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Abstract. In August 2007, mosquitoes were collected using four different collec-
tion methods at 2 upland interior and 2 coastal villages in West Sumba District,
East Nusa Tenggara Province, Indonesia. Methods included human-baited and
unbaited tent and malaise traps, human-landing collections (HLC), and unbaited
CDC light traps. Mosquitoes were identified to species by morphological charac-
ters and all anophelines were tested for malaria circumsporozoite protein (CSP)
using an enzyme-linked immunosorbent assay (ELISA). During six trap nights,
4,174 Anopheles mosquitoes belonging to 13 species were captured and identified:
An. aconitus, An. annularis, An. barbirostris, An. flavirostris, Hyrcanus Group spe-
cies, An. indefinitus, An. kochi, An. leucosphyrus group, An. maculatus s.1., An. subpictus
s.l., An. sundaicus s.1., An. tessellatus, and An. vagus. Of potential disease vectors,
An. annularis, An. subpictus, and An. vagus were the most frequently collected spe-
cies in the upland interior sites, whereas An. sundaicus, An. subpictus, and An.
vagus were most commonly found along the coast. The predominant species from
evening human-landing collections (mosquitoes per human) were An. subpictus
and An. vagus in the upland interior and An. sundaicus along the coast. All mos-
quitoes were non-reactive for Plasmodium CSP. One specimen of the An. leucosphyrus
group was captured from indoor HLC in Tenateke Village, an upland interior
location. This finding appears to represent a new collection record for Sumba
Island.
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INTRODUCTION

Malaria is a major health burden in the
East Nusa Tenggara Province of Indonesia.
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The island of Sumba is one of many ma-
laria endemic islands forming the Lesser
Sunda Archipelago, located along a south-
ern arc extending from the central part of
the country eastward. In West Sumba Dis-
trict, an area with perennial hypo- to
mesoendemic transmission, malaria ranks
first among the 10 major public health
problems and is a leading cause of death
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(Syafruddin et al, 2006). Malaria preva-
lence in West Sumba has been found to
vary between 6.83% during the wet sea-
son (November through April) and 4.95%
during the dry period (May to October)
(Asih et al, 2009, Syafruddin et al, 2009).
The malaria parasites in West Sumba are
predominately Plasmodium falciparum and
Plasmodium vivax (Syafruddin et al, 2006,
2009). The inconsistent and poorly con-
trolled use of anti-malarial drugs, spread-
ing drug resistance, and cessation of wide-
scale, organized vector control programs
have all contributed to a resurgence of
malaria in Sumba (Asih et al, 2009). More
detailed bionomic and epidemiologic
studies of malaria vectors in Sumba should
provide a clearer picture of the current
malaria threat and the evolving patterns
of resurgent malaria. The results of a brief,
single period vector mosquito survey in
West Sumba, including vector species
presence, their relative attraction to hu-
mans, and respective roles in malaria
transmission are presented herein.

MATERIALS AND METHODS

The survey was carried out during a
10-day period in August 2007 in four vil-
lages in West Sumba District (Fig 1). The
district occupies the entire western half of
Sumba Island and is separated from the
eastern district at 120°23" E longitude, ex-
tending north and south from 9°18’ S to
10°20” S latitude, reaching its western
coastal limit at 108°55" E longitude. The
target sites were divided between interior
villages: Lamboyadete (119.3457 E 9.7105
S; elevation 80 m bordering higher eleva-
tions), Tenateke (119.2028 E 9.5717 S; eleva-
tion 405 m), coastal villages: Patialabawa
(119.3319 E 9.7508 S; elevation 76 m), and
Radamata (Laura) (119.2456 E 9.3917 S
elevation 30 m) locations. The wet season
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in West Sumba runs from December to
April with an average yearly rainfall rang-
ing from 1,200 to 2,450 mm. Depending
on elevation, mean ambient temperatures
vary between 18-20°C and 25-33°C during
the wet and dry seasons, respectively.
West Sumba is topographically diverse
and comprised of coastal plains, moun-
tains, low hills and valleys. Rice cultiva-
tion and subsistance agriculture is the
most common profession in rural areas.
The landscape of Lamboyadete is rural
and hilly, consisting mostly of bush/shrub
(63%), forest (12%), and grassland (11%).
Tenateke village is a small village located
in a heavily forested region of central West
Sumba. Major land types include bush/
shrub (55%), plantation (17%), and culti-
vated farmland (11%). Radamata is located
in northern West Sumba on a coastal plain
dominated by bush/shrub (42%) and
grassland (28%). Patialabawa is on the
southeastern coast and is mainly bush/
shrub (29%), plantation (25%), and grass-
land (22%).

Site selection was based on previous
and concurrent epidemiologic studies of
malaria in West Sumba (Syafruddin et al
2006, 2009). Four collection methods were
used: 1) all night (18.00 h to 06:00 h) hu-
man landing collections (HLC) (WHO,
1975), 2) modified human-baited tent traps
and malaise traps, 3) unbaited tent traps
and malaise traps (Stoops et al, 2010), and
4) unbaited (light without additional at-
tractant) Centers for Disease Control
(CDC) miniature light traps. Human land-
ing collections were carried out in two
houses over one or two nights for each lo-
cation. Paired indoor and outdoor collec-
tions were conducted by four human col-
lectors (2 indoor, 2 outdoor). Outdoor col-
lection sites were 3 to 5 meters from the
houses containing the indoor collectors.
The human landing rate (HLR), a surro-
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Fig 1-Map of West Sumba District, Sumba Island, East Nusa Tenggara Province,
Indonesia showing the four mosquito collection sites.

gate measure of the actual ‘biting’ densi-
ties, was based on the total number of
mosquitoes captured indoors and out-
doors per 12-hour collection period aver-
aged over two collection nights divided by
total person-nights (Silver, 2008).
Endophagy by species was defined as the
proportion of mosquitoes captured in-
doors campared to total collected mosqui-
toes from HLC. Mosquitoes were sorted
by genera and identified morphologically
using keys for adult anopheline species
native to Indonesia (Bonne-Webster and
Swellengrebel, 1953; Reid 1968; O’ Connor
and Soepanto, 1989). Mosquitoes were
stored individually in labeled vials over
silica gel before laboratory processing.

Mosquitoes were assayed using a
semi-quantitative enzyme-linked immuno-
sorbent assay (ELISA) for the presence of
P. falciparum, P. vivax, and a P. vivax variant
(VK 247) circumsporozoite protein (CSP)
antigens (Wirtz et al, 1987, 1992). Mosqui-
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toes were dissected and only the head-tho-
rax portion tested. Depending on numbers
collected, specimens were tested either in-
dividually or pooled with up to 10 mosqui-
toes per well. The ELISA was performed
following standard methodology with spe-
cies-specific anti-sporozoite monoclonal
antibodies (MADb) adsorbed onto the sur-
face of individual U-bottom 96-well
microtitration plates. Following a series of
sequential steps and the addition of a per-
oxidase substrate solution all reactions were
read at 405 nm using an ELISA plate reader
(Benchmark Plus, BioRad Laboratories,
Hercules, CA) at 30 and 60 minutes. Posi-
tive control antigens and negative controls
from unifected, laboratory reared mosqui-
toes were run on each plate for each para-
site species tested.

RESULTS

From 7 to 16 August, 2007, 5,786 fe-
male anopheline specimens were collected
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SURVEY OF ANOPHELES MOSQUITOES IN SUMBA ISLAND, INDONESIA

during 6 trap nights. Total anopheline spe-
cies captured by location and collection
method are presented in Table 1 and dates
of collection(s) for each site provided in
Table 2. Anopheles mosquitoes belonging
to 13 species were identified as: An.
aconitus Doenitz, An. annularis Van der
Wulp, An. barbirostris Van der Wulp, An.
flavirostris (Ludlow), Hyrcanus Group spe-
cies, An. indefinitus (Ludlow), An. kochi
Déenitz, An. leucosphyrus group Déenitz,
An. maculatus s.1. Theobald, An. subpictus
s.l. Grassi, An. sundaicus s.1. (Rodenwaldt),
An. tessellatus Theobald, and An. vagus
Doenitz. Definitive species identification
of the single Hyrcanus Group female mos-
quito was not possible because of speci-
men damage. Of potential disease vectors,
An. annularis, An. subpictus, and An. vagus
were the most frequently collected species
in the upland interior sites and An.
sundaicus, An. subpictus, and An. vagus
were predominant along the coast. The
most common species from evening hu-
man-landing collections were An. subpictus
and An. vagus in the upland interior and
An. sundaicus along the coast. The num-
bers and percentages of non-anopheline
(culicine) species captured by trapping
method in the four locations are presented
in Table 3.

The HLR for An. subpictus, An. va-
gus, and An. annularis were 28.75, 24.38,
and 3.38, respectively at Lamboyadete
(Table 2). Inland species with the greatest
HLR also exhibited high to moderate
endophagy. For coastal Patialabawa, the
HLR were 96, 15, and 3 for An. sundaicus,
An. subpictus, and An. vagus, respectively.
Anopheles sundaicus, a major malaria vec-
tor in many coastal locations in western
Indonesia, was found to exhibit slightly
stronger endophagy (0.54 total number
An. sundaicus collected indoors/total An.
sundaicus collected) compared to outdoor

Vol 42 No.1 January 2011

biting in Patialabawa.

The distribution frequency of the pre-
dominant species by time of day HLC (com-
bined indoor and outdoor collections) is
presented in Fig 2 (a-c). In Lamboyadete,
An. vagus had a distinct early evening peak
between the hours of 18.00 and 20.00 h,
whereas An. annularis showed nearly the
opposite behavior with peak activity seen
between 02.00 and 04.00 h. An. subpictus,
the most common species captured, also
showed an early evening peak similar with
An. vagus. All 3 species were captured
throughout the entire evening. In Tenateke,
An. aconitus showed much stronger activ-
ity the first half of the night, except at 21.00-
22.00 h. In Patialabawa, An. sundaicus
showed a modest peak of activity during
the early evening (20.00-21.00 h) and per-
sisted throughout the entire evening.
Anopheles subpictus demonstrated two dis-
tinct peaks, one in the early evening at
20.00-21.00 h and another at 24.00-01.00 h.
In all three locations, there was little differ-
ence in distribution frequencies between in-
door and outdoor collections. These appar-
ent patterns of evening activity may have
been strongly influenced by the limited col-
lection period and prevailing environmen-
tal conditions at the time of collection.

Human landing collections and CDC
light traps collected more Anopheles species
compared to tent and malaise traps. For
sites with two collection nights, humans
were rotated between trapping locations
and devices, however there is the possibi-
lity of collection bias due to varying indi-
vidual host attractiveness. CDC light traps
were intentionally hung near animal en-
closures which likely accounts for the high
numbers of zoophilic vectors (An.
annularis, An. subpictus, and An. vagus) cap-
tured. Conversely, An. sundaicus was col-
lected in larger numbers using HLC and
baited tent traps demonstrating this
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Fig 2—-(A-C) Proportion of predominant human-landing mos-
quitoes by species, hour of capture and location from com-
bined indoor and outdoor collections.
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species’s stronger anthropo-
philic/phagic proclivity.

DISCUSSION

All 5,786 Anopheles
tested using the CSP-ELISA
were found non-reactive for
presence of malaria sporo-
zoites. August is the dry
season on Sumba, a period
when malaria transmission
typically declines to hypo-
endemic levels in most lo-
cales. Syafruddin et al
(2009) conducted an exten-
sive and nearly concurrent
investigation of malaria sea-
sonal prevalence in West
Sumba and found nearly 5%
of the human population
infected in August 2007.
The prevailing dry condi-
tions contributing to likely
lower transmission poten-
tial during this period may,
in part, help explain the ap-
parent absence of malaria-
positive mosquitoes in col-
lections.

There have been few
published mosquito surveys
in the Lesser Sunda Archi-
pelago, and most of these are
decades old. O’Connor and
Sopa (1981) provided an
overview of anopheline and
culicine distribution (by
province) in Indonesia based
on pre-1981 published litera-
ture and specimen material
available at the Directorate
of Disease Control and En-
vironmental Health (P2M)
Jakarta. All Anopheles species

Vol 42 No.1 January 2011
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collected in Sumba during August 2007
have been previously reported in the Lesser
Sunda island chain. The Anopheles species
encountered are consistent with collections
from Bali and Lombok (Bonne-Webster and
Swellengrebel, 1953; Lee et al, 1983; Olson
et al, 1985; Miyagi et al, 1994; Kawada et al,
2004; Maekawa et al, 2009a). For example,
Lee et al (1983) using CDC light traps and
resting collections found An annularis, An.
subpictus and An. vagus the predominant
species in rice-growing areas of Bali. From
2001 to 2004, Maekawa et al (2009a) identi-
fied 11 anopheline species on Lombok, all
of which were found on Sumba. The one
minor exception is the reference to An.
balabacensis presence on Lombok, whereas
we have chosen to designate the Sumba
specimen as a member of the Leucosphyrus
Group. Closer to Sumba, multi-year longi-
tudinal mosquito larval and adult collec-
tions in coastal western Sumbawa Island
are also consistent with the Sumba findings
(MJ Bangs, unpublished reports).

The results of this survey, combined
with known disease vectors in Indonesia
(Takken and Knols, 1991) suggest that An.
sundaicus and An. subpictus are likely the
primary vectors of malaria on Sumba.
However, further indepth vector incrimi-
nation studies are required to elucidate
this with more defiance. With several ex-
ceptions, most other anopheline species
captured were of very low density and
possibly less anthropophilic. For example,
An. barbirostris, an important vector of
malaria and lymphatic filariasis on nearby
islands of Flores, Timor and Alor was
poorly represented in total and human-
landing collections.

An. aconitus was found to be common
in one upland interior location and virtu-
ally absent from the coastal areas surveyed
during two nights of HLC. This species
also showed no strong preference between

Vol 42 No.1 January 2011

outdoor and indoor activity. This species
is regarded as an important malaria vec-
tor in Java (Chow et al, 1959; NAMRU-2
unpublished data) and may play a role in
malaria transmission in the interior of
Sumba, especially in areas with extensive
rice cultivation.

Of interest were the relatively high den-
sities of An. annularis captured in both coastal
and interior locations of Sumba compared
to nearby Sumbawa; however, this may re-
flect more the different trapping methods
used or seasonal effects than location. Lee
et al (1983) also reported relatively high den-
sities of An. annularis in Bali from CDC light
trap and natural resting collections. In
Sumbea, the unbaited light traps collected the
majority (> 95%) of this species compared
to the other methods. Anopheles annularis
does not appear to play an important role in
malaria transmission in Indonesia and is
considered to be mostly zoophagic (Bonne-
Webster and Swellengrebel, 1953; Takken
and Knols, 1991). However, if the vector is
competent and found in high biting densi-
ties, its epidemiological importance may in-
crease markedly (Ghosh et al, 1985; Baker
et al, 1987; Somboon et al, 1994).

From combined trapping methods in
coastal and inland areas, An. vagus was the
most commonly captured anopheline
mosquito (38.2%), followed by An.
subpictus (25.1%). Anopheles vagus also pre-
sented with a relatively high indoor-out-
door HLR in Lamboyadete (24.38 mosqui-
toes per human/night), only exceeded by
An. subpictus (Table 2). Anopheles vagus had
a greater proportion of female mosquitoes
captured indoors, as with An. annularis, if
found in high enough biting densities, this
species may act as a secondary malaria
vector (Baker et al, 1987; Somboon et al,
1994). Anopheles vagus specimens have
been found infected with human plasmo-
dia on Timor Island (near Kupang City)
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and central Java (Purworejo, NAMRU-2
unpublished report). Incidentally, Japa-
nese encephalitis virus was isolated from
An. annularis and An. vagus on Lombok
Island; however, the epidemiological sig-
nificance of that finding is unknown
(Olson et al, 1985). Given the predomi-
nately zoophilic nature of this species, it
is not considered a disease vector of high
importance.

Comparisons between human-baited
and unbaited tent and malaise traps found
baited traps far more effective (2.8 to 4.3-
fold greater for tent and malaise traps, re-
spectively) in attracting mosquitoes in
coastal Patialabawa, whereas baited traps
either proved less effective or near equiva-
lent in the interior locations (Table 1). As
these findings and comparisons are based
on only 1 or 2 collection nights, further
assessment of trapping methods is needed.
Radamata and Tenateke produced far
fewer mosquitoes than the other two lo-
cations. Due to the brevity of this survey,
findings were likely more susceptible to
chance environmental factors and natural
variability in mosquito behavior, both im-
portant factors that may have impacted
collection results. For example, phase of
moonlight may have had a significant im-
pact on mosquito activity (Bidlingmayer
1964). The collections in Tenateke and
Radamata took place during a new moon,
whereas the 2 sites with significantly
higher collection success occurred during
the waning last quarter phase.

One specimen of the An. leucosphyrus
group was collected from indoor HLC in
the upland site (Tenateke Village). This
appears to represent a new collection
record for Sumba Island and only the third
island in the Nusa Tenggara region east of
the Wallace Line. This species group,
which includes An. balabacensis, has also
been collected on Lombok (Miyagi et al,
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1994; Kawada et al, 2004) and western
Sumbawa (M] Bangs, unpublished report,
2005; Maekawa et al, 2009b). For those
identified as An. leucosphyrus group
(Miyagi et al, 1994; Bangs, unpublished
report, 2005), only a single adult female
specimen was recorded from each collec-
tion. The Lombok specimen was collected
from a rock pool along a stream in a for-
ested area ~600 m elevation above sea level
near Mt. Rinjani and the Sumbawa female
from a HLC in a heavily forested, remote
mountain location at 350 m above sea
level. A single adult female and an un-
specified number of An. balabacensis larvae
that were also collected in a rock pool in
Sumbawa were also found in forested
areas (Maekawa et al, 2009b). The limited
amount of material and recorded morpho-
logical variability indicates molecular ge-
netic analysis will be needed to help clarify
the precise identity of these species and
their distribution on the three islands.

We acknowledge that the initial obser-
vations presented are limited on number
of collections and sites; however, this rep-
resents the first vector survey of its kind
on the island of Sumba and serves as a
beginning for future studies. Many of the
anopheline species identified in this study
have been incriminated as malaria vectors
elsewhere in Indonesia and Southeast
Asia. Correctly identifying those mos-
quito species in West Sumba that play a
role as either primary or secondary disease
vectors will focus vector control efforts.
Additionally, molecular level identifica-
tion of specific members, or as yet
undescribed new members, within species
complexes is essential to pinpoint those
mosquitoes involved in transmission.
Linking vector identification with species-
specific bionomic and epidemiologic fac-
tors will require further investigation in
the field and laboratory.
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