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Abstract
Aim: We show how macroecological patterns at different phylogenetic scales below 
the species level may aid the identification of the predominant process controlling 
biological assemblages (niche versus dispersal). We compare two taxa with different 
ecological and dispersal requirements (terrestrial molluscs and leaf beetles) in the 
same geographical setting.
Location: Iberian Peninsula.
Time period: 2010–2015.
Major taxa: Terrestrial molluscs and leaf beetles.
Methods: The cox1‐5′ fragment was sequenced for 1,592 mollusc specimens in 20 
localities. Leaf beetle assemblages had been sequenced previously in 15 of these lo-
calities. Species richness, distance decay of similarity, endemism and range size were 
measured at two levels: molecular variants (i.e., haplotypes) and putative species (i.e., 
operational taxonomic units). Using a multi‐hierarchical macroecology approach, dis-
tance‐decay patterns were measured at multiple intermediate genealogical levels 
(nested clades) to assess whether the geometry of the ranges of lineages followed a 
fractal pattern.
Results: Richness and distance‐decay patterns at both molecular variant and species 
levels were different in leaf beetles and terrestrial molluscs, although both taxa 
showed a fractal pattern in the distance decay of similarity across genealogical levels. 
The self‐similarity of the distance‐decay pattern across phylogenetic scales suggests 
a predominance of neutral, but limited, dispersal driving macroecological patterns in 
both taxa. Endemism was similar in both taxa at the level of molecular variants but 
higher at the species level in terrestrial molluscs, and range size was smaller at both 
levels in terrestrial molluscs. Taken altogether, our results suggest that dispersal limi-
tation is stronger in terrestrial molluscs.
Main conclusion: The assessment of how diversity patterns change at different phy-
logenetic scales below the species level allowed us to identify unifying characteris-
tics in otherwise seemingly heterogeneous biological systems. Congruence was 
observed in diversity patterns of leaf beetles and terrestrial molluscs, suggesting that 
dispersal is a relevant process in both taxa but acts at a different strength.
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1  | INTRODUC TION

Large‐scale spatial patterns are key for inferring the potential driv-
ers of biological diversity (Willig, Kaufman, & Stevens, 2003), which 
is usually measured at the species level (Diniz‐Filho et al., 2008). 
However, large‐scale patterns of genetic diversity are largely un-
known (but see Miraldo et al., 2016; Pelletier & Carstens, 2018) even 
though they are a fundamental facet of biological diversity (Blanchet, 
Prunier, & Kort, 2017; Diniz‐Filho et al., 2008). Concordance in the 
geographical distribution of molecular variants of different species 
has been used to infer common historical processes (comparative 
phylogeography; Arbogast & Kenagy, 2001), but little is known 
about the broad‐scale spatial regularities of genetic variation across 
higher taxa (i.e., genetic diversity of full communities; but see, e.g., 
Paz‐Vinas, Loot, Stevens, & Blanchet, 2015).

Genetic and species diversity represent two levels in the evolu-
tionary continuum of biodiversity and, as such, better understanding 
of ecological and evolutionary processes can be gained when they 
are interpreted together (Diniz‐Filho & Bini, 2011). One approach 
that considers both levels is the measurement of genetic variation 
with a neutral molecular marker, thus discarding a causal effect of one 
level on the other (Vellend & Geber, 2005), and assessing whether 
genetic and species diversity vary in concordance, an outcome ex-
pected if similar processes act in parallel at both levels (Kahilainen, 
Puurtinen, & Kotiaho, 2014; Vellend & Geber, 2005). Given that dif-
ferent molecular variants (i.e., haplotypes) of a neutral marker do not 
differ in their ecological niches, congruence at species and genetic 
levels can be interpreted as evidence of dispersal and ecological drift 
at the species level because migration and drift would be the only 
processes acting at the genetic level (Vellend, 2016; Vellend et al., 
2014). At a macroecological scale, several studies have shown the 
concordance of alpha‐ and beta‐diversity patterns at the species 
and genetic levels, mostly in insects (e.g., Múrria, Rugenski, Whiles, 
Vogler, & Beggs, 2015; Papadopoulou et al., 2011; Sei, Lang, & Berg, 
2009). However, little is known about other taxonomic groups with 
different dispersal and physiological strategies.

The most widely used approach for assessing the congruence 
between diversity patterns at the genetic and species level is the 
species–genetic diversity correlation (SGDC; Vellend, 2005; Vellend 
& Geber, 2005), which measures the relationship between the ge-
netic diversity of a focal species in several sites with the species 
richness of communities in those sites. To account for the spatial 
structure of biological assemblages, the SGDC can be extended to 
beta‐diversity measures (β‐SGDC; Kahilainen et al., 2014). A fur-
ther step would be to assess whether these diversity patterns might 
vary across phylogenetic scales (Graham, Storch, & Machac, 2018). 
Although phylogenetic scale is usually addressed above the species 

level, it is possible to conduct this type of assessment at infraspecific 
levels (Graham et al., 2018). Following this rationale, the β‐SGDC ap-
proach was extended to distance‐decay patterns at multiple inter-
mediate genealogical levels between the molecular variants and the 
species, thus explicitly accounting for the spatial structure of evolu-
tionary divergence within species (multi‐hierarchical macroecology; 
Baselga, Gómez‐Rodríguez, & Vogler, 2015).

Multi‐hierarchical macroecology provides a framework for assess-
ing whether the variation in biological assemblages is predominantly 
driven by dispersal (i.e., neutral) or niche‐based processes (Baselga 
et al., 2013, 2015). It is based on the concept of “fractality” or “sym-
metry under magnification”, which is observed when a small piece of a 
magnified object looks very much like the whole object (Frame & Urry, 
2016). Applied to diversity patterns, fractality would be observed 
when lineage distribution patterns at the haplotype level are similar 
to distribution patterns at the species level and other genealogical 
levels in between (i.e., self‐similar pattern across genealogical levels). 
This type of fractal pattern can be attributed to a predominance of 
dispersal processes in the system because the geometry of the distri-
butional ranges of lineages at multiple hierarchical levels is self‐similar 
only under neutral evolutionary and ecological dynamics, thus provid-
ing a testable unique prediction (Baselga et al., 2013, 2015). This pre-
diction derives from the fact that neutral and niche‐based processes 
may drive the geographical distributions at the species level, but 
niche‐based processes should not control the ranges of mitochondrial 
DNA haplotypes (Avise, 1994; Slatkin, 1985). At present, the multi‐hi-
erarchical macroecology framework has been applied to two different 
beetle groups (aquatic beetles and leaf beetles) and, in both, assem-
blage similarity increased regularly from lower to higher genealogical 
levels, pointing to such a fractal geometry in the spatial distribution 
of lineages (Baselga et al., 2013, 2015). This result suggests that the 
distributions of genetic variants, intermediate lineages and species 
are the result of similar processes of range expansion through time. 
Hence, range size variation at different genealogical scales is relevant 
for understanding diversity patterns.

The study of distributional ranges at the species level has al-
ways been at the core of large‐scale diversity assessments (Gaston, 
2003), but little is known below the species level. Based on neutral 
molecular markers, lineages are expected to spread constantly and 
isotropically in space until they reach the spatial limits of the spe-
cies’ niche (Figure 1). The assessment of how distributional range 
patterns change below the species level will reveal how fast distri-
butional ranges grow with time (i.e., lineage age) and, therefore, it 
will provide insight into the long‐term dispersal ability of the taxon. 
Although species ranges are frequently considered an expression of 
ecological niche (Sexton, McIntyre, Angert, & Rice, 2009), we can 
exclude ecological niche as a constraint for distributional ranges of 
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molecular variants (and intermediate lineages), because the ecologi-
cal requirements of two conspecific variants of a neutral marker are 
assumed to be the same and, thus, spatial ranges of these molecular 
variants would be mostly dispersal controlled (Avise, 1994; Diniz‐
Filho & Bini, 2011; Slatkin, 1985).

The aims of this study are threefold. First, we compare macro-
ecological patterns at multiple genealogical levels in two biolog-
ical groups with different dispersal and ecological requirements. 
Second, we want to challenge the generality of the fractality in dis-
tance‐decay patterns that has been reported previously for beetles 
(aquatic beetles: Baselga et al., 2013; leaf beetles: Baselga et al., 
2015). Third, we aim to illustrate how distributional range size at 
different genealogical levels may help us understand large‐scale di-
versity patterns. To achieve these objectives, we assessed diversity 
patterns of terrestrial molluscs across the same latitudinal gradient 
previously studied for leaf beetles in the Iberian Peninsula (Baselga 
et al., 2015), thus ensuring that any observed differences are attrib-
utable to biological rather than geographical deviations.

Terrestrial molluscs offer an interesting case study to apply the 
multi‐hierarchical framework for several reasons. First, compared 
with leaf beetles, terrestrial molluscs are, in principle, more dis-
persal limited owing to the lack of flight (Barker, 2001). However, 
some species are subject to passive dispersal by humans (e.g., 
Aubry, Labaune, Magnin, Roche, & Kiss, 2006; Barker, 2001) and 
other animals (Pearce, Mulvihill, & Porter, 2012), effectively leading 
to large variability in the dispersal abilities among species. Second, 
their life history and physiological requirements are very different 
from leaf beetles, particularly with regard to their dependence on 
high levels of environmental humidity (Barker, 2001). Thus, we hy-
pothesize that climate‐related factors might play a more important 
role in constraining species distributions in terrestrial molluscs than 
in leaf beetles (see a more detailed literature review in Supporting 
Information Appendix S1). Therefore, we expect a weak fractal pat-
tern in the distance‐decay patterns across genealogical levels in ter-
restrial molluscs. However, if this hypothesis is not confirmed and 
terrestrial mollusc assemblages were mostly constrained by disper-
sal limitation (i.e., fractal pattern in the distance decay of similarity), 
we would expect higher endemism and smaller range sizes, at least 
at the deeper phylogenetic scale (species level), in terrestrial mol-
luscs, in accordance with stronger dispersal limitation in the long 
term.

F I G U R E  1  Schematic representation of range expansion of 
neutral genetic variants over time under different scenarios of 
dispersal ability and niche width. The spatial extent of suitable 
conditions (projection of potential niche) is represented as a white 
polygon surrounded by a grey area (unsuitable environmental 
conditions). The distributional range of genetic variants (haplotypes) 
is represented as circles. Molecular variants of the same species 
are the same colour. The size of these circles increases isotropically 
with time. The distributional range at the species level is the area 
covered by all the molecular variants of the same species [Colour 
figure can be viewed at wileyonlinelibrary.com]
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356  |     GÓMEZ‐RODRÍGUEZ et al.

2  | MATERIAL AND METHODS

2.1 | Molluscs: Field sampling and cox1‐5′ 
sequencing

Terrestrial mollusc assemblages were sampled in 20 localities in 
the Iberian Peninsula in autumn 2015 (Figure 2). Vegetation was 
dominated by different oak species, within shrubs and meadows. In 
each locality, specimens were manually collected during two con-
secutive days and nights when climatic conditions were adequate 
for mollusc sampling (air temperature 15–20 °C; humidity > 80%). 
During daylight sampling, potential hiding places (i.e., rocks, logs) 
were inspected for 3 hr by two people each day. Nocturnal sam-
pling was conducted for 5 hr per night, totalling a sampling effort of 
16 hr in each locality. All specimens were drowned in water before 
being placed in 96% ethanol for preservation and DNA extraction. 
A preliminary identification of morphospecies was conducted by an 
expert taxonomist (J.C.), in order to select a maximum of 10 speci-
mens per morphospecies for DNA sequencing.

For molecular analysis, a piece of foot tissue (ca. 5–10 mg) was 
taken from the collected specimens and soaked in water for 30 min 
before genomic DNA extraction with DNeasy Blood & Tissue Kit 
(Qiagen, Düsseldorf, Germany). A 655 bp region from the 5′ end of 
mitochondrial cox1 (“barcode region”) was amplified with standard 
LCO/HCO primers (Folmer, Black, Hoeh, Lutz, & Vrijenhoek, 1994). 
Amplification was performed with Bioline MyTaq and the following 
cycling: 94 °C for 2 min and 30 s, 40 cycles of 94 °C for 30 s, 47 °C 
for 45 s and 72 °C for 1 min and 15 s, and final extension of 72 °C 

for 10 min. The PCR products were sent to StabVida (Portugal) for 
purification with magnetic beads and sequencing in both directions 
using ABI 3730xl DNA Analyzer. Sequence chromatograms were 
assembled and manually edited using Geneious v.5.6. (Biomatters 
Ltd, Auckland, New Zealand) DNA sequences are available under 
GenBank accession numbers MF981937–MF983528.

2.2 | Leaf beetles: Available cox1‐5′ sequences for 
full species assemblages

As part of a previous study (Baselga et al., 2015), full leaf beetle as-
semblages have been sampled and sequenced (cox1‐5′) in 15 of the 
localities selected for mollusc sampling. A total of 3,997 specimens 
in 197 morphological species were collected, and 3,529 were suc-
cessfully sequenced for the barcode region (88.3%), totalling 1,634 
different cox1‐5′ haplotypes (see details in Supporting Information 
Appendix S2). Putative species richness in each locality (hereaf-
ter referred to as ‘species richness’ for simplicity) ranged from 39 
to 80 (mean = 56.6; Figure 2). DNA sequences from Baselga et al. 
(2015) are available under GenBank accession numbers KF134544–
KF134651 and KF652242–KF656666.

2.3 | Identification of lineages below species level 
(haplotype network)

To identify intermediate lineages and delimit putative species based 
on molecular variation [operational taxonomic units (OTUs); equiva-
lent to ‘species level’], a haplotype network analysis was conducted 

F I G U R E  2  Map showing the sampling localities with data for both terrestrial molluscs and leaf beetles (blue circles; n = 15) and with 
data for terrestrial molluscs only (red squares; n = 5). Histograms represent the degree of endemism in each locality as the number of 
local lineages (coloured bars) with respect to the total number of lineages (white bars) at the haplotype (b, c) and species [OTU] level (d, e). 
Data are presented for both terrestrial molluscs and leaf beetles. Pictures of a terrestrial mollusc and a leaf beetle were downloaded from 
Wikimedia Commons (under Creative Commons license, authors Günter Wondrak and Udo Schmidt, respectively) [Colour figure can be 
viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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for sequences from terrestrial molluscs. Leaf beetles were not ana-
lysed because Baselga et al. (2015) provided this information for the 
specimens under study. The cox1‐5′ sequences were aligned with 
transAlign (Bininda‐Emonds, 2005), and identical haplotypes were 
collapsed into a single sequence with a custom Perl script. Haplotype 
networks were created using the TCS software (Clement, Posada, 
& Crandall, 2000) and a nesting algorithm implemented in ANeCA 
v.1.2 (Panchal, 2007). TCS uses statistical parsimony to estimate hap-
lotype networks of closely related individuals from DNA sequence 
data, which is defined by the 95% confidence interval for connections 
between haplotypes to be non‐homoplastic in the network analysis 
(Templeton, Crandall, & Sing, 1992). The nesting algorithm gener-
ates n‐step hierarchical nested clades of increasingly more inclusive 
groups of haplotypes, following rules for initially connecting all hap-
lotypes (NC0) that can be linked by one mutational step (“1‐step net-
works”; NC1), which then are incorporated into groups requiring a 
connection of a maximum of two steps (“2‐step networks”; NC2), and 
so on. The procedure implements a stopping rule for the maximum 
level by which haplotypes are included into a single network based on 
the probability of encountering homoplastic changes in the connec-
tions of two haplotype groups. Thus, this algorithm creates a nested 
design by hierarchically clustering haplotypes into groups known 
as “clades”, which here will be also referred to as intermediate line-
ages. The independent networks that are generated can be used as 
operational species units (OTUs), or putative species, owing to their 
strong correspondence to Linnaean species (Hart & Sunday, 2007). 
Haplotype and nested clade assignment (i.e., lineages at different 
genealogical levels) for each specimen were retrieved with a custom 
R script (“uncollapse”) that restored the information removed when 
collapsing identical haplotypes. Minor uncertainty in the haplotype 
identity in 15 sequences owing to partly missing sequence data was 
resolved by assigning the haplotypes to one of the fully sequenced 
haplotypes in the same (n = 13) or a nearby locality (n = 2). For more 
details on the methodology used, see Baselga et al. (2015).

2.4 | Species–genetic diversity correlation

As a measure of genetic diversity, the nucleotide diversity for each 
OTU at each locality was computed with the nuc.div() function in 
the pegas package (Paradis, 2010) in R (R Development Core Team, 
2013). Only OTUs with five or more individuals were selected to 
compute the average genetic diversity at a locality. The correla-
tion between species diversity and genetic diversity (SGDC) was 
assessed in two different ways, as the univariate linear regression 
between (a) species richness and average genetic diversity and, in-
dependently, between (b) species richness and genetic diversity of 
the most abundant OTU in the dataset (i.e., focal species), using the 
15 localities with data for both terrestrial molluscs and leaf beetles.

To assess whether terrestrial molluscs and leaf beetles dif-
fered in their species richness and, independently, in their average 
genetic diversity, repeated‐measures ANOVAs were conducted 
using sampling locality as a within‐subjects factor. Additionally, to 
assess whether they showed similar spatial patterns, a univariate 

linear regression was computed between species richness in ter-
restrial molluscs and in leaf beetles and, independently, between 
average genetic diversity in terrestrial molluscs and in leaf beetles. 
Linear regression models were also built to assess the relation-
ship between diversity attributes (species richness and average 
genetic diversity) and topo‐climatic variables: latitude, longitude, 
mean elevation, annual mean temperature (Bio1 in WorldClim 
data; Hijmans, Cameron, Parra, Jones, & Jarvis, 2005) and an-
nual precipitation (Bio12 in WorldClim data; Hijmans et al., 2005). 
Significant predictors were selected following a forward proce-
dure based on the F‐statistic.

2.5 | Multi‐hierarchical assessment of variation in 
assemblage composition

The analysis of the variation in assemblage composition follows the 
multi‐hierarchical approach to distance‐decay patterns suggested 
by Baselga et al. (2013, 2015). It consists of two main steps. First, the 
neutral evolution of sequences is tested to validate the assumption 
that haplotype distributions are not driven by selective processes. 
Second, the variation in assemblage composition with spatial dis-
tance is measured at different genealogical levels, in order to iden-
tify a potential emerging fractal pattern.

These analyses had been conducted for leaf beetles in the Iberian 
Peninsula by Baselga et al. (2015) and thus are not repeated here.

For the terrestrial molluscs, this approach was implemented, 
using all localities (n = 20), as follows. First, the null hypothesis of 
neutral evolution of mitochondrial DNA was tested with Tajima’s 
D test (Tajima, 1989) in the R package pegas (Paradis, 2010), using 
the cox1‐5′ sequences of those OTUs with haplotype variability and 
more than three sequences of different haplotypes (1,337 sequences 
of 84 OTUs in total). Tajima’s D values ranging between –2 and + 2 
support the hypothesis of neutral evolution. The proportion of OTUs 
with neutral evolution was computed, and the Kolmogorov–Smirnov 
test [command ks.test() in R] was also used to assess whether the 
values of Tajima’s D followed a normal distribution. Second, the rela-
tionship of assemblage similarity with spatial distance (i.e., distance 
decay of similarity) was assessed independently at each genealog-
ical level (haplotypes, intermediate lineages and OTUs) using the 
Simpson index of similarity, that is, 1 − βsim (Baselga, 2010), in the R 
package betapart (Baselga & Orme, 2012). A negative exponential 
function [command decay.model() in betapart] was used to adjust a 
generalized linear model (GLM) with Simpson similarity as response 
variable, spatial distance as predictor, log link and Gaussian error, 
maintaining the spatial distances untransformed (Gómez‐Rodríguez 
& Baselga, 2018). Spatial distance was computed in kilometres as the 
Euclidean distance between the centroids of localities. An arbitrary 
small quantity (0.01) was summed to all similarity values to avoid 
undefined log10‐transformed values. Fractal systems (i.e., self‐similar 
systems) can be described only by a scale‐free function, such as the 
power law function (Pinto, Lopes, & Tenreiro Machado, 2014). Thus, 
the existence of a fractal pattern in the distance‐decay curves across 
genealogical levels was assessed by a log–log Pearson correlation 



358  |     GÓMEZ‐RODRÍGUEZ et al.

of genealogical level and, independently: (a) number of lineages, (b) 
initial similarity, and (c) mean similarity. High correlation values are 
indicative of fractality in lineage branching (i.e., number of lineages) 
and/or spatial geometry of lineage distributional ranges (i.e., initial 
and mean similarity).

Equivalent analyses were conducted to assess the relationships 
of assemblage similarity and topo‐climatic distance at each genea-
logical level. Topo‐climatic distance was computed as the Euclidean 
distance in a multidimensional space consisting of seven standard-
ized topo‐climatic variables (Hijmans et al., 2005): elevation, mean 
annual temperature (Bio1), maximum temperature of the warmest 
month (Bio5), minimum temperature of the coldest month (Bio6), 
annual precipitation (Bio12), precipitation of the wettest quarter 
(Bio16) and precipitation of the driest quarter (Bio17). This measure 
of topo‐climatic distance is the one used by Baselga et al. (2015) 
for leaf beetles. Variance partitioning was conducted to assess the 
fractions of variance in assemblage dissimilarity that were uniquely 
and jointly explained by spatial distance and topo‐climatic distance 
at multiple genealogical levels.

2.6 | Endemism and range size at the haplotype 
level and the OTU level

To assess whether terrestrial molluscs and leaf beetles differed in 
their effective dispersal ability, their endemism and distributional 
ranges were compared at both the haplotype and the species level 
using the 15 localities with data for both terrestrial molluscs and leaf 
beetles. Endemism was computed for each locality as the propor-
tion of lineages (i.e., haplotypes or OTUs, respectively) that occurred 
at a single locality. For each lineage, the extent of its distributional 
range was described by the geographical distance between the 
two most distant localities where it occurred (range size or extent). 
Differences in endemism between leaf beetles and terrestrial mol-
luscs were assessed with repeated‐measures ANOVA, using sample 
locality as a within‐subjects factor. Differences in the extent of the 
distributional ranges were assessed with Wilcoxon tests, using taxon 
as a grouping factor. Additionally, to describe how range size varies 
with genealogical level, density plots of range size were computed 
for all hierarchical levels, from haplotype (NC0) to OTU (NC4).

3  | RESULTS

A total of 1,792 terrestrial mollusc specimens were collected in the 
20 study localities. The cox1‐5′ sequences were obtained success-
fully for 1,592 specimens (88.8%), yielding 547 different cox1‐5′ 
haplotypes of 17 different families. Haplotype network construc-
tion provided evidence for five levels of nested clades (NC0–NC5), 
although the NC5 level was recovered for a negligible proportion 
of cases, and results were very similar to NC4 (number of NC4 net-
works = 190; number of NC5 networks = 187). Therefore, NC4 net-
works are hereinafter used as OTUs. Species richness (i.e., number 
of OTUs) ranged from nine (SAN locality) to 29 (EST locality), with an 

average number of 17.0 ± 5.1. In the reduced dataset (15 localities 
for which leaf beetle assemblages had also been sequenced), 1,321 
specimens were collected, yielding 1,192 cox1‐5′ sequences and 391 
unique haplotypes (Supporting Information Appendix S2).

3.1 | Species–genetic diversity correlation

There was not a significant relationship between species rich-
ness and average genetic diversity (terrestrial molluscs: r2 = 0.02; 
F1,13 = 0.333, p = .57; leaf beetles: r

2 = 0.005; F1,13 = 0.061; p = .81; 
Supporting Information Appendix S3) or between species rich-
ness and genetic diversity of the focal species [terrestrial molluscs 
(Limax flavus): r2 = 0.10; F1,13 = 1.52, p = .24; leaf beetles (Longitarsus 
cerinthes): r2 = 0.07; F1,13 = 0.07; p = .79]. The stepwise procedure 
showed that species richness was inversely related to elevation (r2 

= 0.33; F1,13 = 6.4, p = .025) in terrestrial molluscs, whereas it was 
inversely related to latitude (r2 = 0.39; F1,13 = 8.5, p = .012) in leaf 
beetles (Supporting Information Appendix S3). None of the vari-
ables was selected as a predictor in the models of average genetic 
diversity (for details on the stepwise procedure, see Supporting 
Information Appendix S4).

Leaf beetles showed higher local richness (repeated‐measures 
ANOVA F1,14 = 164.1, p < .001) and higher local average genetic di-
versity (repeated‐measures ANOVA F1,14 = 96.7, p < .001) than ter-
restrial molluscs (Supporting Information Appendix S5), and there 
was no significant relationship between diversity patterns of both 
taxa (species richness: r2 = 0.12; F1,13 = 1.8, p = .20; average genetic 
diversity: r2 = 0.04; F1,13 = 0.602, p = .45; Supporting Information 
Appendix S6).

3.2 | Multi‐hierarchical assessment of variation in 
assemblage composition

Tajima’s D tests for the 84 mollusc OTUs with haplotype variability and 
more than three cox1‐5′ sequences revealed that the null hypothesis 
of neutral evolution was not rejected (−2 < D < 2, p > .05) in 53 OTUs 
(63%; see details in Supporting Information Appendix S7). When neu-
trality was rejected, Tajima’s D was significantly lower than expected 
(D < −2, p < .05) in 30 OTUs (36%), suggesting either purifying selec-
tion or population size expansion in these putative species, and only 
higher than expected (D > 2, p < .05) in one OTU (1%), suggesting ei-
ther balancing selection or a reduction in population size in this single 
case. The distribution of Tajima’s D values was not significantly dif-
ferent from a normal distribution (Kolmogorov–Smirnov D = 0.14286, 
p‐value = .35; Supporting Information Appendix S8) in the full dataset.

Mollusc assemblage similarity decreased exponentially with 
spatial distance at all genealogical levels (Figure 3), from haplotype 
to OTU (NC4). The slopes of the exponential decay curves were 
very similar at all levels, whereas assemblage similarity increased 
uniformly from level to level (Figure 3; Table 1). Genealogical level 
showed a log–log correlation with the number of lineages (r2 = 0.99, 
F1,3 = 213.8, p < .001), initial similarity (i.e., intercept; r2 = 0.99, 
F1,3 = 575.3, p < .001) and mean similarity of assemblage composition 
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(r2 = 0.98, F1,3 = 140.5, p = .001). The log–log linear correlations sug-
gest that the patterns of assemblage variation across genealogical 
levels can be described by a fractal geometry. These log–log rela-
tionships were very similar to the ones observed by Baselga et al. 
(2015) for leaf beetles (see also Figure 3c,d).

The distance‐decay relationship showed less scatter and was steeper 
in leaf beetles (0.74 < r2 < 0.76; −0.0035 < b < −0.0043; Baselga et al., 
2015: table 1) than in terrestrial molluscs (0.25 < r2 < 0.42; −0.0025 < b 
< −0.0030) at all genealogical levels from haplotype to NC4 (Table 1; 
Figure 3; Supporting Information Appendices S9 and S10). Although 
initial similarity at the haplotype level was similar in terrestrial molluscs 
and leaf beetles (a = 0.14 in terrestrial molluscs; a = 0.15 in leaf beetles), 

the initial similarity at the NC4 level (and intermediate levels) was higher 
in leaf beetles (a = 0.51 at NC4 in terrestrial molluscs; a = 0.62 at NC4 in 
leaf beetles; Table 1; Baselga et al., 2015: table 1).

Assemblage similarity also decreased with topo‐climatic distance 
at all genealogical levels, from haplotype to OTU (Table 1). However, 
the fit of exponential decay curves was lower than in the case of 
spatial distance, with r2 values ranging from 0.10 (haplotype level) to 
0.31 (NC3 level). Importantly, all the variation in assemblage similar-
ity explained by topo‐climatic distance was nested in the variation 
explained by spatial distance (Table 2); that is, the contribution of 
topo‐climatic distance independent of spatial distance was negligi-
ble (≤ 1% explained variation at all levels), whereas the contribution 

F I G U R E  3  Distance decay of assemblage similarity at multiple genealogical levels [haplotype (NC0) and nested clade levels NC1–NC4] 
in terrestrial molluscs (a) and leaf beetles (b). The relationships between nested clade level and number of lineages (triangles), intercepts 
(circles) and mean similarity (squares) in terrestrial molluscs (c) and leaf beetles (d) are also shown. The relationship between assemblage 
similarity and topo‐climatic distance at multiple genealogical levels is also shown for terrestrial molluscs (e) and leaf beetles (f). Pictures 
of a terrestrial mollusc and a leaf beetle were downloaded from Wikimedia Commons (under Creative Commons license, authors Günter 
Wondrak and Udo Schmidt, respectively) [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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of spatial distance independent of topo‐climatic distance was always 
relevant (≥ 12% explained variation at all levels). Lower r2 values in 
topo‐climatic distance‐decay relationships were also observed in 
the leaf beetles (Baselga et al., 2015; see details of the scatter of 
data in Supporting Information Appendix S9 for leaf beetles and in 
Supporting Information Appendix S10 for terrestrial molluscs).

3.3 | Endemism and range size at the haplotype 
level and the OTU level

At the haplotype level, endemism was not significantly different 
between terrestrial molluscs and leaf beetles, with a similar propor-
tion of haplotypes being present in only one locality (“local haplo-
types”: terrestrial molluscs = 92.1%; leaf beetles = 87.9%; Supporting 
Information Appendix S2) and a lack of significant differences in 
the proportion of local haplotypes per locality (repeated‐measures 
ANOVA F1,14 = 2.5, p = .139; Figure 2b,c; Supporting Information 
Appendix S11). However, the proportion OTUs present in a sin-
gle locality was significantly higher in terrestrial molluscs (“local 
OTUs”: terrestrial molluscs = 71.2%; leaf beetles = 54.7%), yielding 
significant differences in the proportion of local OTUs per local-
ity (repeated‐measures ANOVA F1,14 = 5.0, p = .043; Figure 2d,e; 
Supporting Information Appendix S11). The size of the distributional 
ranges was significantly smaller in terrestrial molluscs, at both the 
haplotype (Wilcoxon W = 332,760, p = .0195) and the species level 
(Wilcoxon W = 25,488, p = .002555). Range expansion between 
the haplotype and the species level was also smaller in terrestrial 

molluscs [mean range size (haplotype) = 17.0 km; mean range size 
(OTU) = 88.6 km] than in leaf beetles [mean range size (haplotype) = 
25.0 km; mean range size (OTU) = 131.2 km]. Density plots in Figure 4 
show the tendency to larger range sizes at deeper phylogenetic lev-
els in leaf beetles compared with terrestrial molluscs (Figure 4a,b). 
Notwithstanding, the largest ranges were observed in terrestrial 
molluscs, with a few outlier OTUs occupying most localities. This 
resulted in a bimodal distribution in the range size of terrestrial mol-
luscs, as can be seen in the density plots per locality (Figure 4e).

4  | DISCUSSION

The integrative assessment of genetic‐ and species‐level varia-
tion reveals concordance in the diversity patterns of terrestrial 
molluscs and leaf beetles in the Iberian Peninsula. This pattern of 
concordance would be overlooked in standard diversity analyses 
at only one of the levels; that is, species richness, distance decay 
of assemblage similarity (beta diversity) or local average genetic 
diversity. Local species richness and average genetic diversity 
were not only lower in terrestrial molluscs, but they were also 
not correlated with those of leaf beetles. Likewise, the slopes of 
the distance‐decay curves were different, with terrestrial mol-
luscs showing a slower decrease in assemblage similarity with 
spatial distance. However, a multi‐hierarchical approach (Baselga 
et al., 2013, 2015) provided evidence that, in both groups, dis-
tance‐decay patterns across phylogenetic scales were fractal (i.e., 

TA B L E  2  Variance partitioning of the distance‐decay relationship at multiple genealogical levels (haplotype and nested clade levels 
NC1–NC4) in terrestrial molluscs

Total variance Spatial (unique) Topo‐climatic (unique) Joint

Haplotype 0.260 0.160 0.007 0.093

NC1 0.354 0.160 0.000 0.194

NC2 0.364 0.119 0.005 0.240

NC3 0.466 0.160 0.010 0.296

NC4 0.430 0.160 0.011 0.259

Note. Similarity in assemblage composition is explained as a function of spatial and topo‐climatic distance (total variance). The variance uniquely ex-
plained by each predictor (spatial or topo‐climatic distance) and the variance jointly explained by both predictors are also shown.

TA B L E  1  Relationship between biotic similarity and spatial distance and, independently, topo‐climatic distance at multiple genealogical 
levels (haplotype and nested clade levels NC1–NC4) in terrestrial molluscs

Level

Spatial distance Topo‐climatic distance

a b Pseudo‐r2 p a b Pseudo‐r2 p

Haplotype 1 0.14 −0.0025 0.253 <.001 0.12 −0.2203 0.100 .001

NC1 2 0.23 −0.0030 0.354 .002 0.24 −0.3237 0.194 .001

NC2 3 0.31 −0.0027 0.359 .003 0.35 −0.3288 0.245 .001

NC3 4 0.43 −0.0029 0.456 .004 0.47 −0.3349 0.306 .001

NC4 5 0.51 −0.0026 0.419 .005 0.55 −0.2967 0.270 .001

Note. Number of localities = 20. The analysis is based on pairwise Simpson similarity in assemblage composition. n is the number of lineages at each 
genealogical level. Parameters correspond to the model y = a × e−bx, where y is similarity and x is spatial (or topo‐climatic) distance. Coefficients of de-
termination (pseudo‐r2) and p‐values obtained by Mantel tests are shown.
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similar slopes and regular increase of intercepts, from haplotype 
to species level). This result shows that assemblage similarity at 
any given spatial distance regularly decreases from the species to 
the haplotype level, but the rate at which assemblages become 
dissimilar with spatial distance does not change with phylogenetic 
scale. Fractality in beta‐diversity patterns has been attributed to a 

preponderance of dispersal processes (Baselga et al., 2013, 2015) 
and, thus, contradicts our initial hypothesis of terrestrial mollusc 
assemblages being controlled mostly by niche factors. In fact, the 
analysis of range size and endemism at both the haplotype and 
species levels suggests that dispersal limitation is stronger in ter-
restrial molluscs. First, range size is smaller in terrestrial molluscs 

F I G U R E  4  Density plots of range size in terrestrial molluscs (a) and leaf beetles (b) at multiple genealogical levels (haplotype [NC0] and 
nested clade levels NC1–NC4). Density plots of range size distribution in each locality are also shown for the haplotype (c, d) and species 
[OTU] (e, f) level, for both terrestrial molluscs (c, e) and leaf beetles (d, f). Localities are ordered following a latitudinal gradient. Pictures 
of a terrestrial mollusc and a leaf beetle were downloaded from Wikimedia Commons (under Creative Commons license, authors Günter 
Wondrak and Udo Schmidt, respectively) [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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than in leaf beetles at both the haplotype and species levels. 
Second, and more remarkably, terrestrial molluscs show higher 
endemism at the species level, but not at the haplotype level, a 
result in accordance with range expansion in the long term being 
more restricted in this taxon. Taken altogether, here we show 
that some of the differences observed in the diversity patterns of 
Iberian terrestrial molluscs and leaf beetles could be interpreted 
not as the result of different macroecological processes, but as 
the consequence of the same process (dispersal) taking place with 
different strength in each taxon.

In general terms, whereas most studies have focused on how di-
versity patterns change with phylogenetic scale above the species 
level (Graham et al., 2018), here we show that diversity patterns 
below the species level might allow the identification of properties 
that unify biological systems that would otherwise seem hetero-
geneous. Moreover, complementing the analysis of distance‐decay 
patterns, as initially proposed in the multi‐hierarchical approach 
(Baselga et al., 2013, 2015), with the analysis of endemism and range 
size aids the interpretation of the fractal pattern by providing insight 
about the strength of dispersal processes.

The analysis of the parameters defining the distance‐decay curve 
can also provide information about the strength of the processes 
driving the variation in assemblage composition (Gómez‐Rodríguez 
& Baselga, 2018). Thus, leaf beetles would have less dispersal ability 
than terrestrial molluscs, given the steeper distance‐decay curves for 
the leaf beetles at all genealogical levels. This result contradicts the 
classical view of low active dispersal of terrestrial molluscs (Cameron, 
2013) and the results discussed above, but could be explained by the 
bias introduced by a few mollusc species with very large distribu-
tional ranges (such as Limacus flavus, Helix aspersa, Lehmannia margi‐
nata or Deroceras reticulatum). The high apparent dispersal ability of 
these species causes a bimodal range size distribution in the data and 
is probably associated with passive migration by human activities, as 
has been reported for other terrestrial molluscs (e.g., Aubry et al., 
2006). In fact, when these species are removed from the distance‐
decay analyses, the slope value increases [e.g., slope at species level 
(NC4) = −0.0078; for details, see Supporting Information Appendix 
S12], a result in accordance with the lower dispersal ability of most 
terrestrial molluscs. Besides, distance‐decay curves are defined by 
two parameters (intercept and slope) that should be interpreted 
together (Gómez‐Rodríguez & Baselga, 2018; Morlon et al., 2008). 
Thus, although small slopes in the distance‐decay curve of terrestrial 
molluscs would suggest a notable proportion of species with high 
dispersal ability, the lower intercept (i.e., initial similarity) would still 
suggest that most species are poorly mobile because, at short dis-
tances, strong dispersal limitation is more evident.

Another apparently contradictory result of the present study 
is that distance‐decay results suggest the relevance of dispersal 
processes (i.e., fractality and stronger relationship with spatial dis-
tance than with climatic distance), but we do not find the analo-
gous SGDC. In general, a strong positive SGDC is expected when 
genetic diversity is measured with a neutral molecular marker 
and when non‐selective factors, such as the size and isolation of 

sampling units, exert a particularly strong influence on diversity 
patterns (Kahilainen et al., 2014; Vellend et al., 2014). However, 
previous studies have also shown that any SGDC, including non‐
significant results, can be compatible with systems dominated by 
processes such as dispersal and drift (Laroche, Jarne, Lamy, David, 
& Massol, 2015). In addition, we should not discard methodologi-
cal limitations inherent to our data, such as the sample size (i.e., 20 
localities), which might affect the strength of correlations, or the 
fact that our sampling localities are not discrete habitat patches 
(Vellend et al., 2014). Another potential methodological bias might 
be introduced with the choice of the focal species (Lamy, Laroche, 
David, Massol, & Jarne, 2017), although we have also found the 
same lack of positive correlation when measuring genetic diversity 
in multiple species (as done by Taberlet et al., 2012). In general, it 
is assumed that the processes affecting the most abundant spe-
cies might not be representative of the full community and that 
differences in dispersal ability or ecological responses among spe-
cies are also likely to affect the SGDC measures (Lamy et al., 2017; 
Vellend et al., 2014). Thus, a lack of SGDC does not imply that dis-
persal processes are not important in an ecological system.

Although our results are consistent with dispersal being an import-
ant diversity driver in both Iberian molluscs and leaf beetles, species 
assemblages are the result of multiple processes (i.e., evolutionary 
dynamics and niche constraints, among others) that hierarchically fil-
ter coexisting species in a local community from the regional pool of 
species (Ricklefs, 2004). We reckon that niche processes are likely to 
be relevant in the system too, although we have found that the rela-
tionship between assemblage similarity and topo‐climatic distance was 
completely derived from its covariation with spatial distance. However, 
climatic niches do not represent all the environmental dimensions rele-
vant to these species (e.g., local environmental heterogeneity and com-
petition, among others) and, in fact, the larger unexplained variance in 
the distance‐decay curves of terrestrial molluscs suggests the influence 
of non‐spatial processes. Moreover, species richness was correlated 
with elevation in terrestrial molluscs and with latitude in leaf beetles, 
and these variables could be associated with ecological limits of the 
species, although they can be also attributed to historical processes 
independent of niche filtering (e.g., recolonization of northern regions 
from southern glacial refugia, in the case of leaf beetles, and valleys 
acting as glacial refugia, in the case of terrestrial molluscs). A strong 
effect of multiple glacial refugia and slow recolonization has been pro-
posed to explain the strong geographical structure of genetic diver-
sity in terrestrial molluscs (Dépraz, Cordellier, Hausser, & Pfenninger, 
2008; Quinteiro, Rodríguez‐Castro, Castillejo, Iglesias‐Piñeiro, & Rey‐
Méndez, 2005), and the Iberian Peninsula is thought to have harboured 
multiple refugia at very small scales (Gómez & Lunt, 2007).

To conclude, the integrative assessment of multiple macroecolog-
ical patterns at different phylogenetic scales can shed light on the 
identity and strength of processes driving diversity patterns. In our 
biological system, the assessment of how diversity patterns change at 
different phylogenetic scales below the species level allows the unifi-
cation of seemingly heterogeneous diversity patterns as the result of 
a single process acting at different speeds (literally dispersal velocity). 
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For this reason, new studies across multiple systems and types of or-
ganisms are needed to assess the cross‐taxon variation (or regulari-
ties) in diversity, range size and other macroecological patterns below 
species level. Such analyses are currently demanding in terms of time 
and cost, although Next‐Generation Sequencing (NGS) approaches, 
such as mito‐metagenomics, offer great promise for diversity as-
sessments, even below species level (Gómez‐Rodríguez, Crampton‐
Platt, Timmermans, Baselga, & Vogler, 2015; Gómez‐Rodríguez, 
Timmermans, Crampton‐Platt, & Vogler, 2017). The final goal would 
be the integration of phylogenetic and macroecological information 
into a single analysis to assess the spatio‐temporal (ecological and 
evolutionary) continuum behind present biodiversity patterns.

ACKNOWLEDG MENTS

We are grateful to Oscar García Martínez for his assistance in speci-
men processing and to two anonymous reviewers for their helpful 
comments. The authors were supported by the Spanish Ministry 
of Economy and Competitiveness and the European Regional 
Development Fund (ERDF) through grant CGL2016‐76637‐P and 
fellowship IJCI‐2014‐20881 to C.G.‐R.

DATA ACCE SIBILIT Y

Beetle DNA sequences in Baselga et al. (2015) are available 
under GenBank accession numbers KF134544–KF134651 and 
KF652242–KF656666. DNA sequences of terrestrial molluscs pro-
vided in this study are available under GenBank accession numbers 
MF981937–MF983528.

ORCID
Carola Gómez‐Rodríguez   https://orcid.
org/0000-0002-2019-7176 

Andrés Baselga   http://orcid.org/0000-0001-7914-7109 

R E FE R E N C E S

Arbogast, B. S., & Kenagy, G. J. (2001). Comparative phylogeography as an 
integrative approach to historical biogeography. Journal of Biogeography, 
28(7), 819–825. https://doi.org/10.1046/j.1365-2699.2001.00594.x

Aubry, S., Labaune, C., Magnin, F., Roche, P., & Kiss, L. (2006). Active 
and passive dispersal of an invading land snail in Mediterranean 
France. Journal of Animal Ecology, 75(3), 802–813. https://doi.
org/10.1111/j.1365-2656.2006.01100.x

Avise, J. C. (1994). Molecular markers, natural history and evolution. New 
York, NY: Chapman & Hall.

Barker, G. M. (Ed.) (2001). The biology of terrestrial molluscs. Wallingford, 
UK: CABI Publishing.

Baselga, A. (2010). Partitioning the turnover and nestedness compo-
nents of beta diversity. Global Ecology and Biogeography, 19(1), 134–
143. https://doi.org/10.1111/j.1466-8238.2009.00490.x

Baselga, A., Fujisawa, T., Crampton‐Platt, A., Bergsten, J., Foster, P. G., 
Monaghan, M. T., & Vogler, A. P. (2013). Whole‐community DNA bar-
coding reveals a spatio‐temporal continuum of biodiversity at spe-
cies and genetic levels. Nature Communications, 4, 1892. https://doi.
org/10.1038/ncomms2881

Baselga, A., Gómez‐Rodríguez, C., & Vogler, A. P. (2015). Multi‐hierar-
chical macroecology at species and genetic levels to discern neutral 
and non‐neutral processes. Global Ecology and Biogeography, 24, 873–
882. https://doi.org/10.1111/geb.12322

Baselga, A., & Orme, C. D. L. (2012). betapart: An R package for the 
study of beta diversity. Methods in Ecology and Evolution, 3, 808–812. 
https://doi.org/10.1111/j.2041-210X.2012.00224.x

Bininda‐Emonds, O. R. P. (2005). transAlign: Using amino acids to facili-
tate the multiple alignment of protein‐coding DNA sequences. BMC 
Bioinformatics, 6, 156.

Blanchet, S., Prunier, J. G., & Kort, H. D. (2017). Time to go bigger: 
Emerging patterns in macrogenetics. Trends in Genetics, 33(9), 579–
580. https://doi.org/10.1016/j.tig.2017.06.007

Cameron, R. A. D. (2013). The diversity of land molluscs—Questions un-
answered and questions unasked. American Malacological Bulletin, 
31(1), 169–180.

Clement, M., Posada, D., & Crandall, K. A. (2000). TCS: A computer pro-
gram to estimate gene genealogies. Molecular Ecology, 9(10), 1657–
1659. https://doi.org/10.1046/j.1365-294x.2000.01020.x

Dépraz, A., Cordellier, M., Hausser, J., & Pfenninger, M. (2008). Postglacial 
recolonization at a snail’s pace (Trochulus villosus): Confronting compet-
ing refugia hypotheses using model selection. Molecular Ecology, 17(10), 
2449–2462. https://doi.org/10.1111/j.1365-294X.2008.03760.x

Diniz‐Filho, J. A. F., & Bini, L. M. (2011). Geographical patterns in biodi-
versity: Towards an integration of concepts and methods from genes 
to species diversity. Natureza & Conservação, 9(2), 179–187. https://
doi.org/10.4322/natcon.2011.023

Diniz‐Filho, J. A. F., Telles, M. P. D. C., Bonatto, S. L., Eizirik, E., Freitas, T. R. O. 
D., Marco, P. D., … Soares, T. N. (2008). Mapping the evolutionary twi-
light zone: Molecular markers, populations and geography. Journal of 
Biogeography, 35(5), 753–763. https://doi.org/10.1111/j.1365-2699. 
2008.01912.x

Folmer, O., Black, M., Hoeh, W., Lutz, R., & Vrijenhoek, R. (1994). DNA 
primers for amplification of mitochondrial cytochrome c oxidase sub-
unit I from diverse metazoan invertebrates. Molecular Marine Biology 
and Biotechnology, 3, 294–299.

Frame, M., & Urry, A. (2016). Fractal worlds: Grown, built, and imagined. 
New Haven, CT: Yale University Press.

Gaston, K. J. (2003). The structure and dynamics of geographic ranges. 
Oxford, UK: Oxford University Press.

Gómez, A., & Lunt, D. H. (2007). Refugia within refugia: Patterns of phy-
logeographic concordance in the Iberian Peninsula. In Steven Weiss, 
& Nuno Ferrand, Phylogeography of Southern European refugia (pp. 
155–188). Dordrecht, the Netherlands: Springer.

Gómez‐Rodríguez, C., & Baselga, A. (2018). Variation among European 
beetle taxa in patterns of distance decay of similarity suggests a 
major role of dispersal processes. Ecography, 41, 1825–1834. https://
doi.org/10.1111/ecog.03693

Gómez‐Rodríguez, C., Crampton‐Platt, A., Timmermans, M., Baselga, A., 
& Vogler, A. P. (2015). Validating the power of mitochondrial metag-
enomics for community ecology and phylogenetics of complex as-
semblages. Methods in Ecology and Evolution, 6, 883–894. https://doi.
org/10.1111/2041-210X.12376

Gómez‐Rodríguez, C., Timmermans, M. J. T. N., Crampton‐Platt, A., & 
Vogler, A. P. (2017). Intraspecific genetic variation in complex assem-
blages from mitochondrial metagenomics: Comparison with DNA 
barcodes. Methods in Ecology and Evolution, 8(2), 248–256. https://
doi.org/10.1111/2041-210X.12667

Graham, C. H., Storch, D., & Machac, A. (2018). Phylogenetic scale in 
ecology and evolution. Global Ecology and Biogeography, 27(2), 175–
187. https://doi.org/10.1111/geb.12686

Hart, M. W., & Sunday, J. (2007). Things fall apart: Biological species form 
unconnected parsimony networks. Biology Letters, 3(5), 509–512. 
https://doi.org/10.1098/rsbl.2007.0307

Hijmans, R. J., Cameron, S. E., Parra, J. L., Jones, P. G., & Jarvis, A. (2005). 
Very high resolution interpolated climate surfaces for global land 

https://orcid.org/0000-0002-2019-7176
https://orcid.org/0000-0002-2019-7176
https://orcid.org/0000-0002-2019-7176
http://orcid.org/0000-0001-7914-7109
http://orcid.org/0000-0001-7914-7109
https://doi.org/10.1046/j.1365-2699.2001.00594.x
https://doi.org/10.1111/j.1365-2656.2006.01100.x
https://doi.org/10.1111/j.1365-2656.2006.01100.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1038/ncomms2881
https://doi.org/10.1038/ncomms2881
https://doi.org/10.1111/geb.12322
https://doi.org/10.1111/j.2041-210X.2012.00224.x
https://doi.org/10.1016/j.tig.2017.06.007
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://doi.org/10.1111/j.1365-294X.2008.03760.x
https://doi.org/10.4322/natcon.2011.023
https://doi.org/10.4322/natcon.2011.023
https://doi.org/10.1111/j.1365-2699.2008.01912.x
https://doi.org/10.1111/j.1365-2699.2008.01912.x
https://doi.org/10.1111/ecog.03693
https://doi.org/10.1111/ecog.03693
https://doi.org/10.1111/2041-210X.12376
https://doi.org/10.1111/2041-210X.12376
https://doi.org/10.1111/2041-210X.12667
https://doi.org/10.1111/2041-210X.12667
https://doi.org/10.1111/geb.12686
https://doi.org/10.1098/rsbl.2007.0307


364  |     GÓMEZ‐RODRÍGUEZ et al.

areas. International Journal of Climatology, 25(15), 1965–1978. https://
doi.org/10.1002/joc.1276

Kahilainen, A., Puurtinen, M., & Kotiaho, J. S. (2014). Conservation 
implications of species–genetic diversity correlations. Global 
Ecology and Conservation, 2, 315–323. https://doi.org/10.1016/j.
gecco.2014.10.013

Lamy, T., Laroche, F., David, P., Massol, F., & Jarne, P. (2017). The contri-
bution of species–genetic diversity correlations to the understand-
ing of community assembly rules. Oikos, 126(6), 759–771. https://doi.
org/10.1111/oik.03997

Laroche, F., Jarne, P., Lamy, T., David, P., & Massol, F. (2015). A neutral 
theory for interpreting correlations between species and genetic 
diversity in communities. The American Naturalist, 185(1), 59–69. 
https://doi.org/10.1086/678990

Miraldo, A., Li, S., Borregaard, M. K., Flórez‐Rodríguez, A., Gopalakrishnan, 
S., Rizvanovic, M., … Nogués‐Bravo, D. (2016). An Anthropocene 
map of genetic diversity. Science, 353(6307), 1532–1535.

Morlon, H., Chuyong, G., Condit, R., Hubbell, S., Kenfack, D., Thomas, D., 
… Green, J. L. (2008). A general framework for the distance–decay of 
similarity in ecological communities. Ecology Letters, 11(9), 904–917. 
https://doi.org/10.1111/j.1461-0248.2008.01202.x

Múrria, C., Rugenski, A. T., Whiles, M. R., Vogler, A. P., & Beggs, J. (2015). 
Long‐term isolation and endemicity of Neotropical aquatic insects 
limit the community responses to recent amphibian decline. Diversity 
and Distributions, 21(8), 938–949. https://doi.org/10.1111/ddi.12343

Panchal, M. (2007). The automation of nested clade phylogeographic 
analysis. Bioinformatics, 23(4), 509–510. https://doi.org/10.1093/
bioinformatics/btl614

Papadopoulou, A., Anastasiou, I., Spagopoulou, F., Stalimerou, M., 
Terzopoulou, S., Legakis, A., & Vogler, A. P. (2011). Testing the spe-
cies–genetic diversity correlation in the Aegean archipelago: Toward 
a haplotype‐based macroecology? The American Naturalist, 178(4), 
560–560. https://doi.org/10.1086/660828

Paradis, E. (2010). pegas: An R package for population genetics with an 
integrated‐modular approach. Bioinformatics, 26, 419–420. https://
doi.org/10.1093/bioinformatics/btp696

Paz‐Vinas, I., Loot, G., Stevens, V. M., & Blanchet, S. (2015). Evolutionary 
processes driving spatial patterns of intraspecific genetic diversity in 
river ecosystems. Molecular Ecology, 24(18), 4586–4604. https://doi.
org/10.1111/mec.13345

Pearce, T. A., Mulvihill, R. S., & Porter, K. A. (2012). Land slugs 
(Gastropoda: Pulmonata) on birds demonstrate dispersal potential. 
The Nautilus, 126(1), 38–40.

Pelletier, T. A., & Carstens, B. C. (2018). Geographical range size 
and latitude predict population genetic structure in a global sur-
vey. Biology Letters, 14(1), 20170566. https://doi.org/10.1098/
rsbl.2017.0566

Pinto, C. M. A., Lopes, A. M., & Tenreiro Machado, J. A. (2014). Double 
power laws, fractals and self‐similarity. Applied Mathematical Modelling, 
38(15), 4019–4026. https://doi.org/10.1016/j.apm.2014.01.012

Quinteiro, J., Rodríguez‐Castro, J., Castillejo, J., Iglesias‐Piñeiro, J., & 
Rey‐Méndez, M. (2005). Phylogeny of slug species of the genus 
Arion: Evidence of monophyly of Iberian endemics and of the ex-
istence of relict species in Pyrenean refuges. Journal of Zoological 
Systematics and Evolutionary Research, 43(2), 139–148. https://doi.
org/10.1111/j.1439-0469.2005.00307.x

R Development Core Team. (2013). R: A language and environment for 
statistical computing. Version 3.0.1. Retrieved from http://ww-
w.r-project.org

Ricklefs, R. E. (2004). A comprehensive framework for global pat-
terns in biodiversity. Ecology Letters, 7(1), 1–15. https://doi.
org/10.1046/j.1461-0248.2003.00554.x

Sei, M., Lang, B. K., & Berg, D. J. (2009). Genetic and community sim-
ilarities are correlated in endemic‐rich springs of the northern 
Chihuahuan Desert. Global Ecology and Biogeography, 18(2), 192–201. 
https://doi.org/10.1111/j.1466-8238.2008.00436.x

Sexton, J. P., McIntyre, P. J., Angert, A. L., & Rice, K. J. (2009). Evolution 
and ecology of species range limits. Annual Review of Ecology, 
Evolution, and Systematics, 40, 415–436. https://doi.org/10.1146/an-
nurev.ecolsys.110308.120317

Slatkin, M. (1985). Gene flow in natural populations. Annual Review of 
Ecology and Systematics, 16, 393–430. https://doi.org/10.1146/an-
nurev.es.16.110185.002141

Taberlet, P., Zimmermann, N. E., Englisch, T., Tribsch, A., Holderegger, R., 
Alvarez, N. … IntraBioDiv Consortium. (2012). Genetic diversity in 
widespread species is not congruent with species richness in alpine 
plant communities. Ecology Letters, 15(12), 1439–1448. https://doi.
org/10.1111/ele.12004

Tajima, F. (1989). Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics, 123(3), 585–595.

Templeton, A. R., Crandall, K. A., & Sing, C. F. (1992). A cladistic analysis 
of phenotypic associations with haplotypes inferred from restriction 
endonuclease mapping and DNA sequence data. III. Cladogram esti-
mation. Genetics, 132(2), 619–633.

Vellend, M. (2005). Species diversity and genetic diversity: Parallel pro-
cesses and correlated patterns. The American Naturalist, 166(2), 199–
215. https://doi.org/10.1086/431318

Vellend, M. (2016). The theory of ecological communities. Princeton, NJ: 
Princeton University Press.

Vellend, M., & Geber, M. A. (2005). Connections between species diver-
sity and genetic diversity. Ecology Letters, 8(7), 767–781. https://doi.
org/10.1111/j.1461-0248.2005.00775.x

Vellend, M., Lajoie, G., Bourret, A., Múrria, C., Kembel, S. W., & Garant, 
D. (2014). Drawing ecological inferences from coincident patterns 
of population‐ and community‐level biodiversity. Molecular Ecology, 
23(12), 2890–2901. https://doi.org/10.1111/mec.12756

Willig, M. R., Kaufman, D. M., & Stevens, R. D. (2003). Latitudinal gradi-
ents of biodiversity: Pattern, process, scale, and synthesis. Annual 
Review of Ecology, Evolution, and Systematics, 34, 273–309. https://
doi.org/10.1146/annurev.ecolsys.34.012103.144032

SUPPORTING INFORMATION

Additional supporting information may be found online in the 
Supporting Information section at the end of the article. 

How to cite this article: Gómez‐Rodríguez C, Miller KE, 
Castillejo J, Iglesias‐Piñeiro J, Baselga A. Understanding 
dispersal limitation through the assessment of diversity 
patterns across phylogenetic scales below the species level. 
Global Ecol Biogeogr. 2019;28:353–364. https://doi.
org/10.1111/geb.12857

BIOSKE TCH

Carola Gómez‐Rodríguez is a postdoctoral fellow at the University 
of Santiago de Compostela (Spain). She is interested in freshwa-
ter ecology, phylogenetics and macroecology.

https://doi.org/10.1002/joc.1276
https://doi.org/10.1002/joc.1276
https://doi.org/10.1016/j.gecco.2014.10.013
https://doi.org/10.1016/j.gecco.2014.10.013
https://doi.org/10.1111/oik.03997
https://doi.org/10.1111/oik.03997
https://doi.org/10.1086/678990
https://doi.org/10.1111/j.1461-0248.2008.01202.x
https://doi.org/10.1111/ddi.12343
https://doi.org/10.1093/bioinformatics/btl614
https://doi.org/10.1093/bioinformatics/btl614
https://doi.org/10.1086/660828
https://doi.org/10.1093/bioinformatics/btp696
https://doi.org/10.1093/bioinformatics/btp696
https://doi.org/10.1111/mec.13345
https://doi.org/10.1111/mec.13345
https://doi.org/10.1098/rsbl.2017.0566
https://doi.org/10.1098/rsbl.2017.0566
https://doi.org/10.1016/j.apm.2014.01.012
https://doi.org/10.1111/j.1439-0469.2005.00307.x
https://doi.org/10.1111/j.1439-0469.2005.00307.x
http://www.r-project.org
http://www.r-project.org
https://doi.org/10.1046/j.1461-0248.2003.00554.x
https://doi.org/10.1046/j.1461-0248.2003.00554.x
https://doi.org/10.1111/j.1466-8238.2008.00436.x
https://doi.org/10.1146/annurev.ecolsys.110308.120317
https://doi.org/10.1146/annurev.ecolsys.110308.120317
https://doi.org/10.1146/annurev.es.16.110185.002141
https://doi.org/10.1146/annurev.es.16.110185.002141
https://doi.org/10.1111/ele.12004
https://doi.org/10.1111/ele.12004
https://doi.org/10.1086/431318
https://doi.org/10.1111/j.1461-0248.2005.00775.x
https://doi.org/10.1111/j.1461-0248.2005.00775.x
https://doi.org/10.1111/mec.12756
https://doi.org/10.1146/annurev.ecolsys.34.012103.144032
https://doi.org/10.1146/annurev.ecolsys.34.012103.144032
https://doi.org/10.1111/geb.12857
https://doi.org/10.1111/geb.12857

