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The progress of the ERLAAS project for the eradication of Anopheles I labranchiae
in Sardinia has been reviewed by Logan, 1950. Cnee the great bulk of the mosquitoes
had been destroyed, the problem arose of finding those that remained so that efforts
conld be concentrated on their destruction. I was invited to participate in the work
of finding these last mosquitoes on the island during the 1950 breeding season.

The fact that Anepheles [ labranchiae is a species indigenous to Sardinia presented
a situation very different from that encountered in the suceessful eradication cam-
paigns which had previously been waged against the invading Anopheles gambiae
in Brazil (Soper and Wilson, 1943) and in Egypt (Shousha, 1948). Despite the
most painstaking scouting of all known water surfaces for anopheline larvae, as well
as searches of possible adult resting places, A. I labranclige continued to be found
occasionally in areas that had been thought to be clean for as much as, or in some
cases more than, two years. The present account deals with studies of anopheline
larval behavior in Sardinia, and how this behavior may affect the ability of the
entomologist to detect larvae when they are present in only small numbers,

The conventional method of searching for anopheling larvae is that of using a
dipper or net to skim up portions of the water surface and examining this surface
water against the convenient white background of an ename] pan or dish. A multi-
tude of variations of this method have been reported. In Sardinia during the 1950
season dippers of the sort described and figured by Russell, West and Manwell,
1946, were used, These dippers have a diameter of 15 cm. and a capacity of about
400 co. To measure the total larval population of limited areas other methods have
been described, such as that of fencing off sections of water surface and theroughly
dipping the enclosed water from which the larvae cannot escape by lateral move-
ments (Bates, 1941). When the first method is used, the surface of a large area may
be sampled; when the second method s used, the total population may be determined,
but only for a small fraction of the entire area of the presumed breeding place. The
experience in Sardinia indicated the need to stress that both these methods only
sample the population of a breeding arca; neither method is adequate for determining
the absolute presence or absence of larvae in an extensive breeding place when the
populations are very low, This is a point generally overlooked by writers who report
a “100 per cent kill” of larvae when they have dipped in an area and failed to find
larvae following field tests of larvicides,

! The gludies on which this paper is based were conducted with the support and under the auspices
of the Division of Medicine and Public Health of The Rockefeller Foundation with the co-operation
of the Dalian government as part of Lhe work of ERLAAS (Ente Begionale per Ia Lotta Anti-
Anophelica in Sardegnal,
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The difficulty of Goding larvae, and an expression of how great e cement of
chunee i such Onds g, when population levels are low, was well illustrated by an
area in the valley of the Riu Mulargis, Saedinia, found positive for 1.0 labranckiae
during the first weelk of August 1930, Scouting of this iselated river valley had heen
negabive during 199 and through Tely 19300 During the first week of August scouls
Found larvae of labraschie in two small pools in the partially dried up stream-hed.

A subsequent intensive scarch of these pools praduced nine fourth-instar and one
third-instar larvae, The scouts concentrated their search in the area but found no
adeitional farvae. At a point about 100 meters from one of the positive pools was a
wully beside Uhe main stream course with @ strip of water 40 meters long, two meters
wide, and a half meter deep, richly provided with submerge] and surface vegelation

atel a moderate amount of emergent vegetation [fgures 1and 230 The water was 511l
und Tolly exposed 1o the sun, an ideal labranchize habitat, The scouts working the
area add Fond this pool to be neeative for febrorefiae, althongh it supported o heavy
culicine poplation,

L started dipping at one end of this poal, and on the fourth dip a third-instar Tarva
of labrmzeliae was found along with numesoes culicine lavvae, Additional dipping,
undil 30 dips had been made within one meter of where the Grst larva had been taken,
failea] 1o produce any more larvae of fabrachive, AL s point 15 seonts were placed
avound this end of the pool shoulder 1o shoulder and they procesded o cover Lhe
reslricted arca of about four Ty two meters. Observalion of These men showed that
cach one made an average of 12 dips per Dve minotes. T4owas 10 minetes later, and
after approximately another 360 dips, that the first febranchice larva was Luken by
these seones, Continued dipping for one hour in the same restricted area of cighl
srpaare meters produced an wdditional 19 second- and thicd-instar larvae. No larvae
were found in subseguent intensive dipping of the remaining 36-meter length of Lhe
strip of water (hguee 2).

Thus in a restricied aren, where there were not less than 21 larvae in eight square
meters of water, it teok alioul ane-thirtieth of a man-hour Lo fisd the drst larva, bul
it took two and a hall man-hours Lo God the secomd; that s, i took 735 4imes ag much
effort to find the seconed laeva as i1 did the feet. The Dmpossibility of fincling these
larvae, using thiz method, by anyvthing but chance is clearly demonstrated,

Another instructive instance of how difficall iU may be 1o Tnd larvae, when popu-
lations are low, wius the cose of a positive Doding reported from 2 swanmp, the Palude
Salone in the northeaztern corner of Sardinia, which 1 bad e opportunity 1o in-
vestigate with and througl: the kindoese of Dre, Thomas H G Adtken. This swamp
was severul actes in exlent, in part overgrown with the tall sedge Suirens and emer-
genl grasses and i part epen water with heavy mals of surface vegclation. Tt had
Do vepeatedly found posivive lor fobragefsree anl treated with larvicide during the
vears prior Lo 1930, Scouts reported the finding of larvae there in mid-May 1950,
A morning zearch by D Altken and mysell several daye after the report of the posi-
tive linding failed to produce any larvae, The following day Th. Altken had a group
of 30 scouls fnvestimate the area thovoughly under his supervision. The men were
placed in a line extending across Lhe swamp aboul 1wo melers from each other and
started to dip at 10:00 AM, [ollowing a systematic patiern across the swamp (ligure
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3 AL S0 T the first larva was found after four hours of i ping (one hour was
.1Lm out for lunchi. The pluce where the larva was taken was about one-third of
the way across the swamp in waler about hall meter decp and covered witl surfuees
vegelation. This place was in no apparent way different from the remainder of 1he
open ared of the swump. Concentrating half the scouts in the aren where the first
larva had been taken produced about _1,[:| larvae from firsl- to fourth-instar during
the next hour. The larvac were taken in two groups about 13 meters apart. No
larvae were taken clsewhere,

Allowing the usual rate of 12 dips per five minutes per muan, some 17,280 dips would
have been made before the first larva was found in Lhis swamp, which was known 1o
be positive. Here again was a striking demonstration of the capricious distribution
ol very small larval populstions which may be located only by chance using present
scouling methods,

lield esperience of the sort outlined abwove indicated the desirability of more
detailed studies of the effectivencss of tipping as a means of finding anopheline
larvae, As a consequence of the FRLAAS campaign, Awpopheles £ labranchioe was 20
rare that it was not icazible to work with this species. Habitats of Anepheles caviger,
a4 species present in modest numbers, were therefore chosen for further study. What
appeared o be favorable breeding places of this species, clear, coul, gently running
waler with some surface and emergent vegetalion, were selected, and an arew of one
square meter was marked off. A dipper of the sort deserihed above was used, 15 pure
4 llustrates one such habitat. Fifty dips were made in each sample plod, chosen as
posgible breeding place on Lhe hasis of its Tavorable ec sological features, and .:I,[IL'I.'
consalting the FRLAAS records to establish that the ares had not receiy ml larvicidal
treatment for a year or more, The protocols of five such field trizls, which proved
positive for clatiger larvae, are wiven in table 1, In these (rials an averags of lwo
dlips were made per minute and about 25 minuies devoted to ma sking the 30 «ips
arbitvarily chosen as the number 1o cover each one square meter plot. This obviously
represents the most intensive sort of search, vet it is evident from the seattered ap-
pearance of the larvae that had the number of dips been extended to a hundred or
more, and cven an hour devoted Lo each square meter, it might still have been pos-
sible to find additional larvae. These Geld trials raised the question of how i1 was
Possible L cover so restricted an ares so thoroughly and still continue to find larvae.

In dipping for anopheline larvae ut or near the water surface i js generally pre-
swmed that the larvae are at or near that surface, This is known to v ary with differ-
ent gpecics, however, 1t was observed that larvae of Anephedes claziger would often
remain at the bottom of the dipper sometimes wholly or partially concealed in the
[li"])fls scooped up with them. Bates {149} has described ehavior of this sort as

“alarm reaclions™

of larvae and points oul that lirvae may remain at the bottom
in o rigid “death-feigning” position Lo which psvehologists have applied the term
“letizimulation, "

As a result of this Geld observalion it seemed desirable to establish the pratlern of
hew Jong larvae avoided the surface when diztartsed by the mechanical agitation of
Lhe water surface by dipping. AL various Uimes it was possilhle to obtain larvae of ]t’rul

species of Awopieles as followss A, elari ger, oL disponioda, L algeriensis and
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The occurrence of larvee of Anopheles claviger v one square mieler plals in the course of 50 diss
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fabranchige. When larvae were obtained, one larva was placed in a dipper of the sort
described above and mechanically disturbed by poking at it. The time period during
which the larva avoided the surface was then read from a stop-watch and recorded.
In most cazes 10 irials were made with each larva, after which it was discarded. The
results of these trials are shown grouped by convenient frequencies in table 2. These

TAEBLE 2
Waler surfuce aveidance by Serdinfan Anopheline lproge following wechonical disthurbance
. ) . § Amopheley I, T VN Anspheics Ancpieles
LIRTAR &'&Lﬁ;ﬁ“ﬁi&“:@ﬁﬁ o tabrieckios Anophirer cletiger kispaniola aiperiensis
i i, Per cent Na. | Pur cent Mo, Per cent Mp, | Percont
(01 338 1K) 3on |10 258 100 il HH
(02 173 33 281 1 255 ol 2 04
HIE] 20 26 37 | 86 23 A 28 21
HIES 44 i3 RN A | 243 04 28 o1
L08 23 | 235 | 18 41 | 93 7 a7
;10 1 o 20 T 225 a7 ] il
20 12 4 1Us 6 185 72 2s 73
A0 q 3 184 il 147 58 21 08
L4 O 3 1af i 125 45 0 05
LA 5] 2 134 45 e |l 16 a2
L] i3 2 114 3o 1 93 i 36 14 . 45
i ]
2500 5 2 52 17 | 5|2 i 19
300 2 1 25 g 3G 14 o | L
4:00 17 £ 25 1 1 3
MR 12 + 19 7
£ (1) & k 14 3
T I i 2 11 4
£:00 | [ 2 10 4
Q00 3 2 bt 3
10500 I 3 Z T 3
11:00 | i 2 X 1
12:00 4 i 1 0.4
13:00 | 5 0.7 1 0.4
1400 | 2 0.7 1 0.4
3500 } 1 0.4

* Laevae which returned to the surface immediately are arbitrarily recorded under 1 second.

data show a marked difference between the behavior of A, [ labranchize and the other
three species studied, Thus after a lapse of five seconds all but seven per cent of the
A. L labranchice had returned to the surface, while 78 to 93 per cent of the other
species were still submerged, at 30 seconds the comparable figures are three per cent,
contrasted with 38 to 68 per cent; at one minute two per cent contrasted with 36
to 43 per cent. At four minutes, in 328 trials, all the labraschioe larvae had returned
to the surface hut six per cent of the daetiger and 10 per cent of the A. hispandiols were
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still submerged. Anopheles daviger, in the course of 300 trials, was observed to remain
below the surface for as long as 14 minutes, while in one of 238 trials with kispanicla,
one larva remained submerged for as long as 35 minutes.

The ability of Anopheles daviger to remain submerged for long periods may be
related to the fact that this species is apparently capable of cuticular respiration
{Bates, 1949), passing the winter in the larval state, with the larvae capable of sur-
vival in water under ice, In Sardinia claviger and khispaniole larvae, which remained
submerged the longest times In these tests, occur along streams in water which prob-
ably has a high dissolved oxygen content, This would aid the larvae in maintaining
themselves by cuticular respiration under the water surface,

These data are significant in interpreting the adequacy of scouting for larvae hy
dipping at the surface, and possibly also in explaining the survival of larvae following
treatment of water surfaces with oil-base larvicides which affect only the waler sur-
face.

On the average, scouts made 12 dips per man, per five minutes. Allowing five sec-
onds for dumping the water from the dipper and making a fresh dip, the dipping
interval would be about 20 seconds, According to the data given in table 2, 60 per
cent of the claviger, 72 per cent of the hispaniole, and 73 per cent of the algeriensis
would not have returned to the surfuce during this time period following the dis-
turhbance of the water surface. On the other hand, all but four per cent of the fa-
branchiae would be at the surface after 20 seconds. When the larval densities are
very low and the possibility of detecting them slight, even under the best conditions,
a larger percentage of such larvae as might be present, of the species claviger, Ris-
paniola, and algeriensis, would not he detected since they would not be at the sur-
face.

The behavior of larvae in avoiding the water surface is also of importance in evalu-
ating the degree of success that can be expected irom the use of oil-base larvicides
which are presumed to produce kills of larvae at the water surface. Concerned par-
ticularly are the stream-brecding species claviger, and kispaniols, which, as shown
ahove, demonstrale significant surface avoldance following disturbance of the water
surface. Oil-base larvicides fortified with toxicants such as DDT, and even with
added spreading agents, may not he expected to persist on meving water for pro-
longed periods, Following the disturbance of the water by the movements of the
larvicider, surface avoidance exhibited by claviger and hisponiols might well be ex-
pected to result in their failure to return to the water surface before the oil surface
film was dissipated. This may in some measure explain why the ERLAAS experience
showed a closer approach to cradication of lebranchize than claviger or hispandocla
at the time when all ground water surfaces were being treated with larvicides although
other [actors may have been invobved as well,

SUMMARY

Field experience in Sardinia illustrates how uncertain the method of dipping for
anopheline larvae is in establishing their presence or absence, when populations are
very low.

The premise that anopheline larvae are at or near the water surface is not always
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valid. Experiments are reported demonstrating the extent of surface avoidance
fellowing mechanical disturbance for the species Aunopheles claviger, A. hispaniola,
A. algeriensis, and A. [ labrancliae. Anopheles L labranchize is shown to return to the
surface more rapidly than the other three species. One minute after being disturbed,
two per cent of the labranchiae, 39 per cent of the claviger, 36 per cent of the hispani-
ola, and 43 per cent of the algeriensis were still submerged. In 328 trials with lobran-
chige larvae the maximum submergence time was three minutes. The comparable
figures for the other species were: claviger, 14 minutes in 300 trials; Mispaniola, 35
minutes in 238 trials; alperiensis, 4 minutes in 31 trials,
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RESUMERN

La experiencia adquirida en el campo en Sardinia demuestra cuén incierto el
método de inmersiin es para establecer la presencia o ausencia de larvas anofelinas
cuando sus poblaciones son muy bajas,

La premisa que las larvas anofelinas se encuentran en o cerca de la superficie no es
sicmpre villida. Se haa reportado experimentos que demuestran lo extensamente que
las especies dnopheles daviger, A. kispaniola, A. slgeriensis y A, 1, labranchize pueden
evadir la superficie despuds de alterarse ésta mecdnicamente. A4, I. labranchise parece
retornar a la superficie més ripidamente que las otras tres especies. Un minuto después
de la alteracién dos por ciento de las labranchive, 39 por ciento de dlaviger, 36 por
ciento de kispaniola v 45 por clento de algeriensis continuaron sumergidas. En 328
prucbas con larvas labranchice el tiempo miximo de sumersidén fué tres minutos, Las
figuras comparables para las demds especies son: deviger, 14 minutos en 300 pruebas;
fhispaniola, 35 minutos en 258 pruebus; algeriensis, 4 minutos en 31 pruebas.
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