Environmental Predictors of the Occurrence of Ground Water
Mosquito Immaturesin the Parana Lower Delta, Argentina

Author(s) :M. V. Cardo, D. Vezzani and A. E. Carbgjo
Source: Journal of Medical Entomology, 48(5):991-998. 2011.
Published By: Entomological Society of America

DOI: 10.1603/ME11046

URL: http://www.bioone.org/doi/full/10.1603/M E11046

BioOne (www.bioone.org) is aa nonprofit, online aggregation of core research in the
biological, ecological, and environmental sciences. BioOne provides a sustainable online
platform for over 170 journals and books published by nonprofit societies, associations,
museums, institutions, and presses.

Y our use of this PDF, the BioOne Web site, and all posted and associated content indicates
your acceptance of BioOne's Terms of Use, available at www.bioone.org/page/terms of _use.

Usage of BioOne content is strictly limited to personal, educational, and non-commercial
use. Commercial inquiries or rights and permissions requests should be directed to the
individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers,
academic institutions, research libraries, and research funders in the common goal of maximizing access to critical research.


http://www.bioone.org/doi/full/10.1603/ME11046
http://www.bioone.org
http://www.bioone.org/page/terms_of_use

PoruraTiION AND CoMMUNITY ECOLOGY

Environmental Predictors of the Occurrence of Ground Water
Mosquito Immatures in the Parani Lower Delta, Argentina

M. V. CARDO, D. VEZZANI, anp A. E. CARBAJO'

Unidad de Ecologia de Reservorios y Vectores de Parisitos, Departamento de Ecologia, Genética y Evolucién, Facultad
de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad Universitaria, Pabellon 2, 4° piso, (C1428EHA)

Buenos Aires, Argentina

J. Med. Entomol. 48(5): 991-998 (2011); DOIL http://dx.doi.org/10.1603/ ME11046

ABSTRACT Characterizing mosquito larval habitats is essential for understanding the complex
interactions between immatures and the biotic and abiotic components of their environment. Using
generalized linear mixed models, we studied the environmental predictors of the presence of three
ubiquitous mosquito species breeding in ground water habitats in the Parani Lower Delta, Argentina.
During a year-round survey, 34.1% of the 419 ground water habitats inspected were positive for either
Culex dolosus s.I. (Lynch Arribalzaga 1891), Aedes crinifer (Theobald 1903), or Culex intrincatus
Brethes 1916. Univariate analysis showed that the former two occurred throughout the year, whereas
the latter during the summer and fall. Ae. crinifer and Cx. intrincatus were more frequently collected
in secondary forests, whereas Cx. dolosus s.l. was homogeneously distributed among land uses. Best
generalized linear mixed models included the sampling period and landscape variables in different
combinations for each species. Spatial dependence of the data was evident for Cx. dolosus s.l. and Ae.
crinifer. Our results showed that the most widespread species presented different spatio-temporal
distribution patterns, related with land use, anthropic intervention, and seasonality, highlighting the
complexity of the wetland under study. This methodological approach could aid in the selection of
priority areas for vector control and disease risk management.
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wetland

Mosquitoes are insects of major public health concern
for their role as vectors of pathogens to humans and
animals (WHO 2002). They also constitute a well-
known nuisance and represent an ecologically impor-
tant component of aquatic ecosystems (Beketov et al.
2010). In this context, the characterization of mos-
quito larval habitats is essential for understanding the
complex interactions between immatures and the bi-
otic and abiotic components of their environment
(Laird 1988). Recent studies in different regions of the
world have invested effort in identifying which envi-
ronmental factors are the most important drivers of
the occurrence of certain key mosquito species (e.g.,
Leisnham et al. 2005, Muturi et al. 2008, de Little et al.
2009), but in South American wetlands this remains as
an unexplored issue.

The Delta of the Parana River is one of the main
wetland systems in South America, providing different
kinds of resources, such as fishing, forestry, transport,
and tourism, as well as an important source of fresh-
water (Kandus et al. 2006). As many other delta areas
(see Dale and Knight 2008), it has been traditionally
associated with mosquito annoyance. Current knowl-
edge of mosquito fauna breeding in the Lower Delta
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is restricted to the pioneering works of Prosen et al.
(1960) and Garcia and Casal (1965). In a recent sur-
vey, 23 culicid species have been recorded in ground
water habitats; Culex dolosus s.l. (Lynch Arribalzaga
1891), Aedes crinifer (Theobald 1903), and Culex in-
trincatus Brethes 1916 were the most frequently col-
lected species, representing a high percentage of the
samples (Cardo et al. 2011). Available literature on
these speciesin the region is mainly restricted to urban
areas and their surroundings (Balseiro 1981, 1989;
Ronderos et al. 1992; Macid et al. 1995, 1996; Macia
1997).

Species distribution models provide detailed pre-
dictions of distributions by relating presence or abun-
dance of species to environmental predictors (Elith et
al. 2006). In particular, generalized linear models
(GLM) (McCullagh and Nelder 1989) are a useful tool
for the study of these associations because they de-
velop simple equations relating species presence and
absence to environmental variables. In these models,
a combination of predictors, the linear predictor (LP),
is related to the mean of the response variable through
a link function. Using such link function allows the
following: 1) transformation to linearity, and 2) the
predictions to be maintained within the range of co-
herent values for the response variable (Guisan and
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Zimmermann 2000). Because these models use max-
imum-likelihood estimators, the fit is measured by the
reduction in deviance instead of variance (typical of
least-squares estimation). Generalized linear mixed
models (GLMM), a particular type of mixed model,
are an extension of GLM in which the LP contains
random effects in addition to the usual fixed effects.
GLMM provide a powerful method to treat data with
errors that do not conform to a normal distribution
and, at the same time, control for correlations between
measures that arise from grouped observations (Pat-
terson and Lello 2003). This correlation may arise
because of repeated measures in time, or because of
spatially related data. As, in fact, GLM are a special
case of GLMM with no random factor, henceforth we
will refer to both as GLMM.

In an attempt to identify key factors related with the
distribution of three ubiquitous mosquito species
breeding in the main wetland of Argentina, we tested
by GLMM the association among seasonality, envi-
ronmental conditions, and the presence of immatures
of Cx. dolosus s.l., Ae. crinifer, and Cx. intrincatus in
ground water habitats of the Parand Lower Delta.

Materials and Methods

Study Area and Sampling Design. The Lower Delta
of the Paran4 River is a wetland macromosaic that
extends through the terminal portion of the del Plata
Basin (Kandus et al. 2006). It covers ~2,700 km? and
is prograding toward the estuary through the contin-
uous development of new bars and islands. The region
is temperate with mean annual temperature of 16.7°C
(minimum 6°C, maximum 30°C) and accumulated an-
nual rainfall values of 1,073 mm (Kandus and Malvirez
2004). The hydrologic regime is the product of the
combined effects of the Parana River flow and wind
patterns affecting the estuary.

The region presents four main land uses, namely
peridomestic areas, Salicaceae plantations, secondary
forests, and Scirpus giganteous patches locally known
as “pajonal.” The former two are highly modified en-
vironments, whereas the latter two are relatively little
impacted. Each land use has a typical location on the
islands, determined primarily by water accumulation:
peridomestic areas in levees, pajonal in the inner low-
lands, and plantations and secondary forests in the
areas in between.

Six sampling campaigns were conducted from No-
vember 2008 through September 2009, at 2-mo inter-
vals. Site selection was based on a preliminary assess-
ment of 24 sites in an attempt to capture landscape
heterogeneity and provide an adequate number of
replicates of the main land uses, detected by satellite
imagery and ground proofing. Each campaign con-
sisted of 12 consecutive field working days and in-
volved 10 sampling sites situated in the municipalities
of Tigre (S 34.4258°, W 58.5967°), San Fernando (S
34.4442°, W 58.5775°), and Campana (S 34.1769°, W
58.9208°). Sites were categorized according to the
predominant land use (>50% coverage). Two distinc-
tions were made to embrace environmental hetero-
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Table 1. Number of sites, land use composition, and propor-
tions for each of the five site types sampled in the Parana Lower

Delta

Site No. Peridomestic  Plantations  Secondary  Pajonal
type  sites areas (%) (%) forests (%) (%)
1 3 <50 0 >50 0
2 2 50 0 50 0
3 1 >50 0 <50 <50
4 2 <50 >50 <50 0
5 2 <50 >50 0 <50

geneity: when two land uses shared 50% coverage (i.e.,
no predominant land use was present) and when,
given the same predominant land use, the site in-
cluded pajonal or not (because pajonal was not pre-
dominant in any site). The resulting categories were
as follows: type 1, majority of secondary forest; type 2,
peridomestic and secondary forest in equal propor-
tion; type 3, majority of peridomestic; type 4, majority
of plantation with pajonal; type 5, majority of planta-
tion without pajonal (Table 1). Each site was also
characterized in terms of its size and distance to the
main port in the area (measured in access time by
commercial motorboat). A Geographic Information
System (GIS) was built with a base map of streams and
rivers using ArcView GIS 3.2 software. A land cover
types map taken from Kandus et al. (2006) was reg-
istered to the database as well as Google Earth images
of the sites. At each site, one to three walking transects
were randomly distributed in each land use category
to ensure that all classes were surveyed; the number
of transects varied according to the area occupied by
each land use within a site. Each transect was up to
50 m length and subdivided in 10-m-spaced 4 X 4-m
quadrats. Geographic coordinates were recorded for
each quadrat with a Global Positioning System
(Garmin eTrex Legend HCx). A 100-m-radius buffer
around each quadrat was built in the GIS to measure
the area covered by each land use type.

In the field, any ground water habitat (GWH), as
described by Service (1995), present in a quadrat was
sampled for immatures of mosquitoes. This included a
variety of habitats, such as pools, flooded ground,
irrigation ditches, canals, ponds, and streams. Sam-
pling techniques varied according to habitat charac-
teristics in an attempt to maximize mosquito capture.
Fine-mesh strainer or tray content was examined, im-
matures collected with the aid of a pipette, and water
content reduced. Sampling effort was standardized
according to the size of the water body in terms of
minutes of active search for immatures (minimum =
1 min for 1 m%; maximum = 12 min for 16 m?, the size
of the quadrat). Third- and fourth-instar larvae were
preserved in 70% ethanol and morphologically iden-
tified to species (Darsie 1985, Forattini 2002, Rossi et
al. 2002). Pupae were reared, and the emerged females
were also identified with the mentioned keys. Con-
sidering that larval specimens of Cx. dolosus and Culex
eduardoi have been largely misidentified and that both
taxa may belong to a species complex (Senise and
Sallum 2008), we grouped all immatures collected and
referred to them collectively as Cx. dolosus s.1.
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Table 2. Variables included in GLMM for species presence
Variable name COl'ltlcl’l uous/Factor Scale Description Source Units
(n° of levels)

Sampling.period Factor (6) Global  Each of the six sampling campaigns Fixed by sampling design —

Site.type Factor (5) Site Classification of each site in terms of Field data —
% of coverage of 4 main land uses (see Table 1)

Area Continuous Site Site area Google Earth m?

Time.port Continuous Site Time in motorboat to main port Field data Minutes

Forest.buff Continuous Quadrat  Secondary forest coverage in a 100-m-radius Kandus et al. 2006 m>
buffer around each quadrat

Herb.buff Continuous Quadrat Herbaceous coverage in a 100-m-radius buffer Kandus et al. 2006 m>
around each quadrat

Mosaic.buff Continuous Quadrat  Peridomestic coverage in a 100-m-radius buffer Kandus et al. 2006 m?
around each quadrat

Paj.buff Continuous Quadrat Pajonal coverage in a 100-m-radius buffer around ~ Kandus et al. 2006 m>
each quadrat

Plant.buff Continuous Quadrat Plantations coverage in a 100-m-radius buffer Kandus et al. 2006 m>
around each quadrat

Reed.buff Continuous Quadrat Reed coverage in a 100-m-radius buffer around Kandus et al. 2006 m?
each quadrat

Water.buff Continuous Quadrat  Open water area in a 100-m-radius buffer around ~ Kandus et al. 2006 m?

each quadrat

Data Analysis and Modeling. Joint occurrence be-
tween pairs of species was assessed with a x> test by
comparing observed and expected frequencies of co-
occurrence under the null hypothesis of species in-
dependence (Sokal and Rohlf 1969). For descriptive
purposes, breeding site index (BSI) for species i was
defined as the proportion of GWH in which species i
was present among all GWH surveyed. It was exam-
ined among sampling periods and land uses to detect
preliminary trends.

Given the fact that mosquito abundance estimations
are highly variable and dependent on many factors
unrelated to true mosquito density (Rochlin et al.
2009), the analysis of occurrence may be statistically
easier and conceptually more appropriate for the scale
of the current study. Therefore, the occurrence of
each of the three culicids studied was modeled as a
function of explanatory variables (x;, x,,...), which
were related to the response variable through a LP.
LP = a + bx; + cx,..., where a, b, c, ... are param-
eters to be estimated. Presence/Absence of each spe-
cies per quadrat was used as the response variable. We
assumed a binomial distribution of errors and applied
the logistic function as a link between the response
variable and the LP. This link constrains the predicted
values to a continuous variable between 0 and 1. The
candidate model sets included all possible combina-
tions of the explanatory variables (Table 2) and all
two-way interactions between each continuous vari-
able and each factor. We performed a manual forward
stepwise procedure that involved testing the models
obtained not only from the first most significant vari-
able at each step, but also the alternative models that
were obtained when the second or the third most
significant variables were included. This branching
procedure could eventually produce a set of different
models, but in most instances it converged into a single
model (Donazar et al. 1993). Term additions were
evaluated by Akaike’s information criterion (AIC,
Akaike 1974): the model that yielded the lowest AIC
was selected from all possible models (Zuur et al.

2009). Models with AAIC = 2 were considered equiv-
alent. Each term addition was further tested with a
deviance change test (x* test on the deviance change
with df equal to the change in df between both mod-
els) using alpha = 0.01 for retention because of the
large number of variables considered. To simplify the
models, the levelsin a factor that were not significantly
different were merged together (Nicholls 1989). This
procedure was stopped when the merging implied a
significant decrease in total explained deviance ()*
test for the change in deviance with 1 df). To deal with
collinearity between continuous explanatory vari-
ables, we computed a pairwise Pearson correlation
coefficient; when it surpassed 0.45 the variable re-
sponsible for the greater change in deviance was re-
tained, whereas the other was excluded from further
analysis. This is another advantage of the manual for-
ward procedure, which allows the exclusion of highly
correlated variables in each step of the regression.
Given that best models output is a probability, we first
considered >0.5 as presence prediction and =0.5 as
absence. Afterward, receiver operating characteristics
(ROC) curves (DeLeo 1993) were applied to estimate
the cutoff point (from now on referred to as Rep) that
maximized the product between specificity (the pro-
portion of correctly classified absences) and sensibil-
ity (the equivalent for presences). To evaluate the
final models classification effectiveness, we applied a
10-fold cross-validation using the Kappa index (K) to
assess improvement of classification of the model over
chance (Fielding and Bell 1997). The Kappa index
overcomes the problem of unequal number of pres-
ences and absences (Titus and Mosher 1984). We
reported mean K values of the 10 cross-validations
along with their corresponding standard deviations
(SD) and followed Landis and Koch (1977) ranges of
agreement: poor K < 0.4; good 0.4 < K < 0.75; excel-
lent K > 0.75. We performed this both for cutoff 0.5,
labeled K (0.5) and SD(0.5), respectively, and for Rep,
K(Rcp) and SD(Rcp). The area under the ROC curve
was also used as a measure of the accuracy of the
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Table 3. Breeding site index (proportion of ground water hab-
itats with species i present) for each species by sampling period
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Table 4. Simplified factors of site types and sampling periods
for the reduced GLMM for each species

Sampling Aedes Culex dolosus Culex Site Aedes Culex dolosus Culex
period crinifer s.l. intrincatus type crinifer s.l. intrincatus
Nov. 08 0.10 0.10 0.01 1 A VNI A
Jan. 09 0.03 0.03 0.32 2 B VNI A
Mar. 09 0.13 0.15 0.24 3 A VNI B
May 09 0.10 0.30 0.21 4 B VNI B
July 09 0.07 0.20 0.00 5 C VNI A
. .2 .2, .
Sept. 09 0.28 020 oot Sampling Aedes Culex dolosus Culex
period crinifer s.l. intrincatus
Nov. 08 A A A
model (the closer to 1, the better, Hangley and McNeil ~ Jan. 09 A A B
1982) Mar. 09 A B C
) . . May 09 A C C
To account for potential spatial dependence among July 09 B b b
samples taken within a given land use or transect, two  Sept. 09 C E D

different groupings were tested as a random factor in
GLMM. These groups were each land use in each site
(i = 10) during each sampling period (j = 6) (usey;,
103 groups) and each transect thrown in the field
(tra;;, 158 groups). This was run both before and after
model simplification. All analyses were performed in
R 2.10.1 (R Development Core Team 2009) with boot
and Ime4 packages. Finally, to check for remnant spa-
tial autocorrelation of the residuals of the models se-
lected, we built variograms (Creesie 1993) in S-plus
8.0, taking into account increasing distances up to half
of the maximum distance between pairs.

Results

A total of 419 GWH was inspected, of which 34.1%
(143) were positive for at least one of the three species
under study: 16.7, 12.6, and 11.7% for Cx. dolosus s.L.,
Ae. crinifer, and Cx. intrincatus, respectively. There
was a significant positive association (P < 0.005) be-
tween Cx. dolosus s.l. and Ae. crinifer, which were
collected together in 3.8% (16/419) of samples, twice
as many as expected solely by chance.

Preliminary univariate analysis showed that all spe-
cies presented some seasonal trend, with BSI for each
species different among sampling periods and each
peaking in different times of the year (Ae. crinifer in
September, Cx. dolosus s.l. in May, and Cx. intrincatus
from January to May; Table 3). Regarding land use,
BSI of Ae. crinifer and Cx. intrincatus in secondary
forests were 0.18 and 0.21, respectively. Minimum val-
ues (0.03-0.04) were recorded in plantations for Ae.
crinifer and in plantations, peridomestic, and pajonal
for Cx. intrincatus. Cx. dolosus s.l. presented highest
values (0.19) in secondary forests and pajonal.

The GLMM model for each species included sam-
pling.period (i.e., seasonality) and variables corre-
sponding to two different spatial scales as fixed factors.
For Cx. dolosus s.l. and Cx. intrincatus the interaction
between sampling.period and time.port was signifi-
cant. Time.port was consistently negatively associated
with Cx. intrincatus occurrence, but positively or neg-
atively related with Cx. dolosus s.l. presence depend-
ing on the sampling period. Also, site.type was relevant
in modeling the presence of Cx. intrincatus and Ae.
crinifer. Merging resulted in different groups of sam-

Equal letters within a column indicate sites or periods grouped
together with P < 0.05. VNI, variable not included in the model.

pling periods and site types for each species (Table 4).
Every species also had one or more variables emerging
from the 100-m-radius buffer included in their models:
Cx. dolosus s.l. and Cx. intrincatus were negatively
associated with paj.buff, and Cx. intrincatus and Ae.
crinifer were negatively related with herb.buff. The
variables included in best models that presented sig-
nificant correlations were time.port with water.buff
and forestbuff (0.47 and —0.59, respectively) and
paj.buff with plant.buff (—0.57).

Each species responded differently to the addition of
random factors. For Ae. crinifer, we chose the mixed
model, including tra; (Table 5). For Cx. dolosus s.L., the
addition of either random factor, tra;; or use;;, resulted in
a significant improvement of the model, equivalent in
terms of AIC. We chose tra; for further analyses to
simplify interpretation of the results because of similar-
ities with Ae. crinifer. However, the addition of either
random factor did not improve the model for Cx. intrin-
catus.

In general, predictive accuracy estimators for the se-
lected models were satisfactory (Table 6). The area un-
der the ROC curve yielded high and comparable values;
from 0.94 to 0.96. K(0.5) values ranged from 0.54 = 0.17
t0 0.69 = 0.17, indicating a good predictive power of the
models according to the Landis and Koch criterion. The
classification effectiveness of the models was not signif-
icantly improved when considering Rep correction, as
was evidenced by the similarities between the K(Rcp)
and K(0.5) values and their low SDs.

Regarding potential remnant spatial autocorrela-
tion, none of the variograms of the residuals for each
species showed a spatial pattern of similarity be-
tween pairs of observations as a function of sepa-
ration distance.

Discussion

The distribution of mosquitoes in any given location is
influenced by variables operating across spatial and
temporal scales (Alfonzo et al. 2005). Thus, effective
mosquito control requires a detailed understanding of
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Table 5. Model selection for each of the three culicids studied
Aedes crinifer Culex dolosus s.1. Culex intrincatus
Complete Reduced Complete Reduced Complete Reduced
model model model model model model
AIC df AIC df AIC df AIC df AIC df AIC df
GLM Null 320.2 1 — — 380.1 1 — — 304.4 1 — —
GLM Best model 247.7 11 244.6 5 340.4 13 339.3 11 183.2 18 177.9¢ 11
GLMM Best model + use;; 247.5 12 241.3 6 327.9 14 326.0 12 185.2 19 179.8 12
GLMM Best model + tray; 242.1 12 234.9¢ 6 327.3 14 325.8¢ 12 185.2 19 177.6 12

Use;; (103 groups), each land use of each site (i = 10) during each sampling period (j = 6); tra;; (158 groups), each transect thrown in each

site (i = 10) during each sampling period (j = 6).
“Indicates the selected model for each species.

the temporal and spatial variation in immature pres-
ence among habitats (de Little et al. 2009). In the
Parani Lower Delta, the three most widespread spe-
cies that breed in ground water habitats showed tem-
poral variation in their presence. The sharp seasonality
exhibited by Cx. intrincatus had been previously ob-
served in urban and suburban areas in Buenos Aires
Province (Macia et al. 1996, Macia 1997). Also, Ae.
crinifer population outbreaks at the beginning of the
spring had been previously reported near the study
area (Macid et al. 1995). Notwithstanding this, the
interaction between sampling period and spatial vari-
ables showed that seasonality needs to be addressed
site by site; that is, no global conclusion can be made
without taking into account other factors included in
the models. In this regard, GLMM are superior to
traditional univariate analyses in the sense that they
allow a holistic treatment of the data. Rather than
focusing only on one environmental factor at a time,
they provide a better opportunity to describe habitats
in greater detail and at different spatial scales. In
addition, GLMM accounted for grouped observations;
the significance of transect as a random factor was
expected as a result of sampling design, and was in fact
verified for the three species studied (including Cx.
intrincatus, for which it was equivalent to the selected
model in terms of AIC).

The distribution of mosquitoes is largely dependent
upon their flight range and the spatial distribution of
larval breeding sites and preferred hosts, all of which
are heterogeneous in space and time (Gimnig et al.
2005). In relation to this, the classification effective-
ness of the models may reflect the extent to which
each species is associated with environmental fea-
tures, provided that the different environmental ef-

fects on distribution surpass baseline variability. In our
study, the three species showed a moderate level of
association with the environment. In each case, the
fraction of variability not explained by the modeling
did not present a spatial pattern, validating the regres-
sions used. Certain clues on the biology of the studied
species arise from the models: the merging of two or
more levels in the factors (sampling periods and site
types) may imply either that there is no biological
difference among the levels that are merged together
or that differences are subtle and thus undetected.
However, all levels or groups of levels that did not
merge are significantly different in biological terms.
Regarding the inclusion of a random term in the mod-
els, it allows for the discrimination of spatial depen-
dence. If we had not taken it into consideration, we
would have been making a mistake by assuming in-
dependence among correlated observations or by con-
sidering significant spurious differences. The use of
the random term makes P values to be higher than
in the fixed model; therefore, it is more conservative
in the selection of significant explanatory variables.
On a biological ground, the random component gives
an idea of dependence scale; a significant transect
random term means that if a certain species is breeding
in a given GWH, another GWH located in the same
transect will have a higher probability of harboring the
same species. In other words, two GWH located <50
m apart will have a probability higher than random of
both harboring/not harboring a given species.

The Lower Delta has long been subjected to an-
thropogenic impacts consisting mainly of changes in
land use and plant cover; about half of its extension is
affected by human activities, mainly by Salicaceae
plantations and recreation areas (Kandus et al. 1999).

Table 6. Classification effectiveness for the best model selected for each species (indicated with footnote a in Table 5; see Table 2

for variables definition)

Species Fixed factors Rg‘:fgrm Rep AURC K(05) SD(05) K(Rep) SD(Rep)
Aedes crinifer Site.type + sampling.period + herb.buff tra; 0.11 0.96 0.69 0.17 0.58 0.07
Culex dolosus s..  Paj.buff + sampling.period X time.port tray; 0.17 0.96 0.64 0.16 0.64 0.17
Culex intrincatus ~ Sampling.period X time.port + site.type + — 0.19 0.94 0.54 0.17 0.57 0.13

herb.buff + paj.buff

Rep, adjusted cutoff point obtained by ROC curve; AURC, area under ROC curve; K (0.5), Kappa index value considering predicted values
&y, 0.5 as species presence; SD(0.5), its standard deviation; K(Rcp), Kappa index value considering predicted values &yr; Rep as species
presence; SD(Rep), its standard deviation; tra;; (158 groups), each transect thrown in each site (i = 10) during each sampling period (j = 6).
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Significant positive or negative associations among
species and variables indicating anthropic processes
(e.g., forest fragmentation, agricultural land exten-
sion, eutrophication) have been reported elsewhere
(Reiter and LaPointe 2007, Vanwambeke et al. 2007a,
Johnson et al. 2008, Rochlin et al. 2008). In our study,
the time to the nearest port emerged as an important
variable for species modeling. This variable may be
interpreted as inversely correlated to anthropic inter-
vention, as urbanization decreases away from the
mainland ports. Interestingly, its effect was unequal
for Cx. dolosus s.l. and Cx. intrincatus. For the former,
it was hard to predict an outcome of the anthropic
process because of the change in the sign of the re-
lationship between species” presence and time.port
with sampling periods. For the latter, however, a high
degree of anthropic intervention would favor its oc-
currence. This would indicate that some environmen-
tal features related with anthropogenic impacts pro-
duce differential responses among the members of the
studied mosquito community.

Regarding landscape composition, the presence
and relative proportions of the different land uses
were relevant for Cx. intrincatus and Ae. crinifer
occurrence. Both species were positively associated
with secondary forests and negatively related with
plantations, refuting the idea that forest manage-
ment resembles natural vegetation growth, at least
for these species requirements. Land use has been
suggested to indirectly drive the mosquito commu-
nity structure in the study area through differential
GWH availability (Cardo et al. 2011). Hence, the
response toward land use of Cx. intrincatus and Ae.
crinifer may in fact reflect differences in composi-
tion and abundance of GWH types with variable
breeding suitability. Although not all GWH types
were present in every land use (which makes a
statistical comparison to disentangle both effects
impossible), our conclusions are still valid provided
that differential GWH availability is a fixed charac-
teristic of each land use. Regarding vegetation struc-
ture, all three species were negatively associated to
physiognomies without canopy, suggesting certain
dependence on shade, water temperature, or other
associated factors that remain to be tested.

Certain issues should be taken into account while
interpreting our results. First, presence/absence of
immatures was considered separately by species and
did not take into account potential competition effects
(Vanwambeke et al. 2007b). A significant positive as-
sociation between immatures of Cx. dolosus and Ae.
crinifer as the one we described was recently reported
by Senise and Sallum (2008) in Brazil. Second, al-
though the methodology applied chooses some vari-
ables and excludes others because of collinearity and
lower explanatory power, we cannot reject a possible
secondary relation of the excluded variables with the
presence of each species. A possible relation of se-
lected variables with an unmeasured characteristic of
the environment that may be the true driving variable
determining species’ presence cannot even be dis-
carded. However, this limitation is not exclusive of
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GLMM, but common to all linear regression methods,
which are designed to get the optimal model for pre-
dictive relationships, rather than causal ones. At last,
the large number of zeros in the data was reflected in
the low values of cutoff points estimated by ROC
curves.

Several arboviruses (e.g., Venezuelan equine en-
cephalitis virus) have been isolated from Culex (Mela-
noconion) spp. in Argentina. Further investigations are
needed to determine the role of the members of this
subgenus in the transmission cycles of these viruses
(Sabattini et al. 1998, Pires et al. 2009). Even though
current vector status of Ae. crinifer is unknown, it was
previously recorded as the most anthropophilic mos-
quito in the study area (Loetti et al. 2007). Therefore,
it constitutes a serious nuisance for islanders as well as
for tourists, and could pose a real danger if it were
involved in the transmission of any disease.

This study was focused on the three most wide-
spread species breeding in the Parand Lower Delta,
but several other species were also registered in the
same ground water habitats (Cardo et al. 2011). Two
of these, Aedes albifasciatus and Culex pipiens, are well
recognized as mosquitoes of medical or veterinary
concern (Mitchell et al. 1987, Avilés et al. 1992, Hamer
et al. 2008, Vezzani et al. 2011). In addition, several
arboviruses have been isolated from Aedes scapularis,
Aedes serratus, and Aedeomyia squamipennis (Sabat-
tini et al. 1998, Travassos Da Rosa et al. 2001). The
methodological approach in this study, given the ap-
propriate sampling size, could be applied to these
species of proven medical concern.

In summary, the methodological approach hereby
described attempts to pinpoint the environmental pre-
dictors of spatio-temporal mosquito distributions. Our
study identified variables related with land use, an-
thropic intervention, and seasonality as environmen-
tal predictors of the distribution patterns of ubiquitous
species breeding in ground water habitats. By identi-
fying which times of the year and landscape features
are more suitable for species’ occurrence, this proce-
dure could aid in the selection of priority areas for
vector control and disease risk management. The ef-
fect of microenvironmental conditions, through phys-
ical and chemical water analyses, should be incorpo-
rated in future studies to a more comprehensive
approach.
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