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Biodiversity and influence of climatic factors on mosquitoes
(Diptera: Culicidae) around the Peixe Angical hydroelectric scheme
in the state of Tocantins, Brazil

Jalia dos Santos Silva'%/*, Juliana Barreto Pacheco’, Jeronimo Alencar', Anthony Erico Guimaraes'

Laboratério de Diptera, Instituto Oswaldo Cruz-Fiocruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, R}, Brasil > Programa de Pés-Gradua-
gao em Zoologia, Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro, R}, Brasil

The influence of climatic factors on the seasonal frequency of mosquitoes (Diptera: Culicidae) at the Peixe Angi-
cal hydroelectric scheme (Tocantins, Brazil) was evaluated in the present paper. Mosquito surveys were conducted
in the municipality of Peixe and in areas surrounding the reservoir in the municipalities of Parand and Sao Salvador
do Tocantins during two daytime periods (10 am-12 noon and 2 pm-4 pm) and two night-time periods (6 pm-8 pm
and 6 pm-10 am) over 14 months. In total, 10,840 specimens from 42 species were captured, 84.5% of which belonged
to the Culcinae. The most common species were Anopheles darlingi, Psorophora albipes and Sabethes chloropterus.
The number of Culicidae specimens was higher in months with higher rainfall and air humidity than during the drier
months. The large population of Ps. albipes and the presence of both An. darlingi (primary vector for human malaria
parasites) and Haemagogus janthinomys (primary vector for yellow fever virus) are highlighted.
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Studies on culicid fauna become increasingly impor-
tant in areas where human activities have induced envi-
ronmental changes, as the population dynamics of mos-
quito vectors may shift in response to altered habitats.
Certain species may actually benefit from such changes,
thereby increasing their density and presenting a threat to
human health. The construction of hydroelectric power
stations offers a prime example of this type of human in-
tervention. This process often results in numerous chang-
es to the surrounding environment, especially when it
involves flooding of land adjacent to rivers and modifi-
cation of river flow regimes (Bastos & Saito 2000).

According to Tauil (1986), the implementation of
large construction projects attracts a large number of
people and directly affects the physical and biotic envi-
ronment, thus producing an epidemiological risk factor.
The Peixe Angical hydroelectric scheme (PAHS) on the
Tocantins River in the state of Tocantins (TO), Brazil
has revived the discussion about the extent of environ-
mental changes that follow such large-scale projects. It is
critical that we improve our understanding of the trans-
formations caused by human activities that alter the envi-
ronment and the population dynamics of insect vectors.

In the present paper, we report the seasonal frequen-
cy of the mosquito fauna before and during the filling
of the PAHS reservoir as well as the possible influences
exerted by climatic factors.
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MATERIALS AND METHODS

PAHS is located on the Tocantins River in the munici-
pality of Peixe (TO). The dam is 6.2 km long and 39 m in
height. The area of the reservoir is 294 km? and the spill-
way width is 213 m, with an outflow capacity of 37.044
m?s. Construction of PAHS started in April 2002. The
filling of the reservoir began on January 14 2006 and con-
cluded on April 22 2006. On June 27 of the same year,
commercial operation of Generating Unit 1 began. The
environmental changes resulting from PAHS during this
period included intense and extensive deforestation, par-
tial obstruction of rivers and creeks, accumulation of wa-
ter and the formation of large manmade lakes.

Because TO is in a transition area, it presents climatic
and physical characteristics of both the Amazon Region,
which is wet for most of the year and is covered with tropi-
cal rainforest and the Central Region of Brazil, which has
a drier climate and vegetation dominated by cerrado,
which covers 87.8% of the state’s area (Fig. 1). The cer-
rado terrain occupies depressions over the majority of the
territory. Plateau areas showing significant erosion can
be found in the southern and northeastern regions, while
extensive lowlands predominate in the central part of the
state. The Tocantins River basin comprises approximately
two-thirds of the state’s hydrographic basin; the Araguaia
River makes up the remainder, with several important
sub-basins. The Araguaia, Tocantins, Sono, Balsas and
Paranad are the most important rivers in the state.

The climate in the PAHS region is tropical, with mean
annual temperatures of 26°C in the rainy months (October-
March) and 32°C in the dry season (April-September). The
mean annual rainfall is 1.800 mm in the northern and eastern
regions of the state and 1.000 mm in the southern region.

This study was carried out in the municipality of Peixe,
the location of the main construction site and in areas ad-
jacent to the reservoir in the municipalities of Parana and
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A B
Brazil
Collection Locality Latitude Longitude
sites
1 Fazenda Pedra Riscada [ §12°16'30.7" W 4818°37.9"
2 Tlha Jabota S5 12°15'56.3" W 487187455
3 Fazenda Cabacinha $12°22'31.4” W48°14'16.7"
4 Fazenda Panamd S 12°14'15.7” W4B21°52.6”
5 Fazenda Tragadal $12°01'06.1" W48°12'33.1"
6 Fazenda Piabanha S 12°46'46.6™ W4821°32.7"
7 Vila Espirito Santo $1236°43.17 W 47'53°53.3"
8 FozdoRibeirdo das Lajes 812°34'33.1” W 4802°208"
9 Fazenda Pedra Riscada IT S1215"15.4” W48722'03.7"
10 Fazenda Barreirdo $12°40'00.7" W 48'14°28.4"
n Rio das Almas $1217'34.6” W482329.9”
12 Dam S12'14'22.8 W 4823248

7
I o [T =7 A

W Collections sites in PAHS.

Fig. 1: location of the Peixe Angical hydroelectric scheme reservoir in Brazil (A), in detail in the state of Tocantins (B); map showing the three
areas under direct influence of the reservoir, highlighting the specimen capture points (C).

Sdo Salvador do Tocantins. Twelve collection sites were
established. They were distributed between these three
areas and were directly influenced by the reservoir, as in-
dicated in Fig. 1.

Peixe - The municipality of Peixe covers a territorial
area of 5,291.18 km? at an altitude of 240 m. Peixe is locat-
ed on the left bank of the Tocantins River at the southern
extremity of the central part of the state. The samplings
were carried out along the banks of the Tocantins River,
close to the dam that forms the PAHS reservoir. There
was a large flow of people through this area because of
the dam construction. The collection sites placed at this
locality were 1, 2, 3,4, 9, 11 and 12 (Fig. 1).

Parand - The municipality of Parana covers a territo-
rial area of 11,260.15 km? at an altitude of 274 m. Parana
is located at the southern extremity of the state. Sampling
was performed close to the banks of the Parana River, in
riparian areas where typical cerrado vegetation can be
found. The capture points placed at this locality were 5,
7 and 8 (Fig. 1).

Sao Salvador do Tocantins - This municipality covers a
territorial area of 1,422.03 km? at an altitude of 120 m. Sao
Salvador do Tocantins is located in the southern part of the
state. This municipality has typical cerrado vegetation with
mountains and lowlands. The sampling was carried out on
the banks of streams that empty into the reservoir, where the
vegetation forms a dense forest. The capture points placed at
this locality were 6 and 10 (Fig. 1).

Sampling was performed every two months for five
consecutive days between February 2004-April 2006. Col-
lections were carried out during four defined periods, i.e.,

from 10 am-12 pm, 2 pm-4 pm, 6 pm-8 pm and 6 pm-10
am. Members of the Diptera Laboratory [Instituto Oswal-
do Cruz (I0C)] collected mosquitoes resting on vegetation
and any specimen that was likely to have been attracted by
the presence of humans. For the night collections, Shan-
non traps (Forattini 2002) with a 100-watt universal light
were used and insects were captured while resting on the
walls. Samplings were also performed using traps (Lard
Can Trap) with animal bait (Gallus g. domesticus). The
traps were installed at the tops of trees, about 7 m above
ground level. Temperature and relative air humidity were
recorded using a thermohygrometre (Oregon Scientific,
model RMR132HG), which was placed 1 m above ground
level. Daily rainfall data were obtained from the Instituto
Nacional de Meteorologia (INMET). Mosquitoes were
taken to the laboratory, identified and deposited in the
Entomological Collection of IOC under the title “PAHS
collection” (Cole¢ao de AHE-Peixe). Identifications were
conducted using the adult identification keys of Lane
(1953a, b), Consoli and Lourengo-de-Oliveira (1994), Fo-
rattini (2002) and Harbach and Howard (2009). The genus
and sub-genus abbreviations followed Reinert (2001).

Graphical representations and analyses were performed
for the species that occurred at frequencies greater than 5%,
with respect to each subfamily/tribe within each type of
analysis. The data obtained from the sum of all mosquitoes
from all captures in the three areas were expressed as abso-
lute values and percentages and transformed into Williams
means (Haddow 1960). The confidence interval was 95%.
The influence of climatic factors on the culicid fauna was
analysed using linear correlation coefficients with a confi-
dence limit of 90% for r = 0.458.



157

3 vTe 9C 3% I'e L8 4 61 (1061 ‘PIBQOSYL) S10.L42S (SNIDIOLD[YI() SHIDIOLD]YI(O)
Sl 8¢l 00 0 91 8% 0C €6 (8281 ‘uuewpalp ) snajnf (snypjo4ajyo0) Snipio4a]ys>0)
1o I 70 9 o [4 o € (P061 ‘ZmT) syupvian]f (snpjoLo1y>0) sMPI0L[Y20)
[ 0Ll 90 01 0T 9¢ 60 144 (061 ‘ZT) XDLOYIIAIN (DUIPADMOE]) SNIDIOAD]YI()
€1 CIl I'o [4 9¢ 101 €0 4! (8781 “JON[A\) Supjii1) (VIUOSUDJ) DILOSUDI
v'e €le 00 0 801 90¢ 0 L §T61 ‘uouueys 2 oA sunigRpul (DIUOSUDIY) DIUOSUDIY
€1 SIl L0 1T ¢€¢ €6 70 1T 1261 ‘1A sdwouryjuv! (sn3o3vwav]) sn303Duwav L]
€01 vv6 €€el 02T €yl L0V 89 L1€ (461 ‘uouurys o JeA(Q) snuavj200ona) (sndazsodouoy)) sn3o03vuanyy
102 78T ) 901 SLIT 96% 997 6£T°1 1061 ‘PIeqodY I, sndjpdLi3iu (xa]n)) xajn)
00 € 00 0] 00 0 10 ¢ LE6I ‘Sumuy 9 due wouunys (viuanioydudyyy) vipiiajnboy)
I'o L 00 0 00 0 70 L 1681 ‘e3ezreqriry-youky vijo1osnf (viuanioyoudyy) vipiajinbo)
€0 8T 00 0 00 0 90 8¢ (Lo61 ‘seSeyD) pruosupwwyxn! (vipyajjinbo)) vipia|jnbo)
0 LE 00 0 00 0 80 LE (8L81 “eSez[equry youkT) siuuadiupnbs (v1duioapay) viduiospay

(oqn 1uryleqes 1dooxd) Ajrwrejqns svuIdIn))

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 105(2), March 2010

0°001 ovL 0°001 €ve 0°00I 181 0001 (443 [eoqng
9Tl 6 TYe €8 LT ¢ ST 8 Y061 ‘2T ipavlvf isSvy)
ST 061 691 It 661 9¢ I's¢ €1l (zzol ‘ol % AIN) smvjnuunlay (snyoudy10ssan) sajaydouy
0¢ Sl 80 [4 [ 14 8'C 6 9761 100y 12p0.1s (snyoudiy.10ssAN) sajaydouy
S0 + 80 z 00 0 90 z 0161 ‘zodoT 29 ero1BD) BAOD) ‘UOP[RqRL) 1723Un. (Snyoudiy.108sAN) sajoydouy
I'0 I 00 0 90 [ 00 0 (L0o61 ‘seSey)) snaund (snyoudy.iossAn) sajoydouy
[ 6¢ 00 0 991 0¢ 8T 6 (7261 ‘nssek1nd) ropppmso (snyoudy.1ossAN) sajoydoup
991 ¥l L'LT 9% 6'vT [S% 1 9¢ (9261 ‘soyaag) avsuvaa (snyoudy.iossap) sajaydouy
80 9 00 0 00 0 61 9 6861 ‘SeIAILI-BSOY Wn.L0ounap (Snydudy.L0ssAN) sajpydouy
09¢ Y6l §ee LS L3¢ cs ¥9¢ c8 9761 100y 13ullivp (snyoudi.iossay) sajpydouy
Lo S |4 S 00 0 00 0 LT81 ‘Ap10ASO(-NBUIqOY SISADILIAZAD (Snyoudy.108sAN) sajaydouy
'8 €9 4! € [SS 0l (SIS 0S 8.81 ‘eSeZ[RqLLIYV-YOUAT SISUD)IqID (Snyoudy.i08SAN) sajaydouy
€l 01 6'C L 00 0 60 € (€061 ‘PIeqoay L) smppoundoipaul (sajpydouy) sajoydouy
I'o 1 00 0 00 0 €0 1 1161 “BAION 29 ZIN S1suasso.L303pul (sajpydouy) sajaydouy

Arwreyqns seuroydouy

% u % u % u % u soroadg

TeloL, IOpeAJeS oBS BUBIR] oxX19d soniediotuniy

900¢ 111dvy-$007 Areniqo woij ‘sofejuodrod pue sonjea anjosqe se ‘sjutod [e 10] pue
jurod anydes 01 Surp1oooe douepunqge sor0ads pue SURUELOO], JO 1e)S OY} UL IOALY SUUEIOT, dU} UO dWYDS OLIJOS[00IPAY [BOISUY 0X19d Y3 e JySneo soroads ojnbso

191dV.L



Mosquitoes of the Peixe hydroelectric scheme, Brazil ¢ Jilia dos Santos Silva et al.

158

0¥8°01 1LT°T LLE'E T6l's [e30L
0001 L£6 0001 TLe 0001 ss¢ 0001 01T [e30)qng
0 4 80 € €0 I 00 0 1061 ‘PIeqORY L Siyp41u24021n] (D1dUiopua(y) viduoady
S0 S 00 0 Al S 00 0 (S061 ‘zY) 423u241p1y10d UOdOSO.1dOYILL]
L€ 443 1'9C L6 98¢ LET ey 16 (ST61 ‘uouueys % IRAQ) UOWIDPOIND]S (SIp10YI2GDS) SIY12GDS
v'0v 6LE 69 85T 61 69 8T 4s (6181 “Wploquiny uoA ) sn.iaydo.opys (sap1oyjaqng) say1aqng
Syl 9¢1 S0 4 79T €6 S'6l |42 (Y061 ‘znT) snipautidpul (Snuly1agos) say12qng
1'0 I 00 0 €0 [ 00 0 (L061 ‘preqoay ) sna.nd.ind (say12qng) say12qng
01 6 80 € LT 9 00 0 8061 ‘BAION 10LIDSI]aq (S2Y12GDS) S2Y12GDG
S'1 i 00 0 ST 6 v'C S €061 ‘Preqoay [, sisuan.vd snivury
89 9 v'C 6 96 e 001 1z 1061 “PIBQOSYL 1upif.inp SIAvULT

oqLy 1uIyleqes
0001 LSI'6 07001 9591 0001 1¥8°C 0001 099t [ej01qng
0 1§74 0¢ €€ 10 4 10 1% 1681 ‘e3ez[equuy-YoUuA] vuniioyoind (viuavjoun.)) DiUaDIOUD.L )
00 z 00 0 00 0 00 z €061 “PIeqOSY L, s1po1dp (v1uapioun.f)) viusPIOUD.A()
00 4 00 0 00 0 00 4 (S081 ‘smotiqe,) sadijio (p.1oydo.osq) v.ioydo.osq
96 LLS €T €€ 6'¢ 111 6'8 €1y (6181 “Wp[oquIny UoA ) xo.af (puiosoutypuvy) v.ioydo.iosq
0t LT0%Y X014 L18 8'6E 810°1 0Ly T6I°T (L061 ‘PIeqoay L) sadiqp (vutosouryjuny) v.ioydoosq
10 L 00 0 00 0 0 L (8061 ‘nsseh1od) nuasiqpy (vurosouryjuvf) v10ydo.iosq
€T S1T €¢ sS 0¥ STI 0’1 Sy (8%81 ‘TuepUOY) SL4DNADOS (SNIDI0L2]YD() SNIDIOLDIYIO)

(9qun uryzaqes 1doox9) Afrweyqns oeuIdIn)

% u % u % u % u soradg

[eo, JopeA[es oS rURIRJ AXIdJ soniediotunjy




Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 105(2), March 2010 159

RESULTS

Over the course of the two-year survey, 10,840 speci-
mens of two subfamilies, 14 genera and 42 species were
caught (Table I). The Culicinae were the most numerous,
accounting for 93.1% of the specimens caught, while the
Anophelinae accounted for 6.9%. Psorophora albipes was
the most numerous species, accounting for 37.1% of the
specimens caught among all sampling points (Table I).

According to data from INMET, the months with
higher rainfall spanned December-March, while the
drought period lasted from May-October during the
two years of the study (Fig. 2A). Each year, the highest
temperatures were recorded between October-February
(Fig. 2B), while the period between December-April pre-
sented the highest relative air humidity (Fig. 2C).

The mosquito fauna presented a sizeable number of
specimens in February, followed by a large increase in
April and a decline in June and August. In October, the
number of specimens began to increase again (Fig. 3A).

The Anophelinae were favoured in April and mainly
in June and October, when the population curve was
above the confidence interval. The least favourable pe-
riod was from December-February (Fig. 3B). Popula-
tions of Anopheles albitarsis and Anopheles evansae
peaked above the expected interval in October (Fig. 3C,
E). Anopheles darlingi showed its greatest population
increase in April (Fig. 3D) and Anopheles oswaldoi in
April and June (Fig. 3F). Anopheles triannulatus showed
its greatest population increase in June and October (Fig.
3G). Lastly, Chagasia fajardi presented its greatest pop-
ulation increase in June (Fig. 3H). For all anophelines,
the period between December-February yielded the low-
est number of specimens (Fig. 3B-H).

For the representatives of the Culicinae (except for
the Sabethini), the period between December-April
was the most favourable, while the lowest abundances
were recorded between June-October (Fig. 31). Hae-
magogus janthinomys, Ps. albipes and Psorophora
ferox were most abundant between December-April and
at their lowest levels between June-October (Fig. 3 K-M).
Culex nigripalpus had the lowest number of specimens
in August and the highest in October (Fig. 3J).

The Sabethini were very abundant between Decem-
ber-April but infrequent between June-August (Fig. 3N).
Limatus durhami and Sabethes chloropterus presented
numbers of specimens above the confidence interval in
December and below it in June and August (Fig. 30, P).
Sabethes glaucodaemon and Sabethes intermedius were
most abundant in February (Fig. 3Q, R).

To determine the influence of climatic factors on cu-
licid fauna in the region and understand the existence
of population peaks outside the confidence interval, the
significance of these interrelations was analysed using
linear correlation coefficients. Absolute values of mos-
quitoes captured manually or in Shannon or animal bait
traps over the 14 months of the study were analysed
according to the capture area (municipalities of Peixe,
Parana and Sao Salvador) (Table IT). The abundance of
An. albitarsis s.l. was positively correlated with temper-
ature in the three areas, while this variable had a nega-

tive influence on Ch. fajardi in Sao Salvador (Table II).
A correlation based on relative humidity variations was
detected for seven species. For Cx. nigripalpus (Peixe),
Hg. janthinomys (Sao Salvador), Ps. albipes (Sao Salva-
dor), Ps. ferox (Peixe and Sao Salvador) and Sa. glau-
codaemon (Peixe), this was a positive correlation, such
that increases in relative humidity were associated with
increased numbers of specimens collected. For An. al-
bitarsis s.I. and An. triannulatus in Peixe, relative hu-
midity had a negative influence. Hg. janthinomys (Peixe
and Sao Salvador), Li. durhami (Sao Salvador), Ps. ferox
(Parand), Sa. glaucodaemon (Peixe) and Sa. intermedius
(Peixe) were positively influenced by rainfall (Table II).

DISCUSSION

Several species belonging to the Anophelinae are
known to use large lakes as larval habitat (Forattini 2002)
and therefore comprise the group most likely to benefit

Rainfall

Temperature

Feb | Apr | Jun | Aug | Oct | Dec | Feb | Apr | Jun | Aug | Oct | Dec | Feb | Apr

2004 2005 2006

Peixe

v Parand

Air relative humidity

====: 530 Salvador

100 4
g0 4

60 A

40 1

20

Dec | Feb

Feb | Apr | Jun | Aug | Oct Apr | Jun | Aug [ Oct | Dec | Feb | Apr

2004 2005 2006

Fig. 2: climatic data relating to accumulated monthly rainfall (A),
temperature (B) and relative air humidity (C) for the region around
the Peixe Angical hydroelectric scheme on the Tocantins River in the
state of Tocantins.
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X Culex nigripalpus p, 8 Haemagogus janthinomys Xy Psophora albipes
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Xw Psorophora ferox M X Sabethini tribe N X Limatus durhami o
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0,8
20 20 0.6
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X, Sabethes chioropterus P Xw Sabethes glaucodaemon Q X Sabethes intermedius R
10 12 1,2
8 9 0,9
2 6 0,6
2 3 0,3
0+ T T T T 1 0 0 4 T T R T 1
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- Confidence interval

Distribuition medium value =——— Population curve

Fig. 3: seasonal frequency of mosquito species, according of Williams means (X ) around the Peixe Angical hydroelectric scheme on the To-

cantins River in the state of Tocantins from February 2004-April 2006.

from the formation of hydroelectric reservoirs. However,
the mosquito vectors that transmit malaria (MS 2003)
and sylvatic yellow fever (Vasconcelos 2003) (transmit-
ted by Haemagogus mosquitoes) are both endemic to the
region of the present study and other arboviruses can
also be transmitted by Culicidae vectors that occur in
this region. We therefore chose to perform captures dur-
ing both day and night so that we could collect data for
the anopheline fauna as well as other epidemiologically
important species.

The seasonal frequency of most species indicated
that there was a relationship between culicid occurrence
and particular aspects of the regional climate. Some au-
thors have observed that the availability of larval habi-
tats (Hayes & Charlwood 1979, Guimarées et al. 2000)
and the abundance of mosquitoes are mainly controlled
by rainfall (Guimaraes et al. 2001), even in artificially
altered environments (Forattini et al. 1996) like PAHS.
Montes (2005) reported that among the climatic factors
analysed, temperature was most highly correlated with
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TABLE 11

Linear correlation coefficient (r) between culicid abundance in the three localities of Peixe Angical hydroelectric scheme on the
Tocantins River in the state of Tocantins and temperature, relative air humidity (RAH) and rainfall for February 2004-April 2006

Municipalities Peixe Parana Séo Salvador
Species Temperature RAH Rain Temperature RAH Rain Temperature RAH Rain
Anophelinae subfamily

Anopheles albitarsis 0.54 -0.52 -0.19 0.46 -0.43 -0.25 0.57 -0.41 -0.08
Anopheles darlingi 0.32 0.17 -0.08 -0.28 -0.18 -0.38 -0.21 0.44 0.30
Anopheles evansae 0.42 -0.13  -0.22 0.45 -0.39 -0.36 0.06 -0.29 -0.09
Anopheles oswaldoi -0.04 0.02 -0.33 -0.21 0.15 0.11 0.00 0.00 0.00
Anopheles triannulatus 0.41 -0.49 -0.40 -0.21 -0.43 -0.52 0.04 -0.40 -0.38
Chagasia fajardi -0.21 -0.19 -0.28 -0.08 -0.24 -0.28 -0.52 0.18 -0.18
Culicinae subfamily (except Sabethini)

Culex nigripalpus 0.30 0.55 0.26 0.13 031 022 -0.10 012 -0.18
Haemagogus janthinomys 0.25 0.34  0.51 -0.20 0.21 0.11 -0.02 0.75 0.54
Psorophora albipes 0.24 0.29 0.13 -0.28 0.35 0.10 0.00 0.57 0.31
Psorophora ferox 0.15 0.62 042 0.03 0.37 048 -0.18 0.75 040
Sabethini tribe

Limatus durhamii 0.41 0.23  0.07 0.19 028 0.12 -0.02 038 0.52
Sabethes chloropterus 0.41 024 0.32 0.42 -0.03 0.18 0.24 025 0.24
Sabethes glaucodaemon 0.08 0.52 0.61 -0.17 0.20 0.08 0.27 047 031
Sabethes intermedius 0.01 0.13  0.49 -0.10 0.03 -0.10 -0.25 -0.14 -0.28
two-tailed tests with confidence limit of 90% for the critical value of r= 0,458 (r ., ,, = 0.458).

the number of individuals caught in the study area of
Serra da Cantareira (state of Sdo Paulo). In addition,
this study reported that larval development was also in-
fluenced by rainfall and the temperature of the 10 days
prior to capture (Forattini 2002).

In the present paper, the highest number of An.
darlingi specimens was recorded in April 2006, when
the PAHS reservoir was being filled. This process was
accompanied by greater shading of the banks and in-
creased quantities of organic matter produced from
the decomposition of vegetation submerged around the
edges. Some reports have suggested that in areas around
hydroelectric schemes, the water level in the reservoir is
the determining factor for anopheline populations; cli-
matic factors are reduced to a secondary influence (Gui-
maraes et al. 2004, Paula & Gomes 2007). Moreover, in
the case of anophelines, we must take into account the
elevated water levels in the Tocantins and Parana Rivers
and their tributaries during the months of high rainfall
shortly before the filling of the reservoir, as this may
have impeded water accumulation on the riverbanks.

Other authors have found that during the periods of
greatest rainfall, An. darlingi populations declined be-
cause of the unavailability of larval habitats (Pajot et al.
1977, Hayes & Charlwood 1979). In the present study,
this trend was also noted for other anopheline species

such as An. albitarsis s.l. and An. triannulatus, as fewer
specimens were collected when the Tocantins and Parana
Rivers were at high levels. In addition, 4An. albitarsis s.1.
increased in number when the ambient temperature was
higher. Carvalho et al. (2002) reported that temperature
influenced the embryonic development of An. albitarsis,
showing that egg eclosion was successful at 26°C and
reduced at a lower temperature (21°C).

Ch. fajardi was most abundant during the cooler sea-
son. This pattern is related to the fact that the eggs of
this species develop more successfully when the water
in the larval habitat is clean, cold and flowing (Baerg &
Boreham 1974), which does not occur during the warmer
months, as noted by Guimaraes et al. (2001).

The Culicinae, including the Sabethini, oscillated ac-
cording to the rainfall regime of the region because of
the higher availability of larval habitats, with increasing
numbers of specimens collected during the humid and
rainy months. For Cx. nigripalpus, other authors have
found the same temporal distribution (Lourengo-de-
Oliveira et al. 1985, Guimaraes et al. 2000, 2001); the cor-
relation with humidity helps to explain why it is favoured
during the wetter months. In the present study, Hg. jan-
thinomys was more abundant in the rainiest and humid
months, also because of the availability of larval habitats.
Trapido and Galindo (1957) reported catching Haema-
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gogus mainly during the rainiest months and Alencar et
al. (2008) also reported increased population density of
this species during the hot and humid months. Pinto et al.
(2009) found a positive correlation between Hg. janthino-
mys and air humidity in Caxiuana National Forest. Ps. al-
bipes acted as an opportunistic species, taking advantage
of temporary larval habitats. Ps. ferox also followed this
pattern, as noted by Guimaraes et al. (2001).

Sa. chloropterus and Sa. glaucodaemon presented
population increases in the humid and rainy months,
also because of the higher availability of larval habitats,
thus corroborating the observation of Pinto et al. (2009).
Likewise, Li. durhami showed population increases in
rainy months. Zequi et al. (2005) also reported greater
abundances of Li. durhami during the summer due to
the greater availability of larval habitats and Guimaraes
et al. (2000) found the greatest incidence of this species
in January and April. Guimaraes and Arlé (1984) found
that Sa. intermedius was most abundant during the hot
and rainy season, particularly in January. In the PAHS
region, the highest abundance was also recorded during
the rainy period.

Hence, our survey reveals that before the reservoir
was formed, the mosquito fauna was strongly influenced
by the abiotic features of the region, particularly the rela-
tive air humidity and rainfall. These factors had a positive
influence on Culicinae species found in the area and a
negative influence on anophelines. However, while tem-
perature had some influence on anopheline distribution,
no such relationship was observed for the Culicinae.

We conclude that in view of the high populations of
the species usually implicated in pathogen transmission
and the fact that the region around the PAHS reservoir is
endemic for malaria (MS 2003) and yellow fever (Vas-
concelos 2003), this region is particularly vulnerable to
occurrences of these diseases.
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