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ABSTRACT
Environmental factors influencing the occurrence of alien mollusks in semi-arid reservoirs

We assessed which environmental variables had the greatest influence on the occurrence of alien mollusks in reservoirs in the
semi-arid region of Brazil during periods of drought. The study was conducted in the Argemiro de Figueiredo, Epitacio Pessoa,
and Pocdes reservoirs in the Paraiba River watershed in northeastern Brazil during July and October/2015. Sampling was
undertaken in three regions in each reservoir: 1) near the inflow from the principal tributary; 2) the mid-reservoir section; and,
3) near the dam. Three sampling sites were established in each reservoir region. The physical and chemical parameters of the
reservoir waters in each site were measured and the granulometric compositions of their sediments determined. A total of 8635
benthic individuals were identified, of which 6569 were alien mollusks. Alien mollusks represented 90 % of all individuals
collected from the benthic community in the Argemiro de Figueiredo reservoir, 63 % in Epitacio Pessoa, and 35 % in Pogdes.
Melanoides tuberculata (6283 individuals) was the most abundant mollusk species, followed by Corbicula largillierti (286
individuals). Significant differences were observed in terms of the abundances of alien mollusks in the different reservoirs
(p=0.0001) and during the different sampling periods (p=0.0001), but not among the different sampling sites in each reservoir
(»=0.937). In terms of environmental parameters, significant differences were observed in the different reservoirs (p=0.0001),
but not in the different sampling sites in each (p=0.7428) or during the different samplings periods (p=0.346). The Best model
(R2=0.61) selected five predictor variables for the occurrence of alien mollusks: total nitrogen, salinity, temperature, gravel,
and silt. Environmental variables, together with periods of severe drought and the natural characteristics of the region (such as
the mineral composition of the soils) favored the occurrence of alien mollusks in semi-arid reservoirs.
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RESUMO
Fatores ambientais influenciando a ocorréncia de moluscos exoticos em reservatorios semidridos

O objetivo deste estudo foi avaliar quais variaveis ambientais tém maior influéncia na ocorréncia de moluscos exoticos em
reservatorios do semiarido em periodo de seca. Este estudo foi realizado nos reservatorios de Argemiro de Figueiredo,
Epitacio Pessoa e Pogoes, bacia hidrogrdfica do Rio Paraiba / Brasil, nos meses de julho e outubro de 2015. Em cada reserva-
torio, as amostragens foram realizadas em trés regides: 1) perto da entrada do principal afluente; 2) a se¢do do meio reserva-
torio; e, 3) perto da barragem. Para cada regido foram estabelecidos trés locais de amostragem. Os pardmetros fisicos e
quimicos da agua foram medidos, bem como a composi¢do granulométrica do sedimento foi estimada em cada local. Foram
identificados 8635 individuos benténicos, sendo 6569 moluscos exoticos. No Argemiro de Figueiredo os moluscos exoticos
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representam 90 %, Epitdacio Pessoa 63 % e Po¢oes 35 % da comunidade benténica. Melanoides tuberculata (6283 individuos)
foi a espécie mais abundante, seguida de Corbicula largillierti (286 individuos). Diferencas significativas foram observadas
para a abunddncia de espécies exoticas entre os reservatorios (p=0.0001) e entre os periodos de amostragem (p=0.0001), ndo
sendo observado o mesmo para as regioes (p=0.937). Para os pardmetros ambientais, houve diferengas significativas entre os
reservatorios (p=0.0001), mas ndo para as regioes (p=0.7428) e os periodos de amostragem (p=0.346). O modelo Best
(R2=(.61) selecionou cinco varidveis preditoras para a ocorréncia de moluscos exéticos: nitrogénio total, salinidade, tempe-
ratura, cascalho e silte. As variaveis ambientais, juntamente com periodos de maior seca e caracteristicas naturais da regido,
(como a composi¢do mineral dos solos), favorecem a ocorréncia de moluscos exoticos em reservatorios do semiarido.

Palavras chave: espécies exoticas, ecossistemas aquaticos, regido semiarida, periodo de seca

INTRODUCTION

Aquatic ecosystems are highly threatened global-
ly due to pressure from human population and
industrial growth (Mustapha, 2008). Populational
growth has resulted in the expansion of agricul-
ture, industry, trade, and energy production, all of
which can lead to environmental and ecological
impacts intensified by management inefficiencies
and poor conservation policies for water resources
(Mishra & Singh, 2010).

Among the main problems facing aquatic
ecosystems today is the introduction of alien
species, which threaten biodiversity and impact
ecosystem dynamics (Rocha et al., 2005). Alien
species are considered the second greatest cause
of biodiversity losses globally (CDB, 2001). The
phylum Mollusca has the greatest number of
recorded aquatic invasions in innumerable
locations throughout the world (Lucca, 2012).

The main forms of dispersal of alien mollusk
species are accidental seeding associated with
commerce (Silva et al., 1994) and their transport
in the ballast waters and sediments of oceangoing
freighters (Alonso & Castro-Diez, 2014). Others
possible forms of introduction may involve
migratory birds or due to their economic impor-
tance (Thiengo ef al., 2006).

Alien mollusk species demonstrate biological
traits (e.g., high competitive and reproductive
capacities) that can disrupt trophic structures and
biological interactions among the native fauna
(Ricciardi & Macisaac, 2000). Their high abun-
dance (high invasive potential) can result in the
reduction, or even exclusion, of native species,
resulting in biotic homogenization (Alonso &
Castro-Diez, 2014).

The mollusk Corbicula largillierti (Philippe,
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1844) is an Asiatic species that has invaded various
regions of South America (Mansur et al., 2004). It
was first recorded in Brazil in the Pantanal region
of Mato Grosso State (Callid & Mansur, 2002) and
later in a reservoir in the watershed of the Paraiba
River in the semi-arid region of that country,
principally in sites near to input the tributaries of
that river (Azevédo et al., 2014)

Another alien species of wide distribution is
the mollusk Melanoides tuberculata (Miiller,
1774) (Silva & Barros, 2011) of Afro-Asian
origin (Malek & Cheng, 1974). It was first
recorded (1967) in Brazil in the city of Santos, in
Sdo Paulo State (Vaz et al., 1986). A study under-
taken by Santos et al. (2010) in reservoirs in the
semi-arid region of that country emphasized that
eutrophic conditions are favorable to the estab-
lishment of M. tuberculata.

Both M. tuberculata and C. largillierti are
considered "r strategist" species, demonstrating
parthenogenetic reproduction, incubation of their
embryos, and the behavioral habit of burying
themselves in the substrate to avoid dissection;
those adaptive characteristics lend them distinct
advantages in responding to abiotic and biotic
disturbances in aquatic ecosystems, and give them
with greater chances of successful colonization
(Pointier et al., 1994; Marco, 1999; Martins- Silva
& Barros, 2001; Da Silva Martins et al., 2006).

Aquatic ecosystems in the semi-arid region
present significant potential for the establishment
of high densities of alien species due to their abiot-
ic characteristics (long periods of drought, high
temperatures, and high rates of evaporation) that
decrease niche availability for native species
(Abilio et al., 2007; Eskinazi Sant’Anna, 2007;
Mustapha, 2008). Studies undertaken in semi-arid
reservoirs by Abilio et al. (2006 and 2007)
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Table 1. Characterization of Argemiro de Figueiredo, Epitacio Pessoa and Pogdes reservoirs, Paraiba River watershed, Paraiba/Bra-
zil. Data provided by Agéncia Executiva de Gestao das Aguas do Estado da Paraiba (AESA 2016). Caracterizagdo dos reservatorios
de Argemiro de Figueiredo, Epitacio Pessoa e Pogoes, bacia do Rio Paraiba, Paraiba/Brasil. Dados fornecidos pela Agéncia Executi-

va de Gestdo das Aguas do Estado da Paraiba (AESA 2016).

Argemiro de

Features /Reservoirs Figueiredo Epitacio Pessoa Pocoes
Geosranhic localization 7°27,5°3”°S 7°29°20”S 7°53°38”S e
cographic focalizatio 35°35°52,6"°W 36°17°3"W 37°0°30"W
Altitude (m) 45 355 596
City Itatuba Boqueirdo Monteiro
Construction year 2002 1957 1982
Retention time (year) 6 6 7
Main finality Suppl){, irrigation and S-up.ply-and S.up-ply.and
pisciculture rrigation rrigation

revealed that the occurrence of alien mollusks
was correlated with high salinity, high concentra-
tions of nitrate, phosphorus and total dissolved
solids, and an alkaline pH.

It is therefore of fundamental importance to
determine which environmental variables influ-
ence the occurrence of alien mollusks in semi-arid
region reservoirs during periods of drought. This
information will aid in the implementation of
monitoring programs for their management and
for the conservation of those aquatic ecosystems.

MATERIAL AND METHODS
Study area and sampling design

The present study was undertaken in the Argemi-
ro de Figueiredo, Epitacio Pessoa, and Pogdes
reservoirs, described in Table 1, located in the
Paraiba River watershed (6°51°31’- 8°26°21” S
and 34°48°35”- 37°2°15” W) in Paraiba State,
Brazil (Fig. 1). The Paraiba River watershed is
the second largest in that state, encompassing 20
071.83 km2 and 52 % of the state's inhabitants
(AESA, 2016). The watershed is included in a
mega-project for the transposition of the waters of
the Sdo Francisco River to the dry northeastern
region of Brazil, with the Pogdes reservoir
serving as the eastern axis of that integration. The

predominant climate in the region is hot and
semi-arid (BSh, according to the Koppen-Geiger
classification), with a dry season of from 9 to 10
months a year, with mean annual rainfall of 400
mm (Alvares et al., 2013). Data related to the
maximum water storage capacities and average
water volumes of the reservoirs were obtained
from the Agéncia Executiva de Gestdo das
Aguas/AESA (www.aesa.pb.gov.br).

Sampling was conducted in each reservoir in
three areas (near the inflow from the principal tribu-
tary, the mid-reservoir section and near the dam)
(Fig. 1); three sites were sampled in each area,
totaling nine sampling sites per reservoir. Sampling
was undertaken in July and October/2015.

Biological characterization

To assess the compositions of the benthic macroin-
vertebrate communities, sediment samples were
collected along the banks of the reservoirs using an
Eckman-Birge dredge (area 225 ¢m2) that were
fixed in situ with 10 % formaldehyde and
removed to the laboratory. The samples were
subsequently washed in sieves (500 pum mesh)
and any organisms encountered were identified
by viewing under a stereomicroscope and
consulting specialized identification keys (Ward
& Whipple, 1959; Hawking & Smith, 1997;

Limnetica, 37(2): 187-198 (2018)


http://www.aesa.pb.gov.br

190

MEPITACIO PESS04A
POCOES

. us "

wrvew redew arcow

B ARGEMIRO DE FIGUEIREDO

M PARAIBARIVER WATERSHED

Paiva et al.

% Argemirode Fi guen’edo

A B :

tff

N

mn

i

s

sa-a'sew 3a-sew

a-1de W

Figure 1. Sites of samplings distributed in the regions near to input of the main tributary (A), intermediary (B) and near to dam (C) of
Argemiro de Figueiredo, Epitacio Pessoa and Pogdes reservoirs localized in Paraiba River watershed/Brazil. Sites de amostragens
distribuidos nas regioes proximas a entrada do principal afluente (4), intermediaria (B) e proximo da barragem (C) dos reservatorios
Argemiro de Figueiredo, Epitdcio Pessoa e Pogoes localizados na bacia hidrografica do Rio Paraiba/Brasil.

Mugnai et al., 2010). Chironomidae larvae (Dip-
tera, Insecta) were identified to the genus level
(Trivinho-Strixino & Strixino, 1995; Trivin-
ho-Strixino, 2011) and alien mollusk species
where identified to the species level (Mansur et
al., 2004; Thompson, 2004; Pereira et al., 2012).

Characterization of limnologic parameters

The physical and chemical aspects of the water
column were evaluated in each of the three
regions of the reservoirs, measuring: temperature
(°C), pH, turbidity (NTU), dissolved oxygen
(mg/L), and salinity (PPT) using a multiparame-
ter probe (HORIBA U-50). One liter of water was
also collected at each site to determine the
concentrations of total phosphorus (PT pg/L) and
total nitrogen (NT pg/L), following the “Standard
Methods for the Examination of Water and
Waste-water” (APHA, 2005). The analyses of
total alkalinity were performed following Mack-
ereth et al. (1978).
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Granulometric composition of sediment

Samples of sediment with size of 225 cm2 were
collected from each sampling site to characterize
the granulometric composition of each site. The
material was processed in the laboratory accord-
ing to the methodology described by Suguio
(1973) and modified by Callisto and Esteves
(1996). The samples were dried at 60 °C for 72
hours and subsequently agitated in sieves to sepa-
rate and classify the particles: gravel (>1000 pm);
coarse sand (500-1000 pm); middle sand (250-500
um); fine sand (63-250 um) and silt (<63 pm).

Data analysis

All the analyses were performed considering only
alien mollusk species. Permutational Multivariate
Analysis of Variance (PERMANOVA) was used
to assess any differences in the abundances of
alien mollusks in the different regions of the
reservoirs and between the different reservoirs
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Table 2. Maximum capacity, atual volume and abundance of alien mollusks species collected in the periods of July and October in
Argemiro de Figueiredo, Epitacio Pessoa and Pocdes reservoirs, Paraiba River watershed/ Brazil. Source of the data: Agéncia Executi-
va de Gestdo das Aguas do Estado da Paraiba (AESA 2016). Capacidade méxima, volume atual e abunddncia de espécies de moluscos
exaticos coletados nos periodos de julho e outubro nos reservatorios Argemiro de Figueiredo, Epitdcio Pessoa e Pogdes, bacia
hidrogrdfica do Rio Paraiba/Brasil. Fonte dos dados: Agéncia Executiva de Gestio das Aguas do Estado da Paraiba (AESA 2016).

July October
R ) Max‘ltml(lms) Volumein  Abundance , = . . Abundance
eservoirs capacity (m ; : :
pacity the pesrlod exotic period (m’) exotic
(m°) molluscs molluscs
Argemiro de 41 429 817 38165443
Figueiredo 253 000 000 (16%) 2525 (15%) 1860
P 71122 389 58 829 024
Epitacio Pessoa 411 686 287 (17%) 977 (14%) 601
~ 550255 223 588
Pocoes 29 861 562 (2%) 568 (1%) 38

studied (Anderson et al., 2008). Differences in
the total abundances of the mollusks during the
different sampling periods considered only two
independent variables (months) for each reser-
voir, using the chi-square test. That test measures
the degree to which the observed frequencies
differ from expected frequencies, under the null
hypothesis of independence. Differences in envi-
ronmental parameters between the different sites,
reservoirs, and sampling periods were also
assessed using PERMANOVA analysis, consider-
ing 9999 permutations (Anderson, 2001; Ander-
son et al., 2008). Three fixed factors were consid-

Table 3.

ered: sites (three levels: near the inflow from the
principal tributary, the mid-reservoir section and
near the dam), reservoirs (three levels: Argemiro
de Figueiredo, Epitacio Pessoa, and Pogdes), and
periods (two levels: July and October). The envi-
ronmental data were previously logx+1 trans-
formed and normalized. The abundance data were
square root transformed, and Bray-Curtis was
used as measure of similarity.

Distance-based linear models (DISTLM) were
used to verify which environmental variables
were predictors for the abundance of exotic
mollusk species in the different sampling periods

Values of the Qui-square test for comparison of the total abundance of alien mollusks species between the periods of

sampling in Argemiro de Figueiredo, Epitacio Pessoa and Pogdes reservoirs, Paraiba River watershed/Brazil (significant values
p<0.05). Valores do teste Qui-quadrado para comparagdo da abundancia total das espécies de moluscos exoticos entre os periodos
de amostragem nos reservatorios Argemiro de Figueiredo, Epitacio Pessoa e Pogées, bacia do Rio Paraiba/Brasil (valores significa-

tivos p<0.05).

Reservoirs Qui-square lz:eg:gslgf P
Argemiro de Figueiredo 100 849 1 <0.0001
Epitacio Pessoa 89 592 1 <0.0001

Pocoes 463 531 1 <0.0001

Limnetica, 37(2): 187-198 (2018)
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Table 4. Average and pattern deviation of the environmental variables measured in July and October 2015, in the Argemiro de Figuei-
redo, Epitacio Pessoa and Pogdes reservoirs, Paraiba River watershed/Brazil. Desvio padrdo e media das variaveis ambientais medidas
em julho e outubro de 2015, nos reservatorios Argemiro de Figueiredo, Epitacio Pessoa e Pogées, bacia do Rio Paraiba/Brasil.

Environmental Argemiro de Figueiredo Epitacio Pessoa Pogdes
Parameters July October July October July October
Temperature (°C) 25.48+0.18 26.53+0.33 24.52+0.53 24.86+0.43 22.65+0.45 23.33+0.50
Total Phosphorus (pg/L)  90.61+30.17 58.67+7.5 83.11+45.78  93.67+28.48 615.89+17.82  805.33+12.52
Total Nitrogen (ng/L) 199.04+51.79  185.98+10.86 196.06+87.84 136.32+20.25 418.79+82.77 491.32+161.90
pH 9.97+0.08 10.30+0.10 10.08+0.20 10.36+0.26 10.42+0.07 10.26+0.05
Alkalinity (ug/L) 3.23+0.20 4.06+0.56 3.72+0.23 2.22+0.10 10.61+0.54 3.73+0.12
Salinity (PPT) 0.13+0.00 0.14+0.00 0.09+0.00 0.10+0.00 0.26+0.00 0.42+0.00
Turbidity (NTU) 84.80+48.74  194.08+179.26 39.73+£20.17  97.38+48.40 269.44+13.21 809.67+38
Dissolved Oxygen (pg/L) 13.60+15.64 7.16+0.74 8.13+0.32 6.75+1.00 3.60+0.59 8.00+2.64
Gravel % 9.61+2.46 20.76+5.27 5.43+8.16 6.84+6.05 13.68+1.96 2.70+3.54
Coarse sand % 9.67+4.05 22.28+5.96 13.50+8.03 14.62+11.84  20.24+12.03 14.39+9.42
Middle sand % 24.27+2.46 16.86+0.61 34.45+5.55 29.52+5.43 12.19+6 28.36+6.44
Fine sand % 29.69+2.71 24.16+6.83 26.70+3.59 25.32+4.63  28.80+15.90 29.00+7.30
Silt % 20.09+4.43 8.90+3.91 14.6743.48 17.76+5.94 20.08+4.45 18.87+1.72
Mud % 6.67+1.43 7.05+8.00 5.24+1.54 5.73+1.50 5.00£1.94 7.90+3.84

(Legendre & Anderson, 1999). That method
verifies and models the relationships between a
cloud of multivariate data for one or more predic-
tive variable (Anderson et al, 2008). The
DISTLM routine was employed using the BEST
criterion and the values of the coefficients of AIC
determinations.  Distance-based redundancy
analysis (dlbRDA) was used for visual interpreta-
tion of the relationships between the environmen-
tal variables selected by DISTLM and the alien
mollusk species (Anderson et al., 2008).

The PERMANOVA, DISTLM, and dbRDA
statistical analyses were performed using
PRIMER + PERMANOVA 6.0 software (Ander-
son et al., 2008). The chi-square tests were
performed using the Bioestat 5.0 program.

RESULTS

Were collected 8635 organisms during the study
that were distributed among 17 taxa (6 Diptera, 4
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Mollusca, 2 Ephemeroptera, 2 Odonata, 1 Anneli-
da, 1 Crustacea, and 1 Tubellaria), including 6569
alien mollusks. Melanoides tuberculata was the
most abundant alien mollusk species in the three
reservoirs sampled: Argemiro de Figueiredo
(4385 individuals, 90 % of the total number of
organisms); Epitacio Pessoa (1292 individuals, 63
% of the total number of organisms); and Pocdes
(606 individuals, 35 % of the total number of
organisms). Corbicula largillierti was recorded
only in the Epitacio Pessoa reservoir (286 individ-
uals, 14 % of the total number of organisms).
Significant differences were observed in
terms of the abundances of alien mollusk species
in the different reservoirs (PERMANOVA: Pseu-
do-F» 39=20.065; p=0.0001); there were no signif-
icant differences, however, between the different
sites within each reservoir (PERMANOVA: Pseu-
do-F; 39=0.2589; p=0.937). We noted decreases
in the abundances of alien mollusks in all reser-
voirs from July to October: a 28 % decrease in
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Figure 2. “Distance-based redundancy analysis” (dbRDA) based in abundance of the alien mollusks species in function of predictors
variables selected by DISTLM in Argemiro de Figueiredo, Epitacio Pessoa and Pogdes reservoirs, Paraiba River watershed/ Brazil.
Where: Blue ellipse Pogdes, red ellipse Argemiro de Figueiredo and black ellipse Epitacio Pessoa. Black Triangles: July, White Triangles:
October. "Andlise de redunddncia baseada em distincia" (dbRDA) com base na abunddncia de espécies de moluscos exoticos em fungdo
de variaveis preditoras selecionadas pela DISTLM nos reservatorios Argemiro de Figueiredo, Epitacio Pessoa e Pogées, bacia hidrogra-
fica do Rio Paraiba/Brasil. Onde: Elipse azul Pogées, elipse vermelha Argemiro de Figueiredo e elipse preta Epitdcio Pessoa. Tridngulos

pretos: julho, triangulos brancos: outubro.

Argemiro de Figueiredo, 40 % in Epitacio Pessoa,
and 94 % in Pogdes. Those reductions coincided
with decreases in the water volumes of those
reservoirs, as can be seen in Table 2. Significant
differences were observed for the abundance of
alien mollusks species in each reservoir during
the periods of sampling (»p=0.0001), as shown in
Table 3.

Regarding environmental parameters, signifi-
cant differences were observed among all reser-
voirs (PERMANOVA: Pseudo-F, 17=5.2731;
p=0.0001). The variations in the environmental
parameters of the three different reservoirs are
presented in Table 4. The highest salinity
(0.42+0.00) and highest total nitrogen
(491.2+161.90) values were found in the Pogdes
reservoir; the lowest values were encountered in

the Epitacio Pessoa reservoir (0.09+0.00 and
136.32420.25 respectively). In terms of granulo-
metric composition, coarse sand, middle sand,
fine sand, and silt were most representative
categories in the three reservoirs. Those differ-
ences were not observed in the different regions
of the reservoirs (PERMANOVA: Pseu-
do-F; 17=0.7209; p=0.7428), or during the differ-
ent sampling periods (PERMANOVA: Pseu-
do-F1,17=1.0647; p=0.346).

The Best model (R2= 0.61) included five
predictive variables for the abundance of alien
mollusks species: salinity, temperature, total
nitrogen, gravel and silt.

The two first axes of the dbRDA explained
90.5 % of relationships observed in terms of the
abundances of alien mollusks and the environ-

Limnetica, 37(2): 187-198 (2018)
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mental variables, and 64.3 % of the total variabili-
ty of the abundance data of the alien mollusks
(Fig. 2). The first axis of the dbRDA was correlat-
ed with the variables salinity (-0.711) and temper-
ature (0.559); the second axis showed greater
correlation with total nitrogen (-0.598) and gravel
(0.572), as shown in table 5.

DISCUSSION

The decreasing water volumes in the reservoirs
during the course of the study negatively influ-
enced the abundances of alien mollusk species,
even though they demonstrated tolerance to
various anthropic impacts and had the capacity to
adapt to widely varying environmental condi-
tions. Decreasing water volumes in the reservoirs
apparently led to niche reductions and, conse-
quently, to population reductions. A study under-
taken by Azevédo et al. (2015) in the same
Pogodes reservoir likewise observed a reduction in
the abundance of alien mollusks species during
periods of low water volume.

The Pogoes reservoir demonstrated the lowest
water volume among the different reservoirs
studies, accompanied by higher salinity and total
nitrogen concentrations, and a lower abundance
of alien mollusk species, indicating that its envi-
ronmental conditions were so adverse that not

Table 5. Results of the dbRDA for the environmental variables
collected in period of July and October 2015, related with
abundance of the alien mollusks species in Argemiro de Figuei-
redo, Epitacio Pessoa and Pogdes reservoirs, Paraiba River
watershed. Resultados do dbRDA para as variaveis ambientais
coletadas no periodo de julho e outubro de 2015, relacionadas
com a abundancia das espécies de moluscos exoticos nos
reservatorios Argemiro de Figueiredo, Epitacio Pessoa e
Pogées, bacia hidrogrdfica do Rio Paraiba.

Environmental . .
1°axis 2°axis
Parameters

Salinity -0.711 -0.507
Gravel -0.416 0.572
Total Nitrogen -0.007 -0.598
Temperature 0.559 -0.204
Silt -0.095 0.129
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even the alien species Melanoides tuberculata,
with its high invasive potential, was able to main-
tain a high abundance.

The mollusk Corbicula largillierti was only
recorded in the Epitdcio Pessoa reservoir.
Although favorable conditions existed for its
occurrence in the region as a whole, the isolation
of the various reservoirs due to their long water
retention times (approximately six years) may
have restricted its dispersal through the watershed.

Among the limnological variables that exhib-
ited correlations with the occurrence of alien
mollusks species, we highlight the salinity. The
high salinity levels encountered in the semi-arid
region are related to the nature of the crystalline
rocks found there, which are composed of miner-
als such as calcium, sodium, and magnesium
(Porto et al., 1999). Among the minerals that
leach from crystalline rocks, calcium salts are
fundamental for the formation of mollusk shells
(Marxen et al., 2003). At high concentrations,
however, the presence of those salts in the reser-
voir water will demand greater energy expendi-
tures by aquatic organisms to maintain their
osmotic equilibria (Burton, 1983; Funakoshi et
al., 1985; Cheng et al., 2002).

Another limnological variable that can influ-
ence the occurrence of alien mollusks is tempera-
ture, as it directly acts in controlling the speeds of
the metabolic and physiological processes of
aquatic species (Kinne, 1970; Newel & Branch,
1980). Kock and Wolmarans (2009) noted that
the high abundances of M. tuberculata and C.
largillierti were related to environmental temper-
atures between 20-30 °C, the ideal range for their
reproduction (Reyna ef al., 2013).

Nitrogen and phosphorus concentrations are
considered the principal factors driving primary
productivity in aquatic ecosystems, and higher
concentrations provide more food resources for
alien mollusk species that exhibit scraper feeding
habits, mainly on the periphyton (Harper, 1992;
Porter et al., 2008). The reservoir that exhibited
the highest dissolved nutrient levels in the
present study, however, demonstrated a lower
abundance of alien species as compared to reser-
voirs with intermediary dissolved nutrient
values. While alien mollusks are known to have
wide tolerance amplitudes for highly impacted
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Figure 3. Schematic representation of the relationship between
hydric volume, limnological variables and abundance of alien
mollusks species observed for semi-arid region, Paraiba River
watershed/Brazil. Representa¢dao esquemdtica da relagdo entre
volume hidrico, varidveis limnologicas e abundancia das
espécies de moluscos exoticos observadas para a regidao semiari-
da, bacia do Rio Paraiba/Brasil.

environments, we believe that the decrease of
water volumes that will become regulating
factors of the abundance of exotic species
according to Shelford's law (Fig. 3).

Decreasing water volumes also lead to habitat
homogenization, with the sentiments in the focal
reservoirs being predominately composed of fine
particles. Habitats composed of larger particles
(such as gravel) favor the availability of food
resources, while sediments composed of smaller
particles are less densely colonized by the periphy-
ton (Fenoglio & Cucco 2004). Torre and Reyna
(2013) reported that C. largillierti will rapidly
colonize sandy substrates, but as intraspecific
competition increases, individuals will begin to
colonize other (presumably less favorable) habitats.

The fact that we did not observe any signifi-
cant differences in the abundances of alien
species or the limnological variables in the three
different sites examined in each reservoir is prob-
ably related to reductions in reservoir water
volumes and their consequent homogenization
(Thornton et al., 1990).

The results of the present study demonstrated
that the environmental variables that influence
the occurrence of alien mollusks are principally
salinity, total nitrogen, temperature, and the
substrates gravel and silt. Reservoir water volume
reductions, however, represent the principal

factor leading to the homogenization of limnolog-
ical habitats, acting as a regulator of alien
mollusk species abundances in reservoirs in the
semi-arid region of Brazil.
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