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Nausori. During February 1992, while on a
USAID funded mission (Andre et al. 1992a) on
the surveillance and control of dengue and its
vectors, we extended these findings by surveying
3 of the major islands, Viti Levu (7 sites), Vanua
kvu (6 sites), and Taveuni (9 sites). Both
and dry containers were recorded and any
matures therein collected with a l0 x 20-cm net
(Tun-Lin et al. 1994), counted, and aliquots
identified. This enabled us to examine the prev-
alence of Aedes (Stegomyia) spp. in key centers
in Fiji and to estimate the relative importance
of each container type in terms of the numbers
of immatures being produced. On this basis, we
then were able to recommend some prioritiza-
tion of the limited resources for vector control.

The following localities were surveyed: Burata
St. settlement, Nanuka St. settlement, Nadera,
Suva port, Samabula and Edinburgh Drive (Suva
area), Nagali village (Nausori area), all on Viti
[rwu; Nagigi village, Vaivita and St. Bedes Col-
lege, Savarekareka (all grouped as rural in Table
1), I-abasa, and Savu Savu, all on Vanua kvu;
Somo Somo, Lamini and Lovonivonu villages,
Government Station. Baculevu Government
School, Vuniuto settlement and 3 resorts, Gar-
den Island, Bibi's Hideaway, and Matei Lagoon,
all on Taveuni.

A total of 1,37 I containers was inspected from
198 premises (Table l) and 132 of them were
found positive for Ae. (Stegomyia) species. Dis-
carded tires comprised 16.40/o of containers in-
spected but of these 47o/o were wet and over half
(53olo) of these were positive for larvae. Allowing
for mixed infestations, the following were iden-
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ABSTRACT. During an assessment of the dengue situation in Fiji in early 1992, a house-to-house
survey of container-breeding Aedes was made. Discarded tires and water drums were identified as key
breeding sites for the 4 potential dengue vectors: Aedes aegypti, Aedes albopictus, Aedes pseudoscutellarii,
and Aedes polynesiensis. Aedes albopictrrs were detected on Viti Levu, Vanua Levu, and on Taveuni.
Examination of early records and of used tire importation suggests entry into Fiji after July 1985 but
well before July I 988 when the species was first detected. It is also possible thel e. albopictuswas introduced
via aircraft from Hawaii. In Suva, the 4 Stegomylrre species coexist, but in I_autoka, it appears that Ae.
albopictus may be displacing Ae. pseudoscutellaris.

The expansion of Aedes albopictus (Skuse) in
the Western Pacific region was first noted for
northern New Guinea in 1972 (Schoenig 1972)
and the Solomon and Santa Cruz islands by 1978
(Elliott 1980). Following surveys in 1992, Ae.
albopictuswas also detected in the port ofKiunga
and on Daru Island in the Western Province of
New Guinea (regularly linked by sea or air re-
spectively to northern Australia) (Cooper et al.
1994). In 1988 and 1989, respectively, Ae. al-
bopictus was intercepted in Brisbane and Dar-
win, Australia (Kay et al. 1990), and in 1993 in
Auckland, New Zealand (Laird et al. 1994).

The Fiji Islands are located in the southwest
Pacific Ocean approximately 3,000 km northeast
of Sydney, Australia. One-third ofthe more than
300 islands of Fiji are inhabited, but most of the
population lives on the 3 largest islands: Viti
Levu, Vanua kvu, and Taveuni. Suva is the
largest city, main port, and capital. Travel among
these islands the capital is frequent and rapid,
facilitating movement of humans and perhaps
mosquitoes infected with dengue or other ar-
boviruses. The most recent outbreak of dengue
hemorrhagic fever occurred in 1989-90 with
more than 3,600 confirmed cases and 30 deaths
(Ministry of Health, Suva, unpublished data).

In Fiji, Laille et al. (1990) detected Ae. albo-
pictus in ovitraps, a mango tree hole, and in a
tire in the Nadi area but not in Suva or its airport,
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tified from tires: Aedes aegypti (Linn.) (39), Ae.
albopictus (28), Aedes pseudoscutellans (Theo-
bald) (4), Aedes polynesrensls Marks (l), Culex
quinquefascialzs Say (4), Culex annulirostris
Skuse (1), and Toxorhynchites splendens (Wied.)
(l). There were 10,667 Aedes (Stegomyia) im-
matures in 68 tires counted (mean 157, range 3-
596), which comprised 65.20/o of all Stegomyia
collected.

Drums comprised 4.2Vo of containers exam-
ined and 630/o of these contained water. More
than 610/o of wet drums were positive, mainly for
Ae. aegypti but also infrequently for Ae. albopic-
tus, Ae. pseudoscutellarus, and Ae. polynesiensis.
Some 3.624 immatures were collected from 22
positive drums (mean 164.7, range 3-909) and
this comprised22.lo/oof the total immatures col-
lected.

In contrast, tins and bottles were numerous,
comprising 48o/o of total containers examined.
Although 40. l0lo of these contained water, only
5.70lo of these were positive. Overall, their con-
tribution to total Aedes (Stegomyia) collected was
2.30/0, with these containers averaging 28.2 (l-
66) immatures. Because many bottles in partic-
ular were exposed to full sunlight, by mid-after-
noon the glass and contents often became warm.
This was thought to be a factor mitigating col-
onization. All 4 species of Aedes were found in
bottles and tins.

Of the other biotopes, Ae. albopictus was also
found in plant pot bases, shells, iron parts, a tree
hole, and in a Pandanus axil with Aedesfijiensis
Marks. The biotopes occupied by these Aedes
spp. are well known, as are the susceptibilities
of Ae. polynesiensis, Ae. pseudoscutellarrJ, and
Ae. fijiensis to Wuchereria bancrofti (ke et al.
1982, 1987).

With respect to transmission of dengue, this
study clearly indicates that discarded tires and
200-liter drums should receive priority attention
in view of their relative contribution to the total
numbers of immatures collected. Collectively,
therefore, 82.7, 99.7, and 99. I o/o of St e go myia at
the key population centers ofSuva, Labasa, and
Savu Savu were being produced by 36.3, 47.1,
and2o.4o/o of potential breeding sites inspected.
In rural Vanua Levu and on Taveuni, tires and
drums comprised 10.6 and 6.90/o of inspected
containers and produced, 42.8 and, 37.5oh, re-
spectively, of total Stegomyia found. Focusing
on the principle of key containers (Tun-Lin et
al., in press) would ensure that limited personnel
could be used most cost effectively to reduce,4e-
des numbers.

Aedes albopicttr.r was found on all 3 islands
surveyed, that is, Viti Levu (Suva, Nadera, Na-
nuka St. settlement), Vanua Lavu (Labasa, Nai-
gigi), and Taveuni (Somo Somo, Lovonivonu,

Government Station), suggesting that it is well
established. Although introduction of exotic
mosquitoes is well documented throughout the
Pacific region (Pillai and Ramalingan 1985), it
is interesting to speculate on how and where this
species was introduced and its consequence.

Fortunately, the National Vector Control Unit
has records of house-to-house surveillance for
1981 and for 1982 and from 1988 to l99l for
Suva and Lautoka. Isolated records indicate Ae.
albopictus was already well established in the
western division around Ba (Tavua rural) and at
Sigatoka town and rural areas by October 1988.
It was common in Lautoka in November 1988
and in industrial, residential, and outlying rural
areas of Suva in 1989. Its widespread distribu-
tion throughout Viti kvu by 1989 suggests in-
troduction somewhat earlier than its initial dis-
covery in July 1988.

Analysis of the relative proportions of Ae. ae-
gypti:Ae. albopictus in tires for both Suva and
Lautoka for each year between 1989 and l99l
(Table 2 gives totals only) indicated no signifi-
cant differences for locality (F : 3.74, df : 1,4,
P:0.13)  and foryears for  Suva (12:  2.88,  P
:0.24)  and Lautoka (x2:  O.04,  P:0.98 and
for 1988-91, X2 : 0.27, P: 0.98), perhaps in-
dicating some degree of equilibrium and/or sta-
bility.

One possible source, used vehicle tires were
first imported into Suva from Asia in July 1985
and currently at least 8 importers operate through
this port. There are no official records of such
importations but by far the greatest volume is
landed at Suva docks. Between July 1985 and
1988, 2 smaller importers commenced opera-
tions through the secondary ports ofNadi and
Lautoka. Tires landed at Suva currently are re-
distributed to 12 businesses throughout the Fi-
jian islands, principally wia the ferry service linked
to Suva but not to Nadi. Tires are mainly redis-
tributed prior to any retreading process, thus en-
suring rapid potential transfer of Ae. albopictus
within the casings. It is thought that most ofthese
imports are from Japan and therefore would in-
volve a cold-hardy strain. The other option is
associated with the possible breakdown of dis-
insection procedures, following the military coup
of 1987, at Nadi airport, which is well connected
with direct flights from Hawaii. A tropical strain
of Ae. albopiclzs is well established there. During
our 1992 survey, there did not seem to be clear
responsibility and adequate liaison between those
concerned with agricultural and medical quar-
antine duties.

The prognosis (Table 2), based only on local
authority surveillance data, suggests that the wet-
ter capital of Suva (3,841 mm rainfall annually)
will b€ at risk of dengue transmission by all 4



232 JounNer or rns ANtrnrcAN Mosqurro Covrnol Assocrnrror.r Vou I l, No. 2

I

o

o

l\
d

I
B

o

a
o{

a

!)

o

90

o

I

o
o

-

I

o

U

N O F - \ O O  N <  c \ O c . l  *  
|  

*

r i H  t \ { i a -  i  l O  i a
r r  l -

r i t - s  o \ r  \ o $ o  c . l € o
t . ) 6 c n  ! a -  c o r

N

h ! n :  O  r O  O  I

€ O  I  t n  I  i  I  d  r \
ao

S -  F - | ' ) C {
- F -

9 O \ \ O  $  $ O  - o o
d \ O C \  C {

O , S N N  \ O € F -  N
ri i a.l a.l

ra t\

d O

ca

o :  :

O r  r

: N  -

9 O O N  € O O  _

t - - i a . l c {  ! f c o O  \ O: ( n f.-

F

=
e a
7 )

i ? t  ' =
= t . € - n

3 8 3 . 9 E  - \  E . E' 5 - 1 ; : C  X c  c ) . : i  O  t r
O  6  d E N F ; E  E €  € E
i 9 . H , , g E  e t o  9 F f  i i . : a  i i  a
E E 6 ;  g i X  t 5  a E a  H F E  I  e
a f l t 6  ' r l f i d ' ; i  t r 6 t  F o <  n  z

c \ r
N

r a N
ro ca

! a €
O \ O

c7)

r o l

c.r I (\l
r 6

O -  O r i O  t i : O
c-t

N a r  d $ O  N r  r -
a i r

a.l N F- \O a.l F- o\ \O cn
$ \ O -  *  a . l

c n S

i n
: ot so o .
? -  ! ?; . E  E

^  8 4 6  E
-  : i !  E  =
t r  .z .= h E

F F l v A

90

e

F

.* !,lx >

B

F

a

q

;:

o

a

.\

;.
o0

z
t
v)

tl
t l
i l -
i l o

llE
c-.1 ll
o\ l l
9 t l

il":l l
> , t l
L t l
( l t l
5 t l
L t l
9 t l
f l t l
t l l
a l l
> , t l
L t l
( n t l
5 t l

( d i l  >' - l l  I
iFll E
; i l F
; i l >
9 t l
; t l

. i  t l

th  l l
o t l
E l l

A t l
B t l' r t l
s l l
0 t l
stl
c4 llv t l
6 l l

N t l
d l l  =
\ i l  >
c.r ll I

:  i l . :
E i l >
E l l' - t l
t i  l l€ l l
€ t l
o t l
o t l
a t l
H t l' ; 

t l
6 l l

E l lg t l" l l
. t l

; i l
d l l
F l l

t l
t l
t l
tl
t l
tl
tl
t l

. - !  " ,
x >

c)

F

F

i g

>

F

.l c.r

C)

B
!Y

.i cr
N >

B

F

k
o > .

cg o0
E q

X U



JuNe 1995 OpsRArroNN- nNp ScIpNrIrrc Norps 233

Table 2. Summarized Aedes (Stegomyia) suweillance data for l98l-82 and 1988-91, Suva and
Lautoka, Fiji Islands.

Locality Biotope Year

Number of positive
containers detected wfi}r Aedes

pseudo'
albo- scutel- polyne-

aegypti pictus laris siensis

Suva

I-autoka

Tires

Drums

Plant containers

Tins, bottles, shells

Tires

Plant containers

l 98 l-82
l 989-9 l
l 98 l-82
l 989-9 I
l  98 r -82
r989-91
I 98 l-82
l 989-9 l

r982
l 989-9 I
r982
I 989-9 l

222
1 6 5
44
l 7
89
2 l
79
t 2

45
l l 6

t 4
22

0 6 8  I
9 7 3 9 0
0 1 7 0

l l  8  0
0 9 6 0

3 9 2 7 0
0 7 8 2

1 3 1 3 0
0 1 9 0

l 0 l  0 0
o 2 4 0

3 5  l 0

Ae. (Stegomyia) spp. but on the drier western
side of Viti Levu (e.g., Lautoka [,844 mm, Fi-
jian Meterological Servicel), Ae. albopictus may
be displacing Ae. pseudoscutellaris. Chi-square
analysis ofproportions of,4 e. aegyptito Ae. pseu-
doscutellarisfor 4 container types for Suva, listed
in Table 2, iddicated no significant changes in
the distributions from l98l-82 to 1989-91, as
follows: tires (12 : 1.08, P :0.29), drums (12 :
0.O2, P : 0.90), plant containers (12 : 0.14, P
: 0.71), and tins, bottles, shells (1'� : 0, P >
0.99). For Lautoka, however, the relative pro-
portions altered significantly for tires (x' : 35.4,
P < 0.001) and for plant containers (12 : 18.1,
P < 0.001) after Ae. albopictuswas known to be
present. Formal study of possible competitive
interactions, photoperiod sensitivity, cold har-
diness, and genetic characteization presents a
fertile field ofstudy and the opportunity to iden-
tify the possible geographic source of Ae. albo-
pictus.
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shall Laird for manuscript review and statistical
assistance and fellow members ofthe survey team:
J. U. Mataika, M. Bale, S. H. Waterman, and S.
Landry. Dr. D. Calder, USAID/Suva, coordi-
nated the visit, which was funded by the Vector
Biology and Control Project, Contract No. DPE-
5948-C-00-5044-00 to Medical Serr.ice Corpo-
ration International, Arlington, VA, for the
Agency for International Development, Office of
Health, Eureau for Research and Development,
Washington, DC.
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