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ABSTRACT: The objective of the present study was to identify mosquito fauna and to evaluate whether different light bulb 
colors influence the attraction of light traps in the Guapiaçu Ecological Reserve. Samples were obtained monthly during the 
period of February, 2012 to January, 2013. Centers for Disease Control (CDC) light traps with incandescent light bulbs and 
LED (ultraviolet, blue, green, and red) bulbs were utilized. In total, 8,170 specimens were captured, including 59 species. The 
presence of Anopheles nimbus (Theobald 1902) and Orthopodomyia fascipes Coquillet 1906 were recorded for the first time in 
the state of Rio de Janeiro. The green LED trap attracted the highest number of specimens and presented the highest diversity 
and mosquito average. The blue and green LED traps attracted the highest number of species. However, the differences between 
lights were not significant. The most common species were Coquillettidia juxtamansonia (Chagas 1907), Culex declarator Dyar 
and Knab 1906, and Culex ribeirensis Forattini and Sallum 1985.  Journal of Vector Ecology 39 (2): 384-394. 2014.
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INTRODUCTION

Environmental preservation areas, such as parks and 
forests reserves, contribute towards our knowledge with 
information about the biology, ecology, and biodiversity 
of insect vectors. The faunal study of culicids in natural 
environments is of considerable importance because of 
their role in pathogen transmission to humans and other 
vertebrates. Diversity studies of Culicidae in parks and forests 
reserves may clarify still unknown habits of these vectors 
(Hutchings et al. 2005) and facilitate the identification, 
monitoring, and controlling of mosquito populations.

Currently, several types of automatic traps based on 
the attraction exerted by a light source and suction through 
ventilators have been developed to assist in the capture of 
small insects in field studies. Such traps are frequently used 
to capture culicids. The most well-known of these traps today 
is the CDC light trap described by Sudia and Chamberlain 
(1962).

In a single insect species, different parts of the eyes are 
often equipped with receptors of different spectral sensitivity. 
In the case of attraction by artificial light, this depends on the 
sensibility of the receptors at different wavelengths. According 
to Briscoe and Chittka (2001), this sensitivity is between 350 
and 600 nm for Culicidae, which can also be described as 
principally among the ultraviolet, green, and blue spectra. 
Also in the literature specific to culicids, the maximum 
wavelength was confirmed as a UVA band (Clements 1999).

However, some species of mosquitoes and other dipterans 
of medical importance are attracted by artificial light and not 
all mosquito species respond equally to visual stimuli or to 
different wavelengths of light (Service 1993). According to 
Burkett and Butler (2005), there is a lack of information on 
the attractiveness of different light wavelengths in different 
mosquito species in areas where research on mosquito control 
is based on the number of specimens and species caught in 
light traps.

With advances in lighting technology, light emitting 
diodes (LEDs) have been developed that can be selected to 
emit a specific color (Cohnstaedt et al. 2008). These colored 
LEDs, when used in CDC traps, have a high light intensity 
and require significantly less energy (around 0.125 mA/hr in 
comparison to 150 mA/hr of standard CM-47 lamps). This 
type of configuration has functioned particularly well for 
capturing disease vectors, but perfecting these techniques 
to increase the quantity of mosquitoes captured using these 
more precise light sources is greatly needed (Tchouassi et al. 
2012). Furthermore, the use of LEDs provides a more energy 
efficient and accurate system for determining the spectral 
sensitivity of insects (Bentley et al. 2009).

This study of mosquitoes in the Guapiaçu Ecological 
Reserve (REGUA) aimed to characterize the fauna from 
different areas in REGUA and to evaluate the influence of 
different light bulb colors of light traps in attracting these 
insects. Additionally, knowledge of the attractiveness of 
different types of lamps will add to data on the biology and 
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behavior of the different species in their natural habitat, 
which was previously unknown. Results presented here will 
assist in the targeting of monitoring programs, since we will 
be able to use colors more effectively for capturing mosquitoes 
and know the effectiveness of LEDs in comparison to the 
incandescent light traps.

MATERIALS AND METHODS

Study sites
Captures were conducted in the Guapiaçu Ecological 

Reserve (REGUA), a private reserve in the remaining area of 
the Atlantic Forest, which also includes sections of floristic 
recovery similar to the original biocenotic structure. Its 
vegetation cover is divided into two altitudinal zones: dense 
lowland Ombrophilous Forest (up to 500 m in altitude) and 
dense montane Ombrophilous Forest (from 500 to 1500 
m) (Veloso et al. 1991). The Guapiaçu Ecological Reserve 
currently consists of 3,760 ha, in addition to another 3,300 
ha per an agreement with local landowners, totaling 7,000 
ha. Intended to protect the Atlantic Forest in the Upper 
River Guapiaçu Basin, the reserve is located in the district 
of Guapiaçu, Cachoeiras de Macacu, Rio de Janeiro, 
approximately 60 km from the municipal of Rio de Janeiro 
(Figure 1). Samples were collected in areas of preserved forest 
and near reconstituted wetlands in the reserve.

Six capture sites distributed between two distinct areas of 

the reserve were established: four sites were located in areas of 
preserved forest and two sites were located near the wetlands 
that were reconstructed beginning in 2005. Geographical 
coordinates were obtained using GPS and verified in Google 
Earth software. Maps were prepared in Arcview10 and Google 
Earth and edited in Adobe Photoshop CS5 and CorelDraw 
X5. Locations are specified and indicated in Figures 1 and 2.

Mosquito collection
Samples were taken monthly during the period of 

February, 2012 to January, 2013 for three consecutive nights 
between 17:30 and 09:00. Five CDC light traps from BioQuip®, 
model 2836BQ, were used simultaneously and allocated at 
fixed points at a height of 2.0 m and were placed 40 m apart 
from one another per night. The following light bulb types 
were utilized in the traps: incandescent (4 watts); and UV 
(390 nm), blue (430 nm), green (570 nm) and red (660 nm) 
LEDs. The CO2 was not used in order to avoid interference 
with the influence of the colors.

All captured mosquitoes were sacrificed by exposure to 
chloroform and kept in standard plastic pots, which were 
taken to the laboratory for triage and assembly of specimens.

Taxonomic identification of culicids was conducted 
by direct observation of morphological characters via 
stereoscopic microscope and based on dichotomous keys 
developed by Kumm 1933, Lane 1953a,b, Pecor et al. 1992, 
Consoli and Lourenço-de-Oliveira 1994 and Forattini 2002. 

Figure 1. Distribution map of the Culicidae capture sites in the Guapiaçu Ecological Reserve (REGUA) highlighted by: A) 
Location of the municipality of Cachoeiras de Macacu in the state of Rio de Janeiro, Brazil, and in detail, the location of REGUA 
in the municipality of Cachoeiras de Macacu; B) The six capture sites in the REGUA (yellow circle) with the park headquarters 
highlighted as well (red square); C) Geographic coordinates of Culicidae capture sites in the REGUA.
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Data analysis
Indices were calculated based on the total number of 

mosquitoes caught in all the traps in order to gain a better 
understanding of the mosquito fauna of REGUA. Additionally, 
indices were determined for each of the different light bulb 
colors with the aim to analyze their efficiencies separately. 
Analysis of variance (ANOVA) with significance level of 5% 
was used to analyze possible differences in the attractiveness 
of each of the five colors used in CDC traps among the species.

To evaluate the most abundant species of mosquitoes, 
“Index of Species Abundance” (ISA) was utilized. This index 
was converted into a scale from zero to one for “Standardized 
Index of Species Abundance” (SISA), according to the 
definitions set forth by Roberts and Hsi (1979). In this index, 
the value of 1 corresponds to the most abundant species and 
was calculated using the formula: 

ISA = a + Rj / K; and SISA = c - ISA / c - 1, 

where: a: number of samplings in which the species was 
absent multiplied by c; c: for each sampling, the species must 
be distributed in positions which vary from 1 to n, with 1 
being attributed to the most frequent species. The c comprises 
the largest value of n obtained considering all samplings, plus 
1; Rj: the sum of the positions of each species; K: number of 
samplings.

Species dominance was defined according to the 
categories established by Friebe (1983), using the definitions: 
eudominant > 10%, 5% < dominant < 10%, 2% < subdominant 
< 5%, 1% < recessive < 2% and rare < 1%. D% = (i / t) . 100, 
where “i” is the total of individuals of a particular species; and 
“t” is the total number of specimens collected.

Calculation of Williams mean (Xw) (Haddow 1960) is 
based on the mosquito incidence values throughout the study 
period for each trap per month. This calculation is designed 
to show the trend of the natural species distribution without 
strong interference from extreme incidences related to 
particularities associated with each month studied. 

Calculation of Williams mean:
Log (Xw

 
+ 1) = Σ log (ni + 1) where,

N
ni

 
= number of captured specimens

N = number of samples

To evaluate and compare differences in mosquito 
community composition for each trap, Shannon-Wiener 
Diversity index (H’) and Shannon Equitativity (EH’) were 
employed (Shannon 1948). The Diversity index (H’) was 
chosen because it is appropriate for random samples of 
species in a community or subcommunity. Equitativity 
(EH’) refers to the distribution of individuals among species, 
being proportional to diversity and inversely proportional to 
dominance. The indices were calculated using the following 
formulas: H’ = ∑pi ln pi, where: pi is the proportion of 
species in relation to the total number of specimens found in 
samplings conducted and EH´ =  H’ / Hmáx’, and Hmáx’ = lns, 
where H’ = Shannon-Wiener index; s = number of species 

sampled. The Margalef diversity index (α) was also used 
(Margalef 1958) and is interesting as a comparison because 
it takes into account the number of species and the natural 
logarithm of the total number of individuals. This index was 
calculated by the formula: α = (S-1) / ln N, where S = number 
of species and N = number of individuals found.

The similarity between the traps as well as the number of 
species was estimated by the Sørensen qualitative similarity 
index (SI), which is based on the presence or absence of 
species (Felfili et al. 1993). SI = 2c / a + b, where: a and b = 
species from a given area; c = species common to both areas. 
To calculate the quantitative similarity, the Morisita-Horn 
index (CMH) was used, which permits the establishment of 
the degree of similarity between the different traps based on 
community composition and species abundance (Volpato 
and Anjos 2001): CMH = 2 ∑ (ani . bni) / (da + db) . (aN . 
bN), where: da = ∑ ani2 / aN2, db = _ bni2 / bN2, ani and bni 
= number of individuals of each species in a particular trap,  
aN and bN = total number of individuals in a particular trap.

RESULTS

During the twelve-month study period, 8,170 specimens 
were captured, comprising two subfamilies, 14 genera, and 
59 species of Culicidae. The subfamily Anophelinae was 
represented by one genus and 11 species and the subfamily 
Culicinae was represented by 13 genera and 48 species (Table 
1).

For the first time, the presence of Anopheles nimbus 
(Theobald 1902) was recorded in the state of Rio de Janeiro in 
the forested area close to reconstituted wetlands in REGUA. 
Its occurrence was recorded for the June, 2012 capture in the 
area at Site 4 and included one male specimen in the blue LED 
trap and one female specimen in the red LED trap. The second 
occurrence was recorded for the October, 2012 capture at Site 
6, when one male specimen and two female specimens were 
collected in the blue LED trap and one male specimen was 
collected in the green LED trap (Figures 1 and 2) . We also 
recorded a new occurrence of the species Orthopodomyia 
fascipes Coquillett 1906, in the state of Rio de Janeiro in a 
forested preservation area. The occurrence of Or. fascipes was 
observed in the December, 2012 capture at Site 2 (Figure 2), 
with one female specimen collected in a UV LED trap. 

There were 36 captures conducted between February, 
2012 and January, 2013. Although the ANOVA analysis 
did not indicate significant differences between the traps 
(F = 0.387; df = 4; p = 0.817), the green LED trap attracted 
the greatest number of specimens (N = 2,231), the highest 
Shannon Diversity (H´ = 2.31), the largest Equitativity value 
(EH´ = 0.55) and the highest mosquito average (Xw = 143.06). 
Traps with blue and green LEDs attracted the greatest number 
of species (S = 51 and S = 50, respectively) (Figures 3 and 
4). As a comparison, we also used the Margalef Diversity 
index (α), which takes into account the number of species 
caught. This index showed the blue LED trap had the greatest 
diversity, followed by the green LED trap (α = 6.6 and α = 6.4, 
respectively).  The CDC trap with red LED showed the lowest 
Shannon and Equitability indexes, the lowest number of 



Vol. 39, no. 2 Journal of Vector Ecology 387

Ta
bl

e 1
. A

bs
ol

ut
e v

al
ue

s (
N

), 
do

m
in

an
ce

 (D
%

) a
nd

 W
ill

ia
m

s m
ea

ns
 (X

w
) o

f m
os

qu
ito

 sp
ec

ie
s c

ol
le

ct
ed

 in
 th

e G
ua

pi
aç

u 
Ec

ol
og

ic
al

 R
es

er
ve

, C
ac

ho
ei

ra
s d

e M
ac

ac
u,

 R
io

 d
e J

an
ei

ro
, 

Br
az

il,
 in

 th
e 

pe
rio

d 
fr

om
 F

eb
ru

ar
y, 

20
12

 to
 Ja

nu
ar

y, 
20

13
.

Sp
ec

ie
s

In
ca

nd
es

ce
nt

 li
gh

t b
ul

b
U

V
 L

ED
Bl

ue
 L

ED
G

re
en

 L
ED

Re
d 

LE
D

N
D

%
X w

N
D

%
X w

N
D

%
X w

N
D

%
X w

N
D

%
X w

Co
qu

ill
et

tid
ia

 (R
hy

nc
ho

ta
en

ia
) f

as
cio

la
ta

 L
yn

ch
-A

rr
ib

al
za

ga
 1

89
1

61
4.

5%
2.

04
73

4.
6%

2.
91

67
3.

4%
3.

61
16

5
7.

4%
5.

87
86

8.
2%

1.
70

Co
qu

ill
et

tid
ia

 (C
oq

ui
lle

tid
ia

) j
ux

ta
m

an
so

ni
a 

(C
ha

ga
s 1

90
7)

53
4

39
.5

%
33

.8
4

66
3

41
.9

%
36

.9
4

69
6

35
.7

%
38

.8
8

90
9

40
.7

%
56

.5
6

48
1

45
.6

%
31

.8
5

Cu
lex

 (C
ul

ex
) d

ec
la

ra
to

r D
ya

r a
nd

 K
na

b 
19

06
23

1
17

.1
%

9.
72

25
9

16
.4

%
11

.3
6

48
5

24
.9

%
12

.6
9

29
8

13
.4

%
15

.2
8

11
0

10
.4

%
5.

57
Cu

lex
 (C

ul
ex

) n
ig

rip
al

pu
s Th

eo
ba

ld
 1

90
1

61
4.

5%
1.

07
13

6
8.

6%
2.

22
15

2
7.

8%
1.

82
10

5
4.

7%
2.

68
51

4.
8%

0.
86

Cu
lex

 (M
ela

no
co

ni
on

) r
ib

ei
re

ns
is 

Fo
ra

tti
ni

 a
nd

 S
al

lu
m

 1
98

5
14

7
10

.9
%

7.
24

15
1

9.
5%

8.
62

16
4

8.
4%

6.
70

17
7

7.
9%

9.
46

11
4

10
.8

%
5.

24
O

th
er

s*
31

7
23

.5
%

20
.2

7
30

1
19

.0
%

18
.5

0
38

6
19

.8
%

21
.4

9
57

7
25

.9
%

33
.4

8
21

3
20

.2
%

14
.6

2
To

ta
l

13
51

10
0.

0%
87

.2
9

15
83

10
0.

0%
10

5.
18

19
50

10
0.

0%
11

0.
44

22
31

10
0.

0%
14

3.
06

10
55

10
0.

0%
69

.6
6

Ta
bl

e 
2.

 A
bu

nd
an

ce
 in

de
x 

(S
IS

A
) o

f t
he

 m
os

t a
bu

nd
an

t s
pe

ci
es

 (S
IS

A
> 

0.
5)

 o
f C

ul
ic

id
ae

 c
ap

tu
re

d 
in

 e
ac

h 
tr

ap
 in

 th
e 

G
ua

pi
aç

u 
Ec

ol
og

ic
al

 R
es

er
ve

 (R
EG

U
A

), 
C

ac
ho

ei
ra

s 
de

 
M

ac
ac

u,
 R

io
 d

e 
Ja

ne
iro

, B
ra

zi
l.

In
ca

nd
es

ce
nt

 li
gh

t b
ul

b
U

V
 L

ED
Bl

ue
 L

ED
G

re
en

 L
ED

 
Re

d 
LE

D
Sp

ec
ie

s
SI

SA
Sp

ec
ie

s
SI

SA
Sp

ec
ie

s
SI

SA
Sp

ec
ie

s
SI

SA
Sp

ec
ie

s
SI

SA
Cq

. j
ux

ta
m

an
so

ni
a

0.
99

1
Cq

. j
ux

ta
m

an
so

ni
a

0.
94

8
Cq

. j
ux

ta
m

an
so

ni
a

0.
99

7
Cq

. j
ux

ta
m

an
so

ni
a

0.
99

9
Cq

. j
ux

ta
m

an
so

ni
a

0.
99

2
Cx

. d
ec

la
ra

to
r

0.
82

5
Cx

. d
ec

la
ra

to
r

0.
89

8
Cx

. d
ec

la
ra

to
r

0.
85

5
Cx

. d
ec

la
ra

to
r

0.
93

7
Cx

. d
ec

la
ra

to
r

0.
78

9
Cx

. r
ib

ei
re

ns
is

0.
80

7
Cx

. r
ib

ei
re

ns
is

0.
84

3
Cx

. r
ib

ei
re

ns
is

0.
78

4
Cx

. r
ib

ei
re

ns
is

0.
82

9
Cx

. r
ib

ei
re

ns
is

0.
70

8
Cq

. f
as

cio
la

ta
0.

56
4

Cq
. f

as
cio

la
ta

0.
72

2
Cq

. f
as

cio
la

ta
0.

77
6

Cq
. f

as
cio

la
ta

0.
76

5
Cx

. (
M

ela
no

co
ni

on
) A

tr
at

us
 g

ro
up

0.
54

7
U

r. 
ca

lo
so

m
at

a
0.

51
9

M
a.

 ti
til

la
ns

0.
58

0
Cx

. n
ig

rip
al

pu
s

0.
55

7
 

 
 

 
 

 
U

r. 
di

ta
en

io
na

ta
0.

53
5

 
 

*O
th

er
s: 

An
op

he
les

 (
N

ys
so

rh
yn

ch
us

) 
al

bi
ta

rs
is 

Ly
nc

h-
A

rr
ib

al
za

ga
 1

87
8,

 A
n.

 (
N

ys
.) 

aq
ua

sa
lis

 C
ur

ry
 1

93
2,

 A
n.

 (
N

ys
.) 

ar
gy

rit
ar

sis
 R

ob
in

ea
u-

D
es

vo
id

y 
18

27
, A

n.
 (

Ke
rt

es
zi

a)
 c

ru
zi

i D
ya

r 
an

d 
K

na
b 

19
08

, A
n.

 (
An

op
he

les
) 

ei
se

ni
 C

oq
ui

lle
tt 

19
02

, A
n.

 (N
ys

.) 
ev

an
sa

e 
(B

re
th

es
 1

92
6)

, A
n.

 (A
no

.) 
in

te
rm

ed
iu

s (
Pe

ry
as

sú
 1

90
8)

, A
n.

 (S
te

th
om

yi
a)

 n
im

bu
s (

Th
eo

ba
ld

 1
90

2)
, A

n.
 (N

ys
.) 

ra
ng

eli
 G

ab
al

do
n,

 C
ov

a 
G

ar
ci

a 
an

d 
Lo

pe
z 

19
40

, A
n.

 (N
ys

.) 
str

od
ei

 
Ro

ot
 1

92
6,

 A
n.

 (
N

ys
.) 

tr
ia

nn
ul

at
us

 (
N

ei
va

 a
nd

 P
in

to
 1

92
2)

, A
ed

eo
m

yi
a 

(A
ed

eo
m

yi
a)

 s
qu

am
ip

en
ni

s 
(L

yn
ch

 A
rr

ib
al

za
ga

 1
87

8)
, A

ed
es

 (
O

ch
ler

ot
at

us
) 

flu
vi

at
ili

s 
(L

ut
z 

19
04

), 
Ae

de
s 

ha
sta

tu
s/

se
rr

at
us

/o
lig

op
ist

us
, A

e. 
(O

ch
.) 

rh
ya

co
ph

ilu
s (

D
a C

os
ta

 L
im

a 1
93

3)
, A

e. 
(O

ch
.) 

sc
ap

ul
ar

is 
(R

on
da

ni
 1

84
8)

, A
e. 

(O
ch

.) 
se

rr
at

us
 (Th

eo
ba

ld
 1

90
1)

, A
e. 

(P
ro

to
m

ac
lea

ya
) t

er
re

ns
 (W

al
ke

r 1
85

6)
, C

oq
ui

lle
tti

di
a 

(R
hy

nc
ho

ta
en

ia
) a

lb
ico

sta
 (P

er
ya

ss
u 

19
08

), 
Cq

. (
Rh

y.)
 

ch
ry

so
no

tu
m

 (P
er

ya
ss

ú 
19

22
), 

Cu
lex

 (C
ul

ex
) a

bn
or

m
al

is 
La

ne
 1

93
6,

 C
x.

 (C
ux

.) 
us

qu
at

us
 D

ya
r 1

91
8,

 C
x.

 (M
el.

) A
tr

at
us

 g
ro

up
, C

ul
ex

 (M
el.

) s
pp

. Th
eo

ba
ld

 1
90

3,
 C

ul
ex

 (M
ic

ro
cu

lex
) d

av
isi

 K
um

m
 1

93
3,

 C
x.

 (M
cx

.) 
im

ita
to

r 
Th

eo
ba

ld
 1

90
3,

 C
x.

 (M
cx

.) 
pl

eu
ri

str
ia

tu
s Th

eo
ba

ld
 1

90
3,

 C
ul

ex
 (M

cx
.) 

sp
p.

 Th
eo

ba
ld

 1
90

7,
 C

ul
ex

 o
ce

lla
tu

s Th
eo

ba
ld

 1
90

3,
 H

ae
m

ag
og

us
 (C

on
op

os
te

gu
s)

 le
uc

oc
ela

en
us

 (D
ya

r a
nd

 S
ha

nn
on

 1
92

4)
, L

im
at

us
 d

ur
ha

m
ii 

Th
eo

ba
ld

 
19

01
, L

i. 
fla

vi
se

to
su

s D
e 

O
liv

ei
ra

 C
as

tr
o 

19
35

, M
an

so
ni

a 
(M

an
so

ni
a)

 ti
til

la
ns

 (W
al

ke
r 1

84
8)

, O
rt

ho
po

do
m

yi
a 

fa
sc

ip
es

 (C
oq

ui
lle

tt 
19

06
), 

Ps
or

op
ho

ra
 (J

an
th

in
os

om
a)

 fe
ro

x 
(V

on
 H

um
bo

ld
t 1

81
9)

, R
un

ch
om

yi
a 

(R
un

ch
om

yi
a)

 
fro

nt
os

a 
(Th

eo
ba

ld
 1

95
3)

, R
u.

 (R
un

.) 
re

ve
rs

a 
La

ne
 a

nd
 C

er
qu

ei
ra

 1
94

2,
 S

ab
et

he
s (

Sa
be

th
oi

de
s)

 ch
lo

ro
pt

er
us

 (V
on

 H
um

bo
ld

t 1
81

9)
, S

a.
 (P

ey
to

nu
lu

s)
 id

en
tic

us
 D

ya
r a

nd
 K

na
b 

19
07

, S
ab

et
he

s u
nd

os
us

/ f
ab

ric
ii,

 U
ra

no
ta

en
ia

 
(U

ra
no

ta
en

ia
) a

pi
ca

lis
 Th

eo
ba

ld
 1

90
3,

 U
r. 

(U
ra

.) 
ca

lo
so

m
at

a 
D

ya
r a

nd
 K

na
b 

19
07

, U
r. 

(U
ra

.) 
di

ta
en

io
na

ta
 P

ra
do

 1
93

1,
 U

r. 
(U

ra
.) 

ge
om

et
ric

a 
Th

eo
ba

ld
 1

90
1,

 U
r. 

(U
ra

.) 
lo

w
ii 

Th
eo

ba
ld

 1
90

1,
 U

r. 
(U

ra
.) 

pa
lli

do
ve

nt
er

 Th
eo

ba
ld

 
19

03
, U

r. 
(U

ra
.) 

pu
lch

er
rim

a 
Ly

nc
h-

A
rr

ib
al

za
ga

 1
89

1,
 W

ye
om

yi
a 

ap
or

on
om

a 
D

ya
r a

nd
 K

na
b 

19
06

 e
 W

y. 
(S

pi
lo

ny
m

ph
a)

 m
ys

te
s D

ya
r 1

92
4.



388 Journal of Vector Ecology December 2014

Figure 2. Illustrations of each of the six Culicidae capture sites in the Guapiaçu Ecological Reserve (REGUA), Cachoeiras de 
Macacu, Rio de Janeiro, Brazil: 1) Site 1, Green Trail, Preserved forest; 2) Site 2, Green Trail, Preserved forest; 3) Site 3, Manoel 
Alexandre river, Preserved forest; 4) Site 4, Yellow Trail, wetland; 5) Site 5, Green Trail, Preserved forest; 6) Site 6, Brown Trail, 
wetland. 
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Figure  4. Absolute values and Williams means (Xw) for each of the five CDC traps 
in the Guapiaçu Ecological Reserve, Rio de Janeiro in the period from February, 
2012 to January, 2013. 

Figure 3. ShannonWiener Diversity (Hʹ), Shannon Equitativity (EHʹ) and Margalef (α) index values and species 
richness (S) for each of the five CDC traps in the Guapiaçu Ecological Reserve (REGUA), Cachoeiras de Macacu, 
Rio de Janeiro, Brazil. 
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specimens, and lowest diversity value, mainly resulting from 
presenting the lowest number of species (S = 35) (Figure 3).

The dominance index indicated Culex ribeirensis Forattini 
and Sallum 1985 was eudominant in the incandescent and 
red LED traps, and Culex declarator Dyar and Knab 1906 
and Coquillettidia juxtamansonia (Chagas 1907) were 
eudominants in all CDCs, with Cq. juxtamansonia being 
the most abundant in all traps (SISA Incandescent, UV, 
blue, green, and red = 0.991, 0.948, 0.997, 0.999 and 0.992) 
(Tables 1 and 2). Among these species, the largest number 
of specimens Cq. juxtamansonia and Cx. ribeirensis were 
attracted by the green LED (27.7% and 23.5%), and the largest 
number of Cx. declarator were attracted by the blue LED 
(35.1%) (Figure 5). Considering separately each of the areas 
studied, the eudominant species present in the preserved 
forest were Cx. declarator (48.8%) and Culex nigripalpus 
Theobald 1901 (23.0%), while those present in the wetlands 
were Cq. juxtamansonia (45.6%), Cx. declarator (12.6%), and 
Cx. ribeirensis (10.5%).

While Cq. juxtamansonia represented the largest 
percentage of abundance in the green LED trap, this species 
was also observed to have the highest average number of 
specimens for this color as well (Xw = 56.56) (Figure 5). For 
the species Culex nigripalpus Theobald 1901, which also was 
among the most dominant species, the highest means were 
found for the green lamps (Xw = 2.68), followed by blue, UV, 
incandescent, and red lamps (Table 1). 

The ANOVA analysis did not indicate significant 
differences between the traps for the most dominant species 
(Cq. juxtamansonia: F = 1.107; df = 4; p = 0.363, Cx. declarator: 
F = 1.305; df = 4; p = 0.280, Cx. nigripalpus: F = 0.399; df = 
4; p = 0.808, and Cx. ribeirensis: F = 0.262; df = 4; p = 0.901).

The Sørensen qualitative similarity index as well as the 
Morisita-Horn quantitative similarity index indicated that all 
the traps have similarity in species composition (IS > 0.5), with 
the incandescent and red traps (IS = 0.84) and incandescent 
and UV traps (CMH = 0.992) being the most similar.

DISCUSSION

For the first time, the presence of An. nimbus and Or. 
fascipes was recorded in the state of Rio de Janeiro. In Brazil, 
An. nimbus presents restricted distribution to forested plains 
with high rainfall. Although it is hematophagous, the species 
most likely does not have epidemiological importance in the 
transmission of human malaria. However, in the Brazilian 
Amazon, the Venezuelan equine encephalomyelitis (VEE) 
virus was isolated in a group of mosquitoes of this species 
(Travassos-da-Rosa et al. 1997). The Uma virus has also been 
isolated from this species in French Guiana (Pajot 1980) and 
the Macaua, Pixuna, and Tacaiuma viruses appear to have 
cycles involving daytime active vectors such as An. nimbus 
(Dégallier et al. 1992). From observations carried out at the 
Evandro Chagas Institute, Ananindeua, Pará, Brazil, the 
arbovirus Tembe, isolated from specimens from Belérn-
Brasília Highway, is believed to have An. nimbus as its likely 
vector (Pinheiro 1980). According to the literature, eleven 
Brazilian states have recorded the occurrence of An. nimbus, 

including Acre, Amapá, Amazonas, Bahia, Goiás, Maranhão, 
Mato Grosso, Minas Gerais, Pará, Rondônia, and Roraima 
(Deane et al. 1948, Guedes et al. 1953, Ferraroni and Hayes 
1977, Camargo et al. 1993).

As observed by Deane et al. (1947), An. nimbus is found 
in forested suburbs and surrounding areas located within 
the forest. Their larvae are found in the collections of clear, 
cold water, which is shaded, still, or running slowly and often 
with grass and algae on the shore. Galvão et al. (1942) also 
reported finding the larvae of An. nimbus in streams and 
backwaters and Hutchings et al. (2002) observed breeding 
sites of this species in puddles on the ground. Deane et al. 
(1948) also noted An. nimbus adults were always found in 

Figure 5. Dominance (D%) and Williams means (Xw) of 
mosquito species considered eudominant (N> 10%) for each 
CDC trap in the Guapiaçu Ecological Reserve (REGUA), 
Cachoeiras de Macacu, Rio de Janeiro, Brazil. 
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small numbers, even in places where larvae were abundant. 
The peak feeding activity of females usually occurs just before 
dusk with the day still clear between 17:30 and 18:30, which 
is also when this species is captured. However, Camargo et al. 
(1993) recorded anthropophilic and synanthropic behavior 
for this species in Goiânia. Although immature forms have 
not yet been captured in REGUA, the behavior of the species 
was equivalent to that described by Deane et al. (1948), given 
the area is under the strong influence of a large wetland of 
about 12 ha, and small areas of streams and swamps can be 
found in the forested area. Traps were always placed half an 
hour before the beginning of the evening (17:30). Thus, it is 
possible that the species was drawn to the trap during this 
period.

The occurrence of Or. fascipes has been recorded in 
the states of Amazonas, Bahia, Goiás, Maranhão, Minas 
Gerais, Pará, Piauí, and Rondônia (Zavortink 1968, Luz and 
Lourenço-de-Oliveira 1996). The epidemiological importance 
of this species has not yet been registered. The biology of both 
Or. fascipes and An. nimbus is not well known. New records 
for the state of Rio de Janeiro, along with recent records for 
the species and the epidemiological potential of one of them, 
have demonstrated the importance of understanding the 
biology of both species.

This study in REGUA showed that traps with blue and 
green LEDs attracted the greatest number of species and 
specimens, and showed the highest diversity value.  The 
CDC trap with red LED showed the lowest diversity values 
and number of specimens. Previous studies on wavelength 
prevalence indicated a preference by mosquitoes for the 
blue-green range (400-600 nm), a decrease in attraction 
with increasing wavelength (Ali et al. 1989), and captures 
with infrared being the least successful (Burkett et al. 1998). 
Ali et al. (1989) used lamps painted in six different colors 
(white, yellow, green, orange, blue, and red) and found the 
five predominant species, Psorophora columbiae (Dyar and 
Knab 1906), Psorophora ciliata (Fabricius 1794), Culex 
salinarius Coquillett 1904, Cx. nigripalpus and Culex erraticus 
(Dyar and Knab 1906), were most attracted to the color blue, 
followed by the green and red lights. Browne and Bennett 
(1981) tested some wavelengths to assess the preference of 
Coquillettidia pertubans (Walker, 1856) through the landing 
rate and found that shorter wavelength (400-600 nm or blue-
green) attracted significantly more mosquitoes than longer 
wavelengths. Hoel et al. (2007), while testing the sensitivity to 
different colors of sand flies, simultaneously captured 5,845 
mosquitoes of three genera (Aedes, Culex Linnaeus 1758, 
and Anopheles Meigen 1818) together with sand flies in the 
following order of attractiveness: green >  incandescent > 
blue > red. Furthermore, Bentley et al. (2009) also observed 
in their capture of mosquitoes in resting boxes with luminous 
attractors a greater number of specimens attracted by blue 
LEDs followed by green, red, and lastly infrared. 

Gjullin et al. (1973) dipped lamps in ceramic paint 
and determined that Aedes sierrensis Ludlow 1905, Culex 
quinquefasciatus Say 1823, and Culex tarsalis Coquillett 
1896 were more attracted to red light than to green, blue, 
orange, and white light, but the spectrum frequencies were 

not provided in this study. According to Breyev (1963), many 
insects are not sensitive to red spectrum, and this finding is 
likely due to the low numbers of insects captured with this 
color (Tchouassi et al. 2012). Hoel et al. (2007) found more 
sand flies attracted by red light than in comparison with the 
other colors, demonstrating that this group is more attracted 
by red light. And, very recently, using the same Bioquip® 
traps, Tchouassi et al. (2012) conducted captures of culicids 
in the Rift Valley Province, Kenya, and within five months 
of study, their results indicated that the highest number of 
specimens was attracted by the incandescent lamp compared 
with the LEDs (UV, blue, green, red, and a combination of 
blue-green-red). It is important to emphasize that CO2 lures 
were used in the traps.

The species Cq. juxtamansonia was the most abundant 
in all CDC traps, and the species Cx. declarator, Cx. 
nigripalpus, and Cx. ribeirensis also showed great occurrence.  
Representatives of the tribe Mansoninii are known to have the 
biological characteristic of their immature forms fixing on the 
tissues of aquatic plants such as Eichornia sp. (Forattini 2002). 
Their proliferation is increased by the offering of breeding 
sites, and when they occur in large numbers, these species 
are numerous and aggressive. (Tubaki et al. 1999), overtaking 
other species. In this case, the species of the tribe Mansoninii, 
principally Cq. juxtamansonia, presented in large numbers 
due to the influence of the massive flood area, which favored 
their proliferation. Due to these large numbers, this species 
was found to be widely present in all traps. This species is a 
vector of Wuchereria bancrofti (Cobbold 1877) in Brazil.

Culex nigripalpus has been reported to prefer the colors 
green, blue, and white in decreasing order according to 
Burkett et al. (1998) and blue-green, orange, blue, white, red, 
and yellow-green second according to Burkett and Butler 
(2005). In REGUA, the highest means were found for the green 
lamps, followed by blue, UV, incandescent, and red lamps, but 
the ANOVA did not indicate significant differences. 

Eudominant species occurring both in the preserved forest 
and wetlands demonstrated considerable epidemiological 
potential. A vector of several arboviruses (Moju, Bussuquara 
and Catú viruses) (Travassos-da-Rosa et al. 1994), Cx. 
declarator has been recognized as an important vector for 
the Saint Louis encephalitis virus (SLE) and may also act as 
a vector for Dirofilaria immitis (Leidy 1856) (Labarthe et al. 
1998); Cx. nigripalpus has been incriminated as a vector for 
SLE, eastern equine encephalitis (EEE), and West Nile viruses 
(Forattini 2002); Cx. ribeirensis previously has been involved 
in the transmission of EEE virus (Calisher et al. 1983). 

The species that occurred less frequently also present 
notable epidemiological potential, in particular: Anopheles 
albitarsis Lynch Arribalzaga 1878, Anopheles aquasalis 
Curry 1932, Anopheles cruzii Dyar and Knab 1908, Aedes 
scapularis (Rondani 1848), Haemagogus leucocelaenus (Dyar 
and Shannon 1924), Psorophora ferox (Von Humboldt 1819), 
and Sabethes chloropterus (Von Humboldt 1819). Among 
the anophelines: An. albitarsis is a malaria vector, usually 
appearing as a secondary vector;  An. aquasalis is an important 
coastal vector of malaria in several locations in Brazil and the 
Americas; and An. cruzii is considered the primary vector 
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of human and simian malaria (Forattini 2002). Among the 
culicines, Ae. scapularis has been incriminated as a vector of 
Rocio virus (Forattini et al. 1995), Wuchereria bancrofti and 
Dirofilaria immitis (Labarthe et al. 1998). Hg. leucocelaenus 
is considered an important species in yellow fever virus 
transmission in the southeast of the country (Vasconcelos 
2003), in addition to having other viruses isolated, such as 
Ilhéus, Maguari, and Tucunduba (Hervé et al. 1986). Ps. ferox 
has been found naturally infected with arboviruses causing 
encephalitis (VEE, SLE, and Rocio), in addition to Ilhéus, 
Mayaro, Melao, Oriboca, West Nile and Uma viruses (Turell 
et al. 2005). Sa. chloropterus is a potential vector of yellow 
fever virus and SLE   and Ilheus viruses have been detected in 
specimens collected in nature (Hervé et al. 1986).

When we evaluated the efficiency of traps by month, 
most specimens were observed to occur in the green LED trap 
during the months of February, April, June, and July, in the 
blue LED trap during the months of March, May, September, 
October, and December, and in the UV LED trap during 
the months of August, November, and January. The major 
difference between the traps was in the number of specimens 
attracted by the green LED in June 2012 in comparison with 
the other traps. Analyzing qualitatively, in the months of 
April, June, July, August, and December, the trap with the 
green LED demonstrated higher species richness. Tchouassi et 
al. (2012) suggests environmental changes, such as storms or 
changes in vegetation, can lead a reduction in the luminosity 
of the LEDs, and consequently, variations in the attraction of 
mosquitoes. In this way, conducting the present study over 
12 months for three consecutive nights reduced this type of 
influence.

The following species occurred specifically in one of 
the traps: Sabethes chloropterus (incandescent); Ae. terrens 
(Walker 1856), Limatus durhamii Theobald 1901, Or. fascipes 
and Wyeomyia mystes Dyar 1924 (UV); Anopheles evansae 
(Brethes 1926), Anopheles triannulatus (Neiva and Pinto 
1922), Ps. ferox and Runchomyia reversa Lane and Cerqueira 
1942 (blue); An. albitarsis, Anopheles argyritarsis Robineau-
Desvoidy 1827, Ae. hastatus/serratus/oligopistus, Culex davisi 
Kumm 1933, Sabethes identicus Dyar and Knab 1907 and 
Wyeomyia sp. Theobald 1901 (green); and Aedes rhyacophilus 
(Da Costa Lima 1933) and Haemagogus leucocelaenus (red). 
No color preference can be assumed from these results given 
the species occurred in reduced numbers. However, these 
findings are interesting since many of these species, such as Sa. 
chloropterus, Ae. terrens, Li. durhamii, Or. fascipes, Wy. mystes, 
Ps. ferox, Ru. reversa, Sa. identicus, and Hg. leucocelaenus, are 
diurnal and this is an uncharacteristic behavior (Forattini 
2002). Similar behavior was observed by Alencar et al. (2012) 
for Hg. leucocelaenus, a potential vector of yellow fever in the 
area of   the Simplício Power Plant, Minas Gerais, Brazil, where 
some specimens were collected in CDC traps.

The data obtained over twelve months enabled us to 
observe some differences between attractiveness. Our results 
suggest wavelengths in the blue to green range would be a 
great option for capturing a wide range of mosquito species. 
Tchouassi et al. (2012) used a combination of blue-green-red 
LEDs in a CDC light trap. A trap that utilizes a combination 

like this (including incandescent, blue and green) would most 
likely be the ideal for capturing mosquitoes. Knowledge of 
the attractiveness of different lamp types has contributed to 
previously unknown data on the biology of different species 
and will assist in the targeting of monitoring programs.

The REGUA has favorable ecological characteristics for 
hosting interactions with pathogens, especially considering 
the introduction and maintenance of wild arboviruses. 
Interestingly, REGUA also sees high tourist traffic, as it is often 
frequented by birdwatchers. Thus, such interactions could 
be potentiated due to the high frequency and abundance of 
mosquito species recognized as having vectorial capacity. 
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