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Environmental Characteristics of the Cemeteries of Buenos
Aires City (Argentina) and Infestation Levels of
Aedes aegypti (Diptera: Culicidae)
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Grupo de Estudio de Mosquitos, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad
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Cemeteries with many water-filled containers, flowers, sources of human blood, and shade are fa-
vorable urban habitats for the proliferation diedes aegyptia vector of yellow fever and dengue. A
total of 22,956 containers was examined in the five cemeteries of the city of Buenos Aires, Argentina.
The vector was found in four cemeteries that showed an average infestation level of 5.5% (617 positive
out of 11,196 water-filled containers). The four cemeteries positivefaegyptshowed significantly
different (p<0.01) infestation levels. Vegetation cover and percentage of infestation were significantly
correlated (p<0.01), but neither cemetery area nor number of available containers were significantly
related to the proportion of positive vases. Our results suggest that the cemeteries of Buenos Aires
represent a gradient of habitat favorableness for this vector species, some of which may act as foci for its
proliferation and dispersal.
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Aedes (Stegomy|a) aegypﬂ), vector of ye|_ any chel’ mosquito, but there haV.e aCtUa”.y been
low fever and dengue, was considered to be eradglatively few good ecological studies on this spe-
cated from Argentina during the AraegypUCam_ cies. On the cher hand, very little is knOWn on the
paign in 1963 (Carcavallo 1968). However, thi@_colpgy_of this vector at the southern limit of its
species was again detected in 1986 in the nortdistribution. . .
eastern region of the country. In 1991 it reappeared The preimaginal stages of this mosquito de-
in the Province of Buenos Aires (Campos 1993){elop in artificial containers of small volume, such
at the southern limit of its distribution (Sabattini e@S flasks, bottles, and flower vases (Christophers
al. 1998). Its presence in the capital city was dend-960). The adults feed on nectar depending on its
onstrated in 1995 (Junin et al. 1995), where a ge@vailability (Martinez-Ibarra et al. 1997), whereas
eralized infestation was recorded throughout thdle females need to ingest blood to oviposit
city only one year later (Schweigmann et al. 1996fClements 1992). They select shaded places and

The expansion of the zones of transmission ¢fumps for resting and ovipositing (PAHO 1995).
the dengue virus towards the south of the contfities usually meet the habitat requirementdaf
nent has increased the risk of infection in Argen@egypti but at any given place the habitat quality
tina (Avilés et al. 1999). The most recent epidemWI” depend on the facf[ that some of these .factors
ics were recorded in 1998 in the Province of Saltdectar, blood, and suitable places for resting and
(Argentina) and in some cities close to the easteRYiPOsiting) may be limiting to this species.
most borders of the country: Foz de Iguacu (Bra- Cemeteries in particular have a high number
zil) in 1998 and Asuncién (Paraguay) in 199@f water-filled containers, flowers, few buildings
(Boffi Rolando 1999 pers. commun.). surrounded by vegetation, and permanent sources

According to Service (1992), there has beeﬁfhuma}n blood (visitors an_d workers). These_ char-
more written on the biology ohe. aegyptithan acteristics render cemeteries as urban habitats fa-

vorable forAe. aegyptiStudies carried out in cem-
eteries of Florida (O’Meara et al. 1992), Manila
(Schultz 1989), and Caracas (Barrera-R et al. 1980)
have demonstrated the presence of elevated levels
of infestation of this vector.
*Corresponding author. Fax: +54-11-4373-6102. E-mail; AS @ consequence of an accelerated and un-
nicolas@bg.fcen.uba.ar planned urbanization, at present the cemeteries of
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the proliferation ofAe. aegyptithus influencing percentage of positive containers out of the num-
the infestation levels of adjacent zones. ber of water-filled containers (potential breeding
Our study was aimed at evaluating the effectsites). Infestation differences among cemeteries
of container density, site area, vegetation covewere evaluated by means of a gradient analysis of
and cleanness of the environment on the infestaroportions for quantitatively ordered samples
tion levels of Ae. aegyptiin the cemeteries of (Fleiss 1981).
Buenos Aires city. The relationship between the observed infesta-
MATERIALS AND METHODS tio_n levels and the studie(_:i environmgntal variables
(site area, number of available containers, and veg-
Study area The present study was carried ouktation cover) was analyzed through regression, by
in the five cemeteries of the city of Buenos Airesneans of GLIM (generalized linear model), adjust-

(Fig. 1A). Three of them (BR: Britanico, AL: ing the error to a binomial distribution (Crawley
Aleman, and CH: Chacarita) are contiguous angigg3).

located in a quarter of high buildings and great
commercial activity. The other two: Flores (FL) RESULTS
and Recoleta (RE), are 8 km apart, and at 6 km The number of containers surveyed in the 99
from the previously mentioned three. FL is locatethectares occupied by the five cemeteries was
in a quarter where houses are the predominant tyf63,431. Out of 22,956 containers examined, 49%
of building, whereas RE lies in a residential zon€l1,196) were water-filledde. aegyptivas present
of high purchasing power. in four out of the five cemeteries (Table). These
BR and AL cemeteries belong to the Britishfour cemeteries had significantly different (p<0.01)
and German communities respectively. The vegroportions of positive containers (BR>AL>
etation of these private parks is carefully cared fa@H>FL). The mean infestation level&é. aegypti
and the flower vases recharged with water verin the five cemeteries was 5.5% (617 positive con-
often. In contrast, the other three cemeteries (Clhiners/11,196 water-filled containers). Other lar-
FL, and RE) are public (run by municipal authori-val culicids found wereCulex pipiend.innaeus,
ties) and have sections that are poorly cared fda758,Cx. eduardoiCasal & Garcia 1968, ar@k.
and improperly cleaned. mollis Dyar & Knab, 1906.
Buildings (surfaces covered by a roof and hav- The three contiguous cemeteries (Fig. 1A) had
ing interior rooms) within the cemeteries are scarcile highest frequencies ék. aegypti However,
or non-existent in BR and AL, more common inthe highest level of significant difference (p<0.001)
FL, and frequent in RE. The greatest environmenn infestation was found between private (BR+AL:
tal heterogeneity occurs in CH, which encompassd9%, 518/2,710) and public cemeteries (CH+FL:
both open fields and buildings up to two storied%, 99/8,447).
high with up to four underground levels. Walls (4 Container density per hectare (Table) versus
to 10 m high) surround all five cemeteries excephfestation level did not yield a significant regres-
for a wire fence, partially covered by vegetationsion (p>0.05, VC:O.02,1E3:10.13), even though
that separates BR from AL. container availability was at least eight times higher
Methodology- From January through April in vector positive cemeteries than in the only cem-
1998, 80 to 400 containers per hectare were exarmtery where the vector was not found. The area
ined in each cemetery. The water in each containeccupied by each cemetery (Table) was not sig-
was filtered with a fine mesh strainer. Allnificantly related to differences in the infestation
preimaginal mosquitoes collected were fixed inevels (p>0.05, VC:7.84,1E3:10.13).
70% ethanol. Immaturé@e. aegyptiwere identi- The vegetation cover estimated from Fig. 1C
fied according to the key for Argentine mosqui-showed a gradient that ranges from a maximum of
toes (Darsie 1985). The frequency of occurrencg2% (BR) to a minimum of 5% (RE). This single
of other mosquito species was not assessed. variable explained 96.8% (p<0.01, VC=90.4,
Container availability (density per hectare) wa§1’3:34.12) of the variation in the infestation lev-
calculated by surveying all the containers presemls (Fig. 1B).
in each cemetery. Vegetation cover was estimated
from digitized aerial photographs taken in 1998 ) DISCUSSION ) .
(1:15000, Instituto Geografico Militar). All non- ~ The maximum percentages of breeding sites
vegetation landscape elements were eliminatdd0.2 and 25%) in the two most infested cemeter-
from the images by means of a digital filter (Figies of Buenos Aires were higher than the mean
1C), and the area occupied by plants computed.value (5.9%) recorded in houses of this city (Car-
Data analysis- The infestation levels ohe. dinal et al. 2000). These cemeteries are located

aegyptiin each cemetery were calculated as thwithin a densely urbanized district, only 400 m
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Fig. 1-A: geographic location of the five cemeteries of the city of Buenos Aires (Argentina); B: variations in vegetation cover
and percentage of containers positive Aedes aegypimong cemeteries; C: digital images obtained from aerial photographs
(scale 1:15,000); the dark zones represent vegetation.
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TABLE

Cemeteries of the city of Buenos Aires, number of containers examined, percentage infestaoss afegypti
container density, and cemetery area

Cemetery Containers Percentage infestation Container density Area
examined (positive containers/water-filled containers) (containers/ha) (ha)
Britanico 2,175 25% (409/1,637) 1,499 5
Aleman 1,212 10.2% (109/1,073) 1,958 3
Chacarita 17,857 1.3% (97/7,544) 1,440 72
Flores 1,355 0.22% (2/903) 2,120 17
Recoleta 357 0% (0/39) 179 2

distant from an important hospital (Tornd). OuiLin et al. (1995) concluded that shaded patios in
results suggest that the cemeteries of Buenos Air@sistralia yielded 2.6 times more positive contain-
may act as important foci of proliferation of theers than those exposed to the sun.

vector, thus increasing the risk of disease trans- Air temperature and relative humidity are es-
mission within their neighborhoods. sential factors for the survival of adult mosquitoes,

Although container availability was not signifi- whereas water temperature is important to larvae
cantly correlated with infestation level, it is rea{Fay 1964). In this sense, the shade provided by
sonable to infer that a higher number of water-filledhe vegetation would buffer extreme values of tem-
containers would favor mosquito populations byperature and humidity, thus increasing the survival
increasing the number of potential breeding sitesf both adults and larvae during the summer, with
In that respect, Tinker (1964), found a positive aghe consequent rise of the infestation levels.
sociation between the infestation levels and the On the other hand, eggs sheltered from the low
density of containers per house. Nevertheless, thainter temperatures have a higher chance of sur-
study refers to houses where average containeival (Bond et al. 1970). The microclimatic condi-
density was less than two. In cemeteries havinipns generated by the presence of vegetation may
more than 1,000 containers per hectare, we magduce egg mortality during the winter, allowing a
assume that breeding sites would not be a limitinfast recovery of the vector population starting from
factor for the proliferation of\e. aegypti a higher number of surviving eggs.

Our results failed to show an association be- The behavior ofAe. aegyptmay vary among
tween the proportion of positive containers andifferent regions (Forattini 1965). Tun-Lin et al.
cemetery area, although a large cemetery with (4995) determined that untidy and dirty sites were
low infestation level (e.g. CH: 1%, 72 ha) may still2.5 times more infested than tidier and cleaner ones.
yield enough adults to be of epidemiological imBy contrast, our results indicate that the infesta-
portance. tion rate in the tidier cemetery (BR) was 19.2 times

The vegetation cover was the only variable sigrigher than in the less tidy one (CH). However,
nificantly related to the observed differences in inthe individual effects of cleanliness and shade pro-
festation levels among the five cemeteries. Althoughided by vegetation cannot be easily discriminated.
we cannot assess the effect of variables that have Great differences in the infestation levels of
not been considered in this work, a 96.8% correla@ontiguous areas, such as the one observed between
tion suggests that vegetation should be related BR and CH, besides indicating notable contrasts
infestation levels in the surveyed cemeteries. in habitat quality, suggest that dispersal between

The vegetation provides shade and plant deweas was very low. Female dispersal may be de-
bris to flower vases (Schultz 1989), thus improvtermined by the availability of suitable oviposition
ing the quality of these microhabitats as potentiaites, with minimum values at high container avail-
breeding sites for mosquitoes. In a cemetery dbility (Reiter 1996). The wall that separates these
Caracas (Venezuela), Barrera-R et al. (1980) fourtémeteries may act as an efficient barrier between
thatAe. aegyptprefer shaded containers. In studboth populations of the vector.
ies carried out in houses of Thailand, sheltered Overall, our results suggest that the studied
containers located in the shade were more positieemeteries exhibit a gradient of habitat quality cor-
for Ae. aegyptiprobably owing to the preferencerelated with vegetation cover. These variable con-
of ovipositing females for these kind of habitatditions might favor different behaviors in the popu-
(Kittayapong & Strickman 1993). Similarly, Tun- lations ofAe. aegyptpresent in Buenos Aires.
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