in a bedroom, but at 2 relatively reduced rate, Between 5-6 am, a number
of mosquitos amoumbing to 5.6% of the total exodus left 1n Sella stage IT

Again,
samilar to what was observed in the tent, enother exodus turn was observed
but at a later date, 36 hours from the inmitaasl onset of biting activaties,
48 the door of this room was not kept closed all the tame as that of room
of trap (2), therc wes a renewed entry in the following night and & propor~
tion of freshly fed females appeared simultaneously with the gravid females
of the initial entry of the first night of observations.

It 1s probable that agein disturbances drive mosquitos to leave
the indoor resting place, even 1n permanent structures. Observations made
prior to installation of the traps showed that this room had widely varied
density. In comparison with room of trap (2) this room was found liable
to get more freguent disturbances. In rural areas i1n Egypt, the smoke
generated from home stoves, in which dried stems are burnt, mey be considered
a8 & factor of disturbance to A, pharoensis,
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ILSULTS OF REGULAR OBSLRVATTONS BY CQUTLDT INDOW TRAPS:

Identafication of window trap ccllections made 8,30-9,30 am
throughout the period 13 July-31 October 1959 by Sellats classification,
provided some understanding on the problem of 1, pharoensis exodus, the
results of which are illustrated in Tags, 5, 6 and 7, Combined Sella's/

Thristovherts classifications, which started 24 Ausust 1959, gave better
vnderstandang.  The total exodus during the above period as clessified
according to both classifications, is summarized in Table (7).

Tor comparison, collections from rooms of the traps, vhich were
made evary secopd day starting from 24 Auvgust, are also clagsified in the
sane ‘bablm

It should be pointed out that the present data for exodns at
these stases doss not well represent the actual happenings., In these ob~
servations mosquitos were collected from traps about €.30-9,30 am and were
10t exemined before l0am. In this respect, it should be empheeized that
mosguitos classified as Sella stage II in the present investigation was based
on the number of terga and sterna free of blood, It has slready been shown
from the special study of time of exodus {page 11) that in some traps a good
proporiion of recently fed mosguitos, Sella stege II, left indoor shelters
between 3 am and 6 am, JAccordingly, for the interpretation of the present
data, a delay of 4~8 hours must be considered as caused by the retarded
collection ard examination of trapped mosguitos, Therefore the figures ob~
taaned for exodus made at the earlier stages of the gonotrophic cyecle part-
iculerly those of Sella stages TI & III, do not represent the real axodus
rade at this stage.

A, pharoensis exhibited exodus from mul rooms in various stages of
the ponotrophic oyele, If tha tofal exodus of ‘the trmps in the whole period
18 considered, -ghout 42,675 as Sells stage I, 3.6% left rooms at Sells stage’ 1T
4.85% at Sella st‘age I1I; 9.1% as Sells stage IV, 7.6% as Sella stage V, 23, 55

a8 Sella stage VI and 8,2 as Sella stage VII, The unfed females were the
morst predominant while the proportion of full gravid wss much smaller, The
appearance of & large proportion of the unfed females in the traps at daytime
€74 not necessarily meen that these were sesking outdoor shelter, ™ They
were probably trapped during the night when they were moved by hunger to
lesve the room in search of a host elsewhere, The small proporiion of
Lella stage VII indicates that a higher proportion of mosquitos leave the
indoors before reaching this otage, &85 was almost constantly observed.

Trom date in Table (7) there wes & low proportion of the unfed in
room ccllections obviously due to large exodus made at this stage, The other
stnges were reasonsbly well represented in the roems but again the small pro-
nortisn of the gravid and pre~grsvid Sella stagea VI and VII is due also to
“heir expdus., Fhis indicates that in spite of A. pharoensis exodus observed,
tuere was pert of the population that seemed to have favoured the indoors
resting places for completion of their gonotrophic cycle,

The sbove observations have shown, however, that under the local
conditions of the present ainvestigation, pa.rt of A, pharoensis population
remains indoor umtil it has almost completed 1is ponotwophac cycle, while the
others tend to leave indoor shelters at earlier stages as blood fed and half
ravid,
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Even thie - should not be considered as valid until supported by further
investigations by inlet traps for exploring the possibility of re~entry of
such stages,

Related to this information, the study of trap components by Sellats
clagsification and Christopher's classifacation provided some information on
the process of development of the ovaries in relation to the stages of digestion
of blood, The most important finding was the presence of certain proportion
of females, & bout 0.7 of the total trap collection, with abdomen appearance
often not completely distended, as in Sella's stages VI and VII and not reseme
bling stege I of the wnfed, 1 small amount of blood may be visible at the
sterna of in some specimens was not visible but readily observed on dissection,
On examination of the ovarian stage of development, 1t was found that ovaries
were 1n stages I or IT or III. s the original reference of Sella (1920) s
not available, at the sugpestion of the first wrater, the above specinens were
grouped as aintermediate between Sella T and Sella II, designated as stage I-IT.
Pandaing further confirmation, this wes based on the assumption that such females
either had incomplete bhlood meal that could not produce complets development of
the ovaries or were nulliparous, requiring more than one blood meal before they
could complete the first gonotrophic cycle,

The study of other stages showed thet mosquitos in Selle stage VI had

ovaries in either Chraistopher's stage IV or V, but a small proportion appeared
in Christopher's stage IIT and 2 negligable number in Christopherts stage Il.

1th regard to mosquitos in Sella stage VII, they were mainly in Christopher's
stage V and a amaller preportion in Christopher's stages IV but 1t was surprising
to find a small number in Chrastopher's stages IT & III, These should have been
added to the newly designated stage I-I1 already defined above but, probably on
account of fairly distended sbdomens, were grouped with Sella sitage VII, The
presence of females with abdomen appareatly resembling the later stages of the
ronotrophic cycle, with delayed ovarian development which appears on dissection,
providea support to the assumption that either incomplete blood meal was taken
or thai s further blood meal has to be taken by nulliparous females in order to
complete development of the ovaries,

e PHATMOTNGTIS TN NLTURLL OUTDOOR SUELIDRS s

»g has already been advanced, .., pharoensis was obServed by Farid
(1937-1942) restaing on rice plants, The present investigation provided
support to the above observation and provided algo data on stages of the
ronotrophic cycle that are exhibited by part of L. pharcensis population
that favours this external natural resting shelter, TFrom results obtalned
from various placements of the tent deviece described earlier, at different
hours and dates, 1t 18 obvious that the recently fed Sella stege IT and the
subsequent stage Sella TIT were invariably encountered in collections made
in the forencon. Stage IT was perticulerly obtained in appreciable numbers
around 8 sm, In a single observation, an odd female with conspicuous fresh
blood, 1.e8. striotly stage II, was encountered amongst a collection made at
4430 pm.  The precenece of such specimens in such g stage of fresh blood in
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the afternoon i1n rice fields could not be explained except by the assump-
sion that the female must have secured ine blood a very short time before
1t was collected. T'rom precipibia adenttrlication tMnch has been recesived
recently, this blood nmeal specimen. ~ave wositive reaction for humen,
Terhaps the female could secure such o blood meal ertner from our workers
or from farm labourers who slept 1n tiwe altecncon in the shade of trees at
the edge of rice fields, I'rom an odd observation, 1t 1s superfluous to
state whether biting at darybine 18 o chor=cteristic that should be added
to A, pharcensis oiting nabits, as such.

The outcome of 116 tent pleocernents 1n rice fields nalec in 22 days
withan the period 20 July - 21 October 195% vas 122 .., pharcensig in differ
ent stanes of Delle, of which 8.1% were 1n Sella staze I and 12,% were in
Selle stnges 1T & I1T. 47,7 vere 1n %ella stage IV & V and 30,65 1n
Sella stages VI & VIT (5 nosqgaitos were 1n Sella stages I, VI & VII and
rare grouped together ), Dlood meal samples were taken from .. pharcensis
collected in race fields Ceollas stage II, V ond sent to the Lister Institute
London Tor i1denvification,

The results of 27 samples which have been so far received shoved
the followng :

T showed nositive reacirlon for human

1% showed positive reaction for animals

5 negative

Turther results are awaited.

TOTTPORLEY ROSTING 0F A, PH . PONBID

Duran-, the first ni-t observation, the first wrater was able
Yo detoet ahovt 3-4 ar, ., mbargeasis etsorsed females resting on the
outside walls, doors ard jute cloth screen of houses 1n a small farm.
wwen a few specinecas werc found resiing in old 1ron nmacninery and on the
ooden parts of a cart.

“ater, in subsegaent ax-ht observations, restins outsade ralls,
doors and mndows 7as commonly met wath,  The appearance of freshly fed
females on the outside walls etc., occured usually from about midnisht and
1ncreased steadily urtil dawn when nmosourtos disappeored with the sdvent of
the first ~limpse of daylignt. I+t was Touwnd that this resting occurs Jhen-
ever a nost was around exposed 1o nosguito bites outdoors,

In the initzal onservation of 20 July a man was slecpng outside
near the vall and other external objects on which resting was observed.
Tesults of preeipitin adentification indicated that mosquatos of that batch
collected from walls and various objects near the man sleeping outside showed
that 14 gave mositive reaction for human and only 2 gave positave reaction

for bovid,
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«esults wre awaited of samples collected from subsequent nights.

On 22 July, the first writer was also sble to detcct about
4~4,30 om, mosguitos resbing on cotton and okra plants (Hibiscus escu-
Jentus) which occured around houses and the yard of the small farm in
whach the nizht observatiocns werc carried out, In subsequent night ob-
servailons arrangements were made to obtain 15 minute captures at hourly
intervals throughout the night.

Cotton and okra plants were subject to 3ella's classaification and
blood meal collection for precipitin.

From data compiled for three night observations of 5, 19 and 26
susust 1959 Table ( ) ... Pharoensis appeared in few numbers on cotton and
okra plants as early as the onset of biting activities about helf an hour
after sunset. )

Specimens collected up to 9 pm, were mainly unfed and pre-gravad
ond gravad and there was an odd specimen in Sella stage V,

The first freshly fed specimens were observed on cotton and okra
plants about 11 pm., then the number steadily inereased until about 5-5,30am
1in two observations ard sbout 3-4 am 1n the last observation of 26 August.

The numper of mosquitos in Sella stage III similarly increased,
vhile the number of the unfed comporatively fell off, I'osquitos 1in Sella
stage IV appeared also on some' plants during the latier half of the night
but in much smaller numbers, but mosguitcs an stage V appeared more zbund-
antly thanthose of the preceeding stage. Fre-gravid and gravad appeared
also on cotton and okra plants but very scarcely.

nfforts svent in locatin~ sxmalar resting places oun surrounding
vegetation such as Salix trces, nango trecs and mrize plants etc., were
Irurtless.

Results obtained from the Inster Institute on the first batch of
blood meal samples from mosguitos collected from cotton plants on 23 July
1959 showed that out of 48 blood meal specimsns s

9 geve  positive reactron for hunen
30 gave positive reaction for earnls (bovad, caael & dog)
1 gave positive recaction Jor both man end bovid.

Tne above lLosls were all represented in the farm yard adjaceont

1o rice Fields. On the light of ihis data 1t 18 possible to postulate that
such observed temporary resting is carelated wath the outdoor biting actzvi-
ties, Jovever, the prescnce of other stares as well resting on cotton and
okra plants and the digpersion o such population with the appearance of day-
licht, lead the first writer ito sug est that 1t 1s only a temporary stance
cdurin~ the nizhtly influx of ... pharoensis to and from the preferentiazl day-
sime resting place, the rice {1cldS, which vere ot a distance of about 100~
500 m from the site of biting activities,
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The ovservalion o. .. phareensis resting on cotion planls duraing
she mcht nay oc lmkeC with the resistence of the specics to Jxeldran and
'urh tolerance to DDT, raised by chemical control of the cotlos leef worm,
irodenia litura, a8 was alrecady advanced b Zahar 2.4 Thymokis {195G),

Tt e A T Rt T b et P S B A L
oo OO LYOUD LU0 UL Lol I ICLTION

spovt 250 blood meal samples vwhich were collected from various
indoor resting places 1a the Tield lraimin,, .res, in June and July 1959
were sent to the Inster Institute for i1dentification, TResults duly re-
ceived showed the following @

Trom TTuman Tlepitalion:

,
BQ4S zave positive resction for human

19,15 gove positive renction for animals

0.8%» ~ave positive recaction for both man and bovad.

Trom maimal Habitationg

1.9 tave positive resction for human
9%3,E. wave positive reaction for animals

From wtores:

02,85 wave positive reaction Tor humans
7.1 zave posibive reaction for animals

‘The presence of a certain proportion of . . pharoensis 71th animal
blood restinz in bhumen habitations 2nd vice versa 15 not surprising since
conditions in rural areas 1a »vpt would allow for sucn mixing ia resting.
rnimal rooms are constructedwt:m hovuses and sometimes have 1ll-defincd sep-
aration from the main lobby rhich 18 ugually surrounded by bedrooms and other
rooms, such ag stores.

Disturbance may cause mosgvitos to abandon their original resting
places.

Disturbonces in the animal rooms 1s sometimes much exagserated,

The resvltis of total precipitin identification of 250 samples
nzy be compiled in the follovang s

Cutdoor -~ 41,65 rave positive rcaction for human
57.6% gave positive reaction for ammal
1.1%% pave positive roaction for mixed

“urther results of other batches are awaited.
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ST AND CONCLUSIONS

Fizht observations showed that A. phareensis is an early biter.
During the period ef observatien in July-August 1959, biting started about
20~30 minutes after sunset, with a sudden high peak in the early hours of
the might.,  Thencé biting actaivities tended to decline towards madnight
vut rose again later, Bating activiiies were completely suppressed about
half an homr before sunrise. Biting outdoor seemed to have been more in~
tensive. A, pharcensis from observations and from precipitin adentification
proved to be an indiscrimate biter. It bites men as well as a large variety
of anirals such as camels, buffales, cows, horses, dogs and mammsls. Dven
mxed bleod meals of human and bovid were noted 1n.1.1?;0f the total of 250
samples identified by precipitin, Results of the batches which have been
1dentified so far showed 41,65 positive for human and 57.6% positive for
animals. The average number of bites received per person per 15 minutes
throughout the night was as high as 4.6 in mud rooms, 7 an tents and 13,9
outdoor .

Trom tne special trials mede to study the time and stages of exodus
of A, pharcensis and from prolonged ‘regular trap observations, 1t was shown
that part of the A, pharoensis population rémeined indoor until 1t has almost
completed 1ts gonotrophic cycle while the others tend to leave indcor shelters
at earlier stages, as blood fed and half gravid. This should not be consid-
ered as valid until supported by further evidence from inlet traps for explor-
1ng the possibility of re-entry of such stages to indoor . Exodus of stages
Vi, VI & VII was observed after 24 hours from the onset of bitinz activities
and with some other observations the gravad and pre-gravid sppeared after
31=42 hours. Suggestion 1s made in regard to the duration of the gonotrophic
cycle being completed withan 48 hours. The reasons for A. pharoensis to
abandon the indoor shelters are thousht to be unsuitability of the resting
sites by changes in mcroclimatolomical conditions and by disturbance, The
disturbances may be mainly raised by domestic activities and also by smoke
commenly generated from home stoves into which wooden dry stems are burnt,

It was found that 1f Sella classification of the trap collections
was coupled with determination of the ovarian development by Christopher's,
more useful information could be cbtained. An important fainding was the
presence of a small proportion of females i1n exodus of A, pharcgensis with
abdomen appearance often not completely distended as is in Sella stages
VI and VIT and not resembling staze I of the unfed, A small amount of
blocd may be vaisible at the sterna or in some specimens was not visible but
readily observed on dissection. On examination of the ovarian development
however, 1t was found that ovaries rere in stages Clristopher's either I, II
or IIT, DPendins further confirnation 1t was sugvested that such females
erther had incomplete blood meal that could not produce complete development
ovaries or were nulliparous, requiring more than one blood meal before they
can complete the first sonotrophic cyele., This might increase the fre-
quency of bitang.

The cutdoor resting habits of . pharoensigs were expleored. In-
vestigations showed that rice fields are the preferential outdoor resting
places for this species,
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-c3guitos an variows stases of the onetrophic cycle werc found on rice plants,
2e freshly fed females were obteinable 1n gnpreciable nunmbers in the morning
mt later fthe hall gravid and gravid predominated,  Identification of the
nlood meal samples of specimens talen from rice fields showed shat about 1/4
0" the specimens rave positive reaclion Tor human blood.

notlher resting nanit was detlected in the course of night obser-
vaiions, which was found cc be of a temporary nature, A, pharoensis was
{ound resting on cotton ond olra plants tnroushout the night, and there was
& preponderance of freshly fed females fowards the carly hours of the morming,
« further peculiaraity in temporary resting habits was found post feeding on
outside walls, doors and other external objects proximal teo the host. This
anain was found to be temporary as mosquitos dispersed with the approach of
iaylight. 0 the blood meal samples taken from the mosquitos capbured from
totton and okra plants, 1/5 gave nositive resction for human. Those which
rested on walls sbowed itype cf blood meal coiparable to the.nearest host.

The 1dentification of blood mezl samples collected from mosguitos
roting in verious indoor shelters showed that a proportion as high as 80%
wes obtained from humen hebitation bhut a smaller proportion representing
aramal blood was also found at the sore time., It was 2lso in animal hab-
1fation, besides & hizh number ol mosquitos with animal blood, 93.1,9, there
Je€e & small number of mosquitos that had human blood. This was explained
7y the fact that animal rooms are situated inside human habitations, not
completely 1solated, and there i1s every possibility of interchange of rest-
1rg ploces when mosgquitos are disturbed,

Tron tne epademiclo-icel staadpoint, the importance of the partial
expokily exhaibited by A, pharoensis could not be assessed in the absence of
enzdemiological backing and entomolorical evidence on the/portion of the pop-
ulation that feeds or rests ocutdoors. infectivity of the

Also, 1t would be desirazble t9' kmow 1f those outdoor biters seek
shzlser indoors. Fowever, there 1s ample proof that part of .. pharoensis
pouliation completes 1i9 sonotrophic cycle indoors and therefore areg apt to
sweumb to residual sproying of houses. “iven that portion -maich showed ex~
odis 2t earlier stages of the -onotrophic cycle, did not leave the indoors
sheter imrediately and probably they left only under the anflusnce’of dis-
tumances, hence the chances are ~1lso hish wath thas group to he likewise
affcted by residval house spraying.

In vartue of the above considerations, residuval spraying of houses
shold be nerformed with the utmost perfection and total coverage should be
strascd,

8 proposed by Dr. farid, VHO Senior Remional lLalaria idviser,
Turtier epidemolo~acal ond entomolopgical investigations in the presence of
tola. coverame in a fairly larre area would be desirable.
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DETERMINTION OF TIME OF BXODUS OF .\, PHAROENSIS ,26 - 29 \UGU3T 1959
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7313 (7) THT L COLLECTIONS FRWL TRLPS LND ROOMS
24 JUCUST ~ 31 OCT BER
total days of observations Traps 47 Rooma 31
Gurmver of Trap Dayss 141 Number of roon days: 93
melle | Christ l Traps Roome
stege | ophers >
t No. of % of grand . No, of % of grand
I Mosquatos total Mosquitos total
| = —
- ] t
I 125 ' 11,9 1 a7
X A ‘ Ti T3 0 Y
1T j 1 0,09 0 0
[}
oo 19.3 1 Ou T
I . 3 Je29 0 0
.11+ II 3 .29 1 .7
* I11 2 0,19 G 0
8 ﬂ- 76 _ 1 i 007 i
II II 18 1.7 11 7.8
! OIII 7 7,67 4 2,8
iv 1 G,09 0 0
34 3.2 17 11.9
I ¢ 0 ) 0
IIT | 3T 25 2,38 n 7.8
11T 49 4,67 | 17 11,9
i 4 7.05 28 19.7
b1 6 0.57 0 0 ‘
w I 6 0.57 3 * 2.1
1T 135 12,9 32 22,5
Iv 5 0.48 3 2.1
152 14.5 38 26,7
I 0 0 O O
Ir 1 0.09 0 1 0
v | III 5% w 5.05 34 23.9 !
v 34 3,2 , 2 1,4
t v 2 (1,19 G ¢}
5; ' o 8,6 %6 25.4 x
I -SA - 4 ;
3 i '
I 1 0 i 0 : 0
Y IT P01 : 1,09 6 0 }
vi ' IIT {16 1.5 2 1.4 !
, TV 1172 16,39 - 7 4.9
v 213 203 8 L Sa
1
AD2 38,3 17 : 11.9
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T.3LE (7) continued:

¢

%

: Sella Chraiat Traps Roons %
stages | ophers . d
No. of % of grand | No. of | % of grand |
Nosquitos total Mosgquitos i total .

Vil I { [§] ! C ' ¢

11 1 0.09 ! 0 | 0

TIT 5 0.48 0 0

oIV 10 0,95 0 { 0
i? Voo 6.67 4 | 2,8 !

- i

l; 86 Be2 4 | 2.8 :
K - i i




Eil/¥¥,-Tech.2/40

page 25

soveas Ty £G UOLYWOTJTSUS[D WOJL) 1AGFTU0 oIer CH;P

o

“

s

A ‘T salmps oTTOT ST) TO0T LISUEO0ATT

el9*21 $0°8T 9 61 96 * G2 AL ¢g*L | %4L'8 9L URTOL. 7
g1t 1 o ¢e O¢ g s 6 6. 91T sT©430],
1 - - - - - - T 9 wegT-0T | 66/0T/12
¥ T - - Z - - T 9 w01 | 66/0T/7%2
2 T - - T - - - 9 ZI-0¢"6 mm\OH\mH
Z 1 1 - - - 9 ST-nT | 66/01/8
8 T - ¢ 1 - - - 9 2T-0T | 6G701/9
1 1 - 0 0 - - - 9 0¢*21~0T | 6G/01/4
2 T - - - - - T 9 juvoot gI-nT | G5/01/
¢ 2 - - - - - 1 9 |uoou gi~nt 1{66/01/¢
G - 7 - - ¢ - - 2 9 wT-0T | 65/6/¢2
T T - - - - - - 9- md1-01 66/5/22
G Z T - 0 2z - - - 9 wdT-( T 65/6/%
8 T - 12 ¢ - - - 9 AT~ 66,6/61

% 8 X ¢ - - - 9 udi-nT 66/5/9
9 - - G - 1 - - 9 -0 667576
01 T 2 T ¢ Z T - 9 ud 7=, 66/3,42
¥ T - 2 ~ T - - g e T-0T ¢c/Lllne
8 - g 1 T - I - 9 wi o=t | 6G/L/Le
o1 - 14 ¢ ¢ - - = 9 ale-0¢zT | 66/L/Lz
6 - T - 2 - g T 4 we 6-g | 6u/L/5z
¢ - T - - - - T 2 ad 9= 6 | 66/L/Joz
0T - L - T - 1 T Z 2 T=NT 6C/L/og
L - z 1 1 z 1 - z re oT-g | 6G/L/Cz

gquom (ouTs
ITA IA A AT III TI T ~805Td i
o | )
sefbeqy  ®BII9S JaqumL] mo Wt o3uQ

696T ¥TIOID0 = XIOr

VIRTY MLITVED CIOIS = STIOLE £0TY

061 dNEOITION SIS QW *V

(8) g



EM/ME-Tech .2/40

_page 26

02¢ g2'z L G'z8 06 62 T'v 4T 0°0T 2¢ V*4¢ 921 8°2¢ 40T BTVRO]
-~ - 44 - = = = g6 ¢ ¢'9 2z L'8T § ¥'66 6T 25 ¢ 9~%
CO¢ - 2z Ly -~ = v H.Nh T P9 ¢ €49z 0T $*/G Lz &3 V¥ a~¥
5 -06 0z - 6T A - - = = G5 ¥ TL ¢ 862 0T 2'Gh 6T £°VT 9 p-¢
6 - 43 2z - 61 oL P*TT 6'z2 Tlter YU OT LG ¥ -0F ez ¥ 1¢ 2C ¢~z
6-18 T2~ 02 Gz - - - - 9| g - = = = 09 S ¢ 9 2-1
06 = 18 ¢z~ 02 L2 - = LT &'t s 6'hr ¥ - - ¢ee 5 96T B 0T-vz
T6 - &3 2~ 02 Te - - - - - - - - 6 2 "1 ¢ z2*0l c1 va-Lc
28 - 99 ve - oc 0¢ T A T Al | - - - 0T ¢ ¢'¢8 &z 28=77
Lg - LS 6z - ¥z 3 R Y L) P S T W« zz~1a 65/3./92
€9 - LG Lz =~ e 91 g v &2t z ¢'9r - - - = = = 2t 6 2-C2 56/3/61
z 00T 2 - - - - - - - - - = - - 0z-5t 663/
0 "ol ‘Of ¢ ‘ol ¢l ey ¢ fofl ¢ ‘ON
@mwmm omammmww Te30 IIA IA o ] AT - HHW. II I
Iu ~draT - T - 8RO | 9331

gelcq3 ©ITOl

HGAT dennn

S e o



EM /M/-Tech. 2 /40
Page 27
Pig.(1)s Night Observations, F.T.A. 15 minute collections
at-hourly intervals.
22 July 1959

176

. Animal outside

- e () — Human in rice
ficld

Outdoor
22-280(
57-91%

168
160

152

Range of Temperature
R.H. Range

kN

144
136

128
120

112

8

de.phorosngis

P

40 4

324

244
16~
8

\ /
\ddi'“"" %i %
N
.

adan,
L4

4 e Py Y 1 3
. T L] \ T T

Hout’s Wil Wight

]

19 20 2L 22 25 24 1 2 3 & 5
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- 17
- Anopheles pharoengis Fxodus
16 Clagsified according tgggglla's (1920) ,Sept.-Oet.
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