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RESUMO: Observou-se o comportamento da populagio “Araraquara” de Anopheles
darlingi, em seu ambiente original e em relagdo & sua atividade exéfila com isca humana.
As coletas foram realizadas as margens do rio Jacaré-Pepira, no Municipio de Dourado,
Estado de Sdo Paulo, Brasil. O ciclo nictemeral caracteriza-se pelo aspecto bimodal, com
os dois picos correspondentes a cada crepdsculo, ou seja, vespertino e matutino. O seu
detalhamento permitiu detectar bimodalidade secundéria, subdividindo cada pico em um
eocrepuscular precedendo ao intracrepuscular propriamente dito. A variagdo sazonal revelou
aumento do nimero de mosquitos na estagdo chuvosa e quente e nitido declinio na seca
e fria. Embora com dados insuficientes, houve indicios de que o An. albitarsis local, apresente
também ritmo bimodal em seu ciclo didrio de atividade.

UNITERMOS: Anopheles darlingi. Maldria, transmissdo. Anopheles albitarsis. Culi-

cidae. Ecologia.

INTRODUCAO

Apesar de Anopheles darlingi ser o princi-
pal transmissor de maldria na maior parte do
territério oriental da América do Sul, ¢ rela-
tivamente reduzido o ndmero de observagdes
mais recentes, sobre a biologia desse mosqui-
to. Vérios autores tém apontado para a varia-
bilidade geografica do seu comportamento. A
antropofilia, a exofilia, ¢ mesmo o ritmo nic-
temeral, tém revelado variagGes regionais, em
maior ou em menor grau. (Giglioli®?, 1956;
Charlwood e Hayes®, 1978).

As investigagOes sobre inversdes cromosso-
micas sugerirtam a existéncia de maior grau
de polimotfismo em populagGes setentrionais
do Brasil, do que nas meridionais (Kreutzer
e col.Y, 1972). No que concerne a estas, tais
evidéncias foram obtidas de populagdo deno-
minada de “Araraquara” mas que, na reali-
dade, teve como procedéncia o Municipio de
Dourado, Estado de Sdo Paulo, Brasil. Esse

INTRODUCTION

Despite Anopheles darlingi being the major
vector of malaria in the larger part of Eastern
South America, the number of more recent
observations on the biology of this mosquito
have been relatively small. However, some of
these have indicated the geographical varia-
bility of its behavior. Its anthropophily, exo-
phily and even the 24-hour rhythm, have re-
vealed regional variations of greater or lesser
degree (Giglioli?, 1956; Charlwood and
Hayes®, 1978).

The investigations on chromosomic inver-
sions suggested the existence of a greater de-
gree of polimorphism in Northern than in
Southern populations of Brazil (Kreutzer and
coll.¥, 1972). With regard to these, such evi-
dences were obtained from a population de-
nominated “Araraquara” but which, in fact,
originated from “Dourado” county, S. Paulo
State, Brazil. This lesser degree of polimor
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menor grau de polimorfismo poderd conduzir
4 hip6tese de maior estabilidade populacional
e, como decorréncia, maior uniformidade de
comportamento. Desde que tais aspectos es-
tariam necessariamente associados 2 trans-
missdo malérica, julgou-se oportuno realizar
observagdes nesse sentido, focalizando essa
populagdo. Os resultados obtidos constituem

o objeto deste trabalho.

CARACTERISTICAS LOCAIS

Como se mencionou, o local escolhido para
as observacdes situa-se no Municipio de Dou-
rado e corresponde ao vale do rio Jacaré-Pe-
pira, afluente do Tieté o qual, por sua vez,
se encontra atualmente represado nessa regido,
para formar o reservatério de Bariri. Ambos
pertencem ao sistema do rio Parand, no pla-
nalto central do Estado de Sdo Paulo. A loca-
lizacdo geogrédfica da &drea de estudo é de
22°09° de latitude e 48°21° de longitude, com
altitude de 450m acima do nivel do mar.
O clima regional corresponde ao mesotérmico
tipo Cwa de Koppen, ou seja, tropical de al-
titude com inverno seco e verdo quente ¢
chuvoso.

A feigdo paisagistica atual corresponde a
de ambiente extensivo e intensamente altera-
do pela exploragdo agricola e pastoril, com
preponderdncia para esta. Como resultado,
observa-se o predominio de dreas de pastagens
¢ a presenca de matas residuais de carater
essencialmente secunddrio. O rio Jacaré-Pepira
€ de percurso local sinuoso, com margens
pantanosas e alagadicas, acompanhadas cons-
tantemente por matas-galeria ou ciliares, de
baixa altura.

Para a execugdo destes trabalhos, selecio-
nou-se local na margem do mencionado curso
de dgua, onde a municipalidade instalara 4rea
piblica de lazer, com amplo telheiro para
abrigo de reunibes e piqueniques. O lugar si-
tua-se junto & ponte de estrada secundéria
que liga os Municipios de Dourado e Jad. Al
nfo existem habitacGes, estando as casas mais
préximas, esparsas e situadas a ndo menos de
500 m do ponto onde se procedeu as obser-
vagdes.

Os motivos da escolha dessa localidade vi-
saram, como foi mencionado, o estudo do
comportamento “in loco” da populacio de
onde se originou a cepa “Araraquara”. As
Figuras 1 a 5 pretendem fornecer idéias sobre
a localizacdo, aspectos panoramicos e alguns
detalhes da descricdo feita acima.

292

Rev, Saide publ., S. Paulo, 21(4), 1987

phism could lead to the hypothesis of grea
ter populational stability and, arising from
that, greater uniformity of behavior. In so far
as such aspects are held to be necessary con-
comitants of the transmission of malaria it
was thought to be opportune to make obser-
vations along these lines, focussing on this po-
pulation. The results obtained are the subject
of the present study.

LOCAL CHARACTERISTICS

As has been mentioned, the place chosen
for these observations is located in the county
called “Dourado” which corresponds to the
valley of the “Jacaré-Pepira” river, a tribu-
tary of the “Tieté” river which, in its turn,
is at present dammed up in this region to
form the “Bariri” reservoir. Both belong to the
“Parana” river system, in the central highplain
of the State of S. Paulo. The geographical lo-
cation of the area under study is 22°09° S.
latitude and 48°21° W. longitude, at an alti-
tude of 1,500 feet above sea level. The re-
gional climate corresponds to Koppen's
“Cwa” mesothermic type, that is to say, high
altitude tropical with a dry winter and a hot
and rainy summer.

The present landscape features are those of
an environment extensively and intensively
modified by agricultural and cattle-raising
activities, particulatly the latter. As a result,
one may observe the predominance of pastu-
res and the presence of residual forests of an
essentially secondary character. The ‘“‘Jacaré-
-Pepira” river has, in this area, a sinuous
course, with marshy banks subject to flooding,
accompanied constantly by gallery or shallow
edge river woods, of low height.

For the carrying out of this project, a place
at the edge of the above-mentioned water-
-course was chosen, where the county autho-
rities had installed an area for public leisure,
with ample structures to shelter meetings and
picnics. The place is situated near the bridge
on the secondary road which links the coun-
ties of “Dourado” and “Jat”. There are no
dwellings there and the nearest houses are
scattered and situated at not less than 550
yards from the point at which the observations
were made.

The reasons for the choice of this site were,
as has been mentioned, the study of the beha-
vior “in loco” of the population from which
the “Araraquara” strain originated. Figures 1
to 5 are provided to give some idea of the
site, as well as of the panoramic aspects and
some details of the above description.
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Fig. 1 - Representagiio esquemética da localizagdo e das caracteristicas do
Vale do Rio Jacaré-Pepira, no Municipio de Dourado, ¢ da 4rea

estudada.

Schematic representation of the localization and the characteristics
of the “Jacaré-Pepira” river, in “Dourado” county, and of the

area studied.

MATERIAL E METODOS

As coletas foram realizadas com o emprego
de isca humana. Os capturadores operaram
debaixo do citado telheiro, situado as margens
do rio Jacaré-Pepira, no ponto descrito no
pardgrafo anterior. O ritmo foi bimensal, com-
preendendo duas semanas alternadas, e com a
duracdo de 25 horas ininterruptas para cada
coleta. O horédrio foi representado pelo perio-
do das 10:00 as 11:00 do dia seguinte. A
metodologia empregada obedeceu & ja descrita
em trabalho anterior (Forattini e col® %Y,

MATERIAL AND METHODS

Collections were made with the use of hu-
man bait. The collectors operated under the
abovementioned roofed structures, situated on
the banks of the river “Jacaré-Pepira”, at the
point described in the preceding paragraph.
The rhythm was twice monthly, covering two
alternate weeks, and with a duration of 25
uninterrupted hours for each collection. The
period covered was that from 10.00 a.m. to
11.00 a.m. on the following day. The metho-
dology used followed that described in a pre-
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Fig. 2 -
liga os municipios de Dourado e Jau.
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Aspecto panorimico do Vale do rio Jacaré-Pepira, notando-se a estrada vicinal que

Panoramic view of the valley of the “Jacaré-Pepira” river, showing the local road
which links the counties of “Dourado” and “Jau”.

(3]

Fig.
minante na regido.

- Area de pastagem cujo aspecto constitui a caracteristica paisagistica local predo-

Pasture-lands which constitute the characteristic local scenery predominant in the

region.

Fig. 4 - Aspecto do rio Jacaré-Pepira, notando-se a mata ciliar de baixa altura.
View of the “Jacaré-Pepira” river, showing the low river-side wood.
Fig. 5 - Aspecto do local onde foram levadas a efeito as observagdes.
View of the site where the observations were carried out.

1981, 1986). Os dados macroclimdticos sdo os
correspondentes & Estagio Hidrometeoroldgica
de Bariri do Departamento Estadual de Aguas
¢ Energia Flétrica (DAEE), localizada no Mu-
nicipio do mesmo nome e préximo ao de
Dourado (SEADE! 23, 1981, 1982, 1983).

Embora se reconhegca que Anopheles albi-
tarsis seja espécie marcadamente polimérfica
e, portanto, provavelmente constitua complexo
de espécies cripticas, o nome de An. allopha
sugerido por Faran e Linthicum® (1981), para
as populacBes meridionais da América do Sul,
ndo poderé ser adotado, em vista de ser nomen
nudum (Oliveira e Deane', 1984). Dada essa
circunstancia, neste trabalho continuari a ser
utilizada a primeira denominagéo.

RESULTADOS

No petiodo de margo de 1980 a abril de
1982, foram coletadas 17.611 mosquitos, dos
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vious study (Forattini and coll>%! 1981,
1986). The macroclimatic data are those cor-
responding to those of the Hydrometeorolo-
gical Station of “Bariri” of the State Depart-
ment of Water and Electrical Energy (DAEE),
situated in the county of the same name and
near “Dourado” county (SEADE'*}, 1981,
1982, 1983).

Though recognizing that Anopheles albitar-
sis is a markedly polimorphic species and that
it probably, therefore, is constituted of a com-
plex of cryptic species, the name of An. allo-
pha suggested by Faran and Linthicum® (1981)
for the Southern populations of South Ame-
rica cannot be adopted, in face of being no-
men nudum (Oliveira and Deane®, 1984). Un-
der these circumstances, in this study the for-
mer denomination will continue to be used.

RESULTS

In the period from March 1980 to April
1982, 17,611 mosquitoes were collected, of
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quais 9.925 (53,4%) anofelinos. Destes, 9.523
(95,9%) foram representantes de Anopheles
darlingi. A distribui¢do especifica do género
Anopheles foi a seguinte:

N %

An. albitarsis 125 1,3
An, darlingi 9523 95,9
An. evansae 33 0,3
An, galvaoi 85 0,9
An. oswaldoi 3 0,03
An. rondoni 82 0,8
An. strodei 13 0,1
An. triannulatus 55 0,6
An. (Nyssorhynchus) sp. 6 0,1

Total 9.925 100,0

Observa-se que An. darlingi representou
54,1% do ndmero total de culicideos coleta-
dos, o que lhe deu posicdo de dominincia
nessas capturas. Juntamente com An. albitar-
sis, as duas espécies perfizeram 97,2%, ou
seja, praticamente a totalidade dos anofelinos
locais obtidos nessas observagdes.

Atividades horarias — Os resultados das
coletas bimensais, por intervalos horérios,
acham-se expostos na Tabela 1. Nas 52 captu-
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which 9,925 (53.4%) were anophelines. Of
these, 9,523 (95.9%) were represented by
Anopheles darlingi. The specific distribution
of the genus Anopheles was as follows:

N. %

An. albitarsis 125 1.3
An. darlingi 9,523 95.9
An. evansae 33 0.3
An. galvaoi 85 0.9
An. oswaldoi 3 0.03
An. rondoni 82 0.8
An. strodei 13 0.1
An. triannulatus 55 0.6
An. (Nyssorhynchus) sp 6 0.1

Total 9,925 100,0

It can be observed that An. darlingi repre-
sented 54.1% of the total number of mosqui-
toes collected, which gave it the dominant po-
sition in these collections. Together with An.
albitarsis, the two species made up a total of
97.2%, that is to say, practically the total of
anophelines obtained in these observations.

Hourly activity — The results of the twice
monthly collections, according to the time in-
tervals, are shown in Table 1. In the 52 col-

TABELA 1/TABLE 1

Distribuicdo hordria na margem do rio Jacaré-Pepira, correspondente a 52 coletas de 25 horas ininterruptas
com isca humana, no periodo de margo de 1980 a abril de 1982.
Hourly distribution on the banks of the ‘“Jacaré-Pepira” river, corresponding to the 52 collections of 25
uninterrupted hours with human bait, in the period from March 1980 to April 1982.

An. albitarsis An. darlingi Total
Horas — — —

N Xw N Xw N Xw

10:00 — 11:00 1 + 8 + 9 +
11:00 — 12:00 — — 3 + 3 -+
12:00 — 13:00 —_— - 3 + 3 +
13:00 — 14:00 — — 5 + 5 +
14:00 — 15:00 3 + 3 -+ 6 -+
15:00 — 16:00 — — 5 + 5 4+
16:00 — 17:00 — —_ 14 0,1 14 0,1
17:00 — 18:00 —_ —_ 526 1,2 526 1,2
18:00 — 19:00 13 + 616 21 629 2,1
19:00 — 20:00 21 0,1 243 1,2 264 1,3
20:00 — 21:00 11 + 173 0,7 184 0,7
21:00 — 22:00 17 + 286 1,0 303 1,0
22:00 — 23:00 5 + 305 1,4 310 1,4
23:00 — 24:00 10 -+ 401 1,4 411 1,4
24:00 — 01:00 16 + 430 1,4 446 1,4
01:00 — 02:00 3 + 610 1,8 613 1,8
02:00 — 03:00 3 + 627 1,9 630 1,9
03:00 — 04:00 6 + 599 1,5 605 1,5
04:00 — 05:00 2 + 984 2,0 986 2,0
05:00 — 06:00 11 + 1269 4,0 1280 4,0
06:00 — 07:00 3 -+ 1333 32 1336 3,2
07:00 — 08:00 _— — 701 1,7 701 1,7
08:00 — 09:00 — — 223 0,9 223 0,9
09:00 — 10:00 S — 101 0,5 101 0,5
10:00 — 11:00 —_— —_— 55 0,3 55 0,3
Total 125 0,1 9523 28,3 9648 28,4

+ Valores inferiores a 0,1/Values less than 0.1
X, Médias de Williams/Williams' means
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ras executadas, obteve-se o total de 9.648
espécimens dos dois anofelinos, confirmando-se
a sua atividade essencialmente noturna, e com
nitidos incrementos crepusculares (Fig. 6).

(%) Xw

10,0

5,0-
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lections carried out, a total of 9,648 speci-
mens of the two anophelines was obtained,
confirming their essentially nocturnal activity,
with a clear crepuscular increase (Figure 6).

- An. darlingi
An. albitarsis

Xw - medias de Williams

Williams means

00 02 04 06 08 10 horas

hours

Fig. 6 - Atividade horaria de An. albitarsis e An. darlingi, observada na margem do rio Jaca-
ré-Pepira. Distribuicdo das médias, em percentagens, obtidas mediante coletas ininter-
ruptas de 25 horas com isca humana, no periodo de margo de 1980 a abril de 1982.
Hours of the activity of An. albitarsis and An. darlingi, observed on the banks of the
“Jacaré-Pepira” river. Distribution of the means, in percentages, obtained by unin-
terrupted collections of 25 hours with human bait, in the period from March 1980

to April 1982.
Atividades crepusculares e pericrepusculares

Na Tabela 2 pode-se observar a distribui-
¢do percentual relativa, pelos intervalos crep,
dos espagos de tempo utilizados nas coletas
parceladas para ambos os crepidsculos. Cor-
responderam a 52 capturas vespertinas e ou-
tras tantas matutinas, nos hordrios de 17:00
as 20:00 e das 4:00 as 7:00 horas, respectiva-
mente, Tais dados, referentes a An. darlingi,
mostram a ocorréncia de evidentes picos de
atividade, tanto intra como pericrepusculares
(Fig. 7). Houve acentuados incrementos den-
tro dos periodos crepusculares propriamente
ditos, apresentando-se o pico vespertino ligei-
ramente mais intenso e nitido do que o cor-
respondente ‘matutino. No que concerne aos
pericrepisculos, em ambos pdde-se observar a
existéncia de um segundo pico, de caréter
pré-crepuscular, a0 qual se seguem os respec-
tivos incrementos intracrepusculares.
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Crepuscular and pericrepuscular activity

The relative percentual distribution, accord-
ing to the “crep” intervals of the spaces of time
used in the collections as divided between the
two crepuscular periods, can be seen in Fi-
gure 2, They corresponded to 52 evening cap-
tures and the same number of morning ones,
in the periods from 5.00 p.m. to 8.00 p.m.
and from 4.00 am. to 7.00 a.m. respectively.
Such data, with reference to An. darlingi, de-
monstrate the occurence of evident peaks of
activity, as much- intra as pericrepuscular (Fi-
gure 7). There were considerable increases
within the crepuscular periods, properly so-
called, the evening peak being slightly more
intense and clear than the corresponding mor-
ning one. With regard to the pericrepuscular
periods: in both one could observe the exis-
tence of a second peak, of pre-crepuscular
character, after which there follow the res-
pective intracrepuscular increases.
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Percentage distribution (%) of An. darlingi, in the

TABELA 2/TABLE 2

Distribuigdo percentual (%) de Anopheles darlingi, nas capturas, parceladas, nos intervalos crep, e corres-
pondentes aos creplisculos. Resultados obtidos com isca humana, na margem do rio Jacaré-Pepira, em 52
coletas para cada periodo crepuscular e pericrepuscular,
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captures, divided into the crepuscular intervals and

those corresponding to the twilight periods. Results obtained with human bait, on the banks of the “Ja-
caré-Pepira” river, in 52 collections for each crepuscular and pericrespuscular period.

Creptisculo vespertino/Dusk Crepiisculo matutino/Dawn Total
Intervalos crep — — —
% N Xw % N Xw N Xw
- 4,00 — -3,00 0,28 3 + — — — 3 +
-3,00 — -2,00 0,52 6 + 3,50 39 0,1 45 0,1
-2,00 — -1,00 2,11 33 + 6,20 104 0,2 137 0,2
-1,00 — -0,50 7,96 91 0,3 5,70 57 0,2 148 0,5
-0,50 — 0,00 0,26 1 + 6,59 6 0,3 7 0,3
0,00 — 0,25 11,26 52 04 2,68 11 0,1 63 0,5
c 0,25 — 0,50 13,12 81 0,5 9,73 46 0,4 127 0,9
r
0,50 — 0,75 14,73 143 0,5 12,60 77 0,5 220 1,0
0,75 — 1,00 19,52 161 0,7 14,57 74 0,6 235 1,3
1,00 — 1,50 9,83 105 0.4 5,53 43 0,2 148 0,6
1,50 — 2,00 6,87 77 0,2 10,85 105 0,4 182 0,6
2,00 — 3,00 7,33 138 0,3 0,40 5 -+ 143 0,3
3,00 — 4,00 3,37 73 0,1 6,58 89 0,3 162 0,4
4,00 — 5,00 2,82 43 0,1 15,06 294 0,6 337 0,7
Total 100,0 1007 3,5 100,0 950 3,9 1957 7,4
(%) Xw
Cr Cr
2o vespertino matutino
evening twilight morning twilight
period period
Is /
10 4| . \
\\./' .
\,/‘
5 \

i

o T T
-300

T 1 111

0,00

100

Cr- periodo crepuscular
crepuscular period

L]

T T Jl/ T
4,00 300

IC - intervalos crep
crep intervals

i

T

LI | i 1

1,00 0,00 -4,00 Ic

Xw- médias de Williams
Willioms means

Fig. 7 - Atividade crepuscular e pericrepuscular de An. darlingi, observadas com isca humana,
no rio Jacaré-Pepira. Dados distribuidos por intervalos crep, correspondendo os valo-
res de 0,00 — 1,00 ao crepisculo vespertino e os de 1,00 — 0,00 ao matutino.
Crepuscular and pericrepuscular activity of An. darlingi, observed, with human bait,
on the “Jacaré-Pepira” river. Data distributed according to crepuscular intervals, the
values of 0.00 — 1.00 corresponding to the evening twilight period and those of 1.00
— 0.00 to the morning period,

297



Forattini, O. P.

Variacdo sazonal — Verificou-se maior den-
sidade de An. darlingi nos periodos corres-
pondentes aos meses quentes de dezembro a
abril, com pico em margo. Sua presenga di-
minuiu sensivelmente nos meses frios e secos,
de julho a agosto. Observou-se, pois, concor-
dancia com o ritmo das precipitagbes, sem
prejuizo da possibilidade de produgéo de even-
tuais picos. Foi o que se verificou no més de
junho de 1980, quando a ocorréncia de chuvas,
atipicamente intensas atingindo a marca de
121,1 mm de altura total, influiu no c6mputo
total das observagGes nesse periodo (Fig. 8).

(%) Xw mm
100,0
—
]
10,0 4 —‘ [100,0
1,04 10,0
/
|
i
L1
0,1 i—1 : : 1,0
JF M A& M J J A S O N D

COMENTARIOS

Como foi referido, o Anopheles darlingi é
espécie de ampla distribuigdo geogréfica. Es-
tende-se desde o sul do México até o norte da
Argentina, e das vertentes orientais da Cordi-
lheira dos Andes até as margens do Oceano
Atlantico. Compreende-se pois que ocorram
variagbes de comportamento possivelmente in-
dicadoras da existéncia de variedades geogra-
ficas populacionais ou mesmo de espécies
cripticas. No que concerne & variabilidade da
endofilia e antropofilia, Giglioli? (1956), rea-
lizando revisdo bastante atualizada para a
época, considerou que, de ecletismo que apre-
sentaria no centro de sua drea de dispersio,
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Seasonal variation — A greater density of
An. darlingi was observed in the periods cor-
responding to the hot months from Decem-
ber to April, with a peak in March. Their
presence diminished in the cold, dry months
of July and August. Correspondence to the
annual rainfall rhythm was thus observed,
though this does not exclude the possibility
of occasional peaks, as was observed in the
month of June 1980 when the occurrence of
non-typical intense rains reached a total of
121.1 mm., influenced the calculation of the
total for the observations in this period (Fi-
gure 8).

Fig. 8 - Distribuigdo mensal da freqiiéncia de An.
darlingi a isca humana no rio Jacaré-Pepira,
e das precipitagBes pluviométricas registra-
das na estagdo hidrometeoroldgica de Bariri
do DAEE, no periodo de margo de 1980
a abril de 1982.

Monthly distribution of the frequency of
An, darlingi on human bait on the *“Jaca-
ré-Pepira” river, and of the rainfall regis-
tered at the hydrometeorological station
of the DAEE at “Bariri’, in the period
from March 1980 to April 1982,

COMMENTARY

As stated above, the Anopheles darlingi is
a species of wide geographical distribution. It
stretches from the South of Mexico to the
North of Argentina, and from the Eastern
slopes of the Andes chain to the coast of the
Atlantic Ocean. It is to be understood, there-
fore, that there should occur variations of be-
havior, possibly showing the existence of geo-
graphical population varieties or even of cryp-
tic species. With regard to the wvariation
in endophily and anthropophily, Giglioli®
(1956), in a revision very advanced for that
epoch, considered that, from the eclecticism
which it presented in the center of its area
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esse mosquito tenderia a se especializar, in-
tensificando seus hébitos endéfilos e antropd-
filos em diregdo & periferia de sua distribuigdo
geogréfica. Contudo, a atividade alimentar de
mosquitos tende a realizar-se obedecendo a
ciclo nictemeral o qual, por sua vez, sofre a
influéncia de fatores exdgenos e endégenos.
Estes s3o melhor evidenciados mediante ob-
servacOes realizadas ao longo de tempo sufi-
ciente para relevar o aspecto ritmo caracters-
tico para cada espécie. Posto isso, admite-se
que a periodicidade didria da hematofagia
anofelinea, normalmente se distribua com um
ou dois picos nas 24 h. Em relagdo a An.
darlingi, tém sido levadas a efeito observagGes
objetivando detectar diferencas regionais nesse
ciclo, e isso como possibilidade de essas even-
tuais diversidades de comportamento permi-
tirem levantar a hip6tese da existéncia de
populacdes distintas. Em outras palavras, a
ocorréncia de diversidades regionais de com-
portamento, passiveis de serem atribuidas a
comando endbgeno, que revelem possivel exis-
téncia de espécies cripticas. Revendo o assun-
to, Elliot? (1972) considera esse anofelineo
como apresentando ciclo unimodal mas com
certa variagdo geogrifica. E isso no que con-
cerne a localizagdo hordria do pico de ati-
vidade, que estaria situado entre 22:00 e
24:00 h na Colémbia e no Peru, e entre 0:00
e 2:00 h na regido amazdnica do Brasil. Tais
observagdes, bem como outras que a elas se
seguiram, tiveram como cendrio para sua exe-
cugdo, o ambiente domiciliar, tanto intra como
peridomiciliar. Entendido este dltimo, seja
como a varanda das casas seja como as cer-
canias das habitagGes. Dessa maneira, obser-
vagles realizadas na Guiana Francesa revela-
ram a presenga de ritmo tipicamente bimodal
incluindo ambos os crepidsculos, ao qual porém
se sobrepde um pico noturno nitido, entre
1:00 e 2:00 h. Assim sendo ocorreu, aparen-
temente, um ciclo trimodal, ao lado de rele-
vante exofagia diurna (Pajot e col.®, 1977).
Em 4rea préxima a essa, mas aparentemente
distinta sob o ponto de vista biogeografico,
observou-se ritmo unimodal, com pico varié-
vel de posicdo entre 21:00 e 23:00 h (Hud-
son", 1984). Em algumas localidades da Ama-
zOnia brasileira foram levadas a efeito obser-
vagbes que revelaram a ocorréncia de apre-
cidveis variagbes. De maneira geral, pbde-se
detectar ritmo unimodal na regido ao norte
do rio Amazonas, variando o hordrio de ocor-
réncia do pico de atividade, de logo apds a
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of distribution, this mosquito would tend to
become more specialized by the intensifica-
tion of its endophilic and anthropophilic ha-
bits towards the periphery of its geographical
distribution. However, the feeding activity of
the mosquito tends to be carried out in accord
with the 24-hour cycle which, in its turn, is
subject to the influence of both exogenous
and endogenous factors. These are most clear-
ly shown by observations carried out over
a period of time sufficiently long to reveal
the rhythmic aspect, characteristic of each
species. In the light of this it is admitted that
the daily periodicity of the anopheline hema-
tophagy is normally distributed with one or
two peaks during the 24-hour period. With
regard to An. darlingi, observations have been
carried out with a view to detecting regional
differences in this cycle. And this on the
assumption of the possibility that these expec-
ted diversities of behavior allow the hypo-
thesis of the existence of distinct populations.
In other words, the occurrence of regional di-
versities of behavior, susceptible of attribu-
tion to endogenic command, reveals the pos-
sible existence of cryptic species. In reviewing
this subject, Elliot’ (1972) considers that this
anopheles presents a unimodal cycle but with
a certain geographical variation, regarding
the placing of the time of peak activity, which
is situated between 10.00 p.m. and 12.00 p.m.
in Colombia and Peru and between 0.00
am. and 2.00 am. in the Amazonian Region
of Brazil. Such observations, as well as others
that followed them, had the domiciliar envi-
ronment as their scene of execution, both
intra and peridomiciliary. This last being un-
derstood either of the varandas of the houses
as well as the neighborhood of the dwellings.
In this way, observations carried out in French
Guiana revealed the presence of a typical bi-
modal rhythm, including both twilight periods,
to which however is added a clear nocturnal
peak, between 1.00 a.m. and 2.00 a.m.. In this
case, there was occurring, apparently, a tri-
modal cycle, parallel to a considerable daily
exophagy (Pajot and coll.”, 1977). In a nearby
area, though apparently distinct from the bio-
geographical point of view, a unimodal rhythm
was observed, with a variable peak positio-
ned between 21.00 and 23.00 hours (Hud-
son'*, 1984). In some places in Brazilian Ama-
zonia, observations have been carried out
which revealed the occurrence of appreciable
variations. In general terms, one can detect
a unimodal rhythm in the region to the north
of the Amazon river with the occurrence of
the peak of activity varying from immedia-
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meia noite na localidade mais setentrional
(Uauaris), para anterior a essa hora, ou seja,
entre 21:00 e 24:00 h, na mais meridional
(Km 137 da estrada BR-174) dessa regido. Em
localidade (Aripuand) situada ao sul do mes-
mo rio, o ritmo observado foi de cariter bi-
modal, com o primeiro pico ocorrendo seja
no inicio seja na primeira metade da noite e
o segundo por ocasido do crepisculo matutino
ou inicio da manhd (Charlwood e Hayes!,
1978; Hayes e Charlwood®, 1979; Charlwood
e Wilkes®, 1979). O resultado, de ritmo fran-
camente bimodal e crepuscular, obtido no pre-
sente trabalho presta-se pois a algumas con-
sideracGes, face aos conhecimentos atualmente
disponiveis e acima relatados.

Preliminarmente, hd de se levar em conta
que os dados aqui relatados foram obtidos em
ambiente extradomiciliar, E isso no verdadeiro
sentido da palavra, ou seja, em &4rea ndo ha-
bitada e a distincia ndo inferior a 500 m, em
linha reta, da casa mais préxima. Assim, o
aspecto observado refere-se a atividade essen-
cialmente exdfila, em sentido restrito. Obte-
ve-se, desta forma, ciclo de atividade de pica-
das nitidamente bimodal, com os picos ocor-
rendo em cada crepidsculo, como se encontra
representado no gréfico da Figura 6. Além
disso, o detalhamento das coletas nesses perfo-
dos permitiu detectar a subdivisdo de cada um
desses picos em dois, um menor, de cariter eo-
crepuscular e precedendo o outro, bem maior,
este sim nitidamente intracrepuscular, como
se pode verificar pelos graficos da Figura 7.
A ligeira elevagdo da curva, observada nas
primeiras horas, apés a meia noite, ndo chegou
a se caracterizar como pico, a exemplo do
relatado na Guiana Francesa o qual, segundo
Pajot e col.”, (1977), poderia representar uma
heranga de populagdes “selvagens”, sem con-
tato com a atividade humana. Dessa maneira,
restou o franco aspecto bimodal crepuscular
cuja interpretacdo deverd ser buscada na com-
posigdo etdria e nas preferéncias alimentares
dessa populagdo. Em ciclo semelhante obser-
vado em Aripuand, Charlwood e Wilkes’
(1979) verificaram que os picos crepusculares
sdo constituidos predominantemente por fémeas
nulfparas. Como se tratam de observacdes le-
vadas a efeito no ambiente peridomiciliar,
seria temerdrio o invocéd-las para estabelecer
alguma analogia aplicdvel as presentes inves-
tigagdes. Por outro lado, na Guiana Francesa,
Pajot e col.” (1977) consideraram que, salvo
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tely after midnight at the northernmost loca-
lity (Uauaris), to before this time, that is to
say, between 21.00 and 24.00 hours at the sou-
thernmost point (Km 137 of the BR-174 high-
way) of this region. In a place (Aripand) si-
tuated to the south of that river, the rhythm
observed was of a bimodal character, with
the first peak occurring either at the begin-
ning of or in the first half of the night, and
the second during the morning twilight pe-
riod and the beginning of the morning (Charl-
wood and Hayes’, 1978; Hayes and Charl-
wood®, 1979; Charlwood and Wilkes®, 1979).
The result of the present wotk, of a clearly bi-
modal and crepuscular rhythm, leads one to
suggest certain considerations in the light of
the knowledge at present available and quo-
ted above.

One must take into consideration, preli-
minarly, that the data here reported were
obtained in an extradomiciliary environment.
And this, in the true sense of the word, that
is to say, in an uninhabited area and at a
distance of not less than 550 yards, in a
straight line, from the nearest house. There-
fore, the aspect observed has reference to
essentially exophilic activity, in the strict sense.
One thus obtained a clearly bimodal cycle of
biting activity, with the peaks occurring in
each crepuscular period, as is to be found in
the graph of Figure 6. Beyond this, the de-
tailing of the collections in these periods,
allowed one to detect a subdivision in each
of these two peaks, there being one lower
one of an eocrepuscular nature, prior to the
other, much greater and clearly intracrepus-
cular, as can be seen from the graph in Figure
7. The slight rise in the curve to be observed
in the first hours after midnight, does not
characterise a peak, as in the example report-
ed from French Guiana and which, according
to Pajot and coll.” (1977), could represent an
inheritance from the “wild” populations, with
no contact with human activity. Thus there
remains the celar bimodal crepuscular aspect
the interpretation of which should be sought
in the composition by age and the feeding
preferences of this population. In a similar
cycle observed in Aripuani, Charlwood and
Wilkes® (1979) discovered that the crepus-
cular peaks are predominantly constituted by
nulliparous females. As one is dealing with
observations carried out in a peridomiciliar
environment it would be unwarranted to in-
voke them in the attempt to establish some
analogy aplicable to these present investi-
gations. On the other hand, in French Guiana,
Pajot and coll.” (1977) consider that, with
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ocasibes excepcionais, a idade das fémeas pa-
rece ndo ter influéncia sobre o ciclo de ativi-
dade, tanto no ambiente domiciliar como no
extradomiciliar.

Se essas variacGes do ritmo no ciclo nicte-
meral de An. darlingi sdo indicadoras da exis-
téncia de populagGes diversas e, conseqiiente-
mente, de comportamento distinto, € questfo
em aberto. E forgoso assinalar que a descrigdo
de alguns deles foi baseada em nimero res-
trito de observagGes, tornando dificil descartar
a influéncia de fatores exdgenos. As pesquisas
resultantes de ndimero mais significativo de
coletas, levadas a efeito de maneira regular e
durante periodo prolongado de, pelo menos
um ano, permitem distinguir dois tipos funda-
mentais de ciclos. O primeiro, de cariter uni-
modal com pico noturno. Este, provavelmente
em virtude da influéncia de fatores exdgenos
caracteristicos da regifio ou localidade, apre-
senta variagGes em seu horédrio de ocorréncia,
ora na primeira metade da noite, ora logo
ap6s a meia noite (Elliot’, 1972; Hudson®,
1984). O segundo, de cunho bimodal com
picos crepusculares. E o caso do observado na
Guiana Francesa e nesta regido meridional do
Brasil, local onde foi realizada a presente pes-
quisa. Convird assinalar, para a primeira des-
sas regides, a persisténcia, mesmo nesse tipo
de ciclo, de um pico noturno, sugerindo assim
que a unimodalidade poderia representar ca-
rdter primitivo nesse tipo de comportamento
(Pajot e col.®, 1977).

De qualquer maneira, a existéncia de popu-
lagGes distintas dentro da espécie que se
identifica como An. darlingi, parece ser fora
de ddvida. As investigagbes, embora ainda
escassas, sobre o polimorfismo cromossémico
dessa espécie, indicam, como se mencionou na
parte introdutdria deste texto, a ocorréncia de
inversdes que permitiriam separar populaces
setentrionais e meridionais desta espécie. Aque-
las, dotadas de acentuado poliformismo, e
estas, mais estaveis (Kreutzer e col., 1972;
Tadei e col.?, 1982). Todavia, faltam obser-
vacles que permitam associar tais aspectos a
caracteristicas comportamentais. O presente
trabalho constitui, pois, o primeiro estudo
nesse sentido, e relativo a populacdo que,
como foi dito, se denominou de “Araraquara”
e cujos arranjos cromossomicos, aparentemen-
te, se encontram fixados. Assim sendo, € de
se admitir que o cardter nitidamente bimodal
do seu ciclo nictemeral se encontre estabiliza-
do e traduza aspecto do comportamento exé-
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rare exceptions, the age of the females appears
to have no influence on the cycle of activity,
either in the domiciliary or the extradomici-
liary environment,

If these variations in the rhythm of the
24-hour cycle of An. darlingi are indicative of
the existence of diverse populations and, con-
sequently, of distinct behavior, is an open
question. It is necessary to comment that the
description of some of them was based on a
limited number of observations, which makes
it difficult to discount the influence of exo-
genous factors. The research resulting from a
larger number of collections, carried out re-
gularly and over a prolonged period of, at
least, one year, allows one to distinguish
between two fundamental types of cycle. The
first being unimodal with a nocturnal peak.
This peak, probably by virtue of the influence
of exogenous factors, characteristics of the
region or locality, shows variations in its time
of occurrence, now in the first half of the
night, now immediately after midnight (Elliot’,
1972; Hudson', 1984). The second type is of
bimodal characteristic with crepuscular peaks.
This is that observed in French Guiana and
in this, the Southern, region of Brazil. One
must draw attention to the fact, for the first
of the two regions, even in this type of cycle,
of the persistence of a nocturnal peak, thus
suggesting that the unimodality could repre-
sent the primitive character of this kind of
behavior (Pajot and coll., 1977).

In any case, the existence of distinct popu-
lations within the species identified as An.
darlingi seems to be beyond doubt. The in-
vestigations, even though still few, into the
chromosomic polymorphism of this species,
shows, as was mentioned in the introductory
section of this text, the occurrence of inver-
sions which permit the identification of north-
ern and southern populations of this species.
The former, endowed with more notable poly-
morphism, and the latter, more stable (Kreut-
zer and coll.”, 1972; Tadei and coll.®, 1982).
However, there is a lack of observations which
would permit an association of such aspects
with behavioral characteristics. This present
study constitutes the first in this direction and
is related to the population which, as already
stated, is denominated “Araraquara”, the chro-
mosomic arrangements of which are, appar-
ently, fixed. In this case, it is to be concluded
that the clearly bimodal character of its
24-hour cycle is stable and that it presents an
aspect of the exophilic behavior of this south-
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filo dessa populacdo meridional do Brasil, que
esteja sob comando enddgeno.

No que concerne a variacdo sazonal, o ciclo
anual de atividade encontra-se mais exposto
a influéncia dos fatores exdgenos. Em espe-
cial modo aqueles que podem afetar a produ-
tividade dos criadouros, Os trabalhos mais
recentes tém revelado alguma variabilidade
nesse ritmo. Admite-se geralmente que a ocor-
réncia de fortes chuvas podem inundar os
locais de criacdo, dando lugar a enxurradas
que carregam as formas imaturas. Mesmo na
regido costeira da Guiana Francesa, onde as
condi¢des macrocliméticas parecem n@o ter_in-
fluéncia sensivel sobre o rendimento das co-
letas de Anm. darlingi, & ocorréncia de fortes
chuvas acompanha decréscimo ou mesmo au-
séncia do mosquito, qualquer que seja a hora
de captura (Pajot e col.®, 1977). Provavel-
mente, e de acordo com a freqiiéncia e inten-
sidade regional desse fendémeno climatico, é
de se atribuir, a tal mecanismo, influéncia no
aumento da densidade desse anofelineo na
estacfo seca ou no periodo de transicdo entre
as estacdes timida e seca. E o que tem sido
recentemente relatado para algumas localidades
amazdnicas do Brasil (Hayes e Charlwood®,
1979; Charlwood*, 1980). Contudo, e na de-
pendéncia de fatores vérios, como a topografia
do terreno e outros, de maneira geral a den-
sidade tende a aumentar nas épocas de maior
precipitacdo pluviométrica. Foi o que se ob-
servou nas presentes pesquisas, com o resul-
tado representado pelo grafico da Figura 8, a
semelhanca do relatado para outras regiGes
totalmente distintas desta, como o Surinam
(Hudson®, 1984). Na regido estudada, os meses
secos compreendem o periodo de maio a agos-
to/setembro, em contraste com os demais, de
maior pluviosidade, quando se obteve maior
densidade nas capturas.

Finalmente, é de se mencionar a presenca
de An. albitarsis, embora em nimero bem
inferior aquele da outra espécie. O rendimento
de suas coletas permitiu entrever alguma ten-
déncia a bimodalidade crepuscular em seu
ciclo nictemeral (Fig. 6). Todavia, necessérias
se tornam maiores observagdes para chegar-se
a algum resultado mais significativo a esse
respeito.

CONCLUSOES

A identificagdo da cepa de Anopheles dar-
lingi, presumivelmente de baixa variabilidade
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ern population of Brazil, which is under en-
dogenous command.

As regards seasonal variation, the annual
cycle of activity is more exposed to the in-
fluence of exogenous factors and, in a special
way, to those which can affect the productivity
of the breeding places. More recent studies have
revealed some variability in this rhythm. It
is generally admitted that the occurrence of
heavy rains can flood the breeding places and
create flood cutrents that carry away the im-
mature forms, Even in the coastal region of
French Guiana, where the macroclimatic con-
ditions seem not to exercise any perceptible
influence on the results of the collections of
An. darlingi, the occurrence of heavy rains
accompanies a decrease in and sometimes even
total absence of the mosquito, whatever the
time of capture (Pajot and coll.”’, 1977). Pro-
bably, and in accordance with the regional
frequency and intensity of this climatic phe-
nomenon, one may attribute to such a me-
chanism some influence in the increase in
the density of this anopheline in the dry season
or in the transitional period between the wet
and dry seasons. This is what has, in fact,
recently been reported for some Amazonian
localities in Brazil (Hayes and Charlwood®,
1979; Charlwood!, 1980). However, and be-
cause of the dependence on diverse factors,
such as the topography of the terrain and
others, in a general way the density tends to
increase in the periods of greatest rainfall.
This was what was observed in recent re-
search, with the result represented by the
graph in Figure 8, similarly to that reported
from other regions quite distinct from this
one, such as Surinam (Hudson!, 1984). In the
region here studied, the dry months include
the period from May to August/September,
in contrast with the others, of heavier rainfall,
when greater density of capture was achieved.

Finally, the presence of An. albitarsis must
be mentioned, even though found in much
smaller numbers than the other species. The
result of its collections was sufficient to per-
mit some tendency to crepuscular bimodality
in its 24-hour cycle to be perceived (Fig. 6).
However, further observations are necessary
before one can arrive at more significant re-
sults in this respect.

CONCLUSIONS

The identification of the strain of Anophe-
les darlingi, presumably of low variability, to
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e & qual se deu o nome de “Araraquara”,
levou a oportunidade de estudo do seu com-
portamento populacional. Neste trabalho pro-
curou-se observar sua atividade exéfila em re-
lag@o a isca humana, o que revelou ciclo nic-
timeral nitidamente bimodal crepuscular. Face
as circunstincias que nortearam o desenvolvi-
mento da pesquisa, parece licito concluir que
se trata de comportamento sob comando en-
dégeno pelo menos em boa medida. O signi-
ficado dessa bimodalidade constitui assunto
aberto & investigagdo. Em condi¢des de labo-
ratério, com espécies como An. gambiae, ob-
servaram-se indicios da existéncia de picos
para outros tipos de atividade, além da hema-
téfaga, como cépula e oviposicdo (Jones e
Cribbins', 1978; Jones™, 1981). Contudo, a
circunstincia de os presentes resultados terem
sido obtidos com isca humana, faz supor que
a bimodalidade registrada reflita o ritmo ali-
mentar de An. darlingi na regido estudada.

Embora n#o tendo sido possivel obter dados
suficientes, hd indfcios que sugerem a ocor-
réncia de comportamento semelhante por parte
de An. albitarsis.

Considerando-se o perfodo crepuscular,
tanto vespertino como matutino, observa-se a
nitida existéncia de dois picos, um eocre-
puscular precedendo de imediato a outro, in-
tracrepuscular. Essa bimodalidade pode ser
encarada como subdivisio da bimodalidade
nictemeral. Sua interpretagdo somente serd
obtida mediante pesquisas ulteriores.

A variacdo sazonal de An. darlingi exdfilo,
nesta regido, obedece ao ritmo das precipita-
¢Oes pluviais. Observa-se assim maior densi-
dade por ocasido dos meses chuvosos € menor
nos secos.
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which the name “Araraquara” was given,
opened up the possibility of the study of the
behavior of this population. In this study
one sought to observe its exophilic activity
in relation to human bait and this revealed
a clearly bimodal crepuscular 24-hour cycle.
In the circumstances which guided the re-
search, it would seem to be correct to con-
clude that one is dealing with behavior, at
least in large part, under endogenous com-
mand. The significance of this bimodality
constitutes an open field for investigation.
Under laboratory conditions, with species such
as An. gambiae, indications of the existence
of peaks for other kinds of activity, apart
from hematophagy, such as copulation and
egg-laying (Junes and Cribbins'®, 1978; Jones®,
1981) were obtained. However, the fact that
the present results have been obtained with
human bait leads one to suppose that the bi-
modality registered reflects the feeding rhythm
of An. darlingi in this region.

Though it was not possible to obtain suf-
ficient data, there are indications to sug-
gest the occurrence of similar local behavior
of An. albitarsis.

In considering both the evening and morn-
ing crepuscular periods, the clear existence of
two peaks was observed, one eocrepuscular
immediately before the other, intracrepuscular.
This bimodality can be regarded as a subdi-
vision of the 24-hour bimodality. An adequate
interpretation of this can only be achieved by
means of further researches.

The seasonal variation of exophilous An.
darlingi in this region follows the rhythm of
the rainfall regime. Thus greater density is to
be observed during the rainy months and
lower density in the dry months.
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FORATTINI, O. P. Exophilic behavior of Anopheles darlingi Root in a Southern Region
of Brazil. Rev. Sadde pabl, S. Paulo, 21:291-304, 1987.

ABSTRACT:

Fortnightly 25-hour catches, with human bait, were carried out in

a modified environment of the “Jacaré-Pepira” River, Dourado County, S. Paulo, Brazil
which is the original region of the “Araraquara” strain of Anopheles darlingi. The
exophylic biting activity was mostly nocturnal with bimodal rhythm, showing two clear
peaks corresponding, respectively, to dusk and dawn. Going into crepuscular details
two secondary peaks were observed, an eocrepuscular preceding the intracrepuscular one
As, by means of chromosome arrangement studies, this population was found to have
low polymorphism, it is supposed that those rhythms are, in a good measure, of endo-
genous command. The number of mosquitoes biting increased during the hot, wet season
and decreased remarkably during the dry, cold one. There was some evidence that An
albitarsis may also show a bimodality in its nocturnal biting activity rhythm.

UNITERMS: Anopheles darlingi. Malaria, transmission. Anopheles albitarsis. Mosquitoes.

Ecology.
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