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It has been reported 2 that in the flat country of Calauan, Laguna,
Anopheles minimus var.flavirostris was recovered only 0.5 km, A. mangyanus
0.9 km, and A. filipinae 1 km, from the liberating point during the SW
monsoons in August 1933, with light variable winds with an average velocity
between 18.00 and 6.00 hours of 2.6 miles (1 mile equals 1.6 km) per hour
but not exceeding 12 miles per hour. However, during the NE monsoons,
when the wind velocity varied from 6 to 8.6 miles per hour but never
exceeded 17 miles per hour, A. minimus var. flavirostris was recaptured
2-2.2 km south of the liberating point, apparently owing to prevailing wind
velocity.3

It was reported 1 that A. minimus var. flavirostris was trapped about
8 km away from its nearest breeding habitat in Malaking Patag, Culion.
In Novaliches, Rizal, and Tungkong Manga, San Jose del Monte, Bulacan,4
this species prefers to harbour near human habitations when environ-
mental conditions are suitable and its number decreases as the harbourages
are located farther and farther from their human hosts. In Parang, Cota-
bato,5 heavy harbourages occurred only about 30-50 m from the barracks
in dikes covered with tall grass in an abandoned ricefield, but were relatively
scanty on the banks of streams.

The present paper is an account of our studies on the range' of ffight
of A. minimus var. flavirostris and other species in a hilly region, and of
observations on the ffight behaviour of gravid and fed females compared
with newly emerged anophelines.

Time and Place

These studies were carried out from 16 February 1937 to 1 April 1937
at Tungkong Manga, San Jose del Monte, Bulacan, Philippines, in rolling
country with numerous streams. The land is typically cogonala with patches of
trees and bamboos. The point of release at Tungkong Manga is located on
a ridge that runs from Muzon to the Hacarin farm. The sides of the ridge
slope irregularly down to the Alat River and its branches and the Ilog
Bayan River and its branches. The slopes to these rivers and branches form

a Overgrown with cogon, a tall, coarse grass. - ED.
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gullies providing ideal avenues for mosquito migration. The smaller ridges
between the gullies break the air current and create air eddies in all direc-
tions depending on the height and formation of these natural wind breaks.

Materials and Methods
A wire cage, 1 m x 2 m x 11/2 m, was built along the side of Ilog

Bayan stream in such a way that the water flowed slowly through the
screen. Anopheles larvae collected from the streams were bred out in this
cage into adults. The newly emerged adults were transferred at 16.00 hours
daily to smaller screen cages, 1 foot (30 cm) cube. They were stained either
with 1 % indigo blue or methylene blue aqueous solution by means of a
hand-pump atomizer. Staining was performed near the point of release,
and about one hour allowed for the mosquitos to dry before the cages were
opened to liberate them.

Gravid and fed mosquitos caught in animal-baited traps for staining
and release were also put into the smaller screen cages, but were stained
with 2% fuchsin aqueous solution from another atomizer. The two sets
of mosquitos were released at about 18.00 hours daily.

In addition to the traps around the Malaria Control Field Laboratory,
properly labelled animal-baited traps were built, located in different direc-
tions from the point of release, to capture the anopheline adults. Mos-
quitos were also caught in numbered harbourages along banks of streams
by three teams of two men each. Each team covered a particular section.

Adults caught in these traps and harbourages were killed in chloroform
tubes, counted, and tested in the laboratory with a solution composed of
three parts of glycerine, three parts of alcohol, and one part of chloroform.
The adults were labelled to show their origin and date of capture. Identi-
fication was resorted to only when the mosquito was positive for stain.

For stain testing, the adults were lined up on a white porcelain plate,
1 foot x 4 inches (30 cm x 10 cm). The solvent was dropped on each
mosquito with a medicine dropper and examined under a binocular
microscope. Any traces of stain showed clearly against the white back-
ground when dissolved.
A surveyor's transit-compass was used to measure a straight line from

the point of release to the place where the mosquito positive for stain had
been recaptured.

During the period of the experiment, the wind velocity, direction,
temperature, relative humidity, and precipitation, as measured by the
weather observatory of the Malaria Control Field Laboratory, were noted.

Results and Discussion
Excluding some mosquitos that died after staining, 3,630 bred-out

young adults and 2,684 adults caught from the traps were stained and
released from 15 February 1937 to 1 April 1937.
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The number of anophelines recovered from the traps between
16 February and 3 April was 66,670, and the number collected from their
daytime resting-places was 4,641, thus giving a grand total of 71,311 adult
anophelines which were tested for stains.

The results of the examination for stains and identification of the
insects found positive, together with the factors that may have influenced
their flight, are summarized in table I. Out of 6,314 anophelines stained
and released only 9 (0.14%) were found among those recaptured. Eight
were bred-out young adults with the blue stain and only one was a fed
adult stained with fuchsin, the recovery rates being thus 0.22% of the
3,630 bred-out adults, and 0.04% of the 2,684 trapped adults. These
figures apparently show that the young anophelines are naturally more
active and migratory in character, possibly owing to the necessity of mating
and for a blood meal thereafter.

The fact that no gravid and fed mosquitos were recovered from the
nearby stream-bank harbourages, but only one from a trap, rather surprised
us, for we were expecting that gravid females would be there to lay eggs.
As the percentage of gravidity of those released could not be taken for
obvious reasons, our dissections for the months of February and March 1937
in the Ipo Mines, north of the Malaria Control Field Laboratory, might
give some idea of the ratio. Our findings showed 72 matured eggs in
382 dissections or 18.8%, and 52 matured eggs in 211 dissections or 24.6%.
We might therefore presume that only about one-fifth to one-fourth of
those liberated from the trapped catches were gravid.

Distribution of species

Another interesting finding about the trapped adults is the fact that,
of the nine mosquitos recovered and found positive for stains, only one
was A. vagus var. limosus and the rest were A. minimus var. flavirostris,
although the distribution of those caught in the traps with carabao as
bait was as follows

Number Number per Percentage
trapping hour of total

A. minimus var. flavirostris ......... . 6,471 11.33 41.72
A. filipinae ...... . . . . . . . . . . . 4,001 7.62 25.79
A. subpictus var. indefinitus ....... ... . 1,187 2.26 7.65
A. ludlowi ...... . . . . . . . . . . . 1,107 2.10 7.14
A. maculatus ...... . . . . . . . . . . 1,029 1.96 6.63
A. barbirostris ..... . . . . . . . . . . 967 1.84 6.23
A. annularis ...... . . . . . . . . . . 198 0.38 1.28
A. tessellatus ...... . . . . . . . . . . 160 0.30 1.03
A. karwari ...... . . . . . . . . . . . 129 * 0.25 0.83
A. kochi ...... . . . . . . . . . . . . 113 0.22 0.73
A. philippinensis . ............. . 111 0.21 0.72
A. hyrcanus var. nigerrimus......... . 39 0.07 0.25

Total ........... . 15,512 28.54 100.00
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It might also be of interest to note that, although twelve species were
fairly represented in the fed and gravid batches, the lone mosquito recaptured
was A. minimus var. flavirostris.

Range offlight
It can be seen (fig. 1, 3, and 8) that A. vagus var. limosus and A. minimus

var. flavirostris flew at wide deviations from the main air current. This
might be explained by the air eddies caused by the ridges, gullies, and
vegetative barriers over which the winds pass creating favourable air currents
toward the traps, or because of the calmness of the wind at the times when
the mosquitos could have been attracted freely to the traps. The wind
velocity varied from calm to 8 miles per hour with an average of 1.25 miles
per hour. Three of the insects (fig. 4, 5, and 6) were recovered in a direction
almost coinciding with the wind directions, at distances varying from 640 m
to 1,470 m from the liberating point. The greatest distance covered (fig. 2)
was 2,016 m from the point of liberation and only 13.50 from the main air
current, over a very favourable terrain when the wind velocity varied
from calm to 3.4 miles per hour, with an average of only 0.81 miles per
hour. A similar deviation over the same terrain occurred in another case
(fig. 7) in which only 1,310 m were covered although the average velocity
of the main air current was 3.4 miles per hour.

Theoretically, mosquitos fly either with the aid of the wind or purely
on their volition for blood meals. The former, " wind flight ", is naturally
longer than the latter, " volition flight " range. As we review the afore-
mentioned figures, we may note that no flight was against the main air
current and that the minimum, maximum, and mean ffight ranges were
640 m, 2,016 m, and 1,249 m respectively. We might therefore infer that
our experimental mosquitos covered the " wind flight " range. Under
the circumstances in which we conducted our experiment, it was obviously
difficult, if not impossible, to determine the " volition flight " range, as
the influence of the wind factor could not be eliminated.

The mean relative humidity, mean temperature, and precipitation during
the period of observation apparently played no part in the flight range of
the mosquito vector. The experiment was carried out during the dry months,
so that the role of these factors is unknown, although it has been observed 6
that squally weather plays an important part in mosquito migration.
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FIG. 14. DEVIATION FROM MAIN AIR CURRENT OF LINE OF FLIGHT OF ANOPHELES
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FIG. 54. DEVIATION FROM MAIN AIR CURRENT OF LINE OF FLIGHT OF ANOPHELES
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SUMMARY

In order to determine the range of flight
of anophelines, an experiment was con-
ducted at Tungkong Manga, Philippines,
in 1937, which consisted in trying to
recapture mosquitos that had been released
after staining. The anopheles thus released
between 15 February and 1 April were:
(a) 3,630 young adults bred out from larvae
collected in streams, and (b) 2,684 gravid
or fed adults caught in animal-baited traps.
During the same period, 71,311 anopheles
were caught either in animal-baited traps
or in harbourages along the banks of
streams. Out of these collected mosquitos,
9 only were identified as stained: 8 bred-
out young adults and 1 fed adult, the
percentages of recovery being 0.22%. for
the bred-out, 0.04% for the gravid and
fed adults, and 0.14% for the whole. The
higher proportion of recoveries of bred-
out adults might suggest that they are more
active and migratory, possibly owing to
the necessity of mating and taking a blood
meal afterwards. Among the recaptured
mosquitos there were 8 A. minimus var.
flavirostris and 1 A. vagus var. limosus;
the former also headed the list of twelve
species represented among the trapped
adults.

Particulars about the various recoveries,
including prevailing meteorological con-
ditions at the time of the ffight, are given
in one table and eight accompanying
figures. The range of ffight varied between
640 m and 2,016 m, being 1,249 m on the
average. The one fed adult flew 1,470 m
and the lone A. vagus var. limosus flew
965 m. In three cases, the direction of the
flight deviated widely from the main-wind
direction, which may have been due to
wind eddies created by ridges, gullies, and
barriers of vegetation. In the remaining
cases, the flight deviated only slightly
from the wind direction. It was not

RJtSUMIt
En vue de determiner la portee de vol

des anopheles, une experience fut r6alis6e
en 1937, a Tungkong Manga (Philippines);
elle consistait a essayer de recapturer des
moustiques que l'on avait laches apres les
avoir marques. Les anopheles ainsi liber6s
entre le 15 f6vrier et le ler avril compre-
naient: a) 3.630 jeunes adultes eleves en
captivit6 a partir de larves recueillies dans
les cours d'eau, et b) 2.684 adultes gorg6s
ou gravides, captures dans des pieges oii
des animaux servaient d'appat. Au cours
de la meme p6riode, 71.311 anopheles
furent captures, soit dans les pieges a
animaux, soit dans des abris le long des
berges des cours d'eau. Sur le total des
moustiques ainsi recueillis, 9 seulement
furent identifies comme ayaiit ete marques:
8 jeunes adultes 6leves en captivit6 et
1 adulte gorge. Les pourcentages des
insectes repris furent de 0,22% pour les
insectes eleves en captivite, de 0,04%
pour les adultes gorges et gravides et
de 0,14% dans l'ensemble. La proportion
plus 6levee de reprises parmi les adultes
6leves en captivite incite A penser qu'ils
sont plus actifs et plus nomades, peut-etre
en raison de la n6cessit6 de s'accoupler et
de prendre ensuite un repas de sang.
Parmi les moustiques captures i nouveau,
on a releve 8 A. minimus var. flavirostris
et 1 A. vagus var. limosus ; la premiere de
ces especes venait 6galement en tete de
liste des douze especes represent6es parmi
les adultes pris dans les pieges.
On trouvera dans un tableau et dans les

huit figures qui l'accompagnent des ren-
seignements sur les divers moustiques
recaptures, ainsi que sur les conditions
meteorologiques existant au moment du
vol. La portee de vol variait entre 640 et
2.016 m, etant en moyenne de 1.249 m.
L'adulte gorge avait effectu6 un vol de
1.470 m, et l'unique A. vagus var. limosus
avait vole 965 m. Dans trois cas, la direc-
tion du vol s'ecartait considerablement de
la direction du vent dominant, ce qui peut
s'expliquer par l'existence de remous pro-
voques par les cretes, les ravins et les
barrieres de vegetation. Dans les autres cas,
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possible to determine to what extent the
flight range might be ascribed to " voli-
tion flight ", as distinct from the " wind
flight range ".

le vol ne s'etait que legerement ecarte de
la direction du vent. I1 ne fut pas possible
de determiner dans quelle mesure la
portee de vol pouvait etre attribuee A la
(volonte6 de l'insecte, independamment
de la (. dispersion par le vent ).
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