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Studies on mosquitoes (Diptera: Culicidae) and anthropic environment. 3- Survey
of adult stages at the rice irrigation system and the emergence of Anopheles

albitarsis in South-Eastern, Brazil*

Oswaldo Paulo Forattini**, Ina Kakitani**, Eduardo Massad***, Daniel Marucci**

FORATTINI O.P. etal. Studies on mosquitoes (Diptera: Culicidae) and anthropic environment. 3- Survey
of aadultstages at the irrigation system and the emergence of Anopleles albitarsis in South-Eastern Brazil.
Rev. Saiide Piiblica, 27: 313-25, 1993. A study of adult Culicidae ecology was carried out from January
1992 through January 1993 at the rice irrigation system of the Ribeira Valley Experimental Station. The
adaptation of Anopheles albitarsis to the anthropic environment became evident through the adult
collections made at its various habitats represented by the irrigation system and the edge of the residual
pond, as well as at those made within the local patchy residual woods. Other potential disease vectors were
prevalent in the irrigated system too. There were Aedes scapularis, Culex nigripalpus and Cx. ribeirensis
that were collected at various habitats, Remarkable differences among their prevalences were obtained such
as between the natural forest and anthropic environments. In the former An. albitarsis was practically non-
existent, thus suggesting that it might be considered as eusynathropic. As the populations of other species
seemed to increase in the anthropic environment, they may beregarded as hemisynanthropes. Observations
suggest the hypothesis that the development of irrigated land may be a factor in the emergence of An.
albitarsis, and some other species, as well as the possibility of an increase in the transmission of mosquito-
borne diseases such as malaria.
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Introduction

It is fully recognized that agricultural develop-
ment projects are related to Culicidae production. In
several regions of the world, particularly on the Asian
and African continents, this association has been stud-
ied withregard tolarge-scale agricultural developments
(Lacey and Lacey'!, 1990). Irrigated ricelands and
adults mosquito activities may result in disease prob-
lemssuch as malaria and encephalitis, in addition to pest
nuisance. In several parts of North America, the high
Psorophora adults production in ricelands has become
a serious threat to both human and animal welfare
(Robert and Olson'®, 1986). Regarding South America,
the ability of Anopheles darlingi to use rice fields in the
malaria endemic regions has already been reported
(Giglioli®, 1963). The Jari project, a large agricultural
development scheme in the Amazon region, fostered
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conditions conducive to malaria by enlarging the habi-
tat of that vector (McIntyre'?, 1980). Other Neotropical
vector species breeding in habitats similar torice fields
can be expected to adapt and to increase their adults
density as happens with An. albimanus, an efficient
vector in Central America (C. Zozaya cited by Lacey
and Lacey!!, 1990).

The Ribeira Valley region of S. Paulo State (Bra-
zil) currently presents malaria and encephalitis
prevalences at a hypoendemic level. However, in view
of the factors that may contribute to their resurgence, it
will be opportune to estimate the impact of agricultural
irrigation on the adult mosquito population. As previ-
ously mentioned, the implantation of rice cultivation
employing the technique of the Experimental Farm in
Pariquera-Agu County, provided the opportunity to
carry out studies on these matters (Forattini et al?,
1993). Previous observations on adult culicid activities
in the same region have been published; without, how-
ever, attempting to establish the relationships between
mosquito production and the artificial irrigation proce-
dures (Forattini et al >**, 1981, 1986). Concerning that
relationship, preliminary data were obtained through
adult collection in rice paddies (Forattini et al., 1989).
The present paper presents the results of the mosquito
faunal survey, comparing populations of the primitive
forested habitat with those of the anthropic environ-
ment, including the residual patchy woods. The irriga-
tion system is focused mainly as representing a human-
developed environment available for the adaptation of
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culicid populations. The results relating to adult mos-
quitoes are presented, as a sequence of the research
project, as follows.

Study Area

Adult collections were performed at the Experi-
mental Station (ES) and Fonte (FT) areas thathave been
described in detail elsewhere (Forattini et al.”®, 1993).
The formerrepresented the rural human settlement with
considerable environmental modifications, including
the irrigation system (IS). The other site exemplified the
original, wild rain forest that characterizes the regional
ecosystem, In the ES area the residual wood was
represented by two collection sites (A and B) located
within the remaining patches of the primitive forest. For
a more detailed description of the localization of the
collection sites. itis suggested thatthe reader consult the
above-mentioned papers.

Rev. Saiide Piblica, 27 (5), 1993

Material and Method

Adult mosquitoes were sampled at fortnightly
regular intervals from January 1992 through January
1993. Catches were made from 17:00 to 22:00 hours,
which is the period of greatest nocturnal mosquito
activity in the study area (Forattini et al’?, 1981).
Shannon type light traps and CDC traps baited with
dry ice were used (Fig.1 A to D). A two-man team was
used in the Shannon trap, and the collections were
performed as follows:

Shan-1 inside residual wood A at ES.

Shan-2 inside residual wood B at ES.

Shan-E in open land at the rice paddy margin at ES.
Shan-3 inside primitive forest at FT.

The Shan-1and Shan-2 traps were operated alter-
nately so that the total number of mosquito catches
corresponded to the number of fortnightly collections.

Figure 1. Collection techniques employed. A - Shannon trap cperating in the forest environment; B, C - Shannon trap installed
in open land environment, near the margin of an irrigated rice field at the Experimental Station (ES); D - CDC automatic trap

baited with dry ice.
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The CDC traps operated by the IS and residual
pond (RP) at the ES. Each trap was suspended 1 to 1.5
m above the ground and provided with a cover to
protect against rain and the consequent damage to the
collected specimens (Fig. 1D). Traps were located as
follows:

CDC-1 in the rice paddy (IS).
CDC-2 in the drainage trench (IS).
CDC-3 in the residual pond (RP).

Biodiversity was estimated as proposed by Fisher
et al.? (1943), independently of sample size.

Regarding the degree of domiciliation, the
synanthropicclassification of flies proposed by Povolny™
(1971) was applied. To estimate this, the synanthropic
index (s) of Nuorteva'® (1963) was calculated for each
species, in accordance with the percentages of speci-
mens collected at the different sites, as follows:

g=2a+b-2c
2

where:

a- the percentage collected in the anthropic settlement.
b- percentage collected in rural surroundings and

c- percentage collected in the wild.

The index ranges from +100 to -100, the former
corresponding to the highest degree of synanthropy or
domiciliation. The data recorded were calculated rela-
tive to the highest value obtained, which was taken as
1.0, so the degrees of synanthropy varied from that
value down wards.

To undertake the comparisons, ES was consid-
ered as the highest feature of anthropic environment
(settlement) and so the data of Shan-E were taken as a.
The catches made with Shan-1 and Shan-2 corre-
sponded to b and the dataobtained with Shan-3 tog. To
obtaina general over-view of the synanthropy, the ES/
FT ratio between the total numbers of specimens
collected at each place was calculated as the
synanthropic ratio (sr).

The taxonomic identifications are presented with
the generic and subgeneric names abbreviated accord-
ing to Reinert'®'” (1975, 1982).

Data about the IS flooding and the general pre-
vailing environmental temperature pattern have been
described elsewhere (Forattini et al.%, 1993) and were
obtained from the records of the Oceanographic Insti-
tute of the University of S. Paulo', 1989. Heavier
rainfall coincides with the warmest period of the year
from October to March, the dry and colder season
lasting from April to September.
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Results

A total of 90,935 adult mosquitoes (89,578 fe-
males and 1,357 males) were collected, which include
53,527 (58.9%) from the ES and 37,408 (41.1%) from
the FT. The number of identifications made are pre-
sented in Tables 1 and 2. Of that total, 85.9% were
identified to species and 14.1% as belonging to vari-
ous taxonomic categories.

Experimental Station (ES)

Of the total specimens collected, 34,843 femaies
were obtained by the Shannon traps and 17,546 by the
CDC traps. Of the species identified, the more preva-
lent were as follows:

Species Yo
Aedes scapularis 153
Anopheles albitarsis 12.1
Culex nigripalpus 10.8
Mansonia indubitans 8.5
Coquillettidia venezuelensis 8.3
Culex ribeirensis 73
Total 62.3

Despite the close proximity of the collection
sites to each other, different patterns were observed.
The most prevalent species collected on the open
land, are shown in Table 3. The high prevalence of
Ae. scapularis and An. albitarsis representing more
than 50.0% of the females caught, is clear. In con-
trast, in the collections from the RP Ma. indubitans,
Cx. nigripalpus and Cx. ribeirensis predominated,
jointly accounting for more than 60.0% of the total
catch. The percentage of Ae. scapularis and An.
albitarsis recorded over the monthly total of mos-
quito catches at RP is presented in Fig. 2A. An
inverse tendency regarding these two species seems
to have taken place in this habitat, which represents
a permanent breeding place for mosquitoes. Some
aspects of the other species are presented in Fig. 2B,
where a similar inversion was observed with Cx.
nigripalpus and Cx. ribeirensis.

The monthly distributions of the female Ae.
scapularis and An. albitarsis captured by Shan-E and
CDC-1 plus CDC-2 are shown in Fig. 3. Even when
taking into consideration that these species disperse
widely when host seeking, the patterns obtained sug-
gest a preference for the flooded IS condition by An.
albitarsis, and of the empty IS by Ae. scapularis. This
aspect was more evident from the CDC catches made
during the seasonal transition period (April and May).
This probably happened because these traps sampled
mainly newly emerged females in the vicinity of the
breeding places.
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Table 1. Adult Culicidae collected by Shannon traps at the Experimental Station (ES) and “Fonte” (FT) from January 1992
through January 1993.

Residual woods Open land FT Total
Species and taxonomic groups (Shan-1 and Shan-2) (Shan-E) (Shan-3)
I T s ° T K T T T
Aedes (Och)
albifasciatus —_— - - 0 1 1 - - — 0 1 1
crinifer 0 2 2 o 172 172 - - - 0 174 174
fluviatilis 0 7 7 — — — - - - 0 7 7
fulvus 0 59 §9 0 8 8 0 9 9 0 76 76
hastatus - - - - — —_ 2 0 2 2 0 2
nubilus 16 0 16 1 0 1 - - — 17 0 17
oligopistus 2 0 2 - - -_ 17 o] 17 19 0 19
scapularis 5 1.786 1.791 3 2494 2497 2 19 193 10 4.471 4.481
serratus 27 2151 2178 1 282 283 2 265 267 30 2698 2.728
Ae.(Pro)
argyrothorax — — - - - o 0 6 6 0 6 6
Anopheles (Ano)
eiseni — - - - — — 0 1 1 0 1 1
intermedius 0 41 41 0 377 377 23 16 39 23 44 457
mediopunctatus (near) 4 28 102 o] 10 10 0 104 104 4 212 216
An. (Ker)
bellator — —_ _ -— —_ —_ 0 1238 1235 0 1.235 1.235
cruzi 0 96 96 0 10 10 7133.207 33278 7133313 33.384
An.(Nys)
albitarsis 0 7 7 61 3270 3331 — — — 61 3277 3.338
evansas - - - 0 30 30 0 1 1 0 AN 31
galvaor — — - 0 14 14 0 2 2 0 16 16
lutzi — - - - — - 0 1 1 0 1 1
oswaldoi 0 3 3 ] 32 32 0 3 3 0 38 38
strodei 0 2 2 1 90 91 0 4 4 1 96 97
triannulatus 0 2 2 0 7 7 - —_ - 0 9 9
Coquillettidia (Rhy)
albicosta 1 1 2 0 3 3 - — — 1 4 5
chrysonotum 58 0 58 6 0 6 1 ¢] 1 65 0 65
hermanoi 0 41 41 0 190 190 - - - 0 231 231
juxtamansonia 2 58 60 18 853 871 0 2 2 20 913 933
nigricans 1 2 3 0 75 75 - — — 1 77 78
venezuelensis 11 614 625 6 2306 2312 0 3 3 17 2923 2.940
Culex (Asd)
amazonensis 4 5 9 0 4 4 — 4 9 13
Cx. (Cux)
chidester: 1 3 4 0 5 5 - — — 1 8 g
corniger 0 5 ) 0 3 3 - -— - 0 8 8
coronator 1 4 5 - —_ -— - - - 1 4 5
declarator 2 5 7 — — - 1 ¢} 1 3 5 8
lygrus 4 0 4 - - - 1 0 1 5 0 5
mollis 8 0 8 — — — 14 0 14 22 0 22
nigripalpus 47 2216 2263 3 604 607 o] 72 72 50 2892 2.942
usquatus - —_ - - - — 2 0 2 2 0 2
Cx.(Lut)
bigoti 0 2 0 1 1 [ — - 0 3 3
Cx. (Mcx)
dubitans - - - - - — 1 0 1 i 0 1
imitator — — - -— - - 5 0 5 5 0 5
lanei - - - - — — 1 Q 1 1 o] 1
neglectus - - - - - - 1 0 1 1 o] 1
plsunstnatus - - - — 2 0 2 2 0 2
Cx.(Mel}
aliciae 1 0 1 - — — 14 1 15 15 1 16
aureonolatus 1 20 21 26 56 82 0 2 2 27 78 108
bastagarius 15 108 120 0 20 20 1 0 1 16 125 141
corentynensis - — - — —_ - 2 6 8 2 6 8
delpontei - — —_ 1 1 2 - —_ — 1 1 2
distinguendus - - — - —_ — 1 1 2 1 1 2
dunni 3 0 3 - - -_ - - 3 0 3
evansae 0 1 1 — - — 2 0 2 2 1 3
galvaoi 2 0 2 — — — 13 0 13 16 0 15
inadmirabilis — — — o] 1 1 —_ - 0 1 1
innovator 8 0 8 — —_ - - — - 8 0 8
misionensis 2 148 148 — — — i 0 1 3 146 149
ocellatus - - — —_— - - 10 0 10 10 0 10
.ocossa 0 12 12 8 82 90 - - _ 8 94 102
oedipus 11 22 33 — — — 2 2 4 13 24 37
pedroi 10 2 12 — — — 2 0 2 12 2 14
persyrar 0 5 5 — - — - - - 0 5 5
pilosus 8 0 8 —_ — —_ 2 0 2 10 0 10
plectoporpe 4 5 9 i 4 5 1 0 1 6 9 15
nbeirensis 71 1488 18589 0 667 667 0 34 34 71 2.189 2260
sacchettas 7 382 359 0 67 67 11 262 273 18 681 699
spissipes 7 19 26 — — — — — — 7 18 26
tasniopus 0 6 6 — — 0 9 9 0 15 15
vaxus 0 24 241 2 15 17 1 20 21 3 276 279
Zoteki 6 5 LA — 3 1 4 9 6 15
Limatus
durhamir 3 118 121 — -~ — 0 12 12 3 130 133
flavisetosus 0 46 46 —_ - - 0 7 7 0 53 53
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Mansonia (Man)
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cerqueirai — — — 1 0 1 — - - 1 0 1

flaveola — — — 2 2 4 - —_ —_ 2 2 a4

humeralis 0 12 12 169 586 755 -_— - - 169 598 767

indubitans 0 352 352 1 1218 1.217 — - - 1 1.568 1.569

pseudotitillans — — — 41 0 41 - - _ 41 0 41

titillans 1 0 1 43 54 97 — - - 44 54 98
Phoniomyia

davisi 0 3 3 - — - 0 1 1 0 4 4

flabellata (near) 0 2 2 - — — 0 19 19 0 21 21

longirostris (near) - - —_ - — — 0 4 4 0 4 4

pallidoventsr - — — - - 0 6 6 0 6 6

quasilongirostris 0 26 26 — — — 0 5 5 0 3 31

theobaldi (near) o] 5 5 — — o] 22 22 0 27 27
Psorophora (Gra)

cingulata — —_ - 0 8 8 - — - 0 8 8

confinnis — - 1 188 159 - —_ - 1 158 159
Ps. (Jan)

albigenu 1 1301 1.302 0 120 120 o] 48 48 1 1.469 1470

albipes 1 5 6 —_ - — - - - 1 5 6

discrucians 0 5 5 0 604 604 - - - 0 609 609

ferox 2 202 204 0 9 9 0 248 248 2 459 461

lutzif 0 25 25 - —_ - o] 21 21 0 46 46
Ps. (Pso)}

ciliata — - — o] 68 68 — — — 0 68 68
Runchomyia

humboldti 0 3 3 — — — 0 3 3 0 6 6

reversa (near) 0 10 10 - —_ - o] 78 78 0 88 88

theobaldi 0 1 1 — — — 0 15 15 0 i6 16
Shannoniana

fluviatilis — — — — — — 0 1 1 0 1 1
Trichoprosopon

digitatum 1 1 12 — - - 0 2 2 1 13 14
Uranotasenia A

apicalis - - - 0 1 1 - —_ _ 0 1 1

calosomata o] 2 2 - - —_ 1 2 3 1 4 5

geometrica — - - 1 4 5 1 0 1 2 4 6

lowii 1 18 19 — — — — - - 1 18 19

mathesoni 0 2 2 — — - 0 1 1 0 3 3

pulcherrima - - — 1 3 4 - —_ - 1 3 4
Wyeomyia

aporonoma 0 6 — - - 0 2 2 0 8 8

confusa 0 179 179 —_ -— -— 0 232 232 0 411 411

pertinans 0 1 1 — — — — — —_ 0 1 1

shannoni —_ - -— - - - 0 9 9 o] 9 9
Partial (ns) 36011974 | 12334 (79) 398 14.587 | 14 985 (50) 21436.198 | 36.412 (69) 972 62.759 | 63.731 (105)
As. (Och)

perventor/hortator (near) —_ — — — — 5 21 26 5 21 26

Serratus Group 0 1323 1323 0 269 269 0 701 701 0 2293 2.293
An.(Ano)

Arrbalzagia Series — - - 0 2 2 — - - 0 2 2

Punctimacula Group 0 4 4 0 38 38 1 1 0 43 43
An.(Nys)

Albimanus/Argyritarsis Section — — — 0 3 3 —_ - - 0 3 3
An.(Sts)

kompi/canori —_ - - - - 0 3 3 0 3 3

nimbus/tomasi — - - - - - o] 9 9 0 9 9
Cq.{Rhy)

chrysonotunvalbitera 0 1675 1675 0 1442 1442 0 76 76 0 3193 3.193

sp —_ — — 0 103 103 — — - 0 103 103
Cx.(Cux)

Coronator Group 0 110 110 0 400 400 0 21 21 0 531 531

dolosus/eduardoi (near) 1 8 9 - — - — - 1 8 9

sp o] 79 79 0 44 44 o] 66 66 0 189 189
Cx.(Mel)

Atratus Group 0 73 73 0 3 3 o} 25 25 0 101 101

Imitator Group 0 39 39 - ~ — - — - o] 39 39

intrincatus Group — — — — — — 0 1 1 0 1 1

Melanoconton Section 0 2 2 - — - -— - 0 2 2

Pilosus Group 0 121 121 0 48 48 o] 4 4 0 173 173

sp o] 7 7 — — — — — - 0 7 7
Ma.(Man)

sp 145 145 0 1918 1918 0 1 1 0 2064 2064
Ph.

palmata/diabolica (near) s} 10 10 — — 0 14 14 o} 24 24
Ps. (Jan)

albigenu/varipes 0 392 392 0 1 11 - — — 0 403 403
Tr.

pallidiventer/castroi/similis — — — - —_ 0 9 el o] ] 9

y.

airosai’howardi/luteoventralis 0 8 8 - - 0 9 9 0 17 17

felicia/pampeites 0 4 4 — — — 0 8 8 Q 12 12

mystes/finlay o} 1 1 - — — 0 22 22 o} 23 23
Partial 1 4001 4.002 0 4281 4281 5 991 996 6 9.273 9.279
Total 36115975 16.336 398 18 868 19 266 21937 189 37.408 978 72 032 73010

(ns) - Number of species
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Table 2. Aduit Culicidae collected by CDC traps at the Experimental Station (ES) from January 1992 through January 1993.

Rice paddy Drainage trench Residual pond TOTAL
Species and taxonomic groups (CDC-1) (CDC-2) (CDC-3)
s 2 T g ° T 3@ T 3 ? T
Aedsomyia
squamipennis Q 2 2 —_ - - o] 5 5 0 7 7
Aedes (Och)
albifasciatus - - - o] 2 2 - - — ] 2 2
crinifer o] 2 2 - - - 0 3 3 0 5 [
scapularis 0 879 879 1 804 805 0 240 240 1 1923 1.924
sermatus 0 46 46 2 52 34 73 107 36 171 207
Anopheles (Ano)
intermedius o] 7 7 0 2 2 - - - 0 9 9
mediopunctatus (near) -_ = - - - 0 1 1 0 1 1
An. (Ker)
cruzii - - - - - - 0 1 1 0 1 1
An.(Nys)
albitarsis 4 704 708 0 719 719 5 234 239 9 1657 1.666
galvaoi - - - - - - o] 1 1 0 1 1
oswaldoi - - — - - — (] 1 1 0 1 1
strodei - - - - - — 0 1 1 o] 1 1
triannulatus — - - - - 0 1 1 0 1 1
Coquillettidia (Rhy)
albicosta - - - 0 1 1 0 3 3 0 4 4
chrysonotum 1 2 3 3 0 3 12 0 12 16 2 18
hermanoi 0o 10 10 0 2 2 1 16 17 1 28 29
Jjuxtamansonia 4 163 167 5 164 169 13 54 67 22 381 43
nigricans 0 3 3 0 1 1 0 52 52 o] 56 56
venezuelensis 0 145 145 0 t18 115 1191 192 1 451 452
Culex (Aed)
amazonensis 0 13 13 0o 18 18 0 245 245 [ 276 276
Cx. (Cux)
bidens —_— - - - - 31 0 31 31 0 31
chidesteri 0 54 0 836 36 0 64 64 0 154 154
comiger - - -_ - - — 0 5 5 0 ] 5
coronator —_ - - - - 3 o] 3 3 0 3
declarator 0 1 - - —_ — - - 0 1 1
lygrus - - — - - - 11 0 1" 1 0 1"
mollis - - bt _— - - 0 14 0 14
nigripalpus 0 337 337 0 486 486 0 74 744 0 1.567 1.567
Cx. (Mex)
imitator - - — 2 o] 2 - - - 2 0 2
Cx.(Msl)
aursonotatus 0 114 114 1 70 71 0 217 217 1 401 402
bastagarius - - - 1 5 6 1 17 18 2 22 24
delpontei 0o 10 10 0o 10 10 4 1M 175 4 191 195
galvaoi - - — - - - 1 0 1 1 0 1
inadmirabilis 0 4 4 0 4 4 0 1 1 o] 9 9
innovator - - - _ - - 2 0 2 2 0 2
ocossa o 43 43 0 36 36 0 1611 1.611 0 1.690 1.690
oedipus - - -_ —_ - - o] 5 5 0 5 5
pilosus - - - - - - 1 0 1 1 0 1
plectoporpe [ 1 1 - = — 0 4 4 o} 5 5
ribsirensis 3 14 144 ¢ 81 81 1 569 570 4 7N 795
sacchettae 0 29 29 o 37 37 1 23 24 1 89 90
spissipes - - - 0 1 1 0 9 9 0 10 10
tasniopus - - - - — 0 1 1 o] 1 1
vaxus 0 4 4 0 4 4 0 47 47 0 55 55
Mansonia (Man)
flaveola 0 [ 6 0 2 2 Q 7 7 ¢] 15 15
humeralis 1 30 31 1 61 62 43 178 221 45 269 314
indubitans 0 609 609 0 473 473 4 794 798 4 1876 1.880
pseudotitillans 10 0 10 28 0 28 14 0 14 52 0 52
titillans 6 0 6 47 0 47 26 0 26 79 0 79
Psorophora (Gra)
cingulata 0 7 7 0 3 3 2 18 17 2 25 27
confinnis 0 157 1587 0 151 151 0 4 4 0 312 312
Ps. (Jan)
albigenu 0 8 8 0 8 81 0 21 21 o] 110 110
discrucians 0 312 312 1 652 653 0 339 339 1 1.303 1.304
forox - - - o] 1 1 o] 7 7 0 8 8
lutzii 0 1 0 1 1 — — —_ 0 2 2
Ps. (Pso)
ciliata o 17 17 0 7 7 0 3 3 0 27 27
Uranotaenia
apicalis 0 4 4 1 1 2 8 2 10 9 7 16
geometrica - - — - - - 3 5 8 3 5 8
lowii o] 3 3 0 3 3 — — 0 6 6
pulcheriima - = - - = - 21 22 43 21 22 43
Wyesomyia
confusa - - - - - - 0 2 2 0 2 2
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Partial (ns) 29 3.868 3.897 (36) 93 4086 | 4.179(38) 257 6.009 6.266 (55) 379 13.963 14,342 (61)
Ae. (Och)

Serratus Group 0 19 19 0 50 50 0 12 12 0 81 81
An.(Ano)

Arribalzagia Series - - - <} 2 2 - - - 0 2 2
An.(Nys)

Albimanus/Argyritarsis Section 0 1 1 - - 0 1 1 ¥ 2 2
Coquillettidia (Rhy)

chrysonotur/albifera 0 568 568 (o] 387 387 0 397 397 0 1.352 1.952
Cx.(Cux)

Coronator Group 0 70 70 0 69 69 0 101 101 0 240 240

dolosus/eduardoi - - - - —_ - 0 19 19 0 19 19

sp. 0 19 19 0 12 12 0 18 18 0 438 49
Cx.(Mel)

Atratus Group - - - - - — 0 3 3 0 3 3

Intrincatus Group o} 2 2 - - - 0 1 1 0 3 3

Melanoconion Section - - - - 0 1 1 0 1 1

Pilosus Group 0 2 2 0 1 11 0 11 1 0 24 24

sp. - — - - - - 0 4 4 0 4 4
Mansonia (Man)

sp 0 541 541 0 499 499 0 700 700 0 1.740 1.740
Psorophora (Jan)

albigenu/varipes 0 28 28 o] 20 20 0 15 15 [+] 63 63
Partial 0 1.250 1.250 0 1.080 1.080 0 1.283 1.283 0 3.583 3.583
Total 20 5118 5.147 93 6136 5.229 2687 7.292 7.549 379 17.546 17.926

(ns) - Number of species.

Table 3. Collections of the most prevalente Culicidas species (females) at the paddy margin, irrigation system (I1S) and residual
pond (RP) of the Experimental Station (ES) from January 1992 through January 1993.*

Collection Sites Paddy margin IS RP TOTAL
(Shan-E) (CDC-1 + CDC-2) (CDC-3)

Species n. % n. % n % n. %
Ae. scapularis 2.494 23.6 1 .683 30.5 240 8.7 4.417 23.4
An. albitarsis 3.270 31.0 1.427 259 237 8.5 4,934 26.2
Cq. venezuelensis 2.309 21.9 260 48 191 6.9 2.760 14.6
Cx. nigripalpus 607 5.7 833 15.1 744 26.8 2.184 116
Cx. ribeirensis 667 6.3 225 4.1 569 20.5 1.461 7.8
Ma. indubitans 1.216 11.5 1.082 19.6 794 28.6 3.092 16.4
Total 10.563 100.0 5.510 100.0 2.775 100.0 18.848 100.0
* CDC - CDC automatic trap.

Shan - Shannon type trap.
In the collections by Shan-1 and Shan-2 made in Species %
the residual woods, anopheline mosquitoes were vir- y
’ : A .
tually absent. The most common species collected nopheles cruzii L7
were Cx. nigripalpus, Ae. scapularis and Cx. An. bellator 34
ribeirensis, which together accounted for nearly 80.0% Culex sacchettae 0.8
of the total females caught. AsshowninFig.4 asimilar
inversion was observed withregard to Cx. nigripalpus Psorophora ferox 0.7
and Cx: ribeirensis. The same happens as regards this Wyeomyia confusa 0.6
mosquito and Ae. scapularis, mainly in the dry and Acd lari 0
colder season, from April through October. edes scaputarts 05
Total 97.7

Fonte (FT)

The Shan-3 operating in the primitive forest
collected 37,189 female mosquitoes, among which
the most prevalent were as follows:

Clearly the anophelines of the Kerteszia subge-
nus were entirely dominant, and at least with the
Shannon trap, An. cruzii + An. bellator were the most
common mosquitoes occurring in the regional primi-
tive forest.
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Figure 2. Distribution of female percentage rates in the monthly collections made at the residual pond (RP) of ES by the CDC-

3 trap, from January 1992 through January 1993. Bars represent the total numbers of females of species caught each month;

A - Ae. scapularis and An. albitarsis; B - Cx. nigripalpus, Cx. ribeirensis and Ma. indubitans.

Biodiversity
Site CI(5%)
A total of 105 identified species were obtained  Rice paddy (IS) 4.0 (3.8-4.2)
Drainage trenches (IS) 5.0 (4.75-5.25)
8.0(7.6-84)

by the Shannon traps (Table 1). A comparison of the
recorded biodiversities between the three habitats

furnished the following indices, with a 5.0% confi-
dence interval:

Residual pond (RP)

Similarly, quantitative differences were found
with regard to the residual pond samples (CDC-3),

CI(5%)
10.0 (9.5-10.5)

Site
Residual woods (RW)

Open land (IS) 7.0 (6.65-7.35)
Fonte (FT) 8.0 (7.6-84)

A quantitative difference was recorded with re-
spect to the residual wood samples (Shan-1 plus
Shan-2), that showed greater biodiversity than the
other habitats. Of the 61 identified species collected by
the automatic CDC traps at the ES (Table 2), the

indices recorded were as follows:
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which revealed a higher degree of biodiversity than

the other habitats.

Figures 5 to 9 present the main species percent-
ages of the total number of females collected in the
several habitats.

Synanthropy
As has already been mentioned, the three envi-
ronments were compared by means of the
synanthropic indices (s) for the species collected in
these habitats. The results are presented in Table 4.
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Figure 3. Monthly distribution of female Ae. scapularis (A} and An. albitarsis (B) caught on the ES open land by Shannon and
CDC traps operating on the irrigation system (IS}, from January 1992 through January 1993, according to the flooded or empty
condition of the IS. Lines represent the results obtained with the Shan-E trap and bars those with the CDC-1 and CDC-2 traps.

Among the species presenting developing
synanthropy,An. albitarsis and Ae. scapularis showed
the highest degrees. The meaning of these indices is
given in Fig. 10.

The synanthropic ratio (sr) yielded the overall
value of 1.78, suggesting that the ES habitat is
suitable for a greater number of species than the FT.
When the ES habitats are considered separately, the
synanthropic ratios are as follows:;

Thus, practically no differences were observed
between the residual woods (RW) and the primitive
forest (FT) environments as regards their mosquito
biodiversities. Nevertheless, when the IS data are
compared with those of the primitive environment, the
former showed a lower degree of biodiversity, sug-

gesting the existance of a selective role that favors the
synanthropy of the above mentioned species.

Discussion

Data about immature mosquitoes from the same
study area have already been published (Forattini et
al.?, 1993). The work reported here concerns the adult,
in an attempt to establish the relationships existing
between them and the behavior of the immature stages
in the IS. Obviously adult sampling does not, strictly
speaking, represent the local breeding production.
Despite this, it is sufficient to suggest the habitat to
which mosquitoes are adapted for carrying out their
activities after their appearance at the breeding sites.

The results obtained at the ES showed clearly that
An. albitarsis was one of the species most favored by the
IS, despite former observations at the same site, which
did not suggest such a pattern (Forattini et al.5, 1989).
The explanation is probably tobe found inamore recent
adaptation of this mosquito, or alternatively due to
insufficient sampling. In any case, former observations
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Figure 4. Distribution of Ae. scapularis, Cx. nigripalpus and
Cx. ribeirensis female percentage rates by the monthly
collections made in the residual woods of ES by the Shan-1
and Shan-2 traps, from January 1992 through January 1993.
Bars represent the total numbers of females of species
caught each month.
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RW 288
An (Kerteszia) 92.6
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Figure 7. Diagram of the Aedes scapularis distribution as
percentages ofthe total females caughtin the various habitats.
ES- Experimental Station; FT- Fonte; IS- Irrigation system;
RP- Residual pond; RW- Residual woods.

hadalsoshown thatAe. scapularis and An. albitarsisare
now the dominant species in the anthropic agricultural
environment developed in that region. As was discov-
ES ered with the immature stages, the adult production of
Figure 5. Diagram of the distribution of the principal species  tese two species seems to alternate and is, to some
represented by the percentages of the total numberof females  degree, related to the flooding and emptying of the rice
caughtat the Experimental Station (ES) and atthe Fonte (FT).  paddies. This inverse relationship was also observed
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Figure 8. Diagram of the Culex (Melanoconion) species
representedas percentages of the total females caught at the
various habitats. ES- Experimental Station; FT- Fonte; IS-
Irrigation system; RP- Residual pond; RW- Residual woods.

Figure 9. Diagram of the Anopneies aibitarsis and the
distribution of the main species identified at the Experimental
Station (ES) habitats, represented as percentages of the total
number of females caught. IS - Irrigation system; RP- Resi-
dual pond; RW- Residual woods.

Table 4. Nuorteva’s synanthropic index estimated as percentages of female Culicidae of selected species collected

in three environments *.

Species a (%) b (%) ¢ (%) s
An. aibitarsis 99.8 02 0.0 + 999
An. cruzii 0.03 0.29 99.7 - 822
An. mediopunctatus 5.0 46.0 490 - 210
Ae. scapularis 56.0 400 40 + 71.0
Ae. serratus 10.0 81.0 10.0 + 41.0
Cx. nigripalpus 21.0 78.0 2.0 + 580
Cx. ribeirensis 30.0 68.0 20 + 630
Cx. sacchettae 10.0 52.0 38.0 - 30
Cq. venezuelensis 79.0 210 0.1 + 896
Mn. indubitans 7176 224 0.0 + 88.8
Ps. albigenu 8.2 88.6 33 + 492
Wy. confusa 0.0 43.6 564 - 347

* a- Open land (Shan-E).
b- Residual woods (Shan-1 and Shan-2).
c- Primitive forest (Shan-3).

s- Synanthropic index (s =2a+b-2¢)
2

with the adult samples of other species such as Cx.
nigripalpus and Cx. ribeirensis. The interpretation of
this phenomenon is not clear and deserves the atten-
tion of further investigation. In adiction, several spe-
ciesof Cx. (Melanoconion) appear to be favored by the
anthropic man-made open land too.

When results obtained from the several ES habi-
tats were compared, the occurrence of differences be-
tween them became evident. Thus, An. albitarsis was
practically a non-existant mosquito in the residual
woods (RW), its high prevalence at the irrigation sys-
tem (IS) situated not much more than akilometre away.

323



Forattini, O. P. et al.

The biodiversity was greater at ES than in the
primitive environment of FT. This was mainly due to
the RW influence that not only preserves some mos-
quito species even at low densities, but also represents
a resting place for several others. Without doubt the
irrigation system is favorable to the establishment
and the emergence of An. albitarsis, even when the
possibility that this population is a complex of several
speciesisconsidered. In this senseitisamechanism that
has been related to malaria outbreaks as, for instance,
wasrecentlyreported in Sri Lanka (Amerasinghe etal.!,
1991; Ramasamy et al.**, 1992).

Several other mosquito species were favored
by, and consequently establishedin, theIS. Among
them Ae. scapularis, Cx. nigripalpus and many
Cx. (Melanoconion) such as Cx. ribeirensis. This
finding has already been reported in a general
manner (Forattini et al.?,1989). The increases of
Coquilletiidia and Mansonia species at the IS was

»

Preference for anthropic

[”00 An. glbitarsis
modified environment
Cq. venezuelensis
Mn indubitans
-+ 75
Ae. scapularis
Cx ribeirensis
Cx. nigripalpus
r+50

Ps. albigeny
Ae. serratus

T

~+25

Independence of

anthropic environment
Cx sgcchetfas

—— -
o

25 An mediopunctatus
E Wy. confusa
--50
H--75
Preference for An cruzi
wild environment L-100

Figura10. Representation ofthe differentdegrees of Culicidae
synanthropic indices (s) in three habitats, according to the
degree of anthropic modifications.
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regarded as unexpected in view of the fact that
they are associated with aquatic plants in flooded
environments.

It seems quite pertinent to conclude that An.
albitarsis, occurring at low densities in the natural
environment of the forest, is an efficient colonizer of
areas occupied by humans adopting the artificial irriga-
tion technique for agricultural development. So this
anopheline may be classified as an eusynanthrope, its
adaptationbeing related to the human artificial environ-
ment in the region studied here. Furthermore, Ae.
scapularis deserves attention as a hemisynanthropic
population since its female synathropic ratio between
open land (IS) and primitive forest (FT) collections
(Table 1; sr=IS/FT) was 13.0. Similar patterns were
observed with Cx. nigripalpus (8.4) and Cx.
(Melanoconion) species (2.7). For the latter subgenus,
the value obtained with Cx. ribeirensis was 19.6 and
with Cx. sacchettae 0.2. Thus these two mosquitoes
show apparently opposite behaviors as regards their
synanthropic tendencies. Even within the residual
woods (RW) they presented ratios sr= RW/FT of 43.7
1o the former and of 1.3 to the latter. So it seems
appropriate to consider Cx. ribeirensis as
hemisynanthropic. As for Cx. nigripalpus the sr=RW/
FT ratio was 30.8, suggesting that it also constitutes a
hemisynanthropic population. These observations
confirm preliminary results obtained formerly in the
same region (Forattini et al.5, 1986).

From the epidemiological point of view, the
potential for malaria and arbovirus transmission may
e increased. Such a probability arises from popula-
tions of settlers that may move into future develop-
ment programs involving artificial irrigation in the
region here studied.

Forattini,O.P. etal. Estudos sobre mosquitos (Diptera: Culicidae)
e ambiente antrdpico. 3 - Coleta de formas adultas no sistema de
irrigagdo artificial para cultivo de arroz e emergéncia de Anoph-
eles albitarsis na regido sudeste do Brasil. Rev. Saiide Piiblica,
27:313-25,1993. Relatam-se os resultados obtidos coma coleta
regular de Culicidae adultos no periodo de janeiro de 1992 a
janeiro de 1993, levadas a efeito no sistema artificialmente
irrigado da Estagdo Experimental do Vale do Ribeira, SP -
Brasil. Evidenciou-se a emergéncia de Anopheles albitarsis
como uma das espécies de mosquitos prevalentes no sistema
irrigado. Esse aspecto, acrescido da sua pratica auséncianomeio
natural primitivo ou mesmo nas matas residuais locais, levou a
hipdtese de se tratar de culicideo eusinantrépico. As condigdes
artificiaisaparentemente favoreceramtambémAedes scapularis,
Culex nigripalpus e Cx. ribeirensis. A comparagdo das
biodiversidades encontradas nos ambientes, antrépico e natural,
nio foi acentuada sob o ponto de vista quantitativo, mas o foi
quantoa feigdoqualitativa. Aquelasespécies de maior prevaléncia
mostraram incidéncias relativamente alternadas ao longo do
perfodo anual. A presenga de An. albitarsis foi mais prevalente
nas épocas de inundagdo dos campos de arroz, enquanto Ae.
scapularis mostrou-se mais freqiiente por ocasido do perfodo
inicial de esvaziamento dos arrozais irrigados. Tais resultados
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permitiram considerar Ae. scapularis, Cx. nigripalpus e Cx.
ribeirensis como culicideos hemisinantrépicos. E de se admitir
que aadogio da técnica de irrigago artificial para o desenvolvi-
mento agricola da regido possa vir a favorecer o incremento de
endemias veiculadas por mosquitos, como a maléria.

Descritores: Mosquitos. Ecologia de vetores. Anopheles.
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