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ties of its venom and the synanthropic habits of its dominant KEYWORDS
species, Loxosceles laeta. However, a poorly studied, cryptic, and Venomous spider; ecological
putative sister species, Loxosceles surca, is also known to live in Chile niche; phylogeny; sister
at latitudes that overlap with L. laeta. In contrast to L. laeta, L. surca species; synanthropic
lives in natural areas away from humans. We used DNA sequences

from L. surca to infer the phylogenetic history of this species and its

congenerics. Additionally, we used ecological niche modelling to

define the ecology of this species in contrast to its sister species.

Our results show that L. surca does, indeed, belong to the laeta

species group, and is likely a sister species to L. laeta. Although

these species are fairly cryptic with respect to each other, the

substantial genetic divergence between them is consistent with

other distinct sister species in this genus. The laeta group is also

sister to the large reclusa group that radiated into the Caribbean,

Central, and North America. The phylogeny further supports the

contention that L. diaguita belongs in its own species group sepa-

rate from laeta. Our ecological niche analysis shows that L. surca

and L. laeta have distinctly different allopatric habitats, and we

suggest that these differences explain why one species became

synanthropic, while the other did not.

Introduction

The family Sicariidae Keyserling, 1880 comprises two genera in South America: Sicarius
Walckenaer, 1847 with 21 species and Loxosceles Heineken & Lowe, 1832, with 139
described species (Brescovit et al. 2017; Magalhées et al. 2017). Both genera have spiders
of medical importance and their venoms are recognised as dangerous to humans; how-
ever, only Loxosceles bites have been documented in the Neotropical region (Manriquez
and Silva 2009; Swanson and Vetter 2009; Taucare-Rios and Piel 2020; Aran-Sekul et al.
2020).

Gertsch (1967) allocated South American Loxosceles to four groups: gaucho, laeta,
spadicea and amazonica. The group with the greatest diversity is the laeta group
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(Brescovit et al. 2017) - both Loxosceles laeta (Nicolet, 1849) and Loxosceles surca (Gertsch,
1967) have been proposed to belong to this group (Gertsch 1967).

Recently Brescovit et al. (2017) carried out a taxonomic revision of the genus in Chile,
documenting a total of six species. For these authors, the laeta group, which dominates the
desert and semi-desert environments of the region, stands out for its endemism and restricted
distribution, with the exception of L. laeta. The Chilean recluse spider L. laeta is distributed
from Arica to Magallanes (Gertsch 1967; Brescovit et al. 2017; Carvajal and Faindez 2017), lives
mainly in synanthropic habitats (Schenone et al. 1970; Taucare-Rios et al. 2013) and, as
a consequence, is responsible for most dermonecrotic arachnid envenomation in this country
(Schenone 2003). In northern of Chile, this species is found in great abundance in urban
habitats between the coast and the ‘Pampa del Tamarugal’, in or around human habitations,
and under rocks associated with the roots of the trunks of the tamarugos (Prosopis tamarugo
Philipi and Prosopis alba Griseb., both Fabaceae) in the absolute desert and some towns in the
foothills (Taucare-Rios and Sielfeld 2013; Brescovit et al. 2017). At these latitudes, a second
species is also found, L. surca, but is present in more natural area, under rocks and scrub in
foothills over 2500 metres above sea level (Taucare-Rios 2011; Brescovit et al. 2017).

In addition to their close geographic proximity, L. laeta and L. surca also share close
morphological similarity, even in their genitalia (Gertsch 1967; Brescovit et al. 2017).
However, Loxosceles taxonomy is notoriously difficult to infer due to high intraspecific
variability and high morphological similarity among related species (Gertsch 1967;
Brescovit et al. 2017; Carvajal and Faundez 2017). Consequently, we have decided to
use molecular phylogenetics to help confirm the putative sister relationship between
these two species — an approach that is used with increasing frequency with this genus
(e.g. Valdez-Mondragén et al. 2019).

Ecological model niche (EMN) methods combine observations of species with environ-
mental variables and have been used to gain ecological and evolutionary insights and to
predict species distributions (Elith and Leathwick 2009). This approach makes it possible to
map areas of environmental suitability for a species based on the abiotic conditions, even
when species distributions are known from more limited locality data (Pearson et al. 2007).
Therefore, in the absence of complete distribution records, ecological niche modelling can
provide valuable predictive information on the distributional range of taxa, especially in
those cases where few records are available (Raxworthy et al. 2003).

EMN can also provide evidence for allopatry between populations and can detect
divergent ecological niche or a niche conservatism between closely related species
(Peterson et al. 1999; Graham et al. 2004; Raxworthy et al. 2007; Aguirre-Gutiérrez et al.
2015; Kurnaz and Yousefkhani 2020). In this sense, Wiens and Graham (2005) proposed
two scenarios: first, where very close species have similar niches, with one species
predicting the other species distribution (niche conservatism, Peterson et al. 1999), or
else where niches are divergent (Raxworthy et al. 2007). If the ranges of sister taxa do not
overlap, the mode of speciation is hypothesised to be allopatric, whereas if sister species
are primarily syntopic, sympatric speciation is inferred (Barraclough et al. 1998; Graham
et al. 2004; Kurnaz and Yousefkhani 2020). On the other hand, if allopatric sister species
segregate in environmental space, then ecological selection may have a role in speciation.
Finally, if allopatric sister species are occupying an identical environmental space, then
ecological divergence is not important, suggesting divergence in isolation (Peterson et al.
1999; Graham et al. 2004; Raxworthy et al. 2007).
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The spider L. surca is little known, there are few records of its presence in Chile, and there
are no data related to its ecological niche and distribution. We inferred a molecular phylo-
geny of the genus to confirm the close evolutionary affinity between L. surca and L. laeta and
used ecological niche modelling to better delimit their respective ecologies. Our prediction is
that these species will be closely related and therefore should have similar climatic niches,
they likely compete in the same habitats for the same resources, and that therefore there is
no reason to think that L. surca is not expanding into human habitations like L. laeta.

Material and methods
Biological material

The new record of L. surca presented here was sampled on 7 January 2020. The environ-
mental characteristics of the collection site were categorised as autochthonous, because
the absence of human activities. The taxonomic identification was reached based on the
diagnosis of L. surca proposed by Brescovit et al. (2017) and the specimens were analysed
with the aid of a stereoscopic microscope. The specimens were collected and deposited in
100% ethanol for later molecular analysis.

Niche modelling

We compiled occurrence data for L. surca and L. laeta by searching the scientific publica-
tions available in Brescovit et al. (2017). We found a total of 30 records (excluding
repeating records) for Loxosceles laeta and 10 records for Loxosceles surca. The map of
the current distribution for these two species is shown in Figure 1. The bioclimatic
variables were obtained from the Worldclim database (http://www.worldclim.org). This
database includes a total of 19 bioclimatic variables (Hijmans et al. 2005). We used five
climatic variables in the model for Loxosceles surca: Altitude (ALT), Precipitation of Wettest
Month (BIO13), Precipitation Seasonality (Coefficient of Variation) (BIO15), Precipitation of
Warmest Quarter (BIO18) and Precipitation of Coldest Quarter (BIO19), and only two
climatic variables for Loxosceles laeta (sensu Canals et al. 2016): Precipitation of Warmest
Quarter (BIO18) and Altitude (ALT). The potential distribution was modelled with Maxent
Version 3.3.4 (Phillips et al. 2009) which produces results ranging from 0 to 1, indicating
the relative suitability of a given cell (Hijmans and Graham 2006; Phillips et al. 2006).
Models were built in Maxent using default settings with logistic output. We selected the
option auto features that allow automatic limiting of feature types for small sample sizes.
We used 75% of the occurrence points to generate the potential distribution model and
25% were used for model validation (Phillips et al. 2006). Specific options were a bootstrap
subsampling with 10 replicates, random seeding and the mean of replicates as output.
The potential distribution generated by Maxent was restricted using the 10th percentile of
the threshold and the precision of the model was evaluated using the AUC index.

Ecological niche properties: niche breadth and overlap

We obtained the niche breadth for each species using the Levins' inverse concentration
metric (Levins 1968). The niche breadth ranges from 0, when only one grid cell in the
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Figure 1. Location records for two species of Loxosceles showing the range overlap in northern of
Chile; L. laeta (blue circles) and L. surca (red triangles).

geographical space has a non-zero suitability, to 1, when all grid cells are equally suitable,
i.e. species with a wider environmental distribution render higher niche breadth values
(Mandle et al. 2010). Niche overlap between the Loxosceles species was measured by two
indices: a) firstly, we used the Schoener’s D index which calculates the suitable range for
a given species based on probability distributions for inhabiting a particular region (cells);
b) finally, we used the Hellinger's-based | (Schoener and Gorman 1968) which compares
probability distributions for both species in the environmental space. Both indices range
from 0 (complete divergence/no overlap) to 1 (high similarity/complete overlap) (Warren
et al. 2008, 2010; Aguirre-Gutiérrez et al. 2015; Kurnaz and Yousefkhani 2020). We
compared the niche models for each species with a series of 100 pseudoreplicate models
randomly generated (Warren et al. 2008). The Schoener’s D and Hellinger's-based | of the
true observed niche overlap were compared to the null distribution of these 100
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replicates. If the observed niche overlap value is significantly smaller than the null
distribution (p < 0.05), then the null hypothesis that the two species have similar
ecological niches (niche conservatism) could be rejected (Warren et al. 2008). All these
analyses were performed using ENMTools 1.3. (Warren et al. 2010).

Specimens collected

The following specimens were used in this study:

L. surca— Chile: Tarapaca region, Pozo Almonte, Road to Salar del Huasco, Altos de Pica,
1 9,20°17'58.44"S 69°5'54.61"W, 3,540 m, 7.1.2020. W.H. Piel & A. Taucare-Rios. Specimens
were found under rocks associated with dry vegetation of high Andean grasses (Figure 2).
The spiders likely feed on small epigeal insects, especially beetles that inhabit these
environments. Near the foothills, these spiders coexists with other spider species, such
as Sicarius thomisoides (Sicariidae) and Odo patricius (Xenoctenidae).

L. laeta — Chile: Tarapaca region: Iquique, Playa los Verdes, 1 &, 20°23'54"S 70°9'53"W,
~40 m, 13.ii.2016. W. H. Piel & A. Taucare-Rios. Specimen recovered from a small cave
under a boulder.

DNA extraction, amplification and sequencing

DNA extraction was performed on the leg from a L. surca specimen using a Quick-DNA
Tissue/Insect Miniprep Kit (Zymo Research, Inc., Irvine, CA, USA).

Polymerase chain reaction amplification of the mitochondrial gene cytochrome
C oxidase subunit | (COI) was performed using primers pairs LCO1490/C1-N-2191 and
C1-J-2183/C1-N-2776 (Vidergar et al. 2014). Amplification of a portion of the nuclear
ribosomal gene 28S was performed using primers 285C/285S0 (Hedin and Maddison
2001). Each PCR reaction used 2.5 ul of 10X ThermoPol® Reaction Buffer (New England
BioLabs®), 0.125 ul of Taq DNA Polymerase (New England BiolLabs®), 0.5 pl dNTP’s (1st
BASE dNTP Mix) (10 mM) and 1 pl of each primer (forward and reverse, 10 uM). The
thermocycle programme included a denaturation step of 94°C, 35 cycles of 94°C for
one minute, annealing at 40°C for one minute, and an extension at 72°C for one minute.
PCR products were visualised on a 1% agarose gel stained with SYBR Safe (Invitrogen
Corp., Carlsbad, CA, USA).

Amplicons were cleaned using Qiagen QlAquick PCR Purification Kit (Qiagen, Inc.,
Valencia, CA, USA) followed by quantification with a Thermo Scientific NanoDrop 2000
UV-VIS Spectrophotometer. Chain terminator Sanger sequencing was performed using
BigDye® (Applied Biosystems) according to the manufacturer’s thermocycle pro-
gramme and with 10 pl reaction volumes. Each reaction included 2 pl of BigDye®
Terminator 5X Sequencing Buffer, 0.5 ul of BigDye, 2 ul of primer (0.8 uM) and template
with 50 ng of DNA. The products were subjected to the BigDye Ethanol-Sodium
Acetate Clean-Up Protocol, and the sequences were obtained using an Applied
Biosystems 96-capillary 3730/3730xI DNA Analyser. The resulting chromatograms
were assembled and edited using Sequencher v. 4.9 (Gene Codes Corporation, Ann
Arbor, MI, USA).
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Figure 2. Loxosceles surca in northern of Chile. (a) Habitat where the spiders were found. (b) Live
female specimen of the Loxosceles surca, Altos de Pica, Chile. (Photography: William H. Piel).
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Phylogenetic analyses

The COI and 28S sequences of L. surca were queried against Genbank using BLASTN
(Johnson et al. 2008), filtering the search results to the genus Loxosceles. Additionally,
sequences were sourced from three species of Sicarius to serve as outgroups. Sequences
for each matched species were assembled into alignments using Mesquite v. 3.61
(Maddison and Maddison 2019) and assisted by the MUSCLE programme. The alignment
was pruned of all taxa with less than 550 bases in common with other taxa. A maximum
likelihood search was performed on the alignment using RAXML (Stamatakis 2014),
applying a GTR and gamma distributed substitution model, the data partitioned by
gene and by codon, and with clade support estimated using 1,000 bootstrap replicates.

Results
DNA sequencing results

For each of L. laeta and L. surca, their four COI fragments assembled into sequences of
length c. 1,285 bases and BLASTing against Genbank showed good correspondence with
other known COI sequences sourced from Loxosceles. The two 28S fragments for L. surca
assembled into a sequence of length 726. Subsequent BLASTing resulted in a 94% identity
match with a L. laeta 28S sequence as expected; however, the alignment revealed three
substantial INDELs of over 20 bases each, suggesting that we likely amplified a recent
paralog. Paralogs of ribosomal subunits occasionally happen in spiders (e.g. Vink et al.
2011) and can potentially mislead phylogenetic results. As a result, we decided to exclude
this sequence from our analysis.

Phylogenetic results

The assembled and pruned alignment was sourced from the Genbank accession numbers
indicated in Table 1, which resulted in a matrix of 58 taxa and up to 1,860 sequences. The
alignment and resulting phylogeny are deposited in TreeBASE with the URI http://purl.
org/phylo/treebase/phylows/study/TB2:527869. The bootstrapped maximum likelihood
result is indicated in Figure 3.

Ecological niche, habitat preferences and potential distribution

The most important environmental variables were precipitations and appear to be
a limiting factor for the distribution of both species (Tables 2 and 3). The models have
an excellent level of fit for L surca: AUC = 0.968 + 0,002 and for L. laeta: AUC = 0.91 + 0,002.
The model predicts a distribution restricted to the high Andean zone and foothills of the
extreme north of Chile for L. surca, from Arica to Calama (Figure 4(a)). The greatest
probabilities of occurrence for L. surca are found in the pre-Andean sector of Parinacota
and Tarapaca, while the probabilities decrease towards the coast. This pattern is reversed
for L. laeta, where the greatest probabilities of occurrence appear in arid coastal habitats
in the north and centre of Chile (Figure 4(b)).

The corner spider Loxosceles laeta, seems to be adapted to more arid conditions
(precipitation of warmest quarter: 0-58.8 mm; annual mean temperature: 14.4-17°C),
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Table 1. Taxon labels, NCBI Genbank Accession Numbers, and published reference for the COIl and 28S
sequences used in this study.

col 28S

Taxon Label Accession Assession Reference Source

Loxosceles aff. rufescens Anti-Atlas KF717007.1 Planas and Ribera 2014

Loxosceles amazonica MN216037.1  EU817779.1 Binford et al. 2008

Loxosceles apachea EU817665.1 EU817768.1 Binford et al. 2008

Loxosceles arizonica EU817663.1  EU817769.1 Binford et al. 2008

Loxosceles baja EU817661.1  EU817775.1 Binford et al. 2008

Loxosceles blanda EU817664.1 EU817770.1 Binford et al. 2008

Loxosceles caribbaea MF601287.1  MF600927.1 Petersen et al. 2021

Loxosceles cf. spinulosa GJB-2008 EU817686.1 EU817763.1 Binford et al. 2008

Loxosceles chapadensis MN216038.1 MN219597.1 Magalhdes et al. 2019

Loxosceles chinateca EU817670.1 Binford et al. 2008

Loxosceles colima EU817668.1 EU817777.1 Binford et al. 2008

Loxosceles cubana MF601113.1  MF600811.1 Petersen et al. 2021

Loxosceles deserta KY017913.1  EU817778.1 Binford et al. 2008

Loxosceles diaguita MN216039.1 MN219598.1 Magalhées et al. 2019

Loxosceles ericsoni MN216040.1 MN219599.1 Magalhées et al. 2019

Loxosceles foutadjalloni GQ279238.1 GQ279187.1 Duncan et al. 2010

Loxosceles gaucho FJ986178.1 GQ279184.1 Duncan et al. 2010

Loxosceles hirsuta EU817678.1 EU817788.1 Binford et al. 2008

Loxosceles hupalupa KP100147.1 Planas and Ribera 2014

Loxosceles intermedia MN216041.1 MN219600.1 Magalhées et al. 2019

Loxosceles jaca MN512428.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles jamaica MF601298.1 Petersen et al. 2021

Loxosceles jarmila MF601310.1 Petersen et al. 2021

Loxosceles kaiba EU817662.1 EU817774.1 Binford et al. 2008

Loxosceles lacta EU817672.1  EU817781.1 Binford et al. 2008

Loxosceles laeta MW689929.1  GQ279183.1 Duncan et al. 2010

Loxosceles malintzi MK936283.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles misteca MK936276.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles mrazig KF716998.1 GQ279185.1 Duncan et al. 2010

Loxosceles nahuana MK936297.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles persica MF467575.1 Tahami et al. 2017

Loxosceles reclusa EU817669.1 EU817776.1 Binford et al. 2008

Loxosceles sabina EU817666.1  EU817771.1 Binford et al. 2008

Loxosceles similis MN216043.1 MN219601.1 Magalhées et al. 2019

Loxosceles simillima MN216044.1 Magalhdes et al. 2019

Loxosceles sp. 2 CINR-2019 MK936306.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles sp. 2 GJB-2008 EU817694.1 EU817760.1 Binford et al. 2008

Loxosceles sp. 5 GJB-2008 EU817682.1  EU817765.1 Binford et al. 2008

Loxosceles sp. Fuerteventura- KF669952.1 Planas and Ribera 2014

Lanzarote

Loxosceles sp. Gran Canaria 1 KF669990.1 Planas and Ribera 2014

Loxosceles sp. La Gomera KF670001.1 Planas and Ribera 2014

Loxosceles sp. RPD-2010 GC0101 GQ279111.1  GQ279112.1 Duncan et al. 2010

Loxosceles sp. RPD-2010 MA0201 GQ279226.1 GQ279195.1 Duncan et al. 2010

Loxosceles sp. Tenerife 2 KF669925.1 Planas and Ribera 2014

Loxosceles sp. Tenerife 3 KF669918.1 Planas and Ribera 2014

Loxosceles spadicea EU817677.1 EU817787.1 Binford et al. 2008

Loxosceles speluncarum EU817692.1  EU817751.1 Binford et al. 2008

Loxosceles speluncarum EU817693.1 EU817754.1 Binford et al. 2008

Loxosceles spinulosa EUB17688.1 EU817756.1 Binford et al. 2008

Loxosceles surca MW689930.1 This Study

Loxosceles taino MF601103.1  MF600809.1 Petersen et al. 2021

Loxosceles tenango MK936290.1 Navarro-Rodriguez and Valdez-Mondragén
2020

(Continued)
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Table 1. (Continued).

col 28S

Taxon Label Accession Assession Reference Source

Loxosceles tenochtitlan MK936280.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles tolantongo MK936294.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Loxosceles variegata EU817675.1  EU817785.1 Binford et al. 2008

Loxosceles vonwredei EU817681.1  EU817767.1 Binford et al. 2008

Loxosceles zapoteca MK936302.1 MN525286.1 Navarro-Rodriguez and Valdez-Mondragén
2020

Sicarius peruensis MN216099.1 MN219620.1 Magalhdes et al. 2019

Sicarius rugosus EU817706.1  EU817736.1 Binford et al. 2008

Sicarius terrosus EU817704.1  EU817740.1 Binford et al. 2008

Figure 3. Maximum likelihood phylogeny of an alignment of COI and 28S sequences from Loxosceles
species. The digits by each clade indicate percent bootstrap support based on 1,000 replicates. The
species groups, as delineated by Gertsch (1967), are indicated by boxes enclosing clades. Continental
biogeographic history is estimated using common-sense inference based on contemporary species
distributions and is indicated in the figure using branch colours.

Table 2. Percentage contribution of the variables studied for Loxosceles

surca.
Variable Percent contribution (%) Permutation importance (%)
Bio19 57.7 74.6
Bio15 20.8 6.7
Bio18 17.8 15.6
Bio13 2.5 3.1
Altitude 1.2 0.0

being present naturally in coastal scrub, thorn forest and in the absolute desert. On the
other hand, the spider Loxosceles surca is restricted to medium and higher altitude
environments with greater precipitation and low annual mean temperatures
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Table 3. Percentage contribution of the variables studied for Loxosceles

laeta.
Variable Percent contribution (%) Permutation importance (%)
Bio18 56 58
Altitude 44 42

(precipitation of warmest quarter: 154.4-193.6 mm; annual mean temperature: 6.5-9.6°C)
(Figure 5), so it would be associated with high altitude scrub.

Niche breadth and overlap

The results from the niche breadth assessment showed a high variation in environmental
suitability for Loxosceles laeta compared with L. surca. The highest niche breadth that we
found was 0.392 for L. laeta, which also presented the broadest distribution of suitable
habitat in Chile. The niche breadth of Loxosceles surca was low (0.105) and this species
had a narrower distribution of suitable habitat. Although both spiders are closely related
species, they occupy considerably different climatic niches and also differed in their niche
space (niche overlap, D = 0.11; | = 0.25). In this sense, the identity test (niche similarity)
indicated that the climatic niche overlap values were significantly smaller than the null
distribution (Figure 6), supporting a pattern of niche divergence rather than niche con-
servatism between L. laeta and L. surca (Dyy = 0.56 + 0.06 vs. Dy; = 0.11 and lyo
=0.82 + 0.05 vs. Iy, = 0.25; t-test, df = 99, P < 0.05).

Discussion

Our results show that (a) the two species are, indeed, in the same laeta species group and
are likely to be sister species, and (b) while they overlap in latitude, they are allopatric and
have distinctively different and non-overlapping climatic/ecological niches. Although
they are very similar species, both their ecological niche and genetic differentiation
suggest a process of allopatric speciation. The phylogeny also supports the contention
that L. diaguita belongs in its own species group as hypothesised by Brescovit et al. (2017)
but does not support their hypothesis that it is sister to the spadicea group. We confirm
that L. laeta has a wider distribution with a large niche breadth (i.e. generalist species), is
adapted to arid environmental conditions and is presently a mainly synanthropic species
that lives mostly in coastal areas and shows low abundance in natural environments. By
contrast, L. surca has a narrower niche and is found in natural environments at medium
and high altitudes where temperatures are low and rainfall is higher than in coastal
environments. For both species, rainfall seems to be a factor in their native distribution,
and they only coexist in some intermediate altitude locations.

Relatively speaking, a very small number of spider species, known as synanthropics
(Nuorteva 1963), have developed a close relationship with human settlements (Duran-
Barrén et al. 2009; Taucare-Rios et al. 2013). The degree of this relationship depends on
the species, geographic and type of climates, as well as the characteristics of the habitat
(Uribe-M et al. 2010; Taucare-Rios et al. 2013). Gregor and Povolny (1958) classified
synanthropy into three categories according to the abundance of each species in
a determined area: 1) eusynanthropic, 2) hemisynanthropic, and 3) asynanthropic. In
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Figure 4. Environmental suitability map for Loxosceles surca and Loxosceles laeta under Maxent
algorithm. Colours represent different ranges of probabilities of presence (high probability: 0.75-
1.0). (a) Potential distribution of Loxosceles surca. (b) Potential distribution of Loxosceles laeta.

the case of the eusynanthropic species, they are typically urban and can be found mainly
within human dwellings; hemisynanthropic species inhabit natural and urban areas alike;
and asynanthropic species are very common in natural environments and less common in
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Figure 5. Precipitations and annual mean temperatures both Loxosceles laeta and Loxosceles surca
records. (a) Histogram of the frequency of precipitation of warmest quarter period, constructed from
the known distribution of both species. (b) Histogram of the frequency of annual mean temperature,
constructed from the known distribution of both species.

urban areas. Some spider species like Loxosceles laeta become eusynanthropic under
certain conditions (Duran-Barréon et al. 2009; Taucare-Rios et al. 2013), such as having
a generalist broad niche that brings them into contact with human habitations and
having the plasticity to expand their niche to occupy new environments outside natural
ones (novel niche hypothesis) (Shea and Chesson 2002).

Our study illustrates a notable contrast between two closely related species: L. surca,
which has remained asynanthropic, and L. laeta, which has become eusynanthropic. As
a consequence of this shift, L. laeta has vastly expanded its distribution and has emerged
as a spider of medical importance because of its frequent contact with humans. This
transition of Loxosceles laeta from natural to urban habitats could be facilitated by some
aspects of its physiology. This species has great thermal tolerance, preferential tempera-
tures between 16°C and 22°C (temperatures very common inside houses) and great
tolerance to desiccation in comparison to another species (Alfaro et al. 2013; Canals
et al. 2013). In addition, urban environments provide a constant availability of prey and
stable ambient temperatures that match with their preferred temperatures and condi-
tions would not be found in natural environments (Taucare-Rios et al. 2013; Canals et al.
2016). On the other hand, the restricted distribution, habitat requirements, preference for
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Figure 6. Identity test between L. laeta and L. surca in Chile. The expected niche area is significantly
out of the observed niche between them.

low temperatures and low dispersal capacity (there are practically no human settlements
where this spider lives) of Loxosceles surca could make it more difficult for it to colonise
urban environments and expand its distribution.
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One likely prerequisite for living in human habitations is a tolerance for xeric
conditions, since neither rain nor dew falls inside the home. All sicariids of the
Atacama region are, in this sense, exadapted to eusynanthropy because of their
natural desert origins. Another likely prerequisite is whether the spiders’ retreats or
webs are amenable to human habitation. Among candidate sicariids, this require-
ment disfavours Sicarius species because they cannot climb slick vertical walls and
they depend on a narrow rock-sand interface for brood rearing (Reiskind 1969;
Magalhaes et al. 2017, 2019). However, both Loxosceles species can build webbing
in dark corners or under furniture much as they would build webbing under rocks
or on the walls of caves, so we expect both species to be good candidates for
acquiring eusynanthropy.

How is it, then, that L. laeta but not L. surca has become more synanthropic, and in
so doing its distribution has greatly expanded much like L. reclusa has done in the
Nearctic (reviewed in Vetter 2015). This synanthropic transition is important because
it has also allowed L. laeta to become a ‘tramp’ species, having invaded distant
regions such as U.S.A, Australia, and Finland (Canals et al. 2016; Brescovit et al.
2017; World Spider Catalog 2021), and to have become of medical concern because
of its frequent contact with humans. Our ENM analysis suggests that the reason for
the difference is that L. surca has a distinctly different and separate niche from
L. laeta, restricting the former to a narrow climatic range at high elevations where
humans are scarce, which contrasts with the far more populated coastal regions of
the Atacama where L. laeta lives naturally. The constraining effect of limited rainfall
on the populations of Loxosceles laeta would explain why it has adapted to urban
indoor environments and is absent in natural environments of central and southern
Chile (Schenone et al. 1970; Taucare-Rios et al. 2013), where annual rainfall is widely
higher than in the north of this country. Future studies could investigate whether
other Loxosceles species, have the potential to become completely synanthropic
species, especially in a scenario of climate change and the increasing desertification
towards the south of this country. This information would be of medical relevance,
since all the species of this genus are species recognised as potentially dangerous to
humans.
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