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ABSTRACT. The aim of the present study was to investigate the variables associated
with the composition of mosquito species in rain pools of “Bosque de Ezeiza”, a large
peri-urban forested park of Buenos Aires City, Argentina. A total of 12 rain pools were
sampled biweekly over a one-year period in search of mosquito immature stages.
Mosquito immature stages were present in all the occasions in which water bodies were
recorded. A total of 14 species of five genera were identified, with the highest
abundances observed in autumn and spring. The total abundance varied among dates
according to previous temperature, precipitation and flooding conditions. Only one
species, Psorophora cyanescens (Coquillett), was associated with extreme conditions
(high temperature and prolonged period of drought). Besides drought periods, two main
variables were related to species composition: temperature, which accounted for
seasonal changes in species composition, and flooding history, which accounted for the
predominance of floodwater mosquito species on recently flooded dates and for that of
stagnant water species on dates with a longer permanence of water. Regarding the
pools, the most important variables accounting for species composition were the
insolation level and the variability in the flooded area, with floodwater mosquitoes
associated with pools with high variability in the flooded area. Interestingly, Culex
(Mel.) pilosus (Dyar and Knab) showed temporal and spatial dynamics more similar to

floodwater species than to stagnant water species in the rain pools studied.
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Introduction

Temporary pools constitute important larval habitats for mosquitoes and contribute
significantly to the production of adults, because they are geographically widespread,
can be locally abundant (Williams 2006), and may contain high abundances of mosquito
immature stages (Chase and Knight 2003). These aquatic environments exhibit a
recurrent drought phase of variable duration (Williams 1997), and, due to their small
size and important variations in water volume, they are subject to drastic fluctuations in
their chemical and physical conditions, including their total drying (Williams and
Felmate 1992). The water balance of these environments depends on the weather
conditions and the characteristics of the rain pool: the water supply is determined by the
magnitude of the rainfall, while the water loss is influenced by evaporation,
evapotranspiration and drainage. Therefore, water loss is closely related to variables
such as vegetation cover, degree of insolation, temperature, and dimensions of the rain
pool (Brooks and Hayashi 2002). In addition, the reduction of the water level is
associated with fluctuations of other variables such as temperature and pH (Williams

1997).

Mosquitoes that inhabit temporary pools can be classified into two groups, floodwater
mosquitoes and stagnant water mosquitoes, depending on whether their eggs are
resistant to desiccation or not (Becker et al. 2010). Females of the former group (e.g.
Aedes and Psorophora) deposit their eggs on moist substrates that are periodically
flooded, and synchronized hatching of these drought-resistant eggs may occur when the
substrate is covered by water. In contrast, females of the latter group (e.g. Anopheles,
Culex and Uranotaenia) lay their eggs on the surface of water, and hatching occurs
immediately after embryonic development is completed. For the laying of eggs, the
species of this group depend on the detection of aquatic environments once formed, and
thus take opportunistic advantage of the temporary pools when they are available
(Clements 1992). The final selection of the oviposition site depends on different factors,
including the age, nutritional value, and permanence of water of the temporary pool, and

may also vary according to meteorological variables (Day 2016).

In urban and suburban areas, large green spaces frequently harbor high numbers of
temporary pools, in places where the topography favors the accumulation of water after
rains (Williams and Felmate 1992). Thus, these parks may produce high abundances

(Irwin et al. 2008, Pires and Gleiser 2010) and richness of adult mosquitoes (Medeiros
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Souza et al. 2015, affecting the health and well-being of the people who visit them or
live in nearby areas (Lyytimaki and Sipila 2009).

Within the Metropolitan Area of Buenos Aires, Argentina, previous studies have
reported a total of 26 species in temporary aquatic habitats, 10 of which correspond to
floodwater and 16 to stagnant water mosquitoes (Fontanarrosa et al. 2009, Cardo et al.
2011, 2012, Urcola and Fischer 2015). Some of the mosquito species recorded in the
present study are epidemiologically important both for humans and animals: Ae.
albifasciatus, Ae. scapularis, Cx. maxi, Cx. pipiens, and Ps. ferox are related to the
transmission of viruses that affect humans and domestic animals (Forattini 2002, CDC
2000, Pisano et al. 2010). In particular, Ae. albifasciatus is the most problematic
species, due to its high abundance and to the fact that it is the main vector of the western
equine encephalitis virus and potentially of other arboviruses in Argentina (Mitchell et

al. 1987, Aviles et al. 1992).

In the Metropolitan Area of Buenos Aires, the evidence suggests that, in the urban area
(i.e. Buenos Aires city), the abundance of adult floodwater mosquitoes sometimes
increases drastically, transported by the wind from the nearby Bosque de Ezeiza
(Bejaran et al. 2008). The Bosque de Ezeiza is a green wooded area extending over 450
ha at the transition between the urban and rural landscape. This large recreational park
receives about 80,000 visitors on weekends. The irregular relief of the land favors the
formation of several temporary pools after rainfall events (Urcola and Fischer 2015).
However, in spite of its importance as a source of adult mosquitoes to the city, no
studies on the community of mosquitoes that develop in this peri-urban park have yet

been performed.

In contrast, in urban parks of Buenos Aires city, exhaustive studies on the mosquitoes
developing in temporary pools have been performed, and, together, have reported a total
of 14 species (six floodwater and eight stagnant water species) in the temporary pools
studied (Fischer et al. 2000, Fontanarrosa et al. 2009, Quiroga et al. 2013). The seasonal
variations in these sites have been associated mainly with temperature, with some
species as Culex pipiens Linnaeus, Cx. maxi Dyar, Psorophora cyanescens and Ps.
ferox (Von Humboldt) present mainly during the warm season, and others such as Cx.
dolosus (Lynch Arribalzaga) also recorded during the cold season (Fischer and
Schweigmann 2004, Fontanarrosa et al. 2009, Quiroga et al. 2013). In addition, the
presence of other species is relatively independent of the temperature or season

(Fontanarrosa et al. 2000, Fischer et al. 2002, Fontanarrosa et al. 2009, Quiroga et al
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2013), and mainly associated with the pattern of rainfall, for example Aedes
albifasciatus (Macquart), which initiates development immediately after the filling of
the pools (Fischer and Schweigmann 2008). In these urban pools, the species richness of
immature mosquitoes is affected by the permanence of the aquatic habitats, with more
species present in pools with longer water permanence (Fischer and Schweigmann
2008). In addition, the composition of the immature mosquito community may change
in relation to the water permanence, with some species of the genus Culex associated
with pools of longer permanence (filled by the constant leaking of water from broken
pipes), and floodwater mosquitoes such as Ae. albifasciatus associated with the more
ephemeral pools (filled by rain) (Quiroga et al. 2013). Other variables such as insolation
and ground vegetation have also been shown to be important for mosquito immature
stages, since pools with intermediate insolation and intermediate or high ground
vegetation are colonized more frequently by Ae. albifasciatus (Fischer et al. 2002), Cx.

pipiens and Cx. dolosus (Fischer and Schweigmann 2004).

Based on the above, the aim of the present study was to analyze the seasonal variations
of the community of culicid immature stages in temporary rain pools in the Bosque de

Ezeiza, and their association with the environmental variables of these water bodies.
Materials and Methods

Study area: The Bosque de Ezeiza is located at the southern edge of the Metropolitan
Area of Buenos Aires (Figure 1). Most of the area of the Bosque de Ezeiza is covered
by planted Eucalyptus sp., which differentially shade the ground where temporary pools
are formed after rainfall events. The climate is temperate humid, with seasonally
varying temperatures (winter mean: 10°C, summer mean: 23°C). The mean annual
rainfall 1s 1021 mm, and rainfall events are recorded throughout the year, being highest
in the warm season (between November and April) and lowest in the cold season

(between June and September) (Servicio Meteoroldgico Nacional 2018).

Data collection: Twelve temporary pools were surveyed every 2 weeks from October
2013 to September 2014. All the pools studied were located within an area of 90,000
m’, meaning a distance of less than 350 m from one pool to the other (Figure 1C),
which is considered below the average dispersal measured for adult mosquitoes (Guerra
et al. 2014). On each sampling date, the surface area covered by water was assessed for
each pool by multiplying the maximum length, width, and the proportion of water of the

resulting rectangle occupied by water. In addition, the degree of insolation was



Urcola & Fischer 2019: Seasonal and environmental variables related to the abundance...

estimated by eye on a scale between 0 and 1, with 0 for pools located completely in the
shade, 1 for those completely exposed to sunshine, and intermediate values according to
the proportion of the pool area exposed to sunlight during the sampling day. Samples of
mosquito immature stages were taken with a hand net (10 x 12 cm, mesh size 350 um).
The sampling effort was approximately proportional to the surface covered by water
(i.e. the number of 1-m net hauls was equivalent to 4 times the log;o (surface area + 1)).
Samples were fixed in situ in 80% alcohol. The mosquito immature stages were sorted
by stage and the third and fourth stages were counted and identified to species level by

using the appropriate systematic keys (Darsie 1985).

Meteorological data (daily precipitation and hourly temperature) during the sampling
period for the nearby meteorological station in Ezeiza (5 kilometers away from the

study site) were obtained from the National Meteorological Service of Argentina.
Data analyses
Temporal variation

Cumulative rainfall was calculated based on the daily records of rainfall, both for each
season and for the complete study period. The mean daily, seasonal and annual
temperatures were calculated based on hourly temperature data. In addition, the
following variables were calculated for each sampling date: total flooded area (St, sum
of the surfaces covered by water of the pools analyzed, square root transformed),
previous temperature (T15, average temperature during the 15 days previous to each
sampling), previous precipitation (P15, the cumulative rainfall during the 15 days
previous to each sampling), change in flooded area (Fch, differences in St between
consecutive dates, with negative values meaning a decrease in St and positive values
meaning an increase in St). The total number of floodwater and stagnant water
mosquitoes was calculated for each pool and date by multiplying the number of
collected individuals by the flooded area, divided by the number of net hauls in the
corresponding pool. Total abundances were summed over all pools for each sampling
date. The temporal variability of the abundances of both groups in relation to St was
analyzed by a graph. The relationships of total abundance of floodwater mosquitoes
and total abundance of stagnant water mosquitoes (both variables Log (n+1)
transformed) with environmental variables were analyzed with Generalized Linear
Models, using the R software, Version 3.2.3 (R Core Team 2015), accessed through a

user-friendly interface in Infostat software. The Poisson distribution with the log link
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function was used, and models were fitted and parameters were estimated using the
Maximum Likelihood method (Pinheiro and Bates 2000). The variables initially
included in the models were: St, Fch, T15, P15, and the T15 x P15 interaction. The best
model was selected using the Akaike information criterion, and the models were then
validated by residual analysis, and by inspecting the autocorrelation function and the
partial autocorrelation function of the residuals to detect any remaining temporal
structure (Zuur et al. 2007). To identify the most abundant and frequent mosquitoes of
the Bosque de Ezeiza, we calculated the relative abundance (mosquitoes collected of
one species / total mosquitoes collected * 100) and occurrence (number of visits in
which the species was present / number of visits to the park * 100) of each species. To
analyze the presence of each species throughout the study period, we calculated the

monthly number of mosquitoes for each species.

To analyze the temporal variation in the community of immature mosquitoes, we
performed a correspondence analysis (CA) of the number of individuals collected of
each species per sampling date (log (n+1) transformed) (Zuur et al. 2007). The
relationship of the two principal components of the analysis with St, Fch, T15 and P15

was analyzed with a correlation analysis.

Distribution among aquatic environments and association with environmental

variables

The mean surface area (Sm, sum of the surface area of the pool at each visit divided the
number of visits), mean insolation (Im, average insolation of the pool in all visits when
the pool contained water), an index of water permanence (PI, number of visits that the
pool contained water divided by the total number of visits), and the coefficient of
variation of the flooded area (CVs, standard deviation of the surface of the pool divided
by Sm) were calculated for each pool. In addition, the cumulative numbers of stagnant
water mosquitoes and floodwater mosquitoes were calculated for each pool. The
relationships of the cumulative abundance of each group with the mean surface area,
mean insolation, the coefficient of variation and the permanence index for each pool

were analyzed with Spearman rank correlations.

To analyze the spatial variation of mosquito species, we used a CA of the total number
of individuals collected of each species transformed to log (n + 1) for each pool. The
relationship of the first two components with the variables Sm, Im, PI and CVs was

analyzed with a correlation analysis.
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Results

Fourteen mosquito species belonging to five genera were identified during the study
period. Specimens of Anopheles and Uranotaenia were identified only to the genus
level. A total of 4,282 third and fourth stage culicids were collected (Table 1), 36% of
which corresponded to Ae. albifasciatus, 20% to Cx. tatoi Casal and Garcia, 16% to Cx.
pilosus, 9% to Cx. eduardoi Casal and Garcia, 6% to Cx. pipiens and 6% to Ae. crinifer
(Theobald). The remaining species had a pooled relative abundance of less than 2%. Cx.
eduardoi was the most frequently recorded mosquito species (79.2% of the sampling
dates on which the park had water), followed by Ae. albifasciatus (62.5%), Cx. pipiens
(45.8%), Ae. crinifer (41.7%), Cx. tatoi (33.3%), Anopheles sp. (33.3%), Cx. maxi
(Dyar) and Ps. cyanescens (29.2%), Cx. dolosus and Cx. pilosus (25.0%), and
Uranotaenia sp. (16.7%). The rest of the species presented a frequency of detection

lower than 10%.
Temporal variation

During the study period, 1481 mm of accumulated rainfall were recorded, spread over
101 days, during which it rained from 0.1 to 71.8 mm. The accumulated rainfall was
highest in summer (December-February, 541 mm); lowest in autumn (March-May, 253
mm) and winter (June-August, 233 mm), and intermediate in spring (September-
November, 408 mm. The mean annual temperature was 17.7°C. The mean temperature
was 20.8°C in spring, 23.1°C in summer, 14.9°C in autumn and 11.7°C in winter. The
maximum values of flooded area by date were 1185.7 m? (in spring) and 1181.9 m* (in
summer), whereas the mean flooded area in these seasons (331 m” in spring and 411 m?
in summer) was lower than in autumn (526 m?) and winter (633 m?). The pools were

found dry only on three sampling dates (Figure 2B).

Mosquito immature stages were present on all the sampling dates on which the water
bodies were recorded, with the highest abundances observed in autumn and spring.
Stagnant water mosquitoes were the more abundant group and were collected on all
sampling dates when at least one pool was recorded, except for three dates (November 7
2014, January 10 2014, and January 23 2014). On these three opportunities, the flooded
area was larger than in the previous visit (null for the first two dates and 12.5 m” for the
third date). Floodwater mosquitoes were recorded on all sampling dates in which at
least one pool was recorded, except on six dates (October 17 2013, November 14 2013,

February 20 2014, May 1 2014, August 7 2014 and August 21 2014). On all these dates,
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there was a reduction of the flooded area as compared to the previous sampling date

(Figure 2).

The variables included in the model explained 38% of the variability in the log-
transformed abundance of floodwater mosquitoes. T15, P15 and Fch were positively
related, whereas the T15 x P15 interaction was negatively related to the abundance of
floodwater mosquitoes (Table 2). For stagnant water mosquitoes, the selected model
explained 60% of the variability in the log-transformed abundance. Fch was negatively
related, whereas St was positively related to the abundance of stagnant water

mosquitoes (Table 2).

The first two axes of the CA accounted for 50.5% of the temporal variability of the
species composition. Only two dates (January 10 2014 and January 24 2014), which
were characterized by highest temperatures in the study period and a previous drought
period (the flooded area was null in the two previous visits), separated from the rest on
the first axis (29.4%). The floodwater species Ps. cyanescens was associated with these

dates.

To analyze in detail the variability in the composition of the remaining species, the
analysis was repeated, eliminating these two dates (January 10 2014 and January 24
2014). After doing this, the first two axes of the CA accounted for 50.9% of the
temporal variability in the species composition. The first axis of the CA showed a
positive correlation with the mean temperature (r = 0.75, p <0.001), and, to a lesser
extent, with the accumulated precipitation (r = 0.49, p <0.05). Aedes albifasciatus, Ae.
crinifer, Ae. scapularis (Rondani) and Culex eduardoi were associated with lower
temperatures, whereas Cx. dolosus, Cx. maxi, Cx. pilosus, Cx. pipiens, Cx. tatoi,
Psorophora ciliata (Fabricius), and Uranotaenia sp. were associated with high
temperatures. The second axis of the CA showed a marginally significant relationship
with Fch (r = 0.41, p =0.056), with recently flooded dates located at positive values and
not recently flooded dates located at negative values of this axis. No correlation with the
remaining variables analyzed was detected. All floodwater species were plotted together
with Cx. pilosus at positive values, and separated from stagnant water mosquito species,

which were all plotted at negative values on the second axis (Figure 3A-B).

Distribution among aquatic environments and association with environmental

variables
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Immature mosquitoes were collected from all the pools studied, although the abundance
of floodwater and stagnant water mosquitoes varied in the different types of pools. A
positive correlation of the abundance of floodwater mosquitoes with the coefficient of
variation was detected (rs = 0.74, p <0.01), while the remaining variables showed no
relation to the abundance of this group. A marginal positive correlation of the
abundance of stagnant water mosquitoes with the mean surface area (rs = 57, p =
0.051), and no relation to the remaining variables was detected. Among stagnant water
mosquitoes, Culex species were collected in pools with different levels of insolation,
whereas Anopheles and Uranotaenia were restricted to pools with high and intermediate
sun exposure. Among floodwater mosquitoes, all species were recorded mainly in pools
with low or intermediate intensity of insolation, except for Ps. cyanescens, which was

also found in pools with high insolation (Table 3).

The first two axes of the CA accounted for 55.8% of the variability in species
composition among pools. The first axis of the analysis showed a negative correlation
with the mean insolation (r = - 0.705, p <0.02), and a positive one with the coefficient of
variation (r = 0.59, p <0.05), whereas the second axis showed a negative correlation
with the mean surface area (r = -0.75, p <0.01). Cx. pilosus and all floodwater mosquito
species (except Ps. cyanescens) were associated with pools with lower mean insolation
and higher coefficient of variation, whereas the opposite trend was observed for the
remaining species. The species most associated with pools of greater Sm were Cix.
pilosus, Ps. ciliata, Ps. cyanescens and Uranotaenia sp., whereas Ae. scapularis, Cx.

tatoi and Ps. ferox were associated with smaller pools (Figure 4A-B).
Discussion

The results of the present study show that the temporary pools of the Bosque de Ezeiza
produced mosquitoes throughout the year and in all the pools studied. The species
composition was similar to that observed in rain pools from urban areas within the same
region (Fischer et al. 2000, Fontanarrosa et al. 2009, Quiroga et al. 2013), although the
richness recorded in the Bosque de Ezeiza was higher than that reported individually by
each of these studies. These differences are due to the presence for example of Ps.
ciliata, a rare species in the urban environment (Campos et al. 2004), and Cx. pilosus, a

species recently cited for the first time in the region (Urcola and Fischer 2015).

The presence of mosquitoes on all sampling dates with water and the relatively high

proportion of advanced immature stages of stagnant water mosquitoes suggest that the
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pools studied have a longer duration than the urban rain pools previously studied, which
mostly dry out before floodwater mosquitoes could complete their development
(Fischer et al. 2002), or before stagnant water mosquitoes colonize them (Fischer and
Schweigmann 2008, Quiroga et al. 2013). However, it has to be noted that the record of
rainfall during the study period was 45% higher than the historical average (Servicio
Meteoroldgico Nacional 2018), which may have also favored the permanence of the
pools and the sustained mosquito production. This was particularly evident in autumn

and winter, when lower temperatures prevented the pools from rapidly drying out.

Under these conditions, the temporal dynamics of floodwater mosquitoes was predicted
by meteorological and flooding variables. Both the association of floodwater
mosquitoes with recently flooded sites and the association of stagnant water mosquitoes
with large not recently flooded sites are coincident with that expected according to the
oviposition strategy of each group. The eggs of floodwater mosquitoes laid on moist
soil may hatch immediately after flooding, allowing the detection of third and fourth
larval instars within a few days. In contrast, even stagnant water mosquitoes that prefer
laying eggs on 2-3-day old recently flooded sites (Beehler and Mulla 1995, Day 2016)
are detected later because of the time elapsed from flooding to egg laying, the time to
complete embryonic development, and the time to reach the third and fourth larval
instars. This has been observed in temporary pools in Buenos Aires city, where peak
abundances of floodwater mosquitoes were detected within the first week, while Culex
larvae were recorded maily 2-3 weeks after flooding (Fischer and Schweigmann 2008).
Furthermore, the association of stagnant water mosquito abundance with dates with
larger pool areas and with pools of larger size might be explained by the increased

possibility of visual detection of these pools (Day 2016).

In the present study, the temperature, rainfall and flooding dynamics were the most
important variables explaining the temporal variability in species composition. Only one
species, Ps. cyanescens, was associated with extreme conditions of high temperature
and recent flooding after a prolonged period of drought. This species is characterized by
its unusually short larval period, between 3 and 4 days (Schwardt 1939), and similarly
to our results, in North America, the population increases after heavy summer rains

(Carpenter and LaCasse 1955).

Besides these extreme conditions, the variability in species composition is given by

seasonal changes in temperature and short-term flooding and precipitation variability.

11
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Regarding thermal seasonality, the association of Ae. albifasciatus and Ae. crinifer with
colder temperatures and the association of Ps. ciliata, Cx. maxi and Cx. tatoi with warm
temperatures are consistent with previous studies in the region (Campos et al. 1993,
Campos et al. 1995, Fischer et al. 2000, Fontanarrosa et al. 2009, Quiroga et al. 2013).
Furthermore, the presence of Ps. cyanescens and Ps. ferox in the warm season, the
records of Anopheles sp. in autumn and winter, and the presence of Cx. pipiens
throughout the year are also coincident with previous observations for these species in
the region (Campos et al. 1993, Campos et al. 1995 Fischer et al. 2000, Quiroga et al.
2013). Finally, the association of Cx. dolosus with the warm season in the Bosque de
Ezeiza contrasts with previous studies reporting the presence of immature stages of this

species in the region throughout the year (Macia et al. 1997, Fischer et al. 2004).

Besides thermal seasonality, the flooding history of the pools was the second source of
temporal variability in species composition. The association of Cx. pilosus with
floodwater mosquitoes (4edes and Psorophora) and not with stagnant water mosquitoes
(Anopheles, Culex and Uranotaenia) supports the hypothesis that this species has a life
strategy more similar to that of floodwater mosquitoes, which might relate to a certain
drought resistance of the eggs, as suggested by several authors (King et al. 1944,
Galindo et al. 1951, King 1960, Castro Gomes et al. 1998, Urcola and Fischer 2015).

The association of Ae. albifasciatus with habitats with lower insolation in the Bosque de
Ezeiza agrees with previous observations in the city of Buenos Aires (Fischer et al.
2002), where a greater association of larvae of this species with intermediate and low
insolation was observed (mainly in summer), and disagrees with other works where the
species was associated with environments exposed to sunshine (Macia et al. 1995,
Fontanarrosa et al. 2000). The fact that Ae. albifasciatus larvae are associated with
different levels of insolation depending on the season and site suggests a certain
plasticity that allows this species to avoid temporary adverse environmental conditions.
For example, in temperate regions, in summer, this species is present in the shaded
pools (to avoid the premature desiccation of the pool or extremely high temperatures),
whereas in winter, the species prefers pools with greater insolation (to avoid the coldest
conditions) (Fischer et al. 2002). The association of Ae. crinifer with partial and
completely shaded pools is consistent with other studies, in which this species was

found in areas of dense forest (Cardo et al. 2011, Cardo et al. 2013).

The identification of factors that affect the temporal and spatial variation of mosquito

vectors is valuable information to develop models that predict the risk of exposure of
12
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humans and animals, and to design mosquito control strategies. This study shows
associations between the abundance of mosquito species and environmental variables
such as the permanence of the water, the dimensions of the aquatic environment, its
exposure to the sun, and climatic variables such as the temperature and the
precipitations of the previous days. The Bosque de Ezeiza has a strategic location as a
source of adult mosquitoes to the surrounding urban areas, and future studies should
assess the frequency of high mosquito abundances dispersing to these urban areas,

including Buenos Aires city.

Acknowledgments We thank Maria Victoria Gonzalez Eusevi for revising the English
of the manuscript. We also thank Dr. Silvia Mazzucconi, Dr. Mariela Mifio and Dr.
Maria Laura Sanchez for their critical readings of the manuscript. This study was partly
supported by grants UBACyT 20020130100778BA (Universidad de Buenos Aires) and
PICT-2012-1254 (FONCYT). We are grateful for the comments of the two anonymous

reviewers that helped us to improve this manuscript.
References Cited

Avilés, G., M. S. Sabattini, and C. J. Mitchell. 1992. Transmission of western equine
encephalomyielitis virus by argentine Aedes albifasciatus (Diptera: Culicidae). J.
Med. Entomol. 29: 850—-853.

Becker, N., D. Petri¢, M. Zgomba, C. BoaseDahl, M. Madon, and A. Kaiser. 2010.
Mosquitoes and their control. 2nd ed. Springer, Berlin, Germany.

Beehler, J. W., and M. S. Mulla. 1995. Effects of organic enrichment on temporal
distribution and abundance of Culicine egg rafts. J. Am. Mosq. Control Assoc. 11:
167-171.

Bejaran, R., S. Fischer., A. De Garin, and N. Schweigmann. 2008. Probable
trajectories associated with the transport of Ochlerotatus albifasciatus during a
strong wind event in Buenos Aires City (Argentina). Meteorol. Appl. 15: 243-248.

Brooks, R. T., and M. Hayashi. 2002. Depth-area-volume and hydroperiod
relationships of ephemeral (vernal) forest pools in Southern New England. Wetlands
22:247-255.

Campos, R. E., L. A. Fernandez, and V. E. Sy. 2004. Study of the insects associated
with the floodwater mosquito Ochlerotatus albifasciatus (Diptera: Culicidae) and
their possible predators in Buenos Aires province, Argentina. Hydrobiologia 524:
91-102.

Campos, R. E., A. Macia, and J. J. Garcia. 1993. Fluctuaciones estacionales de
culicidos (Diptera) y sus enemigos naturales en zonas urbanas de los alrededores de
la Plata, provincia de Buenos Aires. Neotropica 39: 55—66.

Campos, R. E., A. Macia, and J. J Garcia. 1995. Variaciéon estacional de las
poblaciones de Psorophora (Diptera: Culicidae) y deteccion de sus parasitos y
patogenos en la Provincia de Buenos Aires, Argentina. Acta Entomol. Chilena
19: 113-121.

13



Urcola & Fischer 2019: Seasonal and environmental variables related to the abundance...

Cardo, M. V., D. Vezzani, and A. E. Carbajo. 2011. Environmental predictors of the
occurrence of ground water mosquito immatures in the Paranéd lower delta. J. Med.
Entomol. 48: 991-998

Cardo M. V., D. Vezzani, and A. E. Carbajo. 2012. Oviposition strategies of
temporary pool mosquitoes in relation to weather, tidal regime and land use in a
temperate wetland. Bull. Entomol. Res. 102: 651-662

Cardo, M. V., D. Vezzani, and A. E. Carbajo. 2013. The role of the landscape in
structuring immature mosquito assemblages in wetlands. Wetl. Ecol. Manag. 21:
55-70.

Carpenter S. J., and W. J. LaCasse. 1955. Mosquitoes of North America (North of
Mexico). University of California Press. Berkeley, USA.

Castro Gomes, A., E. Bernadete, M. A. Mureb, M. Teixeira, J. P. Machado, and I.
J. Silva. 1998. Obsercdo sobre caracteristica natural de oviposicdo de Culex
(Melanoconion) Grupo pilosus (Diptera: Culicidae). Rev. Saude Publica 32: 370-
371.

CDC, 2000. Division of vector-borne infectious diseases. Mosquito species producing
WNV positives. (http://www.cdc.gov/ncidod/dvbid/westnile/mosquitospecies.htm)
(accessed 30 Mar 2017).

Chase, J. M., and T. M. Knight. 2003. Drought-induced mosquito outbreaks in
wetlands. Ecol. Lett. 6: 1017-1024

Clements, A. N. 1992. The biology of mosquitoes, vol. I: development, nutrition and
reproduction. Chapman & Hall, London, UK.

Darsie, R. F. Jr. 1985. Mosquitos of Argentina. Part I. Keys for identification of adult
female and fourth stage larvae in English and Spanish (Diptera: Culicidae).
Mosquito Systematics 17: 153-253.

Day, J. F. 2016. Mosquito oviposition behavior and vector control. Insects 7, 65.
http://doi.org/10.3390/insects7040065.Fischer, S., M. C. Marinone, M. S.
Fontanarrosa, M. Nieves, and N. Schweigmann. 2000. Urban rain pools: seasonal
dynamics and entomofauna in a park of Buenos Aires. Hydrobiologia 441: 45-53.

Fischer, S., M. C. Marinone, and N. Schweigmann. 2002. Ochlerotatus albifasciatus
in rain pools of Buenos Aires: seasonal dynamics and relation to environmental
variables. Mem. Inst. Oswaldo Cruz 97: 767-773.

Fischer, S., and N. Schweigmann. 2004. Culex mosquitoes in temporary urban rain
pols: seasonal dynamics and relation to environmental variables. J. Vector Ecol. 29:
365-373.

Fischer, S., and N. Schweigmann. 2008. Association of immature mosquitoes and
predatory insects in urban rain pools. J. Vector Ecol. 33: 46-55.

Fontanarrosa, M. S., B. Collantes, and A. O Bachmann. 2009. Seasonal patterns of
the insect community structure in urban rain pools of temperate Argentina. J. Insec.
Sci. 9:10. https://doi.org/10.1673/031.009.1001.

Fontanarrosa, M. S., M. C. Marinone, S. Fischer, P. W. Orellano, and N.
Schweigmann. 2000. Effects of flooding and temperature on Aedes
albifasciatus development time and larval density in two rain pools of Buenos Aires
City. Mem. Inst. Oswaldo Cruz 95: 787-793.

Forattini, O. P. 2002. Culicidologia Médica, vol. 2. Editora Universidade de Sao
Paulo, Sao Paulo Brazil.

Galindo, P., S. J. Carpenter, and H. Trapido. 1951. Ecological observations on forest
mosquitoes of an endemic yellow fever area Panama. Am. J. Trop. Med. Hyg. 31:
98-137.

Guerra, C. A., R. C. Reiner Jr., T. A. Perkins, S. W. Lindsay, J. T. Midega, O. J.
Brady, C. M. Barker, W. K. Reisen, L. C. Harrington, W. Takken, U. Kitron,

14


http://www.cdc.gov/ncidod/dvbid/westnile/mosquitospecies.htm
https://doi.org/10.1673/031.009.1001

Urcola & Fischer 2019: Seasonal and environmental variables related to the abundance...

A. L. Lloyd, S. 1. Hay, T. W. Scott, and D. L. Smith. 2014. A global assembly of
adult female mosquito mark-release-recapture data to inform the control of
mosquito-borne pathogens. Parasit. Vectors 7: 276.
http://www.parasitesandvectors.com/content/7/1/276. Irwin, P., C. Arcari, J.
Hausbeck, and S. Paskewitz. 2008. Urban wet environment as mosquito habitat in
the upper midwest. Ecohealth 5: 49-57.
King, W. V., G. H. Bradley, and T. E. McNeel. 1944. The mosquitoes of the
southeastern States (rev. ed.). U.S. Department of Agriculture: Misc. Pub. 336:
1-96.
King, W. V., G. H. Bradley, and T. E McNeel. 1960. A handbook of the mosquitoes
of the southeastern United States. U.S. Department of Agriculture Handbook N°
173.
Lyytimiki, J., and M. Sipili. 2009. Hopping on one leg — the challenge of ecosystem
disservices for urban green management. Urban For. Urban Gree. 8: 309-315.

Macia, A., J. J. Garcia, and R. E. Campos. 1995. Bionomics of Aedes albifasciatus
and Ae. crinifer (Diptera: Culicidae) and its natural enemies in Punta Lara, Buenos
Aires. Neotropica 41: 105-106.

Macia, A., J. J. Garcia, and R. E. Campos. 1997. Variacion estacional de tres
especies de Culex (Diptera: Culicidae) y sus parasitos y patdogenos en Punta Lara,
Provincia de Buenos Aires, Argentina. Rev. Biol. Trop. 44/45: 267-275.

Medeiros-Souza, A. R., W. Ceretti-Junior, G. C. de Carvalho, M. S. Nardi, A. B.
Araujo, D. P. Vendrami, and M. T. Marrelli. 2015. Diversity and abundance of
mosquitoes (Diptera: Culicidae) in an urban park: larval habitats and temporal
variation. Acta Trop. 150: 200-209.

Mitchell, C. J., T. P. Monath, M. S. Sabattini, J. Daffner, C. B. Cropp, C. H.
Calisher, R. F. Darsie, and W. 1. Jakob. 1987. Arbovirus isolation from
mosquitoes collected during and after the 1982-83 epizootic of westerm equine
encephalitis in Argentina. Am. J. Tro. Med. Hyg. 36: 107—-113.

Quiroga, L., S. Fischer, and N. Schweigmann. 2013. Immature mosquitoes associated
with urban parklands: implications for water and mosquito management. J. Am.
Mosq. Control Assoc. 29: 27-32.

Pinheiro, J. C., and D. M. Bates. 2000. Mixed-effects models in S and S-Plus.
Springer, New York, NY.

Pires, D. A., and R. M. Gleiser. 2010. Mosquito fauna inhabiting water bodies in the
urban environment of Cordoba city, Argentina, following a St. Louis encephalitis
outbreak. J. Vector Ecol. 35: 401-409.

Pisano, M. B., V. D. Re, L. A. Diaz, D. A. Farias, M. Stein, M. P. Sanchez-Seco, A.
Tenorio, W. R. Almiron, and M. S. Contigiani. 2010. Enzootic activity of Pixuna
and Rio Negro Viruses (Venezuelan Equine Encephalitis complex) in a neotropical
region of Argentina. Vector-Borne Zoonot. 10: 199-201.

R Core Team. 2015. R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. (http://www.R-project.org/).

Schwardt, H. H. 1939. Biologies of Arkansas rice field mosquitoes. Ark. Agr. Expm.
Sta. Bull. 377: 1-22.

Servicio Meteorologico Nacional. 2018.
(https://www.smn.gob.ar/caracterizaci%C3%B3n-estad%C3%ADsticas-de-largo-
plazo) (accessed 18 Abr 2018).

Urcola, J. L., and S. Fischer. 2015. First record and larval habitat description of Culex
(Melanoconion) pilosus from Buenos Aires province, Argentina.J. Am. Mosq.
Control Assoc. 31: 271-274.

15


http://www.parasitesandvectors.com/content/7/1/276
https://www.smn.gob.ar/caracterizaci%C3%B3n-estad%C3%ADsticas-de-largo-plazo
https://www.smn.gob.ar/caracterizaci%C3%B3n-estad%C3%ADsticas-de-largo-plazo

Urcola & Fischer 2019: Seasonal and environmental variables related to the abundance...

Wiggins, G. B., R. J. Mackay, and 1. M. Smith. 1980. Evolutionary and ecological
strategies of animals in annual temporary pools. Arch. Hydrobiol. 58: 97-206.

Williams, D. D. 1997. Temporary ponds and their invertebrate communities. Aquatic
conservation: Mar. Freshwater Eco. 7: 105-117.

Williams, D. D. 2006. The biology of temporary waters. Oxford University Press,
Oxford, UK.

Williams, D. D., and B. W. Felmate. 1992. Aquatic insects. Cab International,
Wallingford, UK.

Zuur, A. F., E. N. Ieno, and G. M. Smith. 2007. Analyzing ecological data. Springer,
New York, NY.

Figures

Figure 1. Location of the Bosque de Ezeiza, Buenos Aires, Argentina. A. Map of
Argentina; B. Location of the study site (represented with a star) in the Metropolitan
Area of Buenos Aires; C. Spatial arrangement of the studied pools (numbers and letters
represent the code names of each pool).
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Figure 2. Variations in relevant variables along the study period in the Bosque de
Ezeiza, Buenos Aires, Argentina. A. temperature (T15) and cumulative rainfall (P15)
during the 15 days previous to each sampling date; B. degree of flooding and estimated
numbers of immature stagnant water mosquitoes and floodwater mosquitoes on each
sampling date.
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Figure 3. Correspondence analysis ordination diagram for seasonal variation of
mosquitoes, including all sampling dates (except January 10 and 24). A. Mosquito
species. B. Sampling dates. Codes: Anopheles sp.: anosp; Ae. albifasciatus: aealb; Ae.
crinifer: aecri; Ae. scapularis: aesca; Cx. dolosus: cxdol; Cx. eduardoi: cxedu; Cx.
pilosus: cxpil; Cx. pipiens: cxpip; Cx. maxi: cxmax; Cx. tatoi: cxtat; Ps. ciliata:
pscil; Ps. cyanescens: pscya; Ps. ferox: pstfer; Uranotaenia sp.: urasp.
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Figure 4. Correspondence analysis ordination diagram for spatial variation of
mosquitoes. A. Mosquito species. B. Temporary pools. Codes: Anopheles
sp.: anosp; Ae. albifasciatus: aealb; Ae. crinifer: aecri; Ae. scapularis: aesca; Cx.
dolosus: cxdol; Cx. eduardoi: cxedu; Cx. pilosus: cxpil; Cx. pipiens: cxpip; Cx. maxi:

cxmax; Cx. tatoi: cxtat; Ps. ciliata: pscil; Ps. cyanescens: pscya; Ps. ferox:
psfer; Uranotaenia sp.: urasp.
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Tables

Table 1. Mean surface area and monthly and total number of third and fourth instar larvae collected in the Bosque de Ezeiza, of Buenos Aires

province (Argentina).

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

Flooded area (m?) 714.1 14725 - 494 17823 1046.7 9749 15442 1532.8 15457 613.0 1214.1 12489.7
Species

Ae. albifasciatus (Macquart) 7 144 - - - 208 461 133 7 4 - 584 1548
Ae. crinifer (Theoblad) - 15 - - - 41 119 34 8 13 - 6 236
Ae. scapularis (Rondani) - - - - - - - 1 - - - - 1
Anopheles sp. - - - - - 1 38 19 - 2 1 - 61
Cx. dolosus (Lync Arribalzaga) - - - - 16 12 15 - 2 - - - 45
Cx. eduardoi Casal and Garcia 3 4 - - 20 8 30 12 95 140 38 26 376
Cx. pilosus (Dyar and Knab) - - - - 44 546 115 - - - - - 705
Cx. pipiens Linnaaeus 1 6 - - 93 98 37 3 - 4 - - 242
Cx. maxi Dyar - 3 - - 12 15 39 - 1 - - - 70
Cx. tatoi Casal and Garcia - 3 - - 96 22 749 1 - - - 1 872
Ps. ciliata (Fabricius) - - - - - 11 - - - - - - 11
Ps. cyanescens (Coquillett) - 4 - 34 1 23 1 - - - - - 63
Ps. ferox (Von Humboldt) - 1 - - - 2 - - - - - - 3
Uranotaenia sp. - - - - - 15 32 2 - - - - 49
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Table 2. Parameter estimates for the models describing the relationships of abundances of floodwater mosquitoes and stagnant water mosquitoes

with meteorological and environmental variables in the Bosque de Ezeiza, of Buenos Aires province (Argentina).

Floodwater mosquitoesa

Variables Estimate Std. Error  zvalue  Pr(>|z))
(Intercept) -1.49 1.1 -1.35 0.177
P15 0.05 0.02 2.74 0.006
T15 0.12 0.06 1.98 0.048
Fch 0.03 0.01 2.52 0.012

P15xT15 -2.50E-03 9.10E-04 -2.8 0.005

Stagnant water mosquitoesb

Variables Estimate Std. Error  zvalue  Pr(>|z|)
(Intercept) -0.77 0.58 -1.33 0.184
Fch -0.03 0.01 -2.36 0.018
St 0.08 0.02 3.42 0.001

e. albifasciatus, Ae. crinifer, Ae. scapularis, Ps. ciliata, Ps. cyanescens, Ps. ferox.
Anopheles sp., Cx. dolosus, Cx. eduardoi, Cx. pilosus, Cx. pipiens, Cx. maxi, Cx. tatoi, Uranotaenia sp.
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Table 3. Relevant environmental variables, proportion of floodwater mosquitoes and number of third and fourth instar larvae of each species

collected in each pool during the study period in the Bosque de Ezeiza, of Buenos Aires province (Argentina).

A3A AS A7 Al12A Al12B A9 Al18 A3B Al19 A32 A30 A3l

Variables
Mean flooded area (mz) 1115.8 2481.7 9999 147.0 1239.7 2145.5 1479.3 8359 986.5 4729 371.2 2145
Mean insolation 1.00 1.00 1.00 0.83 0.81 0.79 0.60 035 023 0.15 0.07 0.02
Coefficient of variation of flooded
area 0.44 056 053 055 0.57 0.69 062 051 074 104 061 058

Proportion of floodwater mosquitoes ~ 0.23 ~ 9.24 5525 556 17.65 63.19 31.70 24.77 60.87 73.32 70.76 43.89

Species Total
Ae. albifasciatus (Macquart) 2 2 90 1 1 500 77 58 201 404 148 64 1548
Ae. crinifer (Theoblad) - - - - - 10 29 20 73 45 45 14 236
Ae. scapularis (Rondani) - - - - - - - - - 1 - - 1
Anopheles sp. 14 21 11 5 2 - 3 4 - - 1 - 61
Cx. dolosus (Lync Arribalzaga) 17 5 - - 4 - - 11 4 2 2 - 45
Cx. eduardoi Casal and Garcia 18 21 44 7 16 26 24 22 60 97 29 12 376
Cx. pilosus (Dyar and Knab) 11 33 1 1 0 264 167 122 81 16 6 3 705
Cx. pipiens Linnaaeus 70 11 13 - 5 12 8 40 13 14 29 27 242
Cx. maxi Dyar 6 4 6 - - 1 2 18 5 10 17 1 70
Cx. tatoi Casal and Garcia 724 2 5 4 1 - 21 10 15 28 4 58 872
Ps. ciliata (Fabricius) - - - - - 3 1 2 2 - 11
Ps. cyanescens (Coquillett) - 9 10 - 5 6 2 3 4 7 17 - 63
Ps. ferox (Von Humboldt) - - - - - - 1 - - - 1 1 3
Uranotaenia sp. 1 11 1 - - - 12 22 2 - - - 49
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