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ABSTRACT. A newly designed sticky ovitrap whs used 1o determine the dispersil Nlight of the deague vecton
Aeilea aegyprt in porthenstern Mexico. Uinfed marked females were released in the Held where 100 sticky avitspy
Bl Been positioned within o cireular area 300 m o diameter, Sticcess of this method was represented by o 7.7%
(3 of 40T recapture e during o 19-day sampling pereodd. The maximum dispersal distunee was 120 m with
domenn of MES mo o= 4.5 SIY Dirsstic hot and dey climatie conditions ot the stidy site muy bave restricted
kit dispersal. As expected, moxtly gravid female mosguitoes were captured in the ovitraps. The methaol
ol wteky ovitrups proved o be useful and joespensive for Aeo adgsetd dispersal studies in Lotin Aanerican
countries. In addition 1w e marked mosguitg populations, enmarked Ae¢. aegypn, Colen sp., roaches, and even
sl veriehrates sweh as lizards and sparross were found glied to the sticky ovitraps. Bused on these studies,
the use of sticky ovitraps is recommended Tor Ae. aegype dispersal studies, specially for dengue conerl programs

i developing countncs,
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INTRODUCTION

Dengue fever curmently represents the most im-
portam maosguitchorne disease in Mexico, Reinles-
tation of the Amencas by the primary vectorn, Aedes
aegyprt (L), incressed during the 1980s and con-
tinued inthe 19905 (Gubler and Kuno 1997} Three
staes located in northeastern Mexico (Tamnulipos,
Nuevo Leon, and Coahuila) sccounted for nearly
T0% of dengue prevalenve in 1999 (Boletin de Ep-
idemiologia 194997,

Dispersal flights of Ae. wegypn are of paramount
importance  for epdemiologic and comrol  pro-
grams, I dengue case is reported from | specific
dwelling in a neighborbood, the flight range of -
fective female Ae. aegypdi determines the size of a
barrier control area surrounding the case. that is,
space spraying and breeding site elimination
(PAHO 1994). Tradiuonally, this type of focal con-
tral has assumed o dispersal distance of less than
100-150 m for Ae. aegypri females. However, find-
ings of Reiter e1 al. (1995) in Puerio Rico showed
thit, when areas are cleared of suitable brecding
siles, nfected mosquitoes may travel distances up
1 840 m, This is explained by the need for gravid
Ae. aceyetd females to extend flight distances in the
search of available oviposition sites. Obviousiy,
possibilities of new dengue cases in untrested or
unsuspecied areas increase the epidemiologic im-
portance of such fight behavior, Thus, comparntive
fight dispersial research in ecologically diverse hah-
itals is peeded 1o determine if Ae. aegyvpti fiy be-
yond penerally recognized distances.

T momiter dispersal distances in mosguitoes,
methods using flucrescent dusts are the 15t choice
(Service 1993). Although most of the time these
technigques yield scceplable results, they are time-
comsuming and demand intensive and prolonged ef-
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Denjrue, avapsssition, sticky ovitraps, Aedes aegypri, dispersul

forts. We proposed o new and inexpensive method
to capture marked Ae oegyprd females based on
sticky ovitraps. Thes technigue was used 1o deter-
mine flight dispersal of this species in northeasiemn
Mexico, Our study had 2 objectives: 1o evalunte the
effectiveness of sticky ovitraps s i new method (o
assist in flight behuvior swdies of container-breed-
ing mosquitoes, und 10 determine the light dispers-
al mnge of Ae. aegypti in a temperate dengue-cn-
demic area in Mexico,

MATERIALS AND METHODS

Stady grea: The city of Guadalupe is located in
Muevo Leon stute in northeastern Mexico. Together
with 6 other municipalities it makes up metropoli-
tan Monterrey, the 3rd largest city in Mexico (pop-
ulation: 4 million.) Average elevation is 540 m. but
a dominant Hattened opography is interrupted at ils
margins by the Sierra Madre Oriental range, spe-
cifically Cerro de la Silla, 1,100 m in elevation.
Herein, at the mountain outskirts, lies Colonia 5 de
Mavo, our study site. It has slopes of 25307 and
coordinaes of 23°N, 98717'E. Hundreds. of dwell-
ings built mostly with wooden roofs and walls al-
Tow Ae aegypti populations to thrive in 200-Titer
drunis used to store domestic water. Annual rainfall
averages 60 mm, with a mean temperature. of
28°C. Matural vegetation consists of bushes but
trees 3-15 m in height are found in the backyards
of most houses (Secretaria de Programacion y Pre-
supuesto 1951), The State Vector Contral Program
has reported dengue outhreaks yearly at this loca-
tion singe 1995,

Effectiveness of sticky ovitraps! Sticky: ovitraps
were built based on the reasoning that egp-laying
females must look for oviposition sites, Acdes ae-
evpdi Tavs eges individoally upon surfaces of inoer
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Falsle 1 |-'|'fL|uL'|1r}' distributiom o dispersal distances for murked—cecaptured Aedes g ypn Temnles using sticky
ovitraps in Guadnlupe, Noevo Leon, Mexico
Ihsianee {m) % IE M el I A Jab fid i 1M
Recuptured lemales fs s {y 4 I 1 | [ 2 |
o recaured 2.4 19,4 154 13.0 1.2 L 3.2 52 5.5 3.2

wulls slightly above the water surface (Clements
19949, Plastic 3.8-liter black containers were filled
with water and @ S-cm sirip of tan black cardboard
wis added as an oviposition substrade. Glue used to
catch odents by pest control operators ( Trapper™,
Bell Laboratories Inc.. Madison, WI1) was heated
for soltening and smeared onto the cardboard sinp,
Paper ¢lips held the strip inside the container 1o
pvodd water reaching the glue, and thus desolving
deterrent chemical substances from the glue. The
glue i formulated o tolerate long peniods of high
bent and  humidity  while maimaining it sticky
properties. Traps were placed in an ares exposed 1o
marked and released Aedes mosquitoes, Hypothet-
wcally, gravid females would become stuck at the
moment of atflempling to loy eges. Effectiveness of
sticky ovitraps was calculated based on the percent
of ovitraps catching at least | marked Ae. aegvpn
female afiter the study period, and the recaplure rale
of the marked-released Aedes population. Addi-
Henally, o support the usefulness of sticky ovitraps
for gravid females of the dengue vector, we de-
seribed the sge-structure of captured females
through  their abdominal  appesrance (empty or
gravid), by examination of tracheolar skeins (Cle-
ments 1992), and by examination of spermatheca
for sperm (WHO 1975), During each sampling visit
ather species found stuck in the ovitraps were iden-
fified and registered,

Dispersal flight range assessment with marked
mesguitoes: To obtain high enough numbers of
field-collected female mosquitoes o compensate
for monality and migration, Jarvae were obtwined
from several breeding sites. Collected larvae weére
allowed o develop to adult stage in a 200-liter met-
#l drum located in the backyard of 1 of the dwell-
ings, Emerging nonfed adult females were trans-
ferred to 3.8-liter cardboard containers and dusted
with fluorescent dves (BASE Holland, M) using a
Pasteur pipette. Males were discarded afier mark-
ing. Females were counted and released at a central
point where sticky ovitraps had been placed pre-
viously. Release time was approximately 1800 h.
Marking and releasing was done on & consecutive
days, using 6 different colored dyes. The number
of mosquitoes marked each day, with their colors,
were: 145 green, 63 red, 30 yellow, 30 orange, 72
grecn-light, and 61 green-vellow, for a totl of 401,
The recapture period started | -day after release and
continued for 19 days, One hundred sticky ovitraps
were distributed 0 an arean 300 m in dismeter
Giroups of 25 triaps were placed in 4 linear transects
following cardinal orientations north, south, cast,

and west, Owitraps were ploced in shaded areas of
backvards of maost dwellings, Therefore, the disin-
butions of recapture distunces by ovitraps were in-
fuenced by size of buckyords, Ovitraps were sam-
pled daily, when ovitraps were inspected for female
mosquitees and other insects. Recapture distianees
and orientation were also recorded. AL the snme
time, marked Ae. acgypti were carefully removed
from ovitraps wnd tiken w the laboratory lor age-
structure  defermination. Daily temperature, eain,
and wind speed and oneptation data were similarly
recorded with feld weather devices.

Dara analyvsis: Descriptive statistics were cul-
culbmted for dispersed distances sccording o the [o-
cation of ovitraps catching marked Ae. aegypli. A

Table 2. Ape-structure, abdominal gppearianee, and
insemination stge according o recapiure day for
marked-recaptured Aedes argypri females sticky ovitraps
in Ciusdalupe, Nuevo Leon, Mexico.

Muosguite Abdominal  Sperma- Recipture
. appeasince theci Paruty day
I Empiy + ™ 1
2 NI NI MND 3
3 Gravid + ™ k|
- Ciravid + M 3
3 Gravud + ™ 3
& Giravid + M 4
7 ND ND N -
. Crravid + M -]
e Grravid + N 5
1 Empty a0 P b
11 Empiy * M 3
12 NI NI W 3
13 Crravid . N &
14 Crravid = M &
15 Gravid % P 7
16 Gravid - P L
17 Crravid - W B
18 Gravid & NI B
19 N NI NI 9
20 ND» ND NI g
21 Ciravid + P 16}
2 Cravid T F 1
23 MDD NI NI 1
24 Empty ol ™ Il
25 Empty ¥ P 11
26 Ciravid - P I
27 Gravid + N1y 12
28 M ND NI 13
29 NDy N NI 17
k1] NI MDD NI 19
M ND ND ND 1

UL Mulliparows, NI, oot determined; B pasous,
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Tuble 3. FPercemuges of doily recaptures for marked—

recoplured Ardey acgvpi Temale: with sticky ovitraps

during 4 19-day sampling period in Guadalupe, Nuevo
Lewn, Mexicn

Recapured
Recapture doy females % recapture

1 I L
2 ] (XY
A 4 130
4 2 .5
5 5 .1
1] 2 6.5
7 1 A2
B 1 09
9 2 65
1] 1 0.7
I 3 9.7
12 1 Az
13 | A2
14 i .0
15 0 00
1t 0 0.0
17 I A2
18 {1 0.0
K T 6.5
Tostal il [LL BRI

nonparametric Kruskal-Wallis test for related var-
wbles analysis (Zar 1999) was used 1o estimate if
recaplure rates were significantly different accord-
ing to orientation of ovitraps.

RESULTS
Effectiveness of sticky ovitraps

Owirraps produced acceplable recapture rates of
marked and released mosquitoes. A group of 31
.75 out of 401 females were found glued to the
oviposition carboard sirip of the sticky ovitraps,
Additionally, from these 100 ovitraps positioned in
—chiameter of 300 m, 10 (10%) effectively caught

least | individual female Ae. aegypri Three traps
closer to the central release point were more sue-

cessiuol, catching 58.2% of the total 31 recaptured
miarked mosguitoes (Table 1)

As expected, most unled-released females cap-
tured by the sticky ovitraps were gravid (Table 2.
Specifically. 16 (76.1%) individuals showed -
vanced ovanan development from the Sed 1o 12ih
duy after relense. We captured 5 (23.8% ) empty or
unfed marked females at days 1, 5, and 11. This
group did not ovipesit without coming in contact
with the sticky paper, because no larvae were [ound
m the ovitrap, Filled spermathecae occurred m
miemefuito ferales captured from days | o 120 Thir-
teen out of the 31 (41.9%) caprured females were
damaged at the time of removal from the sticky
cardboard, and ovanes were difficult w observe for
age-structure determination. However, the |st par-
ous lemales showing tracheole endings permanent-
by stretched were on day 5 after release. In totl,
22.6% of females were identified ns parous, 35.5%
as nulliparous, and 41.9% as not determined,

Dispersal Might range assessment with marked
maosquitoes

The sticky ovitrap in which 6 {19.4%) marked
Avdes females were captured wos 8 m from the
release point, The farthest recapture wias at 120 m
iTable 1) A distance limit of <26 m produced
58.2% (22) of towl recaptures, <8 m yielded
96.8% (30), but only 3.2% (1) reached the longest
distance of 120 m. Mean dispersal was 305 m +
4.5 S Dairly recaptures ocourred consistently dur-
ing the 19-day study period. All caught undamaged
Aedes females were gravid. This observation was
confirmed for each distance where sticky positive
avilraps were positioned, and during the enlire re-
capture period. About 38.8% of wtal recaplures
were obtained at <5 d, T4.4% at <10 d. and 90.5%
at <15 d (Table 3),

Orvitraps of the east linear transect recaptured
38 T% (n = 12), the highest mosquito number {Ta-
ble 4}, Morth and south transects registered similar
recapture figores, 25.8% (8) and 25.8% (8), respec-
tively. The west orientation yielded the lowest num-

Table 4. Oricntation and dispersal distances of marked-recaptured Aedes aegvpti females in sticky ovitraps in
Gusdalupe, Mueovo Leon, Mexico.

Bistance (m} MNorth South East West Toral recaptured

B 1] [ a ] o
18 0 0 [ i 4
24 6 n il 0 i
2t ] 1] £ 0 4
16 1] i 1] 0 I
40 I 0 1] 2 3
44 0 1 0 0 1
fid ] 0 0 1 I
an 0 4] 2 0 2
120 I ] 1] 0 1

Total B (258%) B(25.8%) 12 {38.7%) 1(9.7%) 3 {10005
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bers, Y.7% (3). Nevenheless, recapture numbers for
each of the 4 oneptation transects did not differ
sipnificantly (x* = 0,143, df = 3, P = D.986), New-
ther roinfall nor muludirectional winds of =10 km/
h prevailed during the recapture time. Ambient dai-
Iy tempermures averaged 27°C, In addition, the
sticky ovitraps also captured the Tollowipg groups
ol animals: unmarked Ae. aegven females, Culex
tifetepeefasciane (Say) mosguitoes, roaches (Peri-
pletetia wmericana), ants and wasps [ Hymenop-
terinh, beetles (Coleopiern), and small vertebrates
such as lizards and sparrows,

DISCUSSION

Atter reaching the salivary glinds of female
mosguitoes after on extrinsic meubation period of
T—10 days, dengue viruses remain in this infected
fssue for the lite of the mosguito (Gubler and Kuno
1997), Subreguent bites on humins nearly ensure
virus tansmission, Therefore, vector vanables such
a8 RAight dispersal and longevity become critical
factors in understanding vectonal capacity, Most
deppue-Ae. gepgyprl control programs in Latn
America have bused focal control mensurds on o
maximum fight range of < 150 m. However, Reiter
et yl, (1995} desceribed dispersal distunces flown by
Ae. aegvri s omuch as 840 m. In nonheastern
Mexico, our resulls demonstruted o maximum dis-
persal distance of 120 m with 0 mean of 305 =
4.5 m. We believe that our 7.7% recapture rate wis
enough o suppon the average flight range of Ae.
aegyi under local hot and dry conditions. Such
conditions have been shown 1o restnict the dispersal
of Ae, aegypr in northern Austrabia (Muoir and Kay
19987, Those awthors found a mesn dispersal dis-
unce of 36 m and 35 m for males and females,
respectively, with a maximum fight range of 160
m. Dispersal differences between the present study
and that of Reiter et al. could be explained by the
more humid weather in-Puerto Rico, the availability
of abundant supar sources such as flowers (Van
Handel et al, 1994}, or by the greater presence of
domestic breeding sites in our study, inducing fe-
males to lay eggs in a smaller arsa. We agreed with
the conclusions of Reiter et al. that availability of
breeding sites modulates flight dispersal. However,
the kater statement should be supplemented by
Guillie (1961), who coined the term of “dispersal
amhit™ instead “dispersal range™ 10 define i1 as the
minimal needed distance for an Anopheles mosgui-
to between breeding sites and blood-meal source
Fartial or multiple blood meals could trigger egg
development, as has been reporied for Ae. aegypri
elsewhere {Scott et al, 1993). This would increase
dispersal distance during host-seeking behavior and
oviposition activity. Although we did observe grav-
id females being cought almest consistently {Table
23 the collection of females before egg-laying by
sticky ovitraps did not allow egg counts! therefore,
counts of small numbers of cgps indicating partial

oviposinon behavior were not seen (Apostol et al,
19494,

Orientation of sticky ovitraps did not atfect dis
persal ight distances. We argued that abundant
eritical resources for the mosquito life in the study
site such as shelter, Tood, und hreeding sites favored
an even distribution of egg-laying females, TCis im-
ponant to note that both strong winds and raintoll
were absent in this study.

The use of sticky ovitmps wis ipexpensive and
effective For determining dispersal fights of Ae, -
grpn females, They caprured marked and anmarked
mosguitoes and fed ancd unfed mosquitoes, os well
s dilferent mosguito species, This recapture rale
was attningd even when abundint 200-liter water
drums were present inomost dwellings, Recuptures
were almost moide daily during the 19-day study,
The traps were successtul even in Aedes-endemic
areas where abundant additonal breeding sites are

“available, Muir and Kay (1998) also designed ¢

fective sticky lure traps o catch adult marked A,
aegvpn in Australin, Those authors comted black
cardboard rectangles with polybutylens adhesive
and reported recapture rites of 3.6 13,0%. Some
traps showing multiple specimens were found in the
Mexwcan and Auvstrolion sweches, As Muir and Kay
concluded, frequency of recaptures il cerlabn trap
locations suggested that shade, wind, and  liest
availability affected the distribution of Ae asgypi.
Even the more expensive rubidivm-marked cggs
methe] (Rewer et al, [9495) has the advantage thae
larger areas can be sampled. The design of ouwr
sticky ovitraps presented some prablems during the
removal of marked samples, that ls, damage 1o fe-
male ovaries. This hampersd age-structure studies
such us éxamination of trucheolar skeins and sper-
muatheca. Finally, we concluded that sticky ovitraps
may allow guick determinutions for dispersal dis-
mnces of the dengue fever vectors al very low
costs. This echnigque is affordable, especially for
dengue control programs in developing countries.
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