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ABSTRACT

The changes in the community structure of flies breeding in small artificial containers along environ-
ments of different urbanization level were assessed at two spatial scales; i.e. patch and landscape. A total
of 8400 water-filled flower vases were inspected in 14 cemeteries from temperate Argentina. A total
of 267,013 larvae were collected in 31.1% of the inspected containers. Twenty-four species belonging
to eleven Diptera families were identified. Four species (from Muscidae, Culicidae, Chironomidae, and
Ceratopogonidae) represented 95.6% of the larvae collected and 93.2% of the occupied containers. For
the local spatial scale, i.e. patches within cemeteries, there was no evidence that the community struc-
ture differs between open green spaces and densely built areas. For the landscape spatial scale, i.e. among
cemeteries surrounded by different urbanization levels, different patterns were detected. The percentage
of containers harboring larvae and the abundance (total and per container) showed a clear peak at inter-
mediate levels of urbanization (20-40% of impervious area). The species richness and composition were
similar along the gradient. Our results suggest that the urbanization level affects the studied community
depending on the spatial scale.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Urbanization is a growing process worldwide. The urban expan-
sion resulting from the continuous population growth leads to a
gradual transformation from native or rural habitats into land-
scapes of increasing impervious areas (i.e. built cover). Thus, the
urban sprawl affects biodiversity, promoting changes in the struc-
ture of animal and plant communities (Smith, Gaston, Warren, &
Thompson, 2006). Growing urbanization have been associated with
declines in local species richness and general abundance, increases
in relative abundance of species tolerant to disturbance and shifts
in composition of animal and plant assemblages (Hansen et al.,
2005; McKinney, 2008). South America is not exempt to the bio-
diversity loss associated to the urbanization process (Pauchard,
Aguayo, Pefia, & Urrutia, 2006). In the megalopolis of Buenos Aires
(Argentina), which is the second largest urban agglomeration of
Latin America (UNDP, 2009), the association between urbaniza-
tion and animal communities were previously studied for rodents
and birds (Cavia, Cueto, & Suarez, 2009; Faggi, Krellenberg, Castro,
Arriaga, & Endlicher, 2008; Garaffa, Filloy, & Bellocq, 2009).
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Urban gradients can capture the entire range of urban effects
(Pickett et al., 2001) and offered an effective framework to study
the effects of urbanization on invertebrates (McIntyre & Rango,
2009; McKinney, 2002). Specifically, arthropods have served as
useful models for testing several aspects of human-environmental
changes because they are diverse and easy to sample, have short
life cycle and are relevant to human health and economy (McIntyre,
Knowles-Yanez, & Hope, 2000; McKinney, 2002). Studies analyz-
ing arthropod communities in urban environments have focused
mainly on terrestrial assemblages (e.g. Alaruikka, Kotze, Matveinen,
& Niemeld, 2002; McIntyre & Hostetler, 2001). Among urban
aquatic assemblages those of streams have received considerable
attention (Paul & Meyer, 2001), and immature mosquitoes (Diptera:
Culicidae) have been the most studied due to their importance as
vectors of diseases (e.g. Cox, Grillet, Ramos, Amador, & Barrera,
2007; Leisnham, Lester, Slaney, & Weinstein, 2006). Among the
wide range of aquatic habitats used by mosquitoes (see Service,
1995), artificial or man-made containers, such as water tanks and
flower vases, are particularly widespread in urban areas. Although
other Diptera families have been included in some studies deal-
ing with artificial containers-breeding species (e.g. Ebeling, 1975;
Hribar et al., 2004), the effect of urbanization on the entire fly com-
munity remains poorly studied, either in artificial containers as in
others aquatic habitats. Understanding how flies respond to urban-
ization at different scales can improve management strategies of
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Table 1

289

Geographical location, size, and percentage of surface occupied by graves (GRV) and mausoleums (MSL) in each cemetery included in the study.

District Cemetery coordinates Size (ha) Percentage of surface Number of monthly
GRV/MSL samples in GRV/MSL

Berazategui 34°47'26.82"S 58°11'0.97"W 25.8 100/0 200/0

San Isidro 34°29'34.96"S 58°34'46.92"W 12.8 85.2/14.8 170/30

Cafiuelas 35°3/19.02"S 58°47'43.01"W 3.9 25|75 50/150

Esteban Echeverria 34°51'17.93”S 58°28'40.50"W 11.1 91.7/8.3 183/17

Escobar 34°19'43.51"S 58°47'52.08"W 6.3 93.1/6.9 186/14

Giles 34°25'23.11"S 59°26'52.80"W 5.2 71.1/28.9 142/58

Gral Las Heras 34°54'47.07"S 58°56'43.83"W 3.8 64.7/35.3 129/71

Mercedes 34°40'20.50"S 59°27'56.40"W 4.5 45.2/54.8 90/110

Morén 34°39'44.80"S 58°37'38.00"W 11.9 42.2/147.8 104/96

Quilmes 34°44'39.40"S 58°13'30.81"W 23 63.5/36.5 127]73

Gral San Martin 34°35'3.82”S 58°33'1.50'W 14 89.6/10.4 179/21

Tigre (Benavides) 34°25'32.90"S 58°42'20.97"W 5.4 95.6/4.4 191/9

Tigre (Downtown) 34°25'54.01"S 58°34'45.05"W 3.8 88/12 176/24

San Fernando 34°27'26.09"S 58°33'9.97"W 8.6 76.7/23.3 153/47

nuisance species (e.g. mosquitoes as disease vectors) and simulta-
neously help to the conservation of potentially useful species (e.g.
chironomids as bioindicators) in urban areas.

The fauna of urban green areas (i.e. parks, gardens, vacant
lots) is better known than that of impervious areas (Mclntyre
et al., 2000; Pickett et al., 2001; Smith et al.,, 2006). Cemeter-
ies, a mandatory component of human settlements around the
world, combine features of green and impervious areas and have
been described as ideal settings to perform ecological studies
in urbanized areas (Vezzani, 2007). In addition, cemeteries are
characterized by an extremely high availability of flower vases
that can serve as habitats for aquatic stages of flies. Here, we
investigate the structure of the Diptera community occurring in
artificial containers in environments of different urbanization level.
Specifically, we assessed changes in community attributes at two
spatial scales, between patches of different edification level within
cemeteries and among cemeteries placed along an urbanization
gradient.

2. Materials and methods
2.1. Study area

The study was conducted in Buenos Aires Province, which is
located in the Pampean region where urban and rural (agricul-
ture and pastoral farming) land uses have been developed in
highly productive lands (Matteucci & Morello, 2009). The climate
is temperate with annual mean temperature averaging 14-17°C
and annual precipitation ranging from 600 to 1200 mm (Magrin,
Travasso, Diaz, & Rodriguez, 1997). The study area embraced the
Greater Buenos Aires (GBA) and four neighboring rural districts
(Cafiuelas, Giles, Gral Las Heras and Mercedes) located approxi-
mately 100 km from Buenos Aires city. GBA covers 3827 km? and
has the greater population density of Argentina (3345 inh/km?2)
(INDEC, 2010).

The surveys were conducted in 14 public cemeteries (Table 1)
located from highly urbanized areas of GBA to small rural locali-
ties. Sampled cemeteries were larger than 3 ha and located at least
3-km apart (range: 3.7-118.1 km). Internally, cemeteries have two
main patch types easily distinguishable and related to burial tra-
ditions (Vezzani, 2007). Graves (GRV) are placed in open spaces
characterized by a matrix of grass accompanied by bushes and trees
and a few man-made structures. In contrast, mausoleums (MSL) are
characterized by high coverage of impervious area and scarce or no
vegetation cover. The proportion of the area occupied by GRV and
MSL in each cemetery was quantified using Google Earth software
4.3 and further checked by ground proofing.

2.2. Data collection and insect identification

Samples were collected in the 14 cemeteries during October
2007 (spring), January 2008 (summer) and April 2008 (autumn). In
each cemetery and sampling period, 200 flower vases with water
were randomly selected and inspected, collecting a total of 8400
samples. The number of samples taken in GRV and MSL was pro-
portional to the area occupied by both patch types (see Table 1).
To account for all immature flies present in each vase, water was
filtered with a fine mesh strainer and the resulting sample was
immediately fixed in 70% ethanol. Total capacity of each container
surveyed was recorded as representative of container size. Water
volume contained was also measured for further estimation of
immature fly densities.

Only larvae were considered in the analysis because of the
complexity of pupae identification. Third and fourth instar larvae
of Culicidae were identified to species using dichotomical keys
(Darsie, 1985; Rossi et al., 2002). Larvae of Chironomidae were
identified to genera (Epler, 2001; Wiederholm, 1983) and larvae
of other Diptera to family (McAlpine et al., 1981) and further to
morphospecies.

2.3. Data analysis

Dipteran community was characterized through the percentage
of water-filled containers harboring larvae (Cl: container index),
the number of collected individuals (TA: total abundance), the num-
ber of individuals per infested container (DC: density per container)
and per liter (DL: density per liter), the number of species (S: species
richness) and the species composition (SC). The variable CI rep-
resents the proportion of occupied habitat, whereas DC and DL
reflects the intensity of use of each container.The changes in com-
munity attributes according to the urbanization level was assessed
at both scales, the local or patch (i.e. GRV versus MSL within
cemeteries) and the landscape (i.e. cemeteries located along the
urbanization gradient). For both approaches, community attributes
were explored for each sampling season and pooled for an overall
analysis.

2.4. Local scale

At the local scale, CI, S, DC, DL and SC were compared between
GRV and MSL patches. CI was compared with the chi-squared test
for two independent proportions (Fleiss, Levin, & Paik, 2003). S
was compared using rarefaction curves and confidence intervals
according to Magurran (2004). As this method includes the rela-
tive abundance of the species in the calculations, the results could
be interpreted as a measure of diversity (Buddle et al., 2005). The
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Table 2

Attributes of dipteran community found in flower vases of cemeteries from Buenos Aires Province in each season.

Spring Summer Autumn

Container index (CI) 15.4% 32.5% 45.4%
Total number of individuals (TA) 32,681 104,034 130,298
Number of species (S) and families 19/7 16/8 12/8
Median and quartiles of individuals per container (DC) 18 (3-69) 31(8-85) 23 (6-82)

Median and quartiles of individuals per liter (DL)

Species composition (SC)
Fam. Culicidae

Aedes aegypti .

Culex pipiens .

Culex eduardoi .
Fam. Ceratopogonidae

Morphospecies 1 .

Fam. Chaoboridae
Morphospecies 1
Fam. Chironomidae
Tanytarsus sp.
Chironomus sp. 1
Chironomus sp. 2
Limnophytes sp.
Pseudosmittia sp.
Fam. Ephydridae
Morphospecies 1 .
Morphospecies 2
Fam. Muscidae
Morphospecies 1
Morphospecies 2
Morphospecies 3
Morphospecies 4
Morphospecies 5
Fam. Psychodidae
Morphospecies 1
Morphospecies 2 .
Morphospecies 3 .
Fam. Sarcophagidae
Morphospecies 1
Fam. Stratiomyidae
Morphospecies 1
Fam. Syrphidae
Morphospecies 1
Fam. Tipulidae
Morphospecies 1 .

e o o o o

60 (12-182.9)

160 (33.3-500) 100 (22.9-380)

medians of DC and DL were compared between patch types with
the Mann-Whitney U-test (Siegel & Castellan, 1995). Similarity in
SCwas estimated by the Sorensen index (Magurran, 2004 ), and was
interpreted according to Krebs (1989) as follows: <0.39 means low
similarity, 0.4-0.49 moderate, 0.5-0.59 high and >0.6 very high.
Finally, the median capacity and median water volume of con-
tainers found harboring immature flies in GRV and MSL were also
compared with the Mann-Whitney U-test.

2.5. Landscape scale

At the landscape scale, the urbanization level of the neighbor-
hood of each cemetery was quantified using a Landsat 5 TM satellite
image captured in January 22, 2010. A non-supervised classifica-
tion was made to identify impervious areas such as paved roads
and concrete structures using Erdas Imagine 8.4 software. The per-
centage of impervious area (PIA) was calculated in a circle of 1 km
radius centered in the geometric center of each cemetery using
GIS-ArcView 3.2. We assume that the surface occupied by each
cemetery within this circle did not affect considerably the estima-
tion of PIA because it was lower than 8.5% in all cases. Then, to assess
if the estimated PIAs reflect the intensity of human use, a Pear-
son correlation (Zar, 1999) between the natural logarithm of PIA
and the number of dwellings in the corresponding district (INDEC,
2010) was performed; each apartment or stand alone house was
considered a dwelling.

To analyze community responses to increasing urbanization,
simple regression analyses were performed using PIA as indepen-
dent variable and CI, TA, DC, DL, S and SC similarity as response
variables (Zar, 1999). Regression assumptions were tested for every
analysis. S values were estimated by the rarefaction curves consid-
ering the abundance level of the smaller community (Magurran,
2004). SC similarity was estimated by the Sérensen index com-
paring each cemetery with the most rural (i.e. Giles), and the
values obtained were interpreted following Krebs (1989) as was
already explained for the former spatial scale. The relationship
between community and landscape structures can be masked by
spatial autocorrelation of the studied sites. Therefore, a Mantel
test (Legendre & Legendre, 1998) was used to evaluate the correla-
tion level between the matrix of dissimilarity of the sites based on
species composition and the matrix of geographic distance between
the sites (1000 permutations). Finally, Spearman’s non-parametric
correlation coefficients were calculated to determine relationships
between those variables that resulted statistically significant in the
regression analysis (Zar, 1999).

3. Results
3.1. General findings

Out of 8400 water-filled containers examined, 2610 harbored
dipteran larvae (CI=31.1%). The median DC was 25 individuals
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Fig. 1. Statistical comparison of the container index (CI) between patch types
according to the sampling season; sample size within brackets.

(quartile [q]1=6, g3=81) and the median DL was 107.5 individ-
uals (q1=22.5, g3=380). A total of 267,013 individual dipterans
representing 24 species and eleven families were collected during
the study period (Table 2). Four of these families concentrated 97%
of the individuals collected, with one dominant species per family;
(Muscidae) morph. 1: 44%, (Culicidae) Culex pipiens: 36%, (Chirono-
midae) Chironomus sp. 1: 10%, and (Ceratopogonidae) morph. 1: 6%.
In accordance, these four fly species were represented in 93% of the
occupied containers.

Regarding seasonality, Cl and TA showed a clear increasing trend
throughout the sampling seasons whereas S followed the opposite
pattern (Table 2). On the other hand, DC and DL recorded higher
values in summer. In addition to those four most abundant species,
other five species were found throughout the entire study period,
and ten species were recorded only in one season (Table 2).

3.2. Responses at the local scale

The overall CI did not differ significantly between patch types
(GRV: 31%; MSL: 31.2%; X(zn = 0.04, P=0.85), and similar results
were observed in each sampling season (Fig. 1). Likewise, the rar-
efaction curves showed overlaps between the estimated S for GRV
and MSL and the confidence limits of the other for all seasons
(Fig. 2), indicating no statistical differences between patches. The
Sorensen index revealed a very high similarity in SC between both
patch types (spring: 0.73; summer: 0.72; autumn: 0.86; overall:
0.77). Fifteen species were recorded in both patch types. These
were all the species of Culicidae, Muscidae, Psychodidae, Syrphi-
dae and two of Chironomidae. Of the remaining species, seven were
collected exclusively in GRV and two in MSL.

The unique attribute that differed significantly between patches
was DC, which was about twice higher in GRV than in MSL through
the seasons (Fig. 3). However, the capacity of occupied contain-
ers and the water volume contained were also significantly higher
in GRV than in MSL (Fig. 4). Therefore, it could be assumed that
DC was higher in GRV just because the containers were larger
and contained more water, but not due to intrinsic effects of the
environment. This explanation was supported by the fact that DL
showed no differences between patches, except for a marginal dif-
ference in autumn (Fig. 3).
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Fig. 2. Rarefaction estimates of the expected richness (filled line) and 95% confi-
dence intervals (dotted line) in both patch types according to the sampling season.

In brief, there was no evidence to support the idea that the
structure of the studied Diptera community differs between these
contrasting environments within cemeteries.

3.3. Responses at the landscape scale

The estimated PIA ranged from 1.2% to 86.5%, covering almost
the entire urbanization gradient. In addition, the Ln PIA was posi-
tive and linearly related to the corresponding demographic data of
districts (r=0.87, P<0.05).

The changes observed in the community structure along
the urbanization gradient suggested different patterns for the
attributes assessed (Fig. 5). The CI showed a peak at middle levels of
urbanization (around 40% of PIA); this trend was statistically signif-
icantin all cases exceptin spring (Fig. 5a). TA and DC showed similar
patterns (Fig. 5b and c), varying according to a third order polyno-
mial trend statistically significant in the overall analysis for both
variables, in autumn for TA, and in each sampling season for DC.
Maximum values of TA and DC were observed at relative low levels
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Table 3

Spearman'’s correlation coefficients (r) between estimators of abundance per each
season; CI, container index; TA, total abundance and DC, density per infested
container.

Spring Summer Autumn
CI-TA 0.72" 0.80"" 0.81"
CI-DC —0.15ns 0.62° 0.49 ns
TA-DC 0.02 ns 0.84™" 0.82"
ns, not significant.

" p<0.05.

" p<0.01.

" p<0.001.

of urbanization (around 20% of PIA). On the contrary, the variation
of DL along the gradient did not show any evident pattern (Fig. 5d).

Regarding the species richness, the expected S showed no
significant changes among cemeteries surrounded by different
urbanization levels. The S6rensen index was mostly from high to
very high and nearly constant (Fig. 5f), suggesting that the SC also
was similar along the urbanization gradient. According to the Man-
tel test there was no spatial autocorrelation (P> 0.05 for all cases),
meaning that the mentioned similarities in SC were unrelated to
the distance among cemeteries.

Finally, overall CI, TA and DC resulted positively associated
according to Spearman’s correlation coefficients but with some
differences depending on the season (Table 3). The relationship
between CI and TA was the only sustained through the seasons.

4. Discussion

Our survey suggests that the responses of the studied Diptera
community to the urbanization depend on the spatial scale.
We found no evidence that the community structure differed
at the local scale between neighboring patches of contrasting

vegetation and building cover. Several studies focused on micro-
environmental conditions within cemeteries have suggested that
the vegetation acts a key factor in the presence and abundance
of some Culicidae species because it provides shade and food for
immatures and adults (Abe, McCall, Lenhart, Villegas, & Kroeger,
2005; Vezzani & Albicécco, 2009; Vezzani, Rubio, Velazquez,
Schweigman, & Wiegand, 2005). So, although the life history of
most of the species collected is unknown, it would be reasonable
to expect similar effects of the vegetation on other fly species. As
was previously stated, despite the huge difference in the environ-
mental features between both patch types, the amount of occupied
habitat, the richness, the abundance and the species composition
did not change. In our study, patch types were defined based on our
perception of contrasting environmental characteristics. However,
human and fly perceptions of the environment do not always match
(Haslett, 2001), and therefore, it cannot be disregarded that these
patches are perceived as a continuous and homogeneous environ-
ment from the fly’s eye view.

Regarding the landscape scale, our results indicated that the
urbanization level around a cemetery affects some attributes of its
Diptera community. The proportion of occupied habitat (CI) and
the intensity of use of each container (DC) were greater at interme-
diate levels of urbanization. In accordance, the maximum numbers
of individuals (TA) were also registered at intermediate levels and
then decrease towards the more urbanized sites. Most of the stud-
ies dealing with urbanization effects on stream invertebrates have
reported decreases in overall abundance as urbanization increases
(Paul & Meyer, 2001). Comparative studies conducted in different
cities using a common methodology and terrestrial invertebrates
have found considerable variation in the response of the overall
abundance to urbanization (e.g. Magura, Téthmérész, Hornung, &
Horvath, 2008; Niemeld et al., 2002). However, in agreement with
our findings, cities from north temperate regions showed higher
abundances in suburban sites (Niemeld et al., 2002). Noteworthy,
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Fig. 4. Statistical comparison of the container capacity and the water volume between patch types according to the sampling season; sample size within brackets.

the analysis of the overall community abundance has been objected
because it can mask particular trends of some species (Magura,
Toéthmérész, & Molnar, 2004). Therefore, despite the high seasonal
consistency observed in our research, specific abundance patterns
of key species (e.g. beneficial or harmful insects for human activi-
ties) should be carefully considered because they could depart from
the general abundance pattern.

The reasons of the greater abundance of container-breeding
flies at intermediate levels of urbanization are possibly related
to factors proved to be determinants of population abundance.
Some of these factors, which are common for a wide range of fly
species, could be postulated to understand the patterns of abun-
dance for the entire community. In low-urbanized areas, higher
predation levels and higher frequencies of extremely low mini-
mum temperatures can maintain a low abundance of dipterans
(McIntyre, Rango, Fagan, & Faeth, 2001). At the other extreme of the
gradient, urban pollution combined with maximum temperatures
and lowest humidity levels have been associated to decreases in
insect abundance (Alstad, Edmundo, & Weinstein, 1982; Pimentel,
1994). In addition, suburban areas have a multiplicity of contrast-
ing land uses (e.g. residential, industrial, agricultural), offering a
great diversity of food, shelter and habitat sources. Another reason-
able explanation of the observed pattern could be closely related
to the larval habitat (i.e. the artificial container). Rural sites have a
relatively low density of man-made containers in comparison with
highly urbanized settings, and therefore, these environments might
be less suitable for this particular fly community.

The diversity of the fly community (here assessed through the
species richness by rarefaction curves) was quite similar along the
urbanization gradient. Likewise, other fly community (a group of
Drosophila species) showed no change in diversity along a native-
urban gradient (Avondet, Blair, Berg, & Ebbert, 2003). Ground
dwelling invertebrates have shown positive, negative or neu-
tral responses of species richness to increasing urbanization (e.g.
Alaruikka et al., 2002; McIntyre, 2000; McKinney, 2008), and thus,
there is currently no consensus on general trends. Studies of urban
effects on aquatic invertebrates of streams have reported decreases
in diversity with increases of impervious surface cover (Paul &
Meyer, 2001). On the other hand, McIntyre (2000) and Niemela
(1999) pointed the presence of urban-specialist or introduced
species in urban settings as potential reasons of a higher richness
in sites more urbanized. In our survey, the larval habitat is intrin-
sically favored by human activities, and thus, it is reasonable that
the number of species using this water bodies does not decrease
with the urbanization. In other words, the bulk of the fly species
composing the community may be highly specialized in anthropic
environments.

The species composition was from moderate to highly similar
among cemeteries, and no relation was detected with the urban-
ization level in their surroundings. On the contrary, Avondet et al.
(2003) reported that the composition of the Drosophila commu-
nity gradually changed along the gradient considering several land
uses in the sampling design (natural preserve, golf course, residen-
tial, etc.). Some studies have suggested that the land use could be
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Fig. 5. Relationship between each response variable and the percentage of impervious area (PIA); (a) container index CI, (b) total abundance TA, (c) density per infested
container DC, (d) density per liter DL, (e) species richness S, and (f) similarity in species composition SC.

a main factor driving insect community composition within the
urban mosaic (McIntyre & Hostetler, 2001; McIntyre et al., 2001). In
particular, dipteran assemblages and their relative abundances are
considered sensitive to variations according to the human land use
(Haslett, 2001). In this sense, it is possible that the land use ‘ceme-
tery’ is determining the species composition of the fly community
further than the intensity of the urbanization in its surroundings.
This is probably the main bias of our study and further research on
this particular community of urban flies in different land uses is
needed.

Besides the main scope of this work, novel information about
immature fly communities dwelling in containers from urban envi-
ronments in temperate South America was provided. Out of the 126
Diptera families in Neotropical region, only 27 have aquatic species
(Dominguez & Fernandez, 2009). In this work, the first conducted
for an exhaustive search of flies breeding in artificial containers in a
complete temperate urban gradient, 11 families were represented
among the 24 fly species recorded. In terms of species number,
the most common families were Chironomidae and Muscidae, and
including the abundance of individuals, Culicidae and Ceratopogo-
nidae could be added to the list. In the other extreme, Ephydridae,
Syrphidae, Tipulidae, Stratiomyidae, Sarcophagidae and Chaobori-
dae, could be considered as rare and mostly represented by one
species. This pattern of species composition matches with those
observed for dipteran communities in small natural containers like
phytotelmata (reviewed by Greeney, 2001)and in discarded vehicle
tires (reviewed by Yee, 2008), in which Culicidae, Ceratopogonidae,
and Chironomidae were among the commonest families. Addition-
ally, two recent works on dipteran communities in artificial con-
tainers other than tires, have reported consistent patterns. Hribar
et al. (2004) found that Culicidae, Chironomidae, Ceratopogonidae,
Psychodidae, and Phoridae occurred commonly in artificial and
natural containers, sewage treatment plants, and storm drains in
Florida (USA), and Leisnham et al. (2006) reported that about 60% of
the larvae collected with experimental artificial containers in New

Zealand belonged to Chironomidae. General findings strongly sug-
gest that the extremely abundant man-made containers present in
urbanized areas are being used as breeding habitat for a wide range
of aquatic or semi-aquatic dipterans, echoing the composition of
taxonomic groups observed in containers in the wild.

About one third of the water-filled flower vases were found with
fly larvae. Not surprisingly, sites with extremely high density of
containers, such as cemeteries, have been considered worldwide
as high dipteran productivity areas (Ebeling, 1975). Seasonally, the
amount of occupied habitat and the total abundance showed a
marked tendency to rise from spring to autumn. However, the den-
sities of individuals were slightly higher in summer. This might be
explained by a reduction in the water volume in the containers
as consequence of the water evaporation due to the high temper-
atures during that summer; daily maximum temperature ranges
from 26°C to 38°C.

Finally, one of the main questions pending from our approach
is whether the characterized community is representative of the
container-breeding flies of urban land uses other than cemeteries.
But indubitably, our survey revealed a relatively high number of fly
species using flower vases from cemeteries as larval habitats. Thus,
given that these habitats are target for mosquito control worldwide
(Vezzani, 2007), the potential loss of Diptera biodiversity in urban
settings should be considered in pest control management.
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