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Abstract: Phylogenetic relatedness is a key diversity measure for the analysis and understanding of
how species and communities evolve across time and space. Understanding the nonrandom loss of
species with respect to phylogeny is also essential for better-informed conservation decisions.
However, several factors are known to influence phylogenetic reconstruction and, ultimately,
phylogenetic diversity metrics. In this study, we empirically tested how some of these factors
(topological constraint, taxon sampling, genetic markers and calibration) affect phylogenetic resolution
and uncertainty. We built a densely sampled, species-level phylogenetic tree for spiders, combining
Sanger sequencing of species from local communities of two biogeographical regions (Iberian Peninsula
and Macaronesia) with a taxon-rich backbone matrix of Genbank sequences and a topological
constraint derived from recent phylogenomic studies. The resulting tree constitutes the most complete
spider phylogeny to date, both in terms of terminals and background information, and may serve as
a standard reference for the analysis of phylogenetic diversity patterns at the community level. We then
used this tree to investigate how partial data affect phylogenetic reconstruction, phylogenetic diversity
estimates and their rankings, and, ultimately, the ecological processes inferred for each community.
We found that the incorporation of a single slowly evolving marker (28S) to the DNA barcode
sequences from local communities, had the highest impact on tree topology, closely followed by
the use of a backbone matrix. The increase in missing data resulting from combining partial sequences
from local communities only had a moderate impact on the resulting trees, similar to the difference
observed when using topological constraints. Our study further revealed substantial differences
in both the phylogenetic structure and diversity rankings of the analyzed communities estimated
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from the different phylogenetic treatments, especially when using non-ultrametric trees (phylograms)
instead of time-stamped trees (chronograms). Finally, we provide some recommendations on
reconstructing phylogenetic trees to infer phylogenetic diversity within ecological studies.

Keywords: phylogenetic diversity; topological constraint; taxon sampling; genetic markers; calibration

1. Introduction

Understanding how communities assemble, and the evolutionary and ecological processes
involved, is a key objective within the study of biodiversity [1,2]. The incorporation of phylogenetic
approaches to the study of community ecology (phylogenetic community ecology) has advanced our
understanding of how species pools evolve across time and space, and has highlighted the importance
of integrating ecological and evolutionary processes to test mechanisms of community assembly [1–8].
Recent studies demonstrate the importance of quantifying phylogenetic relatedness between species
to understand how evolutionary history and colonization dynamics influence diversity within
communities [9,10]. Phylogenetic diversity (PD) also plays an important role in conservation [11],
for better prioritizing phylogenetically diverse areas, as well as for preserving ecosystem function
and associated ecosystem services [12].

The increase in phylogenetic information for many taxa has promoted the development of
a plethora of PD metrics [6,11,13,14] to quantify different aspects of PD at the community level [7,8].
Selection of one metric over another may depend upon the nature of the research question, the hypothesis
being tested, the available data (occurrence or abundance data) and the scale of the study [15,16].
One of the more commonly used PD metrics is the phylogenetic diversity index [17], a measure of
richness defined as the total branch length of the minimum spanning tree linking all species represented
in a given community.

Choice of phylogenetic reconstruction method, together with assumptions and decisions
introduced during the tree-building process—taxon sampling, backbone constraints, genetic markers,
model of evolution, among others—may have an impact on the estimation of phylogenetic diversity
metrics. Factors influencing phylogenetic reconstruction and their implications for community
phylogenetic analyses have been the subject of investigation, including taxonomic resolution
(e.g., family level vs. species level) of the angiosperm tree flora of North America [18], proportion of
missing data performed with empirical (plants DNA) and simulated data sets [19], the inclusion or
not of nuclear genes in a study of North American desert bats [20] and the use of a tree specifically
generated for a set of target taxa (several plant taxa from USA, France and Florida) vs. available
published supertrees (Phylomatic and Open Tree of Life) [21], all revealing relatively low impacts on
the estimation of phylogenetic diversity metrics. In contrast, resolution among basal nodes in a study
of Mediterranean plants and simulated communities [22,23], and the use of well resolved topologies
were proven fundamental for PD estimation [19,24]. The use of a chronogram (a time-stamped tree
with branch lengths in units of evolutionary time) or a phylogram (trees with branch lengths in units
of substitutions per site) has been shown to strongly influence PD values, in a recent study with
vascular plants in Florida [25] with consequential effects for the inference of ecological patterns [26].
The use of model-based phylogenetic methods and a backbone phylogeny has been found to improve
estimations of phylogenetic community metrics in a study of stonefly communities from Canada [27].
Finally, including multigene data (nuclear and mitochondrial genes) vs. solely the mitochondrial
cytochrome c oxidase I gene (COI), barcode region [28] has been explored, concluding that phylogenies
derived from the COI barcode region alone do not show significant differences in PD compared to
multigene approaches [27].

A variety of methods to build phylogenies from which to calculate PD have been described.
The simplest approach uses taxonomic hierarchy as a surrogate of PD, assigning increasing values
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to distances among species, genera, families, etc. [29,30]. Pre-existing trees containing target species
can also be used [31], or super-trees developed by pruning and grafting taxa from different available
phylogenetic trees using tools such as those included in the software Phylomatic [32]. These approaches
facilitate community phylogenetic studies, but are not without limitations and drawbacks [32].
A combination of supertrees together with DNA barcode data for a subset of taxa has also been
explored, e.g., [33,34]. Some phylogenies have been developed by combining multiple, non-dated
supertrees and setting all branch lengths to one [3]. Finally, phylogenetic trees have also been
assembled either from genetic markers downloaded from GenBank [9] or from next-generation
sequencing (NGS) data [12].

Spiders are among the most diverse and abundant invertebrate predators in terrestrial habitats
worldwide, and they play a key role in ecosystem functioning as top-down regulators of above-ground
food webs [35]. However, while many studies have addressed community patterns of taxonomic
and functional diversity both at global [36] and regional scales [29,37,38], to date, only two studies
have included phylogenetic information in the analysis of spider communities [39,40].

Here, we take advantage of the wealth of spider DNA sequence information available in
public databases to investigate the effects of (i) taxon sampling, (ii) multi-gene data, (iii) topological
constraints and (iv) time information on estimates of PD at the community level. We focus on
communities of spiders from two distinct biogeographical regions: the Iberian Peninsula and Macaronesia
(Azores, Madeira and Canary Islands). We first constructed species-level phylogenies of the mitochondrial
cytochrome c oxidase subunit I (COI), which has been shown to be very effective at identifying spiders at
the species level [41,42]. We used the COI both on its own and also in concatenation with sequences
of the nuclear 28S rRNA (28S) for the 491 species collected in the local communities (local pool).
We then inferred phylogenetic trees by adding approximately 1000 additional species representing
most spider families, sampled for the same two gene regions, together with four additional genes [43].
This was performed both with and without topological constraints provided by the most complete
phylotranscriptomic study on spiders published to date [44], which also provided the calibration
points to infer time-stamped phylogenies. Our first objective was to explore how alpha phylogenetic
diversity (PDalpha), its respective community rank and the ecological inferences for each plot site
vary with the different phylogenetic trees. Secondly, we aimed to investigate the relative influence of
several factors (i.e., adding nuclear information, backbone matrices, topological constraints, calibration
and their combinations) on the inferred tree topology and branch lengths. Finally, we propose
a workflow for obtaining a phylogeny and estimating PD metrics at the community level, explaining
the possible troubleshooting to face during the generation of the final phylogeny. We also provide
best practice recommendations for the reconstruction of phylogenetic trees to calculate PD metrics in
community ecology studies.

2. Materials and Methods

2.1. Field Collection

Spiders were collected as part of different projects (see further details in the funding section)
using the standardized sampling protocol COBRA (Conservation Oriented Biodiversity Rapid
Assessment) [38]. In the Iberian Peninsula, spider communities were sampled from woodlands
of different species of oak (namely Quercus petraea (Matts.) Liebl., Quercus faginea Lam., Quercus
subpyrenaica Villar and Quercus pubescens Willd.) across the Spanish National Parks Network: four
plots in Picos de Europa, two plots in Ordesa and Monte Perdido, two plots in Aigüestortes i Estany de
Sant Maurici, two plots in Monfragüe, four plots in Cabañeros and two plots in Sierra Nevada [45].
In the Macaronesian archipelagos, spiders were collected from natural laurel forests distributed as
follows: six plots in Pico and 10 plots in Terceira (Azores) [46], 12 plots in Madeira [47], 10 plots in
Tenerife and seven plots in La Gomera (Canary Islands).
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2.2. Species Identification and Community Composition

All spiders were morphologically identified at the species level (or genus level when not possible)
using a stereomicroscope (see Crespo et al. [45] and Malumbres-Olarte et al. [46,47] for further details)
and were stored at the collections of the CRBA (Animal Biodiversity Resource Center of the University
of Barcelona, Barcelona, Spain); DZUL (Department of Zoology, University of La Laguna, San Cristóbal
de La Laguna, Spain); IPNA-CSIC (Instituto de Productos Naturales-CSIC, San Cristóbal de La Laguna,
Spain); MZB (Museum of Zoology, Barcelona, Spain); and UAc (University of Azores, Angra do
Heroísmo, Portugal). Only species with adult specimens were included. Cryptic species identified
by DNA as different lineages (e.g., see Crespo et al. [45] and Emerson et al. [48]) were assigned
morphospecies numbers and were also included in the analyses as distinct entities. A community data
matrix with species abundances collected for each plot (61 plots (rows) × 490 species (columns)) of
the Iberian Peninsula [45] and Macaronesia [46,47] was constructed to calculate taxonomic diversity
(TD) and PD.

2.3. Laboratory Protocols and Molecular Data

Sequencing of COI and 28S markers was attempted for all sampled species. For Macaronesian
species, DNA extraction and amplification were carried out as explained in Emerson et al. [48].
For Iberian spiders, legs were used for DNA extraction and the rest of the individual was kept as
a voucher, although for small species, the entire prosoma or opisthosoma was used. Total genomic DNA
was extracted using the SpeedTool Tissue DNA Extraction Kit (Biotools), following the manufacturer’s
protocol. For COI, LCOI1490 and HCOI2198 [49] were the default primer combination, while
Nancy [50] was used as a replacement for HCOI2198, and Ron [50] as replacement for LCOI1490 for
amplifications that failed with the default primer pair. For 28S rRNA, the default primer combination
was 28S-O and 28S-B [51,52], while 28S-A [53] and 28SrD1a [54] were used as replacements for 28S-O,
and 28S-C [51] as a replacement for 28S-B for failed amplifications. All reactions were carried out with
5 µL of MyTaq RedMix from Bioline (London, UK), 0.2 mM of each primer, 2 µL of DNA template
and adding ultrapure, distilled water up to a total reaction volume of 20 µL. PCR conditions for COI
amplification were as follows: initial denaturation step at 95 ◦C for 5 min, 35 amplification cycles (94 ◦C
for 30 s, 45 ◦C for 35 s, 72 ◦C for 45 s) and a final extension step at 72 ◦C for 5 min. PCR conditions
for 28S amplification were as follows: initial denaturation step at 94 ◦C for 5 min, 35 amplification
cycles (94 ◦C for 30 s, 48–52 ◦C for 35 s, 72 ◦C for 1 min) and a final extension step at 72 ◦C for 10 min.
PCR products were cycle-sequenced in both directions at Macrogen Inc. (Amsterdam, Netherlands).
If the amplification of one of the genes was unsuccessful, a sequence for the same fragment of
the same species was downloaded from GenBank when possible (see supplementary Table S1 for
details in taxon sampling, including GenBank accession numbers). All sequence chromatograms were
assembled, visualized, error-checked, edited and aligned in Geneious 11.1.5 [55]. Assembled contigs
were checked against the online NCBI BLAST or BOLD (for COI barcode region) databases to account
for possible contaminations.

2.4. Phylogenetic Analyses

2.4.1. Ibercoding and NetBiome-MacDiv Matrices

One sequence per taxon was used to assemble the mitochondrial COI barcode region
and the nuclear 28S matrices of the species collected in the local community surveys. The Ibercoding
project (from the Iberian Peninsula, see further details in the funding section) contributed 372 taxa for
the COI (658 bp) and 358 taxa for the 28S matrices. The NetBiome and the MacDiv projects (both from
Macaronesia, see further details in the funding section) contributed 117 taxa for the COI (658 bp) and 115
taxa for the 28S matrices. The COI sequences of the three projects (local communities) were combined
in a single matrix, hereafter referred to as Lc1 (489 taxa, 658 bp), to assess the effect of analyzing only
the COI partition on tree topology and phylogenetic diversity indices of local communities. In addition,
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we assembled a second matrix to also include the 28S sequences, hereafter referred to as Lc128 (492
taxa, 1958 bp) to explore the impact of this additional nuclear locus (Table 1).

Table 1. Attributes of the matrices assembled in this study with information on their taxa, number of
genes and missing data. Matrices names are given according to the data included, as follows: (B) taxa
from backbone matrix [43,44] and (L) taxa from local communities (Iberian Peninsula and Macaronesia)
( = Taxa); genes added for local species, (c1): mitochondrial COI barcode gene, (28): nuclear 28S
rRNA gene ( = Genes); (tc): topological constraint ( = Topology); (cal): time-calibrated trees ( = Time).
Terminals: number of terminals; % missing: percentage of missing cells in the matrix; COI, 28S, 12S,
16S, 18S, H3: numbers of positions (aligned) for the respective genes.

Matrix Name Taxa Genes Topology Time Terminals %missing COI 28S 12S 16S 18S H3

B Backbone
matrix NA Unconst. no 964 58.88 1079 4369 769 1031 2608 318

B_tc Backbone
matrix NA Const. no 964 58.88 1079 4369 769 1031 2608 318

BLc1_tc
Backbone

matrix + local
species

c1 Const. no 1453 70.62 1079 4369 769 1031 2608 318

BLc1_tc_cal
Backbone

matrix + local
species

c1 Const. yes 1453 70.62 1079 4369 769 1031 2608 318

BLc1
Backbone

matrix + local
species

c1 Unconst. no 1453 70.62 1079 4369 769 1031 2608 318

BLc1_cal
Backbone

matrix + local
species

c1 Unconst. yes 1453 70.62 1079 4369 769 1031 2608 318

BLc128_tc
Backbone

matrix + local
species

c1 + 28s Const. no 1456 68.36 1079 4364 769 1031 2608 318

BLc128_tc_cal
Backbone

matrix + local
species

c1 + 28s Const. yes 1456 68.36 1079 4364 769 1031 2608 318

BLc128
Backbone

matrix + local
species

c1 + 28s Unconst. no 1456 68.36 1079 4364 769 1031 2608 318

BLc128_cal
Backbone

matrix + local
species

c1 + 28s Unconst. yes 1456 68.36 1079 4364 769 1031 2608 318

Lc1 Local species c1 Unconst. no 489 3.61 658

Lc128 Local species c1 + 28s Unconst. no 492 32.23 658 1300

Two recent analyses of the spider tree of life, one including the most thorough taxon sample to date
(932 species in 115 families) for 6 Sanger sequenced genes [43], and one with the largest transcriptome
representation (ca. 2500 genes), were used to assess the effects of (i) topological constraints, and, by
using a backbone matrix, (ii) number of markers and (iii) taxonomic sampling on estimates of PD for
a more modest taxa representation (159 species) [44].

2.4.2. Topological Constraint

The phylogenomic study of Fernández et al. [44] was used to construct a topologically constrained
tree, hereafter referred to as the F_topological_constraint (Table 1). The information of the preferred tree
of Fernández et al. [44] was slightly modified, such that some misspelled taxon names were corrected
according to the World Spider Catalog [56] or modified to match our taxon labelling (see details in
supplementary Table S2). Additionally, outgroup taxa and terminals that were not present in our final
matrix were pruned, and nodes with bootstrap support < 95 were collapsed. Tree manipulation was
made with the software TreeGraph2 [57] and R v3.6.1 [58].
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2.4.3. Backbone Matrix

The concatenated gene matrix of Wheeler et al. [43], which included three mitochondrial (12S rRNA,
16S rRNA and COI) and three nuclear (histone H3, 18S rRNA and 28S rRNA) genes, was used as
a backbone matrix for our analyses (see Supplementary Table S3 for details of taxa included). Taxa from
the phylotranscriptomic tree of Fernández et al. [44] not present in the Wheeler et al. [43] matrix
were included to maximize the number of constrained nodes. Sequences from the missing taxa or,
if unavailable, from close relatives within the same genus (see Figure 1 for further details) were either
(1) downloaded from GenBank, or (2) bioinformatically extracted from the original transcriptome data
in Fernández et al. [44] (see Supplementary Table S2 for GenBank transcriptomes accession numbers).
For retrieving the target genes from available spider transcriptomes from Fernández et al. [44],
we downloaded the raw data from NCBI (see Supplementary Table S2). Transcriptome assembly was
carried out using Trinity version 2.0.3 [59,60] under default parameters and employing Trimmomatic
(default parameters, as part of the Trinity package) for quality control. Relevant molecular markers
were retrieved from the resulting assembled transcriptome using BLASTn [61] with an E-value cut-off

of less than 10−20 to account for potential orthologs. A total of 32 transcriptomes were analyzed.
Extracted sequences were checked by comparing against the online NCBI BLAST databases and by
building single-gene phylogenies to screen for possible contaminants. The topological position of each
newly added taxon was first checked, and in the case of the obvious misplacing of the specific gene
partition, or the whole taxon if all partitions were involved, was deleted.
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A total of 167 new sequences of the six markers (12S, 16S, COI, H3, 18S and 28S) (126 sequences
extracted from transcriptomic data and 41 sequences downloaded from GenBank) were added to
the Wheeler et al. [43] matrix after the removal of non-spider outgroups. The final backbone matrix,
hereafter referred to as the B matrix, contained 964 terminals (Table 1, see Supplementary Table S2
for the new sequences included). With the inclusion of the species Cepheia longiseta, a representative
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of the family Synaphridae, the B matrix included 118 of the 120 (98.3%) spider families currently
recognized [56]. The Lc1 matrix (containing COI sequences of the Ibercoding and NetBiome-MacDiv
projects) was added to the B matrix to generate a new matrix hereafter referred to as BLc1 (Table 1).
Similarly, the Lc128 matrix (containing both COI and 28S sequences of the former projects) was added
to the B matrix, hereafter referred to as the BLc128 matrix (Table 1). Therefore, the influence of taxon
sampling (backbone matrix) was tested by running the analyses including the B matrix (all matrices
but Lc1 and Lc128), or without including the B matrix (only the species collected from our local
communities; matrices Lc1 and Lc128).

Ribosomal gene sequences were automatically aligned with the online version of MAFFT v. 7 [62]
using the algorithm FFT-NS-I with default settings. Alignments of the protein-coding COI and H3
were trivial since no indel mutations were observed.

2.4.4. Maximum Likelihood Analyses

Phylogenetic trees, for the different matrices constructed, were inferred using Maximum Likelihood
(ML) as implemented in the program RAxML-HPC v. 8.2.12 [63], remotely run on XSEDE at the CIPRES
Science Gateway [64]. The concatenated matrices were partitioned by gene, and an unlinked GTR +

CAT substitution model was assigned to each gene. The ML tree was inferred out of 10 iterations of
randomized stepwise addition Maximum Parsimony starting trees (-N 10). The effect of incorporating
a topological constraint in the phylogenetic reconstruction and on PD estimations was assessed
by conducting maximum likelihood analyses on each concatenated data matrix with and without
topological constraints (-g), the latter was defined by the F_topological_constraint tree (Table 1).
Trees were rooted at the node splitting representatives of the suborder Mesothelae (family Liphistiidae)
from the reminder species [43,44]. The matrices including species only from the local communities,
where no Liphistiidae were present, were rooted at the node splitting the single Mygalomorphae
representative (Nemesia) from the remaining species, assuming the sister group relationship between
Mygalomorphae and Araneomorphae [43,44].

2.4.5. Inferring Ultrametric Trees

All resulting ML trees (except Lc1 and Lc128) were made ultrametric using the congruify.phylo
function in the R package GEIGER [65]. The dated phylogeny generated by Fernández et al. [44] was
used as a reference to provide fixed calibration points for the target trees (i.e., each of the ML trees
inferred for the different data matrices with and without topological constraints). The resulting table of
calibration points was used to date the target trees using the program treePL [66]. Recently, Magalhaes
et al. (2020) [67] have published a time stamped tree of life of spiders based on a reexamination of
the available fossil data. Although the location of some of the calibration points differed from those
used by Fernández et al. 2018 [44], the inferred confidence intervals broadly overlapped. A first
random cross validation analysis was run to determine the preferred smoothing parameter values for
each tree. Figure 1 summarizes the workflow followed for inferring phylogenetic trees and estimating
community phylogenetic metrics.

2.4.6. Tree Similarity and Monophyly Levels

The level of similarity among trees inferred from the assembled matrices was assessed with
the R package phangorn [68]. Pairwise tree similarities were estimated using Robinson–Foulds (RF)
distances [69], both absolute and normalized to the maximum possible distance. Low values of RF
indicate high similarity between trees. For these analyses, we used all non-ultrametric trees that
were pruned to ensure that both trees shared the same labels. The number of monophyletic families
and genera recovered in each tree was explored with the R package MonoPhy [70]. Levels of monophyly
between trees were compared by calculating the ratio of monophyletic families/genera taking into
account either the total taxa of the corresponding taxonomic level, or excluding the monotypic taxa.
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2.5. Phylogenetic Community Metrics and Statistical Analyses

Phylogenetic diversity for each community was calculated as the Faith’s phylogenetic diversity
(PD) [14,17]. This index measures phylogenetic community richness as the total branch length of
the minimum spanning tree linking all species represented in a community. It was calculated with
the R package BAT [71] for each sampling plot, using each phylogenetic tree.

All statistical analyses were conducted under the assumption that the time-stamped tree obtained
with the full data set including topological constraints (BLc128_tc_cal) conveys the most accurate
representation of the underlying evolutionary relationships of the sampled taxa, as it maximizes its
explanatory power by including all available sources of evidence [72]. This tree is hereafter referred
to as the “reference tree” (See Figure 2 and supplementary Figure S1). We further explored how PD
varied across the trees obtained under the different conditions explored, and if the different inferred
trees affected the rank of alpha diversity comparisons of the communities.
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Figure 2. General representation of the final reference tree BLc128_tc_cal (time-calibrated tree built
with a backbone and a topological constraint using COI and 28S information). Branch colors represent
different families. Outer lines delimit the main spider clades.

To compare how the estimates of PD varied between the different trees used, the proportional
difference between PD values in each plot was measured. The values of PD per plot obtained with
each tree were compared to the reference tree—BLc128_tc_cal for comparing dated trees and BLc128_tc
for comparing non-ultrametric trees—as follows: (PDa-PDr)/PDr)*100; where “r” denotes the reference
tree (BLc128_tc_cal or BLc128_tc) and “a” the alternative tree [32]. A value of zero indicates that no
differences exist between the PD values obtained with the two trees tested. In order to determine
if the rank of the PD of the communities of the reference tree (BLc128_tc_cal) was correlated with
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the ranks obtained with the other inferred trees, a linear regression of the rank of the reference
tree against the remaining trees was applied using the “lme4” library in R [73]. A high R2 would
indicate that the rank of the communities with the two phylogenetic trees tested were similar.
Additionally, a series of generalized linear mixed-effect models (GLMM) were constructed to determine
how the conditions under which the different trees were inferred (i.e., adding nuclear information,
backbone matrices, topological constraints, calibration and their combinations) affected the rank of
the PD of the communities. GLMMs were constructed using the lme function in the nlme library
in R [74]. The general form of the GLMM for each combination of trees constructed is as follows:

Rank community using tree A~Rank community using tree B + (1|Region)

where trees A and B are trees inferred under the different conditions tested (i.e., backbone matrices
vs. not backbone, topological constraint vs. unconstrained, time-stamped vs. non-ultrametric, 28S
and COI barcode region vs. COI barcode region-only) (see details in Table 1). For example, testing
the influence of using topological constraints was accomplished by defining Rank of communities
obtained with tree BLc128_tc_cal~Rank of communities obtained with tree BLc128_cal + (1|Region).
The fixed factor was one of the trees inferred under specific conditions. The region pool (1: Iberian
Peninsula; 0: Macaronesia) was included as a random effect to remove the influence of the geographic
origin of the plot (see Table 2 for details of GLMM analyses). The proportion of variance explained by
the fixed and the random factor together (conditional R2) [75,76] was calculated using the function
r.squaredGLMM in the library MuMIn in R [75]. The variable importance for each GLMM accomplished
was obtained as 1-R2. For each of the factors tested, the mean of the variable importance was calculated
to determine which factor had a larger effect on the rank of the PD (see Table 2). The true skill statistic
(TSS) test [77] was applied to check the accuracy of each phylogenetic tree in inferring the same
ecological processes (PD overdispersion or PD clustering) as the reference tree. TSS accounts for
the accuracy in detecting false negatives and positives, in opposition to true positives and negatives,
and it ranges from −1 to + 1, where + 1 indicates perfect agreement, and values of zero or less indicate
a performance no better than random. All statistical analyses were performed with the software R [58]
and the TSS test conducted by applying the formula from [77] in Excel.

Table 2. Details on the generalized linear mixed-effect models (GLMM) analyses performed. Factor
tested: Topology (constrained /unconstrained); Time (time stamped trees; yes/no); Genes (c1/c1 + 28s);
Taxa (set: local species/all: backbone matrix + local species). varimp: Variable importance (1-R2).
Mean varimp: mean of variance importance for each factor tested. The factor tested in each set of
analyses is in bold.

GLMM Topology Time Genes Taxa R2 Varimp Mean
Varimp

BLc1_tc_cal~BLc1_cal const vs. unconst yes c1 all 0.889 0.111

0.113
BLc1_tc~BLc1 const vs. unconst no c1 all 0.889 0.111

BLc128_tc_cal~BLc128_cal const vs. unconst yes c1 + 28s all 0.886 0.114

BLc128_tc~BLc128 const vs. unconst no c1 + 28 s all 0.886 0.114

BLc1_tc_cal~BLc1_tc constrained yes vs. no c1 all 0.909 0.091

0.093
BLc1_cal~BLc1 unconstrained yes vs. no c1 all 0.901 0.099

BLc128_tc_cal~BLc128_tc constrained yes vs. no c1 + 28 s all 0.910 0.090

BLc128_cal~BLc128 unconstrained yes vs. no c1 + 28 s all 0.907 0.093

BLc128_tc_cal~BLc1_tc_cal constrained yes c1 vs. c1 + 28 s all 0.891 0.109

0.102
BLc128_cal~BLc1_cal unconstrained yes c1 vs. c1 + 28 s all 0.891 0.109

BLc128_tc~BLc1_tc constrained no c1 vs. c1 + 28 s all 0.913 0.087

BLc128~BLc1_cal unconstrained no c1 vs. c1 + 28 s all 0.896 0.104

BLc1~Lc1 unconstrained no c1 all vs. set 0.898 0.102
0.103BLc128~Lc128 unconstrained no c1 + 28s all vs. set 0.896 0.104

Lc128~Lc1 unconstrained no c1 vs. c1 + 28 s set 0.915 0.085 0.085
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2.6. Null Models and Ecological Patterns

Null models were applied to test if species within communities were phylogenetically more
distant (phylogenetic overdispersion) or close (phylogenetic clustering) to each other than expected
from a random draw of species from the pool, while keeping species richness constant in each local
community [15,78]. The motivation of null models is to quantify the effect of the main mechanism being
tested (in this case, species phylogenetic relationship) by excluding it from the analyses. Higher values
of PD than expected by chance indicate phylogenetic overdispersion, while lower values indicate
clustering. The motivation of null models is to quantify the effect of the main mechanism being tested
(in this case, species phylogenetic relationship) by excluding it from the analyses. An analysis was run
with 999 randomizations to generate a distribution of PD under null expectations. For each community
and tree, the Standard Effect Size (SES) was calculated as the difference between the observed PD
and the mean PD of communities from null models divided by its standard deviation.

SES = (PDobs- mean PDnull) / sd PDnull

We further computed a two-tailed test, with SES values greater than 1.96 or less than
−1.96considered to be significantly higher or lower than expected, respectively. Therefore, when
values of observed PD are significantly higher than expected PD (PDnull), this indicates phylogenetic
overdispersion, and an observed PD significantly lower than expected indicates phylogenetic clustering.
Phylogenetic trees were evaluated for inference consistency (PD overdispersion vs. PD clustering)
within each plot.

3. Results

3.1. COI and 28S Sequences

The COI and 28S amplicons of 375 and 360 species, respectively, from the Iberian Peninsula, plus
the COI and 28S amplicons of 117 and 115 species, respectively, from Macaronesia, were successfully
amplified and sequenced, thus accounting for ca. 25% of spider species from the two regions (492 out
of 2180 species in total) (see supplementary Table S1).

3.2. Phylogenetic Trees

Differences between the trees inferred under the distinct treatments and their respective monophyly
indexes are summarized in Tables 3 and 4. The new taxa added to increase the number of
constrained nodes (B) resulted in a tree with some differences compared to the legacy tree reported by
Fernández et al. [44], which had been obtained by analyzing the Wheeler et al. [43] matrix constraining
well-supported nodes of their preferred transcriptomic tree. Most of the basal relationships at the family
level were identical, but some families were not recovered as monophyletic. For example, in the tree
without topological constraint, the nemesids Damarchus sp. and Pionothele sp. and the theraphosid
Trichopelma sp. did not cluster together with other taxa of their respective families, whereas in
the constrained trees only Damarchus sp. did not. Surprisingly, although the topologically constrained
tree (B_tc) had a higher number of monophyletic families (e.g., 8 families were recovered as monophyletic
only in the constrained tree), the families Psechridae and Thomisidae were monophyletic only in
the unconstrained analysis (B).

Adding the 28S sequences of the local communities (Lc128, BLc128) resulted in trees with
the highest normalized RF distances among trees, when compared to trees without those sequences
(Lc1, BLc1) (see Table 3 and Figure 1 for further details). Similarly, high distances were recovered
when the COI barcode matrix (Lc1) was analyzed in combination with the backbone matrix (BLc1),
but distances were much lower when the 28S sequences (Lc128) were included. Lower distances
were observed between trees with and without topological constraints. Adding species from the local
communities, either COI barcode only (Lc1) or COI + 28S (Lc128) to the backbone matrix (BLc1, BLc128)
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resulted in similar trees, although distances were higher when topological constraints were enforced
(Table 3).

Table 3. Robinson–Foulds distances (normalized RF) among unrooted trees inferred for each
matrix/treatment. NA: Not Applicable.

B_tc BLc1_tc BLc1 BLc128_tc BLc128 Lc1 Lc128

B 400 (0.208) 402 (0.209) 204 (0.106) 552 (0.287) 462 (0.222) NA NA

B_tc 364 (0.189) 404 (0.211) 414 (0.215) 516 (0.268) NA NA

BLc1_tc 782 (0.27) 1240
(0.427)

1262
(0.435) 454 (0.467) 516 (0.531)

BLc1 1266
(0.436)

1158
(0.399) 434 (0.446) 518 (0.533)

BLc128_tc 544 (0.187) 508 (0.522) 284 (0.290)

BLc128 526 (0.541) 266 (0.272)

Lc1 508 (0.522)

Table 4. Monophyly indexes at family and genus levels for the trees inferred from the matrices/treatments
analyzed. See Table 1 for matrix names and information. Indexes and number of taxa are shown
for both complete trees and trees with either local or non-local taxa removed (notice the number of
species). Number of taxa: number of terminals in each tree; monophyletic/total: ratio of monophyletic
families/genera per total number of families/genera; monophyletic/total (excluding monotypic): same
as before but excluding monotypic families/genera.

Number of Taxa B B_tc BLc1_tc BLc1 BLc128_tc BLc128 Lc1 Lc128

Species 964 964 1453 964 489 1453 964 489 1456 964 492 1456 964 492 489 492

Families 117 117 117 117 39 117 117 39 117 117 39 117 117 39 39 39
Genera 761 761 884 761 215 884 761 215 884 761 215 884 761 215 215 215

Monophyletic/Total

Families 0.58 0.62 0.49 0.59 0.54 0.47 0.57 0.46 0.59 0.62 0.67 0.58 0.61 0.64 0.41 0.54
Genera 0.16 0.15 0.20 0.15 0.34 0.20 0.16 0.33 0.21 0.16 0.35 0.21 0.15 0.34 0.34 0.35

Monophyletic/Total
(excluding monotypic)

Families 0.67 0.71 0.56 0.68 0.70 0.54 0.66 0.60 0.68 0.71 0.87 0.67 0.70 0.83 0.53 0.70

Genera 0.79 0.78 0.67 0.79 0.73 0.66 0.80 0.70 0.72 0.79 0.74 0.71 0.79 0.73 0.72 0.74

Adding 28S information of the species from local communities had the largest impact on
the monophyly indexes of the resulting trees, which showed an increase in the number of monophyletic
groups (e.g., 0.67 versus 0.54 and 0.71 versus 0.66—monotypic excluded—between BLc128 and BLc1,
for families and genera, respectively) (Table 4). This effect was more pronounced in families than in
genera, and this observation holds true across all comparisons (Table 4). Adding backbone matrices to
the species from local communities also had a beneficial effect in terms of increasing the number of
monophyletic groups, although less pronounced that in the case of adding 28S information (Table 4).
The use of topological constraints, on the other hand, had the least impact in terms of increasing
the number of monophyletic groups (Table 4). The increase in the percentage of missing data as a result
of adding the sequences from local taxa to the backbone matrix had little, if any, effect on the number
of monophyletic groups recovered (Table 4).

3.3. Phylogenetic Community Metrics

Overall, plots from the Iberian Peninsula showed a higher species richness (alpha taxonomic
diversity, TD) and alpha phylogenetic diversity (PD) than Macaronesian plots (see Supplementary
Table S4, statistical significance not assessed). The rank of the PD calculated from the reference
tree (BLc128_tc_cal) indicated that plots Ordesa_2 (Quercus subpyrenaica forest), Picos_4 (Q. faginea)
and Cabañeros_4 (Q. faginea) showed the highest PD values, whereas Picos_1 (Q. petraea), Monfragüe_2
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(Q. faginea) and Picos_3 (Q. petraea) showed the lowest PD values within the Iberian Peninsula.
Within the Macaronesian archipelagos, plots from the Canary Islands (La Gomera and Tenerife)
and Madeira yielded the highest PD values, while plots from the Azores (Pico and Terceira) ranked
the lowest.

Both the estimated PD within plots and their ranking varied depending on the tree
used (see Supplementary Tables S4 and S5). With the time-stamped trees and averaging over all
communities, the percentages of difference in estimated PD between the reference and the alternative
trees were higher (range from 6.5% to 14%) than in the non-ultrametric trees (range from 2% to
10.2%). Among the time-stamped trees, the unconstrained tree including only the COI barcode data
of the local communities (BLc1_cal) performed the worst (i.e., yielded the most different PD values
from the reference tree). Among the non-ultrametric trees, the tree built from COI-only data from local
taxa (Lc1) was the worst (see supplementary Table S4). The PD values were on average 10% higher
when using phylogenetic trees inferred from species from the local communities alone than when
incorporating the backbone matrix. Similarly, unconstrained trees resulted in higher differences in
PD values (7%).

Most importantly, none of the PD indices estimated from the alternative phylogenetic trees
recovered the same ranking as the reference tree (BLc128_tc_cal) (see supplementary Table S5).
The correlation (R2) found between the PD ranking of communities based on the reference tree
(BLc128_tc_cal) and the remaining trees varied between 0.78 and 0.49 (see Table 5). The highest
correlation (R2 = 0.78) was obtained using the same conditions as the reference tree, but without
topological constraints (BLc128_cal). The correlation of the PD community rank obtained from
the non-ultrametric trees showed the lowest correlation (R2 < 0.57). When comparing non-ultrametric
trees, the lowest values of R2 (< 0.47) were obtained with the trees built using only COI barcode data
(see Table 5).

Table 5. Results of linear regression of the phylogenetic diversity (PD) ranking of communities of
the reference tree (BLc128_tc_cal) against the ranks obtained with the remaining trees. When comparing
non-ultrametric trees alone, the reference tree is BLc128_tc.

BLc128_tc_cal against R2 BLc128_tc
Against R2

BLc128_cal 0.786 BLc128 0.810

BLc1_tc_cal 0.683 Lc128 0.519

BLc1_cal 0.660 BLc1_tc 0.475

Lc1 0.575 BLc1 0.459

BLc128 0.545 Lc1 0.422

Lc128 0.521

BLc1 0.503

BLc128_tc 0.502

BLc1_tc 0.493

Fifteen generalized linear mixed-effect models (GLMM) were constructed for testing the effect of
different factors on the rank of community plots (view Table 2 for further details). All factors tested
yielded similar values of variable importance, i.e., using or not using topological constraint (0.112);
time-stamped or non-ultrametric trees (0.093); adding or not adding 28S data (0.10); and with or
without a backbone matrix (0.10) (see Table 2), indicating that all factors had a similar effect in failing
to recover the same ranking as the reference tree.



Diversity 2020, 12, 288 13 of 23

3.4. Null Models and Ecological Patterns

Phylogenetic diversity patterns (PD overdispersion or PD clustering) inferred for each community
plot varied depending on the phylogenetic tree used (see supplementary Table S6). The values
of TSS indicated that the accuracy of each phylogenetic tree to infer the same ecological processes
as the reference tree decreased when using non-ultrametric trees (TSS < 0.61) and no backbone
matrix (TSS < 0.42). The Lc1 tree (COI barcode-only tree built with local taxa) was the least accurate
(TSS < 0.38), while time-stamped trees were the most accurate ones (TSS > 0.86) (see Table 6). In general,
phylogenetic trees built using only COI barcode data (both time-stamped and non-ultrametric) tended to
detect more false positives (significant PD clustering) compared to the reference tree (see supplementary
Table S6). The main phylogenetic pattern inferred for most plots was PD clustering (in 17 out of 61 plots
if we consider all trees), while PD overdispersion was inferred in five plots. There was congruence in
the ecological patterns inferred for each plot regardless of the phylogenetic tree used. No plot shifted
from significant PD clustering to significant overdispersion, or vice versa, when using alternative
trees. Furthermore, for few plots, the same phylogenetic structure was inferred regardless of the tree
used (e.g., significant clustering and overdispersion was always recovered for Ordesa_1 and Acebiños,
respectively).

Table 6. Results of the true skill statistic (TSS) test when comparing each tree with the reference tree
(BLc128_tc_cal). See Table 1 for further details in matrix codes.

Phylogenetic Tree TSS

BLc128_cal 1.000

BLc1_tc_cal 0.918

BLc1_cal 0.870

BLc1_tc 0.603

BLc128_tc 0.536

BLc128 0.519

BLc1 0.511

Lc128 0.417

Lc1 0.374

4. Discussion

We have inferred a densely sampled, multi-locus, constrained species-level phylogeny of spiders
to empirically test the influence of different factors (topological constraints, backbone matrices,
genetic markers and time calibration) on phylogenetic reconstruction and how the alternative trees
inferred affect phylogenetic diversity estimates. We included 375 COI barcode sequences from
plots in the Iberian Peninsula [45] and 117 COI barcode sequences from plots in the Macaronesian
archipelagos [46,47], as well as 475 new 28S sequences from both regions. The wealth of genetic data
on spiders available through recently published phylogenetic studies allowed us to incorporate both
a backbone matrix, composed of a concatenated matrix of six genes from a rich sample of spider
species [43], and topological constraints, derived from a phylotranscriptomic analysis of more than
2500 genes [44]. Node calibration information was also provided from previous phylogenetic work to
estimate divergence times [44]. The results of the simultaneous analyses of the sequences sampled from
the local communities, combined with the backbone matrix and the topological constraint (Figure 2
and supplementary Figure S1), constitute the most complete phylogeny of spiders in terms of terminals
and background information to date. The newly generated phylogenetic tree can serve as a standard
reference for ongoing and future studies focused on deciphering phylogenetic diversity patterns at
the community level.
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4.1. Tree Topology

Tree topologies were influenced by all evaluated factors, namely the addition of a backbone matrix,
the enforcement of topological constraints and the inclusion of a slow-evolving nuclear gene (28S)
to the mitochondrial COI barcode sequences of local communities, but some factors had a stronger
effect than others. The reference tree (BLc128_tc_cal) outperformed the trees based either on only
the set of species from local communities or on the combination of the backbone matrix and the COI
barcode sequences of local communities, in terms of monophyly recovery. Increasing taxon sampling
improves phylogenetic accuracy and reduces phylogenetic error [79,80]. However, the combination of
sequences of species from local communities with backbone matrices that include a larger sampling of
genes also increases the proportion of missing data, particularly when only COI barcode sequences
from local taxa are available. However, our results revealed that, although in a few cases the value
of the monophyly indexes slightly decreased when increasing the proportion of missing data, it was
circumscribed to a family level comparison and when adding only COI barcode data.

As expected, phylogenetic trees reconstructed using topological constraints provided better
monophyly recovery than unconstrained trees, thus influencing PD estimations. The use of topological
constraints derived from highly supported nodes from genome scale analyses is a simple and efficient
way of incorporating robust information within matrices with limited DNA sequence data. It has
additionally been shown that the incorporation of topological constraints can provide more accurate
estimates of branch lengths [25,27,32] and potentially improve the estimation of phylogenetic
community metrics [23,81]. The monophyly of many families was better recovered, both in constrained
and unconstrained phylogenetic trees, when species sampled from local communities contained both
COI barcode and 28S sequences, compared with COI barcode data alone. This is in agreement with
other studies that suggest that multilocus approaches outperform single locus ones in phylogenetic
reconstruction [20,81]. The mitochondrial gene COI has a higher mutation rate [82] and smaller effective
population sizes compared to nuclear genes, which allows for effective sorting at recent lineage splits
but becomes rapidly saturated (i.e., multiple hits on the same positions) proving little resolution at
deeper nodes [83]. Thus, the combination of genes with different substitution rates helps to resolve
relationships at different hierarchical levels, from deeper nodes to shallow relationships [84]. The former
observation is well exemplified by the remarkable increase in monophyletic families reported when
including the 28S data (Table 4), while the number of monophyletic genera remained similar.

4.2. Phylogenetic Diversity (PD)

Our results suggest that trees inferred from limited data affect not only the estimation of
phylogenetic diversity (PD), but also the ranking of PD and the ecological processes inferred for local
communities. In our analyses, we have assumed that the use of family-level topological constraints [27],
combined with multilocus data [81] and the use of a backbone matrix ([19,25]; but see [32]), could provide
the most accurate representation of the underlying evolutionary relationships of the sampled taxa,
and thus a more accurate estimation of phylogenetic community structure. Tree topology and branch
lengths can influence estimates of phylogenetic community metrics in many ways [22,24,25,85,86],
for example, underestimating phylogenetic diversity and reducing the power to detect non-random
community phylogenetic structure [23]. Our results suggest that phylogenetic trees constructed only
using the species pool from our communities or without topological constraint tend to overestimate
PD compared to the reference tree. Other studies using simulations have shown that community
phylogenies that only include the species found in the sampled site or species pool of interest also
produce lower estimates of PD relative to pruned trees [19].

The trees based on more limited amounts of data failed to recover the same ranking as the reference
tree. The R2 values of the linear regression models revealed a large variation in the ranks obtained
with the different trees, with the non-ultrametric and COI barcode sequence-only trees being the least
correlated (R2 < 0.57). The GLMM analyses showed that all the factors tested (topological constraints,
backbone matrices, additional genetic markers and time calibration) had a proportionally similar
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effect in failing to recover the same ranking as the reference tree. However, the lowest R2 values of
the linear regression models suggested that time information and the use of COI barcode data alone
have the highest impact on correctly ranking the community plots according to their PD. Sensitivity of
the community plot ranking to the tree topology has also been observed in other studies [19].

It is generally assumed that larger amounts of data result in more resolved and better supported
tree inferences. However, little is known about how trees inferred from different amounts of data affect
PD estimations. Some studies have found that PD indices estimated from COI barcode sequence-only
phylogenies do not significantly differ from those estimated from multigene trees [27], while others
suggest that multilocus trees outperform single locus ones in estimating phylogenetic diversity [81].
Our results support this last view, as many trees based on COI barcode data alone tended to overestimate
both PD and its extent. Topological constraints, on the other hand, seem to have a relatively low impact
on PD values and phylogenetic structure.

4.3. Use of Time-Stamped vs. Non-Ultrametric Trees in PD Estimation

The branch lengths of non-ultrametric trees indicate divergence in characters (genes) used for
reconstructing the trees, while chronograms with time-calibrated branch lengths indicate time since
species diverged [26,87]. The relative branch lengths between two species in a non-ultrametric tree
can differ from those in a time-stamped tree, because during the smoothing process of dating the tree,
the long branches are shortened while short branches are lengthened. There are some species from our
communities (such as Marilynia bicolor, Iberina montana, Pirata piraticus, Titanoeca schineri, Steatoda sp.,
Walckenaeria n.sp. and Dictyna pusilla) that have long branches in the non-ultrametric trees (available at
the Zenodo Digital Repository at 10.5281/zenodo.3941712), thus increasing the PD distances between
species compared to the time-stamped trees, on which long and short branches are accordingly
shortened or lengthened during the smoothing process of time-calibration. Other studies have also
shown a low correlation and significantly different results in phylogenetic diversity indices when using
time-stamped versus non-ultrametric trees [22,25,26,87].

Although all factors tested had a similar effect in failing to correctly rank the community plots
according to their PD, most non-ultrametric trees were the least correlated with the rank values of
the best resolved tree. Other studies have also shown differences in PD estimations and rank of
community plots with different dating methods [19,26]. The calibration or not of a phylogenetic tree
has an important effect on the ecological patterns inferred, thus affecting the interpretation of PD [26,88].
In our case, the non-ultrametric trees inferred significant PD clustering and PD overdispersion in 3
more plots than the time-stamped trees and failed to detect significant PD clustering in another 3
plots. This contrasts with other studies using simulations which suggest that phylogenetic diversity
measures are not sensitive to branch lengths of the phylogeny, but to topology [24].

As the branch lengths of non-ultrametric trees are proportional to the number of character
changes, they have been suggested to be correlated with ecological and phenotypic traits
(feature diversity) [88,89]. Thus, non-ultrametric trees have been used for comparing PD with
trait diversity within a community [25,90]. On the other hand, time-stamped trees, in which branch
lengths indicate time since species divergence, reveal not only the topology but also the absolute
time shared by species, providing a more accurate record of the evolutionary processes acting on
the ecosystems. It has been stated that both types of methods are plausible depending on the question
being asked [25], arguing that the interpretation of differences in ecological patterns inferred in
the community are related to time or to the amount of trait changes (calibrated or non-ultrametric trees,
respectively) [26].

There are other considerations to account for when reconstructing phylogenetic trees for
community phylogenetics studies. For example, the different methods of phylogenetic tree generation,
such as purpose-built phylogenies (based on the reconstruction of a phylogenetic tree for a set of
target taxa and sequence data) vs. synthesis-based phylogenies (phylogenies based on available
synthesis trees), affect phylogenetic diversity (PD) metrics for community phylogenetic analyses [21].
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Considering the implicit effort of reconstructing a phylogeny from source (taxon sampling, taxon ID,
DNA extraction, amplification and sequencing, plus reconstruction of the phylogenetic tree), some
studies [21] suggest the use of synthesis-based phylogenies for calculating phylogenetic diversity
metrics, because the PD estimations were similar with the two approaches. For some organisms,
the use of synthesis-based trees for community phylogenetic analyses is a good approach because
there are good available resolved phylogenies (e.g., Open Tree of Life, OTL [91] or Phylomatic [92]
for plants). However, in the case of specific communities such as those included in the present study
(Iberian Peninsula and Macaronesia), or in communities that contain undescribed and cryptic species,
the sequencing of the taxa present in the community is fully necessary [21]. The taxonomic resolution
of the phylogenetic trees (family/species-level phylogenies) for inferring community phylogenetic
patterns also depends on the scale of study. For macroecological studies, a supertree approach can be
enough for understanding phylogenetic structure on a broad spatial scale [18]; but for small or fine
regional scales, species-level phylogeny including the species sampled from the local communities are
the most reliable method for understanding phylogenetic community assembly patterns.

4.4. Recommendations and Suggested Workflow

One of our main goals was to provide guidelines to help researchers in making informed decisions
about the best strategy to infer a tree for estimating phylogenetic diversity (see Figure 3 for the suggested
workflow). Our recommendations are by no means restricted to spiders, but to any other taxa for
which the kind of information here discussed can be either compiled or generated. Specifically, we
interrogated how the following factors affect phylogenetic diversity rankings and inferred phylogenetic
structure for local communities: (1) using DNA barcode sequences, commonly generated in community
studies for accelerating species identification; (2) combining DNA barcode sequences with more slowly
evolving markers (i.e., 28S); (3) incorporating molecular data from local communities into larger
matrices (including more extensive taxa and genes of the target lineage diversity); (4) using topological
constraints derived from more extensive phylogenetic studies; and (5) transforming branch lengths
to represent absolute time. Incorporating all, some or none of the treatments/data listed above will
depend on either data availability or tradeoffs between time and resource costs for generating data
and the potential downstream benefits.

A major improvement both in terms of phylogenetic relationships and estimates of PD was
accomplished by simply combining the DNA barcodes with a more conserved marker, in our case 28S.
The amount of improvement was similar or even greater than that obtained by combining DNA barcode
sequences with a backbone matrix. Although generating an additional marker increases cost, our
results indicate this to be a worthy investment. Assembling a backbone matrix, on the other hand, may
be a financially more economical alternative, or even complement, if relevant sequences are available
within public databases. In this regard, and contrary to previous suggestions, recent studies have
shown that taxonomic inaccuracy in public databases is of limited concern, at least for non-parasitic
macroscopic animals [93], and several programs are available that automatize the assembly of backbone
matrices from public databases (e.g., [94–96]). Interestingly, our results revealed that an increase in
missing data introduced by combining barcode sequences with a backbone matrix had little effect on
the topology of the inferred tree. Surprisingly, the use of topological constraints yielded trees very
similar to those from unconstrained searches. Constrained trees slightly increased monophyly indexes
for higher taxa but had little effect on patterns of community phylogenetic diversity. Thus, the use of
topological constraints may be less important when either additional markers or backbone matrices
are available, although they may help to transform trees into chronograms (see below).
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Consistent with findings for other organisms (e.g., vascular plants [22,25,26,87] or reptiles [97]),
our study demonstrates substantial differences in community phylogenetic structure inferred from
non-ultrametric trees (phylograms) compared to their time-stamped counterparts (chronograms). It has
been argued that both tree types may be relevant, as they reflect different aspects of evolutionary history
and trait change [25]. We argue that there is little basis for assuming that genetic divergence correlates
with the amount of phenotypic change, as suggested by former authors [88,89]. Moreover, phylogram
branch lengths not only convey substitution rate, but also time, making it impossible to consider
one without the influence of the other. Therefore, where possible, we would recommend the use of
time-stamped trees for estimating phylogenetic diversity, as they provide a more robust representation
of evolutionary time. The limited representativeness of the overall biodiversity of a lineage contained
within a given community may limit the options (i.e., calibration information) for estimating divergence
times. In these situations, the incorporation of backbone matrices will increase the chance of finding
calibration points or, as in our case, the combination with topological constraints will offer the possibility
of transferring time estimates of former studies into our community estimates.

5. Conclusions and Perspectives

Spiders are well represented in public repositories of DNA sequences [43,44], providing excellent
opportunities for generating phylogenetic information for community level studies, especially when
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combined with additional samples generated from local inventories. Here, we built a densely sampled,
species-level tree of spiders combining Sanger sequencing and topological constraints derived from
recent phylogenomic studies that can be used to investigate patterns of phylogenetic diversity
and structure across local communities. We further used this tree to investigate how the availability
of multiple molecular markers, taxonomic sampling completeness, use of topological constraints
and incorporation of time information may ultimately influence inferences of PD and community
phylogenetic structure. While the most robust trees that we infer provide a scaffold for examining
phylogenetic diversity in spider communities worldwide, our results should be generalizable to other
taxonomic groups.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/8/288/s1.
Table S1. Taxa included in the matrices of Macaronesia (Mac) and the Iberian Peninsula (IB), including COI
barcode and 28S GenBank accession numbers. Table S2. Taxa added to the backbone matrix, including accession
numbers of the transcriptomes and of every gene, or F if the gene sequence was extracted from the transcriptomes
by Fernández et al. (2018) [44]. Table S3. Taxa and genetic markers included in the backbone matrix [43]. Table
S4. Information on the plots, taxonomic diversity (TD) and values of phylogenetic diversity (PD) estimated
with every tree. *PD values of the non-ultrametric tree Lc128 were rescaled by dividing them by 2, to make
them comparable to the remaining PD values. Table S5. Ranking of the plots according to the phylogenetic
diversity (PD) values obtained with every tree. Table S6. Comparison of the phylogenetic diversity values
obtained against null models and possible ecological processes behind cases with significant differences. PDc: PD
clustering; PDov: PD overdispersion. ** Indicates statistical significance with the two-tailed test (p-value < 0.05).
Figure S1. General representation of the final reference tree in pdf. BLc128_tc_cal (time-calibrated tree built with
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