daveenend oof the Americgn Mosgoefo Centrol Asyeciaion, 11518, 2003
Copyrigghy i 2003 by the American Mosguite Control Asaociation. Tne

SPATIAL DISTRIBUTION OF THE LARVAL INDICES OF
AEDES AEGYPTT IN GUADALUPE, NUEVO LEON, MEXICO, WITH
CIRCULAR DISTRIBUTION ANALYSIS

ROBERTO MERCADOHERNANDEZ, ILDEFONSO FERNANDEZ-SALAS ann
HOMERD VILLARREAL-MARTINEZ

Faabwrvcarciter de Entortialopio Médica, Foacaltiod de Cienciay Bidigica, Unlvervicdad Adicnomut ofe Raeve Ledn,
Aparrtordto Posral MELF San Necodibs de fox Crarca, Nuevo Ledn, Méclos

ABSTRACT A census of nll onudoor lurval breeding sites 09511 present i 361 dwellings in o negghbeelood
ul Ghusdalupe m sonheastern Mesico wae coniducted in Octoaber 1997 o determine larvil indices of Aedes
et ] their reltionshigs 1o human population density and segetation 1ype. Hene we present o method tha
allows linding the ditection and extrpolar Bight eange of vectomn, as parameters i the dynamicy of dengue
transmissacn, By using circular statintics applicd w cach block of doo, ranges (guartiles) were compueed for
Turvad imdlex avpe, adult-child cafcr relationship, and vegetation. Eight angles between 37 and 2007 woere dsed
Circulir distribution wais determined by using mean angle Gab and argument (e} from the sue of gy Tor ench
varahle, Arguments commesponding to the mean angle of howse (26000, recipient (265, and Breteau (247 indices
wiere 232 022330, and (22225, reapectively. Do sddition, argements Tor the mean angle of herbiaceous (277",
shruly (3187, and arbsereal (3337 vegeunon were (02589, 01984, aod 03367, respectively, amd the 3 wene
locnted dn the e quodeant. The i relatonship wee o 2827 with an argumaent of 02466, which indicates tun
i this pesghborhood in scothern Guoadalope, both the hanun populafion density aned the leeal fndices wore

Iviehieer ehies 1 other areus.
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INTRODUCTION

Circular statistics have been aseful in the direc-
tiomal statistical analysis of 2nd-order events. For
example, under particalar light conditens, each of
7 butterflies was allowed to Ay from the center of
an expenimental chamber 10 different times (Bat-
schelet 197R). Circular stanstics were used o csti-
mate the mean angle (1527 of the flight directions
with & minimim angular deviation.

In-San Juan, Poerto Rico, Reler er al, (19935)
developed o method for marking of eggs of Aedes
acgvisi (L.p with o rare alkali metal {rubidium ) and
showed that in an urban area. oviposition activity
ina osingle gonotrophic cvele lasted several days
ind covered an darea atl least 8340 m (354 ha) in
diameter, They suggested that dispersal was driven
iy the search for oviposition sites.

Hausermann ¢t al, (1971 carmed our 8 study to
determine the dispersion of genetically marked fe-
males of Ae. aepypnd in Mississippi. The Ist phase
was carried out in a transect 2 blocks wide, 3.200
ft 1o the north and 3,200 fi 10 the south, They found
that the maximum dispersal was 1900 T to the
south, whereas the cireular distribution of marked
females in positive avitraps was mostly toward the
ninthwest.

Trpis and Hausermann (1986) reported on the
dispersal of Ae. aegyvpn’ when using the mark—re-
lense—recapture method in Mombasa, Kenva, Afr-
ca. The recapture rate of 400 mdicated that the
Shauri Moy village population was clised and rel-
atbvely stable with little enmgriation. The villages
are separated by natural barriers sueh as trees,
bushes, and gross, which may restoet imervillage

dispersal of the domestic form, Reuben etal, ( 1972)
released morked mosguitoes from a ire dump.
They: foamd thut mosguitoes moved an average dis-
tance of 23.2 m ufter day | and [20.7 m after day
5. MeDonald (1977, in o study cartied oul among
the villages of Rabai on the coast of Kenya, Tound
that dispersal greater than 200 m from o village wis
characterized by o markedly reduced number of
mosguitoes entering o villnge as well a3 a delay n
their appearance in the landing-biting collections
and the dispersal of mosguitoes between villages,

Surveillance progroms are based on the house
and Breteau larval indices. and a threshold of 3—
3% in these indices is used as a high-risk indiearor
of transmission o humans of pathogens such as
dengue virus, Consequently, development of ento-
maolagical measures more relinble than larval indi-
ces w2 epideminlogical ol is necessary (Onstad
and Carruthers 19H). This goal seems o have been
achieved by the premise condition index (PCI) by
Tun-Lin et al. (19935), which s designed w save
Labor costs, Maoloney et al 4 1998) wsed low-Aight
peal surveillance in conjunction with PCI, and re-
lied mostly on shaded areas in photographs, bl
found that aenal surveys could nol substitute For
standard data collections on the ground.

A strong comelation between the number of days
with precipitation geeater than 1 o and the hotise
and the Breteau andices was tound in o colony of
Merida, Yueatan, The mast common larval produce
tiven shtes found were cans, Hres, bottles, and vises,
Many people burn their garbage in the back of their
fots, This practice results in the aecumulation of
thopsands of tn cans, which ane shaded by the
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Fig. 10 Mean wgle G amd Svgatude of vector (r) of
S larval dndives,

dlenser vogetaton found  the back of the lois and
Become pomd lurval production sites (Winch et al
(992, In Mexsien, the general wind direction s
frommt Gast o west and mosl rains come from e
Gull of Mexico,

The purpose of the present study wies o apply
cireulnr stalisucs 1o the disiributions of the larval
indives of Aes aegvpti. The mode] demonstrated that
Has rechoigue can be more readily applicd in fulare
wiarks o vector dispersial,

MATERIALS AND METHODS

This study was done inoan ares located n the
Municipulity of Guadalupe, Nuevo Ledn, Mexico,
1o the east of the metropolitan area of Momerrey,
with a population of 4 million. The coordinmes
are 25°39734" and 25T3G7S6TN.  100P11'027 and
10071 126" west lonpitode. A census of all larval
breeding sites (931) present at 361 dwellines was
conducted in October 1997 10 determine the larval
indices of house. Breteau, and container habitats
(Kumate and Llausas 19890 Also, the vegetalion
indives (herbaceous, shrubs. and arborealy and the
aduli—child {afe) relationship were sssessed. Runges

Fag: 2
Fovgpetation ndices,

Mean angle v amd foogitede of vecior g of

fguartiles) were genermted for each index, is well
as Tor the vegetation and the a/c population

The rectangular coordinates of the mean angle
et ) are detecmine by X = {cos o Wuoand ¥ = (5in
a M, where a 15 the angle in the méasorement o
aned w s the numbers OF measurements, The longi-
tde of the vector 1s r = (X7 — Y3 The value of
rovares inversely with the varance of the data,
Therefore, ris o measure of concentration and |~
ris a mewsure of dispersal. Lack of dispersal would
be indicated by | — ¢ = 0, and maximum dispersal
is indicared by 1 — 7 = 10 Cos @, = Xfr or sin
i, = ¥ir determane the mean uogle, This s the
angle that incdicates the mdios of the diumeter that
15 closer 1w the central tendencey of most of the data:
Finally, the test of Watson and Williams was car-
ricd out to compare the haltl angles of 3 populations
(Zar 1994).

To boecate any pobnt oo a plane, hath the angle &,
with respect to some starfing direction, cand the
straight-ling distance ¢ from some referenge point
are specificd. Imtervals began in the east at 377,
100°, 1407 1807, 2207, 260°. 3007, and 330°. The
intermedinte angle was determined for each hall in-
terval (1855 63.5° 120007, 160% 200.0% 2d0.0%

Table | Trescriptive clnoular stsfistics, including the center of gravity (e} ddddressing the mean angle Ce,boandd
angular deviaton (AL of the larval and vegetation indices,

Laryvial mdex

Vegetaton indes

Slatisties Himase Breloan Containe
+ 11,3356 (L2226 0.2y
i, Iy 247" 657

ALY fal1, 115 T145 THLSH

1] w i
0. 2588 b, el 11,2867
i I 333
Y 7S 1155 TOTR

h. herhageons: s, shaths: g, arbooend
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The descnptive corcolar statintics for the aduli-chld relationship i) amd laeval ool vegemmon indices,

Larval ymdes

Wepention jndies:

HBretean

Stntistics! Houue Countainer h A i FES
o, 1828 2913 2402 0% 74 174 1501
K1 13400 2532 1.5 [ Rest ] 021 1,2 10 ml
Ul {13414 0585 0050 (1), 540 bt pth 6l 0,20-00,53 n-2n7
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Doy menn nglen 51 atindind deslabion; 03, spesrtile
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2HOUY, and AWMLY, respectively). The ranges of the
indices were added amd plotted for cach half angle

RESUILTS

Ao census of dll outdodr Barval breeding sites
(USLY present in 361 dwellings in a neighborbood
ol Condulupe. part of metropolitin. Montemey in
northeastern Mexico, was conducted in Oviober
PTG determine the Lorval indices of A aegvpii
and the indiees of Yegettion types.

Clireulur deseriphive statistiies are given for the
length af the mean vector (e an the direction of the
meln angle (o), and the angular deviation (A of
the larval index and of the vegettion index (Talle
1), The bousing mdex presented o mean angle of
2600 & 6605 and ended 1o the south. The Breteau
indeX presented pomean angle of 247 = 71457 (Ta-
ble 1. The conuiner index preseémied mean angle
of 265 * TO096° Thas index presented o more ho-
mogeneous distribution than the other indices. No
significant differences were found among the angle
means of the 3 larval indices (F = 2.HL P = 0.05).
and the best estimute of the population mean was
237 Fig. 1.

For the herbacgops vegetation. the mean angle
wos 277 & G975 The vegelaion shrubs presented
d mean angle of 318 = F2.55°% The arboreal veg-
etation had o pean angle of 333 = 70,787, Herha-
ceous vegetation was distributed mone homoge-
neously than the shrubs: Mo significant differences

were Townd among the mean angles of the 3 inciees
of vegetation (F = 235 £ = 0,058), The hast esh
mate of the population wean was 3087 (Fig. 25,

Means (u b stndard deviations (5029 i g
tles (Q0) for the larval and the vegemon indices
are shoswn i Table 2, along with the w/c relition-
ship, The bowse indes guartiles vurled Ueam 048 1o
AO000% (1828 2 1309 The Breteau mdex gqua-
tiles vaned from 000 g D3.33% (2913 = 25.32),
andd the contmmer ndex quartiles vared Trom D000
to 6. T0% (2.02 = 199 (Table 23, The vepsialion
indlices were Q.00 LD (.65 = .29 tor hern-
coeuntts vepdtation, O 40000 (079 = 0217 for
shrubs, and (020100 (0075 = (245 for arboreal
vegetation. The afe index vared from 0.00-4 14
(2.50 * 0841,

The sum of the mnges wis the lowest (4.5, 5.0,
and 3.00 in the larval index interval of [HL0D-
PROUE (160.07), whereas the sum of the moges was
highest (1605, 8.5, and 12407 in the ioterval of
230.0-260.0° 1 240,07 (Table 33, For the vegetation
tvpes (Tabhle 30, the half angle was 12007 and the
s of the ranges was the lowest 035, 4.5, and 3407,
although o the final angle (33000°), the sum of the
ranges wis higher (105, (4.0, and 1440 The a/e
relationship (Table 31 wis lower (3.0) in the intec-
migchate angle of 16007, but was higher (1540} in
the angle of 330,07,

When companog the mean angle and length of
the mean vector of marked -released—recaptured fe-
mitle A aegypr with the data of Ordofier-Clonzi-

Tuble 3. Circolor distribution of the ranges fsum) of Tarval mdes, vegetition mdes, and the adult—child
refationship (el

Miin Larval index Vegewation imdax!
ingele B

[ Hisise Breteiu Cuontatiner h Y I i

(L 0 55 7.0 7.0 ([ 115 nA

ak.a [LERT} L) LA ] k.5 (L His Tl
[ROEH a0 - 0] 58 X3 A5 g 4.5
Ttk 45 .40 An 15 54 4.5 LR
200 i 05 L s 5] LK1 (.10 |:5
24008 .5 IR5 2.0 135 0.5 .5 s
2HEOL0 1L 1.5 a0 120 (R [EERR 11101
A0 12,49 15 120 1.5 Fabth 184 150

Ul hedvaceouss s slienss o, sl



1% Jopsal oF Ti AsiEsscax MosoeTio CoNTROL ASSOCTATION

NonL 1R, M, |

ler (19975, we found it a = 16936 and r =
D234 for the distance of dispersal, and o = 91.07°
and ¢ = Q3G Tor e percentage of females re-
cuptured pgreed with their resulis, The direction of
the wind, the presence of shade, and refuge and
ovipasition site avinlabality influenced the mosguite
Wights, The hall angle of the 3 vegeution indices
wilg 277333 and did not show any significant ef-
Fezeer o the dHight punern (F = 2,10, # = 0,05, The
presence of refuges s impontant in determining the
directions of the Hghts of Temale Ae. aegumi,

DISCUSSION

The Jurvial distribution of Ae aeg v was wwand
the somthwest. However, Huusermann et al. (1971),
o tramsect of 2 hlocks with the widih of 3,200
bl o the sorth and south, Towsd that the me-
mum dispersal wak 1LSEE L 1o the south, whereas
the circubir disiribution of positive ovitraps with
mirked females was mostly toward the northwest
The larval and vegeustion ndices identificd this re-
pion, which has the highest density of humans, os
o 0r high nsk for disease rmnsmission
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