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Abstract. Schistosomiasis mansoni remains an important parasitic disease of man, endemic in large parts of sub-Saharan
Africa, the Middle East, South America and the Caribbean. The aetiological agent is the trematode Schistosoma mansoni,
whereas aquatic snails of the genus Biomphalaria act as intermediate hosts in the parasite life cycle. In Brazil, the distribu-
tion of Biomphalaria spp. is closely associated with the occurrence of schistosomiasis. The purpose of this study was to map
and predict the spatial distribution of the intermediate host snails of S. mansoni across Brazil. We assembled snail “presence-
only” data and used a maximum entropy approach, along with climatic and environmental variables to produce predictive
risk maps. We identified a series of risk factors that govern the distribution of Biomphalaria snails. We find that high-risk
areas for B. glabrata are concentrated in the regions of Northeast and Southeast and the northern part of the South region.
B. straminea are found in the Northeast and Southeast regions, and B. tenagophila are concentrated in the Southeast and
South regions. Our findings confirm that the presence of the intermediate host snails is correlated with the occurrence of
schistosomiasis mansoni. The generated risk maps of intermediate host snails might assist the national control programme
for spatial targeting of control interventions and to ultimately move towards schistosomiasis elimination in Brazil.

Keywords: Biomphalaria, intermediate host snail, schistosomiasis, risk mapping and prediction, ecological niche model,
maximum entropy, Brazil.

Introduction

Schistosomiasis mansoni is a human parasitic dis-
ease, currently endemic in 54 countries in Africa, the
Middle East, South America and the Caribbean
(Chitsulo et al., 2000; Gryseels et al. 2006; Steinmann
et al., 2006). In Brazil, Katz and Peixoto (2000), using
data from the National Health Foundation, estimated
that 6.4 million people in 18 states are affected by
schistosomiasis. The causative agent is the blood-
dwelling fluke Schistosoma mansoni, and the interme-
diate hosts are aquatic snails of the genus
Biomphalaria (Mollusca: Gastropoda: Pulmonata:
Planorbidae). Thus far, 11 species and one subspecies
of Biomphalaria have been described in Brazil. Among
these, three species (i.e. B. glabrata, B. tenagophila

and B. straminea) were found naturally infected with
S. mansoni. Another three species (i.e. B. amazonica,
B. peregrina and B. cousini) have been considered as
potential intermediate hosts (Corrêa and Paraense,
1971; Paraense and Corrêa, 1973; Caldeira et al.,
2010, Teodoro et al., 2010).

Clearly, B. glabrata is recognised as the best adapt-
ed intermediate host for transmitting S. mansoni due
to its wide geographical distribution, high rates of
infection and transmission efficiency. The distribution
of this snail species is almost always associated with
the occurrence of schistosomiasis mansoni, the obser-
vation of this fact was first mentioned by Lutz (1917)
(Paraense, 1983; Teles and Vaz, 1987, Carvalho et al.,
2008). It follows that maps of the distribution of
B. glabrata and other (potential) intermediate hosts
could serve as an important tool for spatial targeting
of schistosomiasis control interventions (Stensgaard et
al., 2012). However, only few studies assessed the dis-
tribution of Biomphalaria spp. in Brazil (Malone et
al., 2005; Guimarães et al., 2009; Baboza et al., 2012).
It should be noted that available data on Biomphalaria
spp. in Brazil is “presence-only”, while care is indicat-
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ed in absence data, since surveyed areas are large and
the surveyors might have missed sites where snails
occurred but were not discovered due to the limited
sampling effort.

When both presence and absence data are available,
classical statistical approaches can be used to analyse
the data (Corsi et al., 2000; Guisan and Zimmerman,
2000; Elith, 2002; Scott et al., 2002). However, for
presence-only data, modelling techniques are required
that take into account the lack of zeros in the data in
order to obtain accurate estimates of the outcome dis-
tribution. Different methods have been used for pres-
ence-only data when modelling species distribution,
such as ecological niche models (ENMs). Among oth-
ers, prominent ENMs include generalized linear mod-
els (GLMs), generalized additive models (GAMs), gen-
eralized linear mixed models (GLMMs) (Fenton et al.,
2010), BIOCLIM (Busby, 1986; Nix, 1986),
DOMAIN (Carpenter et al., 1993), environmental-
niche factor analysis (ENFA) (Hirzel et al., 2002),
genetic algorithm for rule-set prediction (GARP)
(Stockwell and Noble, 1992) and maximum entropy
(MaxEnt) models (Phillips et al. 2004). MaxEnt mod-
els proved particularly useful, as they pursue a gener-
al purpose method for making predictions from pres-
ence-only data (Ponder et al., 2001; Anderson et al.,
2002, 2003; Graham et al., 2004; Philips et al., 2006;
Stensgaard et al., 2012).

In this study, we employed compiled Biomphalaria
spp. presence-only data from Brazil to produce pre-
dictive risk maps of the spatial distribution of the
intermediate host snails of S. mansoni. We used a
MaxEnt modelling approach using as predictors both
environmental and climatic proxies readily obtained
from remote sensing and climate databases. The maps
presented here will be useful for the spatial targeting
of schistosomiasis control interventions and future
efforts emphasising schistosomiasis elimination.

Materials and methods

Malacological data

We obtained Biomphalaria spp. occurrence data (i.e.
presence-only) for Brazil from two main sources. First,
data were readily available from the Laboratory of
Helminthiasis and Medical Malacology (LHMM) of
the René Rachou Research Center (CPqRR/Fiocruz-
MG). Of note, the LHMM is a reference laboratory
for schistosomiasis in Brazil, performing the examina-
tion and identification of the snails of the genus
Biomphalaria according to the demands of health
services. Second, data were retrieved through a sys-
tematic review of the peer-reviewed literature and
from grey literature (Carvalho et al., 2008). Our data-
base comprises 1,977 municipalities, hence 35.5%
from all the municipalities in Brazil (Fig. 1).

Environmental and climatic data

Environmental and climatic proxies were considered
in our analyses, since these are the main predictors for
the distribution of Biomphalaria spp. Environmental
data were extracted from different freely accessible
remote sensing data sources, as summarised in Table
1. In brief, land surface temperature (LST) data were
used as a proxy for day and night temperature. The
normalized difference vegetation index (NDVI) was
employed as a proxy for moisture. A digital elevation
model (DEM) was used to extract altitude data.

Climatic data were obtained from Worldclim–Global
Climate Data, which provides interpolated monthly
climatic information from weather stations averaged
over a 50-year period (from 1950 to 2000) at a spatial
resolution of 1 km (Table 1). The Worldclim data have
been used successfully in ENMs and by the global cli-
mate change community (Waltari et al., 2007).

Fig. 1. Observed spatial distribution of the intermediate host snails of S. mansoni in Brazil; (A) B. glabrata; (B) B. straminea; (C)
B. tenagophila and (D) Biomphalaria spp. (Carvalho et al., 2008).
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MaxEnt modelling approach

We used a MaxEnt modelling approach proposed by
Phillips et al. (2006) for prediction of the intermediate
host snail distribution. The MaxEnt is an iterative
method used to obtain predictions or make inferences
from incomplete information (e.g. presence-only
data). The main purpose is to estimate the unknown
probability distribution of a species based on the prin-
ciple of maximum entropy (Phillips et al., 2006).
Entropy, as defined by Shannon (1948), is “a measure
of how much “choice” is involved in the selection of
an event”. A distribution with higher entropy, involves
more choices. Given a set of samples (e.g. presence of
species) and a set of features (e.g. environmental/cli-
matic variables), the MaxEnt model estimates niches
by finding the distribution of probabilities closest to
uniform (maximum entropy), constrained by the fact
that feature values match their empirical average. The
final result is a model that predicts areas where the
snails are most likely to occur based on environmental
and/or climatic correlations.

We employed the MaxEnt method in the present
study to generate probability surfaces of the geo-
graphical distributions of the (potential) intermediate

host snails of S. mansoni. The method’s principle is to
estimate the spatial distribution of the snails of the
genus Biomphalaria that are most probable to be pres-
ent in a certain area, constrained to known observa-
tions (i.e. presence of intermediate hosts of S. man-
soni). MaxEnt uses entropy as the means to generalize
specific observations pertaining to the presence of a
particular species.

The area under the curve (AUC) test statistics was
used to measure the accuracy of the predictive distri-
bution models. It estimates the probability of a test
pixel to be correctly predicted as suitable for species
presence as opposed to the probability of a random-
ly selected pixel of the map. The AUC ranges from
zero to one, where values near one indicate high pre-
dictive performance of the model, while values small-
er than 0.5 indicate low model predictive ability
(Wiley et al., 2003; Allouche et al., 2006; Elith et al.,
2006).

To determine the spatial distribution of the interme-
diate host snails of S. mansoni in Brazil, four models
were constructed. The models were: (i) B. glabrata, (ii)
B. straminea, (iii) B. tenagophila, and (iv)
Biomphalaria spp., the latter including all three inter-
mediate host species.

Source Data type
Data 
period

Temporal 
resolution

Spatial 
resolution

Shuttle Radar Topography
Mission (SRTM) data

Digital elevation model (DEM) 2000 Once 1 km

Moderate Resolution
Imaging

Land surface temperature (LST) for day and night 2005-2009 8 days 1 km

Spectroradiometer
(MODIS)/Terra

Normalized difference vegetation index (NDVI) 2005-2009 16 days 1 km

Worldclim Global Climate

BIO1 (annual mean temperature)
BIO2 (mean diurnal range (mean of monthly (max temp - min temp)))
BIO3 (isothermality (P2/P7) (* 100))
BIO4 (temperature seasonality (standard deviation *100))
BIO5 (max. temperature of warmest month)
BIO6 (min. temperature of coldest month)
BIO7 (temperature annual range (P5-P6))
BIO8 (mean temperature of wettest quarter)
BIO9 (mean temperature of driest quarter)
BIO10 (mean temperature of warmest quarter)
BIO11 (mean temperature of coldest quarter)
BIO12 (annual precipitation)
BIO13 (precipitation of wettest month)
BIO14 (precipitation of driest month)
BIO15 (precipitation seasonality (coefficient of variation))
BIO16 (precipitation of wettest quarter)
BIO17 (precipitation of driest quarter)
BIO18 (precipitation of warmest quarter)
BIO19 (precipitation of coldest quarter)

1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000
1950-2000

Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once
Once

1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km
1 km

Table 1. Data sources and properties of the climatic and other environmental covariates used in our models to predict the occur-
rence of Biomphalaria spp. in Brazil.



R.G.C. Scholte et al. - Geospatial Health 6(3), 2012, pp. S95-S101S98

Statistical analysis

We used the MaxEnt software version 3.3.3e
(Princeton University; Princeton, NJ, USA) to perform
our analysis. Visualization and geostatistical display
was carried out in ArcGIS version 9.3 (ESRI;
Redlands, CA, USA). The final models were plotted
with a 1 km spatial resolution.

Results

Fig. 2A shows the most suitable areas for the pres-
ence of B. glabrata across Brazil. The following envi-
ronmental and climatic variables showed the highest
contribution to the predictive model: temperature sea-
sonality, maximum temperature of warmest month,
annual precipitation and monthly mean diurnal range
temperature. Our model shows a high probability of

the occurrence of B. glabrata in the regions of
Northeast and Southeast and the northern part of the
South regions within Brazil.

The most suitable areas for the presence of
B. straminea are shown in Fig. 2B. The map indicates
high probability of occurrence of B. straminea in the
Northeast and Southeast regions of Brazil. Annual
precipitation, temperature seasonality and tempera-
ture annual range were the three variables with the
highest contribution to the predictive ability of the
model.

The prediction map in Fig. 2C shows that, the areas
which are likely for B. tenagophila to be present, are
concentrated in the Southeast and South regions of
Brazil. Temperature seasonality, isothermality and
monthly mean temperature of driest quarter were the
most important predictors of the species’ geographical
distribution.

Fig. 2. Probability of the spatial distribution of the intermediate host snails of S. mansoni in Brazil; (A) B. glabrata; (B) B. strami-
nea; (C) B. tenagophila and (D) Biomphalaria spp.
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Model-based predictions suggest that the areas most
suitable for the presence of Biomphalaria spp. are
located in the Northeast, Southeast and South regions
of Brazil (Fig. 2D). The climatic parameters related to
the species distribution are temperature seasonality,
annual precipitation and monthly mean diurnal range.

The predictive ability of the above models were high
with an AUC equal to 0.836, 0.859, 0.863 and 0.901
for Biomphalaria spp., B. straminea, B. tenagophila
and B. glabrata, respectively.

Discussion

To our knowledge, we present the first predictive
maps, using MaxEnt, of the spatial distribution of
B. glabrata, the key intermediate host snail of S. man-
soni, in Brazil. This snail species shows a wide distri-
bution with a high probability of presence in the
Northeast and Southeast regions and the northern part
of the South region. Moreover, we present spatially
explicit probability maps of the presence of
B. tenagophila and B. straminea, which have also been
identified as intermediate host snails of S. mansoni in
Brazil. While B. straminea is concentrated in the
Northeast region, B. tenagophila primarily occurs in
the Southeast and South regions. A climatic suitability
map showed that the region extending from Northeast
to South has high probability of snail occurrence irre-
spective of their species with the highest one over 50%
estimated in the Northeast, Southeast and part of
South regions of Brazil. Our results agree with the lit-
erature showing the same pattern for each snail species
(Carvalho et al., 2008; Barboza et al., 2012).

We employed a MaxEnt modelling approach, which
has been proposed as a particularly useful ENM, to
analyse a comprehensive dataset with more than 1,900
presence-only data points for Biomphalaria (used as
outcome measure) in relation to climatic and environ-
mental factors (used as covariates). ENMs have been
widely used to address questions of species distribu-
tion and ecology in biodiversity-related studies using
presence-only data (Kadmon and Heller, 1998;
Gottfried et al., 1999; Peterson et al., 1999, 2001,
2002; Bakkenes et al., 2002; Peterson and Shaw, 2003;
Phillips et al., 2006). More recently, ENMs, and
specifically MaxEnt models, have been applied to
deepen our understanding of vector and intermediate
host distribution (Costa et al., 2002; Batista and
Gurgel-Gonçalves, 2009; Stensgaard et al., 2012).
However, only few studies used ENMs to predict the
distribution of the intermediate host snails of schisto-
somiasis, with a notable exception of recent predictive

risk maps of Biomphalaria spp. in Africa (Stensgaard
et al., 2012).

In all our models, both temperature and precipita-
tion were identified as important environmental fea-
tures governing the distribution of Biomphalaria spp.
in Brazil. Indeed, our models showed high predictive
accuracy with AUC values above 0.8. According to
Phillips and Dudìk (2008), AUC values above 0.75
can be considered as to fall within the best model-fit
category.

Noteworthy issues arising from our work can be
summarised as follows. First, our results confirm that
the distribution of aquatic snails is governed by envi-
ronmental and climatic features, and hence the
Worldclim database is useful for ENMs. Second, the
MaxEnt model employed in this study proved useful
to analyse and predict presence-only data for under-
standing geographical and ecological distributions of
species in disease transmission cycles. Third, our maps
of probability of the intermediate host snails’ distribu-
tion follow the same pattern of the predicted preva-
lence of schistosomiasis in Brazil. Hence, the
Biomphalaria distribution map developed here might
be used as predictor for S. mansoni distribution. Since
the presence of the intermediate host snails of S. man-
soni is a proxy for the disease distribution, and it is
widely acknowledged which species is the most adapt-
ed intermediate host, the methodology and the gener-
ated risk maps are useful for decision makers to delin-
eate priority areas for schistosomiasis control inter-
ventions, so that limited resources can be allocated
most effectively. Our maps can guide the spatial tar-
geting of control interventions and are of particular
relevance now that efforts are getting under way to
eliminate schistosomiasis in Brazil and elsewhere
(Rollinson et al., 2012).

Some important issues related to the nature and pre-
cision of the Biomphalaria species data need to be con-
sidered when interpreting our findings. The
Biomphalaria species data were extracted from peer-
reviewed articles and grey literature. In most cases the
data records were not georeferenced, and hence no pre-
cise spatial information is available. Most of the time,
the data were at municipality level. Our assumption
then was that the species found in a given municipality
is uniformly distributed within this municipality along
the drainage network. It would be interesting to con-
duct malacological surveys in selected municipalities,
and georeference the occurrence of snails in order to
determine whether data at higher spatial resolution
would further improve model accuracy. Since a global
neglected tropical disease (GNTD) database is now
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available (Hürlimann et al., 2011) and spatially
explicit parasite prevalence data (e.g. S. mansoni) can
be freely obtained, it will be important to further pop-
ulate the GNTD database with information on occur-
rence and density of intermediate host snails (and vec-
tors for other diseases) to assist global control and
elimination efforts targeting schistosomiasis and other
neglected tropical diseases.

Acknowledgements

This investigation received financial support from the UBS

Optimus Foundation, the Swiss-Brazilian joint research pro-

gramme (BJRP 011008) and CNPq (Process 150386/2012-5).

References

Allouche O, Tsoar A, Kadmon R, 2006. Assessing the accuracy

of species distribution models: prevalence, kappa and the true

skill statistic (TSS). J Appl Ecol 43, 1223-1232.

Anderson RP, Gomez-Laverde M, Peterson AT, 2002.

Geographical distributions of spiny pocket mice in South

America: insights from predictive models. Global Ecol

Biogeogr 11, 131-141.

Anderson RP, Lew D, Peterson AT, 2003. Evaluating predictive

models of species’ distributions: criteria for selecting optimal

models. Ecol Modell 162, 211-232.

Bakkenes M, Alkemade JRM, Ihle F, Leemansand R, Latour JB,

2002. Assessing effects of forecasted climate change on the

diversity and distribution of European higher plants for 2050.

Glob Change Biol 8, 390-407.

Barboza DM, Rollemberg CVV, de Amorim FJR, Zhang C, de

Melo CM, de Lurdes Sierpe Jeraldo V, Santos NC, Silva

MMBL, de Almeida JAP, Ueta MT, de Jesus AR, 2012.

Biomphalaria species distribution and its effect on human

Schistosoma mansoni infection in an irrigated area used for rice

cultivation in northeast Brazil. Geospat Health 6, S103-S109.

Batista TA, Gurgel-Gonçalves R, 2009. Ecological niche model-

ling and differentiation between Rhodnius neglectus Lent,

1954 and Rhodnius nasutus Stål, 1859 (Hemiptera:

Reduviidae: Triatominae) in Brazil. Mem Inst Oswaldo Cruz

104, 1165-1170.

Busby JR, 1986. A biogeographical analysis of Nothofagus cun-

ninghamii (Hook.) Oerst. in southeastern Australia. Aust J

Ecol 11, 1-7.

Caldeira RL, Teodoro TM, Gomes MFB, Carvalho OS, 2010.

Preliminary studies investigating the occurrence of

Biomphalaria cousini in Brazil. Mem Inst Oswaldo Cruz 105,

485-487.

Carpenter G, Gillison AN, Winter J, 1993. DOMAIN: a flexible

modeling procedure for mapping potential distributions of

plants and animals. Biodivers Conserv 2, 667-680.

Carvalho OS, Amaral RS, Dutra LV, Scholte RGC, Guerra M,

2008. Distribuição espacial de Biomphalaria glabrata, B. stra-

minea e B. tenagophila moluscos hospedeiros intermediários

do Schistosoma mansoni no Brasil. In: Carvalho OS, Coelho

PMZ, Lenzi HL (eds). Schistosoma mansoni e esquistossomo-

se: uma visão multidisciplinar. Rio de Janeiro: Fiocruz, v. 1,

pp. 395-418.

Chitsulo L, Engels D, Montresor A, Savioli L, 2000. The global

status of schistosomiasis and its control. Acta Trop 77, 41-51.

Corrêa LR, Paraense WL, 1971. Susceptibility of Biomphalaria

amazonica to infection with two strains of Schistosoma man-

soni. Rev Inst Med Trop São Paulo, 13, 387-390.

Corsi F, de Leeuw J, Skidmore A, 2000. Modeling species dis-

tribution with GIS. In: Boitani L, Fuller T (eds). New York:

Columbia University Press, pp. 389-434.

Costa J, Peterson AT, Beard CB, 2002. Ecological niche model-

ing and differentiation of populations of Triatoma brasiliensis

Neiva, 1911, the most important Chagas disease vector in

north-eastern Brazil (Hemipter, Reduviidae, Triatominae). Am

J Trop Med Hyg 67, 516-520.

Elith J, 2002. Quantitative methods for modeling species habi-

tat: comparative performance and an application to

Australian plants. In: Ferson S, Burgman M (eds).

Quantitative methods for conservation biology. Springer-

Verlag, New York, pp. 39-58.

Elith J, Graham CH, Anderson RP, Dudìk M, Ferrier S, Guisan

A, Hijmans RJ, Huettmann F, Leathwick JR, Lehmann A, Li J,

Lohmann LG, Loiselle BA, Manion G, Moritz C, Nakamura

M, Nakazawa Y, Overton JMcC, Peterson AT, Phillips SJ,

Richardson KS, Scachetti-Pereira R, Schapire RE, Soberòn J,

Williams S, Wisz MS, Zimmermann NE, 2006. Novel meth-

ods improve prediction of species’ distributions from occur-

rence data. Ecography 29, 129-151.

Fenton A, Viney ME, Lello J, 2010. Detecting interspecific

macroparasite interactions from ecological data: patterns and

process. Ecol Lett 13, 606-615.

Gottfried M, Pauli H, Reiter K, Grabherr G, 1999. A fine-scaled

predictive model for changes in species distribution patterns of

high mountain plants induced by climate warming. Divers

Distrib 5, 241-251.

Graham CH, Ferrier S, Huettman F, Moritz C, Peterson AT,

2004. New developments in museum-based informatics and

applications in biodiversity analysis. Trends Ecol Evol 19,

497-503.

Gryseels B, Polman K, Clerinx J, Kestens L, 2006. Human schis-

tosomiasis. Lancet 368, 1106-1118.

Guimarães RJPS, Freitas CC, Dutra LV, Felgueiras CA, Moura

ACM, Amaral RS, Drummond SC, Scholte RGC, Oliveira G,

Carvalho OS, 2009. Spatial distribution of Biomphalaria mol-

lusks at Sao Francisco River Basin, Minas Gerais, Brazil, using

geostatistical procedures. Acta Trop 109, 181-186.

Guisan A, Zimmerman NE, 2000. Predictive habitat distribu-



R.G.C. Scholte et al. - Geospatial Health 6(3), 2012, pp. S95-S101 S101

tion models in ecology. Ecol Modell 135, 147-186.

Hirzel AH, Hausser J, Chessel D, Perrin N, 2002. Ecological-

niche factor analysis: how to compute habitat-suitability maps

without absence data? Ecology 83, 2027-2036.

Hürlimann E, Schur N, Boutsika K, Stensgaard AS, Laserna de

Himpsl M, Ziegelbauer K, Laizer N, Camenzind L, Di

Pasquale A, Ekpo UF, Simoonga C, Mushinge G, Saarnak

CFL, Utzinger J, Kristensen TK, Vounatsou P, 2011. Toward

an open-access global database for mapping, control, and sur-

veillance of neglected tropical diseases. PLoS Negl Trop Dis 5,

e1404.

Kadmon R, Heller J, 1998. Modelling faunal responses to cli-

matic gradients with GIS: land snails as a case study. J

Biogeogr 25, 527-539.

Katz N, Peixoto SV, 2000. Análise crítica da estimativa do

número de portadores de esquistossomose mansoni no Brasil.

Rev Soc Bras Med Trop 33, 303-308.

Lutz A, 1917. Observações sobre a evolução do Schistosoma

mansoni. Revista da Sociedade Brasileira de Ciências 1, 41-48.

Malone JB, Bavia ME, Amaral R, McNally KL, Nieto P,

Carneiro D, Neves A, 2005. A climate-based prediction of the

potential distribution of schistosomiasis in Brazil. In:

Confaloneiri UEC, Marino DP (eds). Use of remote sensing for

control of infectious diseases. SOCGRAF, Rio de Janeiro,

Brazil, pp. 91-98.

Nix HA, 1986. A biogeogaphic analysis of Australian Elapid

snakes. In: Longmore R (ed.). Atlas of Australian Elapid

snakes. Australian Flora and Fauna Series 8, 4-15.

Paraense WL, 1983. A survey of planorbid molluscs in the

Amazonian region of Brazil. Mem Inst Oswaldo Cruz 78, 343-

361.

Paraense WL, Corrêa LR, 1973. Susceptibility of Biomphalaria

peregrina from Brazil and Ecuador to two strains of

Schistosoma mansoni. Rev Inst Med Trop São Paulo 15, 127-

130.

Peterson AT, Sanchez-Cordero V, Beard CB, Ramsey JM, 2002.

Ecologic niche modelling and potential reservoirs for Chagas

disease, Mexico. Emerg Infect Dis 8, 662-667.

Peterson AT, Sanchez-Cordero V, Soberòn J, Bartley J,

Buddemeier RH, Navarro-Siguenza AG, 2001. Effects of glob-

al climate change on geographic distributions of Mexican

Cracidae. Ecol Modell 144, 21-30.

Peterson AT, Shaw J, 2003. Lutzomyia vectors for cutaneous

leishmaniasis in southern Brazil: ecological niche models, pre-

dicted geographic distributions, and climate change effects. Int

J Parasitol 33, 919-931.

Peterson AT, Sober NJ, Sanchez-Cordero V, 1999. Conservatism

of ecological niches in evolutionary time. Science 285, 1265-

1267.

Phillips SJ, Anderson RP, Schapire RE, 2006. Maximum entropy

modeling of species geographic distributions. Ecol Modell

190, 231-259.

Phillips SJ, Dudìk M, 2008. Modeling of species distributions

with Maxent: new extensions and a comprehensive evalua-

tion. Ecography 31, 161-175.

Phillips SJ, Dudìk M, Schapire RE, 2004. A maximum entropy

approach to species distribution modeling. In: Proceedings of

the 21st International Conference on Machine Learning, ACM

Press, New York, pp. 655-662.

Ponder WF, Carter GA, Flemons P, Chapman RR, 2001.

Evaluation of museum collection data for use in biodiversity

assessment. Conserv Biol 15, 648-657.

Rollinson D, Knopp S, Levitz S, Stothard JR, Tchuem Tchuenté

LA, Garba A, Mohammed KA, Schur N, Person B, Colley DG,

Utzinger J, 2012. Time to set the agenda for schistosomiasis

elimination. Acta Trop (in press; doi:10.1016/j.actatropi-

ca.2012.04.013).

Scott JM, Heglund PJ, Morrison ML, Haufler JB, Raphael MG,

Wall WA, Samson FB, 2002. Predicting species occurrences:

issues of accuracy and scale. Washington, DC: Island Press.

Shanon C, 1948. A mathematical theory of communication. Bell

Syst Tech J 27, 379-423, 623-656.

Steinmann P, Keiser J, Bos R, Tanner M, Utzinger J, 2006.

Schistosomiasis and water resources development: systematic

review, meta-analysis, and estimates of people at risk. Lancet

Infect Dis 6, 411-425.

Stensgaard AS, Utzinger J, Vounatsou P, Hürlimann E, Schur N,

Saarnak CFL, Mushinge G, Simoonga C, Kabatereine NB,

Tchuem Tchuenté LA, Rahbek C, Kristensen TK, 2012.

Large-scale determinants of intestinal schistosomiasis and

intermediate host snail distribution across Africa: does climate

matter? Acta Trop (in press; doi:10.1016/j.actatropi-

ca.2011.11.010).

Stockwell DRB, Noble IR, 1992. Induction of sets of rules from

animal distribution data: a robust and informative method of

data analysis. Math Comput Simul 33, 385-390.

Teles HMS, Vaz JF, 1987. Distribuição de Biomphalaria glabra-

ta (Say, 1818) (Pulmonata, Planorbidae) no Estado de São

Paulo, Brasil. Rev Saude Publica 21, 508-512.

Teodoro TM, Janotti-Passos LK, Carvalhos OS, Caldeira R,

2010. Occurrence of Biomphalaria cousini (Mollusca:

Gastropoda) in Brazil and its susceptibility to Schistosoma

mansoni (Platyhelminths: Trematoda). Mol Phylogenet Evol

57, 144-151.

Waltari E, Hijmans RJ, Peterson AT, Nyári ÁS, Perkins SL,

Guralnick RP, 2007 Locating Pleistocene refugia: comparing

phylogeographic and ecological niche model predictions. PLoS

One 2, e563.

Wiley EO, McNyset KM, Peterson AT, Robins CR, Stewart AM,

2003. Niche modeling and geographic range predictions in the

marine environment using a machine-learning algorithm.

Oceanography 16, 120-127.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ITA <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


