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Latitudinal distribution of polyplacophorans along the South-eastern
Pacific coast: unravelling biases in geographical diversity patterns
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Abstract
Latitudinal diversity patterns in marine species are commonly estimated from literature records, which at times are incomplete
and/or biased. Advances in molecular phylogenetics have contributed to avoid this bias, clarifying the identity of the species,
improving our knowledge of species diversity and distribution. With the aim to identify biogeographic biases, we compiled and
compared range distribution data of polyplacophorans along the South-eastern Pacific (SEP) coast (0°–56° S) generated from: (i)
literature review (LIT dataset) and (ii) Operational Taxonomic Units (OTUs dataset), based on the analysis of 8949 individuals
obtained from field sampling and biological collections. Cytochrome oxidase I (COI) and 16S rRNA of 104 specimens were used
for genetic identification of conflictive morphospecies. Multivariate analysis (nMDS, PERMANOVA) were applied to test
differences between datasets (LIT, OTUs) and also between biogeographic ecoregions. Just like prior studies based on literature
reviews, the richness of LIT species showed an increase with latitude. Contrastingly, OTUs’ richness peaked at intermediate
latitudes showing a bell-shaped distribution, indicating that the LIT dataset was flawed by inaccuracies in the identification and
location of polyplacophoran species on the South-eastern Pacific, causing an overestimation of their geographic ranges. Our
results contrast with the previous richness patterns described for the SEP polyplacophorans, where species richness was reported
to increase with latitude. Both an overestimation of geographic ranges and inaccuracies in the identification of species cause these
differences. Biogeographical studies should be conducted on the basis of a comprehensive review of specimens with verifiable
occurrences, and incorporate as far as possible genetic analysis to define the identity of conflicting morphospecies, in order to
improve the estimation of species richness and the understanding of marine biodiversity.
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Introduction

Large-scale studies in ecology, biogeography and conserva-
tion biology are commonly based on data collected from pub-
lished or unpublished sources, which at times are incomplete
and can be biased (Kodric-Brown and Brown 1993). This
problem may include marine studies and, as such, claims of
large-scale patterns should be evaluated carefully.
Specifically, biases can exist due to the collection methodol-
ogies used (Camus 2001; Navarrete et al. 2014), which can
lead to artefactual trends in diversity reported for certain tax-
onomic groups.

Biogeographic studies in the South-eastern Pacific (hereaf-
ter SEP) have described a classic pattern of decreasing diver-
sity toward higher latitudes for several marine taxa such as
chondrichthyans, teleost fishes, decapod crustaceans, proso-
branchs, nudibranchs, cephalopods and nematodes
(Lancellotti and Vásquez 2000; Ojeda et al. 2000; Astorga
et al. 2003; Ibáñez et al. 2009; Lee and Riveros 2012;
Navarrete et al. 2014). However, there are several studies that
also report the opposite pattern in groups such as seaweeds,
polychaetes , amphipods , i sopods , echinoderms,
polyplacophorans and bivalves (Santelices and Marquet
1998; Lancellotti and Vásquez 2000; Valdovinos et al. 2003;
Hernández et al. 2005; Rivadeneira et al. 2011), which exhibit
an increasing species diversity toward high latitudes. Studies
mentioned above were performed compiling information from
literature, and not using, or partially including, empirical data.
Therefore all of them should be interpreted carefully due to
two reasons: (i) the bias caused by the use of different ap-
proaches and collection methods to get samples (Camus
2001; Navarrete et al. 2014) might lead to erroneous interpre-
tations about diversity for certain groups; (ii) the effects of
taxonomic accuracy and synonymy over the species number
in some places has seemingly generated an increase in the
entities during the last two centuries (e.g. Rivadeneira et al.
2011), but the underlying reason is that many of these “new”
taxa are just synonyms of the same taxonomic entity, artifi-
cially increasing the species richness value, and eventually
producing a latitudinal bias. In this sense, advances in molec-
ular biology and phylogenetic analysis in the last decades have
revealed ecosystems with under- or overestimation of species
diversity (Knowlton 2000; Fouquet et al. 2007; Fonseca et al.
2010; Leray and Knowlton 2015; Tedersoo et al. 2014).

Marine molluscs have been frequently the focus of biogeo-
graphical studies, given that they are fundamental parts of
marine systems, perform key ecological roles and are econom-
ically important (Pérez-Matus et al. 2017; Wanninger and
Wollesen 2018). Among molluscs, polyplacophorans have
been included on studies using data from literature to deter-
mine biogeographic patterns (e.g. Viviani 1979; Brattström
and Johanssen 1983; Lancellotti and Vásquez 2000;
Valdovinos et al. 2003; Fernández et al. 2009; Pappalardo

and Fernández 2014). Despite the ecological importance of
polyplacophorans in rocky shore ecosystems of the SEP coast
(Pérez-Matus et al. 2017), the taxonomic identification of spe-
cies in this group remains problematic. The most complete
taxonomical review of Chilean polyplacophorans by
Valdovinos (1999) reported at least 60 species of chitons be-
longing to six families. Nevertheless, recent studies have sig-
nificantly refined and reduced the taxonomic list to 45 species,
currently suggesting an increase of chiton species diversity
toward the poles (Valdovinos et al. 2003; Sirenko and
Gallardo 2005; Fernández et al. 2009; Schwabe and Sellanes
2010; Pappalardo and Fernández 2014; Sirenko 2015; Sirenko
and Sellanes 2016).

In this study we compare the richness, composition and
latitudinal distribution of polyplacophoran species along the
SEP coast, considering the high variability of biogeographical
patterns of marine invertebrate taxa documented for the area,
and the incompleteness and biases of the datasets used to build
large-scale distribution patterns. To do so, we analyse two
datasets compiled from: (i) literature reviews (hereafter LIT),
and (ii) direct identification of morphospecies (field sampling
and museum collections) aided with genetic identification for
conflictive species (hereafter OTUs), comparing the richness
of each dataset between biogeographic ecoregions. Here we
sought to determine the latitudinal pattern of polyplacophoran
species richness along the SEP coast and to quantify biases
associated with data collection in order to identify sources that
built variance to the observed patterns.

Materials and methods

Datasets

To improve the estimated pattern in polyplacophoran species
richness along the SEP coast, we compiled two datasets
(Table 1). Together, the datasets include reports and field
samplings of coastal chiton species occurrences between 0°
and 56° S, covering more than 5000 km of coastline and 56
latitudinal bands (Fig. 1). The first dataset was obtained from a
literature review (LIT) compiled from published studies of the
SEP region. All chiton species records included in this study
are available in Kaas and Van Belle (1987), Bullock (1988a,
b), Valdovinos (1999), Sirenko (2006), Kaas et al. (2006),
Schwabe et al. (2006), Schwabe (2009) and Ibáñez et al.
(2016). Our second dataset included identifications usingmor-
phological species (MS) aided with genetic data (determining
Operational Taxonomic Units, OTUs). For this, an exhaustive
sampling was performed between 2011 and 2016 along the
SEP coast (Fig. 1) collecting a total of 6123 chitons belonging
to 35 morphospecies. For each sample site, individual chitons
were collected from intertidal (highest tidal level) and shallow
subtidal (10-m depth) zones by hand during low tide via
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