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Abstract
In river ecosystems, spatial complexity as well as anthropogenic factors operating at different temporal and spatial scales are 
shaping demography, connectivity and population genetic structure of species inhabiting these habitats. Chilina dombeiana is 
a freshwater gastropod with direct development (absence of a free larval phase) that inhabits the Biobío river basin in Chile 
(36°S). No studies have yet evaluated the spatial patterns of the genetic diversity of this species and the potential factors 
that influence these patterns. Consequently, in this study, we analyzed the population genetics of C. dombeiana based on 
15 locations along the Biobío river. Eight microsatellite loci were genotyped. Also, at each sampling site, 40 environmental 
parameters were recorded to characterize them. Results showed that C. dombeiana has low genetic variability with high 
population structure. In addition, we detected signs of historical decreases in effective population sizes, unidirectional gene 
flow (upstream to downstream) and contemporary demographic bottleneck. Spatial subdivisions in populations showed a 
pattern of isolation by distance. The redundancy analysis and variance partitioning showed that spatial components and 
dissolved oxygen could explain 28% of the interpopulation genetic variation, while the Random Forest analysis identified 
significant effects of dissolved oxygen, nitrite and total coliforms on the genetic variability of populations (22%). Although 
C. dombeiana is widely distributed in Chilean rivers, its low dispersal and specific habitat requirements make this species 
very sensitive to the severe increase in anthropogenic disturbances affecting river ecosystems in recent decades. Long-term 
monitoring of genetic population conditions and environmental parameters are needed to implement robust management 
and conservation policies.
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Introduction

The particular spatial network pattern and unidirectional 
flow (downstream) of river ecosystems impose important 
constraints on the dispersal and connectivity of aquatic spe-
cies populations (Städler and Jarne 1997; Takahasi 2009). 
In addition, habitat loss and fragmentation are widely recog-
nized as causes of reductions in population size and genetic 
diversity in these ecosystems, resulting in local population 
extinctions in some cases (Fahrig 1997; Hanski 2011). Thus, 
direct and indirect anthropic disturbances, such as dams, 
road construction, water or sand withdrawal, and water 
quality changes may decrease or alter network connectiv-
ity, affecting aquatic species at ecological and evolutionary 
scales (Tilman et al. 1994; Fuller et al. 2015).

The spatial architecture of freshwater habitats and envi-
ronmental perturbations particularly shape the population 
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genetics and ecology of species with low dispersal potentials 
(Jarne and Delay 1991; Städler and Jarne 1997; Lande 1998; 
Dillon 2000; Valdovinos et al. 2005; Tian-Bi. et al. 2018). 
A small population size and reduced gene flow, which char-
acterize these species, may impact the viability of popula-
tions, due to negative effects on effective population size 
(Ne) and population genetic diversity (Caughley and Gunn 
1996). All of these biological characteristics, at last, reduce 
the adaptive potential and resilience of species to respond 
to changes in environmental conditions (Frankham 2005; 
Frankham et al. 2010; Hanski 2011; Pan et al. 2019). It is 
therefore essential to understand how riverine species are 
responding at both ecological and genetic levels to changes 
in their freshwater landscape in order to implement effective 
management and conservation plans.

Freshwater gastropods are an ideal biological model to 
study microevolutionary processes in river ecosystems. This 
group occupies transient and patchily distributed habitats 
(Viard et al. 1996; Städler and Jarne 1997), possesses con-
trasting mating systems (Jarne 1995; Escobar et al. 2011), 
has reduced mobility and is exposed to diverse environmen-
tal conditions (Dillon 2000). Genetic studies in freshwater 
snails have revealed a strong population structure and spatial 
genetic differentiation (Mavárez et al. 2002; Tian-Bi et al. 
2013, 2018). In contrast, other studies have found low lev-
els of population genetic differentiation, due mainly to high 
gene flow, anthropogenic translocations and large population 
sizes (Gu et al. 2015a, b). As a general pattern, data sug-
gests that freshwater snails inhabiting habitats with highly 
hierarchical structures (dendritic stream networks) and/or 
disturbed ecosystems show lower population connectivity, 
and suffer declines in population sizes and recurrent demo-
graphic bottlenecks, leading to a decrease in genetic diver-
sity and an increase in the risk of local extinctions.

The freshwater snail, Chilina dombeiana is native to 
Chile and endemic to South America (Valdovinos 2006). It 
is distributed throughout Chilean river ecosystems between 
35° and 41° S, and as all freshwater species from the Chilini-
dae family, C. dombeiana inhabits highly oxygenated, clear 
and cold waters (Valdovinos et al. 2005; Valdovinos 2006; 
Bórquez and Brante 2017). This species has been proposed 
to be included as vulnerable in terms of its conservation sta-
tus due to the continuous decline in its habitat (Valdovinos 
et al. 2005). In particular, populations of C. dombeiana in 
the Biobío River, Chile, are exposed to intensive anthropo-
genic disturbances in terms of hydroelectric dams, culvert, 
domestic and industrial waste, agricultural fertilizers and 
pesticides, all of which have been affirmed to be important 
factors that affect habitat quality (e. g. physicochemical 
conditions) as well as habitat connectivity between patches 
(Valdovinos and Parra 2006). Previous studies in this spe-
cies are few and associated with parasitic ecology (Olmos 
and George-Nascimento 1997; Olmos and Muñoz 2006; 

Valdovinos and Balboa 2008), shell morphology (Bertin 
et al. 2012) and mating and reproductive strategies (Bórquez 
et al. 2015; Bórquez and Brante 2017). No previous study 
has yet been conducted to disentangle the role that spatial, 
demographic and environmental factors play in the genetic 
structure of C. dombeiana populations.

The aim of this study was to identify and estimate how 
and to what extent spatial and environmental variables 
explain the observed genetic variations in C. dombeiana 
populations in the Biobío River using microsatellite mark-
ers. We hypothesized that spatial distance and unfavorable 
environmental conditions would decrease population con-
nectivity and genetic diversity, while increasing historical 
demographic fluctuations in local populations. For this 
purpose, we used a landscape genetic approach with clas-
sical methods from population genetics. Bayesian analysis, 
regressions logistic models and algorithms for regression 
tree using Random Forest analysis (RF) in order to effec-
tively predict the most important variables affecting the 
patterns of genetic structure observed in populations of C. 
dombeiana.

Materials and methods

Sampling conditions

From December 2015 to March 2016, a total of 573 indi-
viduals of the freshwater snail C. dombeiana were collected 
by hand from 15 sampling sites along the Biobío River in 
Concepción, Chile (Fig. 1; Table 1). Between 20 and 50 
individuals were sampled per site and individually stored in 
95% ethanol in plastic tubes for posterior genetic analyses. 
At each sampling site, geographical coordinates and water 
parameters were recorded following standard requirements 
(APHA-AWWA-WPCF 1995; EULA center). In total, the 
annual means of 40 environmental parameters were esti-
mated for the period 1994–2015 (available from https ://
doi.org/10.17605 /OSF.IO/HC8XY ). The distance between 
sites along the river network (hereafter referred to as hydro-
graphic distance) was used as a measurement of inter-site 
geographical distance using the Qgis freeware software ver-
sion 2.18.24 (QGIS Development Team 2015).

DNA extraction and microsatellite analyses

For genetic analyses, DNA was extracted from about 3  mm3 
of foot muscle tissue using the GeneJET Genomic Purifica-
tion kit (Thermo Fisher Scientific, Waltham, MA, USA), fol-
lowing the manufacturer’s protocol. The template genomic 
DNA was diluted to 10 ng/μl. Eight variable microsatellite 
loci that were successfully amplified in C. dombeiana by 
Bórquez et al. (2011), and also used for paternity analyses 
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