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Abstract
Selenops galapagoensis was recently synonymized with Selenops mexicanus because the types 
of the former did not differ from the latter in any visible way. Additionally, a large molecular 
analysis of the genus from North and Central America and the Caribbean that included both 
nuclear and mitochondrial genes showed no differences indicating two separate species. 
However, no specimens from the Galápagos Islands, the only place where no distributional 
overlap occurs between the putative species, were previously available for molecular analysis. 
Recently, specimens suitable for molecular data collection became available from the Galápagos,
allowing us to test whether genetic differences existed between mainland and island specimens 
and if molecular data supported their synonymization. We performed phylogenetic analyses of 
mitochondrial and nuclear DNA of newly obtained Galápagos specimens, confirmed S. 
mexicanus specimens, and appropriate outgroups. We found that almost all of the Galápagos 
specimens share identical haplotypes despite being collected from different islands in different 
years, and that these haplotypes are also shared with, or differ by only a few nucleotides from, 
mainland specimens. The genetic variation between the island and mainland specimens is much 
less than the genetic variation observed among other Selenops species and within S. mexicanus 
across its distribution. The results from the molecular data indicate that S. mexicanus was likely 
transported to the Galápagos Islands via humans within the past 500 years, and these data also 
support the synonymization of S. galapagoensis with S. mexicanus.
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Introduction

Species delimitation and identification are a crucial part of systematic research and have 

sometimes been the cause of lively debates (e.g., Hebert et al 2003, Will et al. 2005, Hickerson et

al. 2006). Until molecular data were commonly used as tools in systematic research, either alone 

or in conjunction with other data, species boundaries were primarily defined by morphological, 

ecological, or behavioral data. These data types were used together or separately depending on 

the species definition being applied. Molecular data provided researchers with yet another line of

evidence that could be used to support or refute species hypotheses. These data can be used 

separately to identify species, or molecular thresholds can be applied for species delimitation 

(Lefebure et al. 2006) by DNA barcoding, typically using CO1 in arthropods (Hebert et al. 

2004). Additionally, molecular data are used as lines of evidence, usually in the form of gene 

trees, combined with non-molecular data (Raxworthy et al. 2007), or multiple lines of DNA 

evidence, and even genomic data from hundreds of loci, are used to construct species trees 

(McCormack et al. 2012, Pyron et al. 2014). 

In spiders, as in most arthropod groups, genitalia are typically used to identify and delimit

species, except in some groups in which genitalia remain static over evolutionary time while 

behaviors and/or DNA diverge (e.g., Bond et al. 2001). There are also cases in which genitalia 

are highly variable and require rigorous statistical analysis, such as geometric morphometrics, to 

sort out the variation (Crews 2009, Costa-Schmidt and de Araújo 2010). Multiple lines of 

evidence that include molecular data also have been used to delimit spider species (e.g., Crews 

and Hedin 2006: DNA + morphology; Bond and Stockman 2008: DNA + ecological data).

Selenops mexicanus (Fig. 1) is one of the most widespread selenopid spider species 

worldwide, ranging somewhat naturally (see below) from Montemorelos, Nuevo León State, 

México to at least as far south as Cali, Valle Department, Colombia, and (since the 
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synonymization of S. galapagoensis with S. mexicanus) to the Galápagos Islands. S. 

galapagoensis was the only selenopid spider known from the Galápagos Islands (Baert et al. 

2008) and, according to Muma (1953) and Corronca (1998), it was also found in México, 

Guatemala, Nicaragua, Panamá, and Ecuador on the mainland. 

<<Fig. 1 near here>>

Specimens of what were considered both species have been documented outside of their 

native ranges because of human-mediated transport. An adult male assigned to S. galapagoensis 

was found in Seattle, Washington State, USA at the Pacific Fruit and Produce Company in 1935. 

In 1953, S. mexicanus was found in Wasau, Wisconsin State, USA on bananas; in Yakima, 

Washington, USA on food store produce in 1976; and in Kingman, Arizona State, USA at a 

Safeway Store on bananas in 1981. More recently, S. mexicanus has been found at Davis Holiday

Park in Florida in 2002 and in 2004 on the Caribbean island St. Maarten. An adult male and a 

subadult female were collected on a recently planted palm tree near the cruise ship dock in 

Philipsburg, St. Maarten (Crews 2011). This palm tree came from a nursery in Dade County, 

Florida and prior to that, Chiapas, México. DNA data placed these specimens with others from 

Chiapas, indicating that they likely made the entire journey tucked safely away in the palm 

(Crews and Gillespie 2010). All of these collections demonstrate the species’ robustness for long-

distance travel.

During the revision of Selenops by Crews (2011), approximately 100 adult specimens of 

S. mexicanus and specimens assigned to S. galapagoensis were examined. S. galapagoensis, 

along with two other species, S. tehuacanus and S. vagabundus, were synonymized with S. 

mexicanus. Of these, DNA data were only available for the species described as S. vagabundus 

by Kraus (1955) because specimens had been collected from Kraus’s exact type locality. 

Although the types of S. vagabundus were unavailable for examination, the illustrations provided
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by Kraus (1955) were detailed enough to determine that the female did not differ in any way 

from the lectotype of S. mexicanus. Although there were some differences in the male, males 

from the same locality with the same morphological differences were nested in the molecular 

phylogeny within other specimens that were identified as S. mexicanus. The type of S. 

tehuacanus was morphologically identical to the S. mexicanus type. 

Muma (1953) noted that “[S. galapagoensis] has been confused with mexicanus for some 

time,” and that S. galapagoensis was smaller than S. mexicanus; however, this was not 

quantified, and Crews (2011) found that specimens from the same locality varied in size. 

Although some variation in size and color pattern exists across the broad range of S. mexicanus, 

this variation is not consistent with geography, and certain parts of the genitalia never vary 

(Crews 2011). After examining the types of S. mexicanus and S. galapagoensis, S. galapagoensis

was synonymized with S. mexicanus because they were in every way identical.

Crews and Gillespie (2010) lacked molecular data from Galápagos Islands specimens, but

specimens recently became available. Here, we perform phylogenetic analyses of one mtDNA 

gene (CO1) and one nuclear gene (H3) to determine whether specimens from the Galápagos 

Islands differ from those on the mainland. Differences would indicate that the synonymization of

S. galapagoensis and S. mexicanus should be re-examined. These analyses were performed in the

context of a very large dataset of more than 1000 terminals comprising 50 Selenops species, all 

other genera in the family and multiple outgroups (see Crews and Gillespie (2010)).

Materials and Methods

In 2009 and 2010, samples of Selenops were collected from Isla Santiago, Isla San 

Cristóbal, Isla Santa Cruz, and Isla Pinzón in the Galápagos Islands (Fig. 2; Table 1) and 

preserved in 100% EtOH. Permission to collect was granted by the Charles Darwin Research 
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Station and the Parque Nacional de Galápagos. Specimens were sent to the California Academy 

of Sciences for sequencing. DNA was extracted from 1–2 legs using a DNEasy kit (Qiagen, 

Inc.), following the manufacturer’s protocol for animal tissues. DNA was quantified on a Thermo

Scientific Nanodrop 2000c (Thermo Fischer Scientific, Inc.) and amplified with the primers 

LCO1490 (5’-GGTCAACAAATCATAAAGATATTG-3’ (Folmer et al. 1994)) and C1N2568 (5’-

GCTACAACAATAATAAGTATCATG-3’ (Hedin and Maddison 2001)) for CO1 and H3NF (5’-

ATGGCTCGTACCAAGCAGACVGC-3’ (Colgan et al. 1998)) and H3AR (5’-

ATATCCTTRGGCATRATRGTGAC-3’ (Colgan et al. 1998)) for Histone 3. CO1 was amplified 

using the following protocol: 95°C for 2 m, 35 cycles of 95°C for 30 s, 46°C for 45 s and 72°C 

for 1.5 m, final extension at 72°C for 5 m, and hold at 4°C. H3 was amplified using the following

protocol: 95°C for 2 m, 25 cycles at 95°C for 30 s, 54°C for 30 s, and 72°C for 45 s, then 15 

cycles of 95°C for 30 s, 45° for 30 s and 72°C for 45 s, final extension at 72°C for 7 m, and hold 

at 4°C. PCR reactions consisted of 5 µL of 5x Green GoTaq Flexi Buffer (Promega Corp.), 0.42 

µL of Σ10 mM dNTPs, 2.5 µL 25 mM MgCl2, 1.3 µL of forward and reverse 10 µM primer, 1 µL

of BSA, 0.13 µL of GoTaq Flexi DNA Polymerase (Promega Corp.), 1 µL of DNA template and 

ultrapure H2O to 25 µL. PCR products were purified using ExoSAP-IT (USB Corporation). 

Cycle sequencing parameters followed the protocol of Platt et al. (2007). PCR products were 

sequenced in both directions using the BigDye® Terminator Kit v 3.1 (Thermo Fisher Scientific, 

Inc.) on an ABI 31 30XL automated sequencer (Thermo Fisher Scientific, Inc.) in the Center for 

Comparative Genomics lab at the California Academy of Sciences. All specimens are deposited 

at the Royal Belgian Institute for Natural Sciences. GenBank Accession numbers are provided in 

Table 1 along with detailed locality data for the Galápagos specimens used in this study. For 

detailed locality data of the other specimens, see Crews and Gillespie (2010).

<<Fig. 2 near here>> <<Table 1 near here>>
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DNA sequences were edited manually with other previously obtained selenopid CO1 and 

H3 sequences (Crews and Gillespie 2010) using Seqtrace (Stucky 2012) and manually aligned in 

Mesquite v.3.01 (Maddison and Maddison 2014) based on amino acid sequences and lack of stop

codons. A subset of taxa from Crews and Gillespie (2010) was analyzed that minimized missing 

data while maximizing geographic distribution. We used PartitionFinder to both determine the 

appropriate model of evolution and the partitioning scheme (Lanfear et al. 2012, 2014). 

PartitionFinder suggested a separate model for each codon position of both genes, but with the 

1st codon position of CO1 and H3 combined into a single partition (five total partitions: 1) CO1 

1st codon and H3 1st codon - HKY+G, 2) CO1 2nd codon – F81+G, 3) CO1 3rd codon – HKY, 4) 

H3 2nd codon – JC, 5) H3 3rd codon – SYM+G).

 The dataset was analyzed using partitioned Bayesian phylogenetic analyses (Brandley et 

al. 2005) assuming different models of evolution for different subsets of the data using MrBayes 

3.2.2 (Ronquist et al. 2012) on the Cipres portal (Miller et al. 2010). Two MrBayes analyses were

run for 30 million generations. Convergence of the MCMC chains of each analysis was assessed 

using Tracer v1.6 (Rambaut et al. 2014). Outgroup taxa were chosen based on previous analyses 

and comprised S. malinalxochitl, S. gracilis, S. bifurcatus, and S. petenajtoy (Crews and 

Gillespie 2010). Uncorrected pairwise genetic distances were calculated in PAUP* v.4.0b10 

(Swofford and Sullivan 2003).

Results

Twenty percent of the trees in each analysis were eliminated as burn-in, and the results 

were combined. The 50% majority rule consensus tree is shown in Fig. 3. The tree shows that the

Galápagos samples are clearly nested within Selenops mexicanus, and this relationship is well-

supported. The focal clade within the larger S. mexicanus clade shows very little genetic 
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variation and also contains specimens from Panamá and Guatemala. Most of the Galápagos 

specimens share a single haplotype despite being collected from different islands at different 

times. One specimen from Isla Pinzón is more genetically similar to specimens from Panamá 

than it is to specimens from the same island. Uncorrected pairwise genetic distances for members

of the focal clade are shown in Table 2. They are highest between the Guatemala specimen and 

the others; however, this specimen did have some missing CO1 data that could contribute to this 

difference and to the longer branch that is apparent in the tree (Fig. 3). The average pairwise 

distance within this clade is 0.30% (MIN0 - MAX1.60%). Removal of the Guatemala specimen from 

the analysis produces an average pairwise distance of 0.10%.

<<Fig. 3 near here>> <<Table 2 near here>>

Discussion

In conjunction with previous morphological observations, the molecular data support the 

synonymization of Selenops galapagoensis with S. mexicanus. These data nest samples from the 

Galápagos Islands well-within S. mexicanus, and this relationship is strongly supported by 

Bayesian posterior probabilities (Fig. 3). Additionally, there are two unexpected outcomes from 

the analysis: 1) The Galápagos specimens are not monophyletic; the clade with these samples 

also contains specimens from Guatemala and Panamá, and 2) there is little-to-no genetic 

differentiation within the Galápagos specimens and between these specimens and those from 

Panamá (Fig. 3, Table 2). 

Monophyly of the Galápagos specimens was expected based on previous analyses of S. 

mexicanus. Although samples from the same localities or regions are not always monophyletic, 

there is some evidence for site fidelity (Crews et al. 2009) (Fig. 3). However, Crews et al. (2009) 

found no evidence to support a pattern of isolation by distance in this species. At least a small 
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amount of genetic differentiation was expected within the focal clade, and particularly among the

Galápagos specimens, because previous analyses indicated genetic structure within S. mexicanus,

including specimens taken from the same locality on the same day (Crews et al. 2009) (if 

collected at different times, the chances of collecting siblings with identical haplotypes will be 

lower). Here, the haplotypes for both genes are identical for 7 of 8 specimens analyzed despite 

that the specimens were collected from different islands at different times. The other specimen 

has a more similar haplotype to specimens from Panamá. Uncorrected pairwise genetic distances 

for S. mexicanus averaged 0.92%, ranging from 0 to 5.31% (also included 16S-ND1 (Crews et al.

2009)), and the average within this clade is much lower (0.30%).

There are several possibilities that could produce these unexpected outcomes. The first 

could be contamination of the samples. However, to confirm the identical nature of the 

sequences, sel_1026, sel_1030, sel_1035 were extracted, amplified and sequenced again, and the

same results were obtained. Another possibility is that genetic variation has been reduced 

because of a founder effect. This would mean that all of the S. mexicanus in the Galápagos 

Islands were introduced recently from a few individuals from a single mainland population. 

Because these specimens are so similar genetically, the introduction would have to be recent 

enough for few differences to accumulate. Additionally, because samples from the same area 

collected at the same time can be more divergent than what is seen in the Galápagos (see Crews 

et al. (2009)), this population would likely have originated from a single individual. 

There are two primary modes with which S. mexicanus could colonize an island. The first

is naturally via rafting. Because the Galápagos Islands are volcanic in origin and were never 

connected to any other landmass, all organisms had to naturally arrive either by air or sea. There 

is no evidence that selenopids balloon as juveniles, and they are much too large to balloon as 

adults. It is likely that they arrived on islands, such as the Caribbean islands, via rafting (Crews 
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and Gillespie 2010). They can remain alive a long time without food and typically live inside of 

vegetation, potentially staying dry. It would only take a single fertilized female, or even just an 

eggsac, to colonize an island. On larger trees or mats, there may be multiple individuals or 

eggsacs, increasing the chances of successful colonization. Baert (2013) mentioned that flood 

debris carried by western South American rivers could easily arrive in the Galápagos because the

Southern Equatorial Current would carry it directly to the islands. Schatz (1991) showed that this

would take approximately 2–4 weeks, a span an eggsac or selenopid could certainly survive.

The second mode of colonization for Selenops is human-mediated transport. Selenops 

mexicanus is known to commonly travel due to human activities. Although we lack an amount of

molecular data and the sampling required that would help us determine where the Galápagos 

Islands specimens of S. mexicanus originated and whether this species arrived via rafting or 

human-mediated transport, the molecular data coupled with natural history data suggest that 

these spiders were recently transported to the islands by humans. First, there is a lack of genetic 

differentiation amongst island populations of the Galápagos specimens. If the Galápagos were 

colonized tens of thousands to millions of years ago, we would expect each island population to 

have accumulated unique DNA nucleotide substitutions, assuming little or no gene flow amongst

the islands. Instead, 7 of 8 specimens share a single haplotype, and no island harbors an endemic 

clade. The genetic variation is also far lower than that seen within other Selenops species (Crews 

and Gillespie 2010).

Humans have been visiting the islands for at least 500 years. The first documented visitor

to the Galápagos Islands was Fray Tomás de Berlanga, the bishop of Panamá, whose ship was 

carried there when he was sailing to Peru in 1535. English buccaneers used the islands from 

1600–1700, and American whalers used the islands between 1791 and 1860. Floreana was first 

colonized in 1832, and by 1846 there were additional settlements on San Cristóbal and Santa 
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Cruz. Coffee, fruit and sugar cane were all cultivated here and would have originally come from 

the mainland. Between 1890 and 1960, the schooner San Cristóbal regularly carried people from 

the islands to Guayaquil, Ecuador. In the 1920s to 1940s and during World War II, most foreign 

visitors to the islands passed via the Panamá Canal (and BCI) (Rojas 1993). Since then, an 

increase in tourism has resulted in additional traffic between the islands and Ecuador. 

Peck et al. (1998) listed four lines of evidence that a species has probably been 

introduced by humans. These are: 1) association with introduced plants and livestock, 2) 

association with buildings and agriculture, 3) first appearance or main habitat in altered/disturbed

areas, such as fields or villages, and 4) generally cosmopolitan or tropicopolitan in distribution. 

S. mexicanus in the Galápagos satisfies most of these criteria. Although not exclusively collected 

on/in buildings, this species is associated with buildings; the first documented collections 

occurred in 1898–1899 on Chatham (now San Cristobal) and Albemarle (Banks 1902) (now 

Isabela) islands (Muma 1953), two of the oldest settlements of the islands. Although the species 

is not cosmopolitan or tropicopolitan, it is one of the most widespread species of the genus, and 

is the most widespread species in the Western Hemisphere. Additionally, even though the 

Galápagos specimens are not known to be associated with introduced plants, the species has been

documented to travel great distances on them (Muma 1953, Crews and Gillespie 2010, Crews 

2011). Because S. mexicanus in the Galápagos satisfies these criteria, shows little within-island 

genetic differentiation and is genetically very similar to mainland specimens, we conclude that 

this species is a recent introduction that arrived with humans some time in the past 500 years.

Conclusions

Phylogenetic analyses of both mitochondrial and nuclear DNA support the recent 

synonymization of Selenops galapagoensis with S. mexicanus (Crews 2011). Our analyses yield 

10



two unexpected results: 1) There is little to no genetic differentiation between specimens 

collected from different islands, and 2) these specimens share haplotypes with specimens 

collected from Barro Colorado Island in Panamá. Using molecular data to determine whether the 

Galápagos specimens are recent introductions and from where exactly they originated would 

require intense sampling from the mainland and the islands as well as additional genetic markers.

However, from the combination of molecular data (lack of genetic divergence), the natural 

history of the species (i.e., it is often found around human habitation or in disturbed areas across 

its range, including the Galápagos, and it is often undetected by humans and easily transportable 

across thousands of miles) and its broad distribution, we conclude that this species was recently 

introduced to the Galápagos Islands by humans. 

Acknowledgements

We wish to acknowledge the Royal Belgian Institute for Natural Sciences for loan of the 

Galápagos specimens. We also thank Charles Griswold for facilitating funding through the 

Schlinger Foundation at the California Academy of Sciences. Finally, we thank Matt Brandley 

and two anonymous reviewers for comments that greatly improved the manuscript.

11



Table 1. Locality data for the Galápagos specimens (collected by the 2nd author). Detailed locality
data for other specimens can be found in Crews and Gillespie (2010). Specimens were collected 
by L. Baert in 2009 and F. Hendrickx and W. Dekoninck in 2010.

Individua

l 

Number

Locality

Collection Date

GenBank 

Accessio

n 

Numbers
sel_1025 Isla Santiago, 90°47’04 W 0°12’28 S 30 March 2009 KT752503,

KT752514
sel_1026 Isla San Cristóbal, Punta Bassa, 

89°32’50 W 0°50’38 S

24 March 2009 KT752504

sel_1027 Isla San Cristóbal, Punta Bassa, 

89°32’50 W 0°50’38 S

24 March 2009 KT752505

sel_1028 Isla San Cristóbal, Punta Bassa, 

89°32’50 W 0°50’38 S

24 March 2009 KT752506

sel_1029 Isla Santa Cruz, Bahía Ballena, 

90°32’ W 0°36’ S

26 January 2010 KT752507,

KT752515

sel_1030 Isla Pinzon, 90°40’25 W 0°37’ S 25 January 2010 KT752508,

KT752516
sel_1031 Isla Pinzon, 90°40’25 W 0°37’ S 25 January 2010 KT752509,

KT752517
sel_1032 Isla Pinzon, 90°40’25 W 0°37’ S 25 January 2010 KT752510,

KT752518
sel_1033 Isla Pinzon, 90°40’25 W 0°37’ S 25 January 2010 KT752511, 

KT752519
sel_1034 Isla Pinzon, 90°40’25 W 0°37’ S 25 January 2010 KT752512,

KT752520
sel_1035 Isla Santiago, La Central, 90°45’05 

W 0°14’23 S

31 March 2009 KT752513,

KT752521
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Table 2. Uncorrected pairwise distances between specimens found in the focal clade, denoted by a star in Figure 2, including a single 

specimen from Guatemala (G), two specimens from Panamá (P) and eight specimens from the Galápagos Islands (GI), with each 

superscript denoting the specific island: IS = Isla Santiago, SC =  Santa Cruz, P = Pinzón.

868 G 266 P 268 P 1025 GIIS 1029 GISC 1030 GIP 1031 GIP 1032 GIP 1033 GIP 1034 GIP

868 G

266 P 0.016

268 P 0.014 0.002

1025 GIIS 0.013 0.003 0.001

1029 GISC 0.013 0.003 0.001 0

1030 GIP 0.013 0.003 0.001 0 0

1031 GIP 0.015 0.001 0.001 0.002 0.002 0.002

1032 GIP 0.013 0.003 0.001 0 0 0 0.002

1033 GIP 0.013 0.003 0.001 0 0 0 0.002 0

1034 GIP 0.013 0.003 0.001 0 0 0 0.002 0 0

1035 GIIS 0.013 0.003 0.001 0 0 0 0.002 0 0 0
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Fig. 1. Selenops mexicanus. Disturbed from under the bark of a moss-covered tree outside of 

Cueva Actun Kan, Colonia del Bosque, Petén, Guatemala.
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Fig. 2. Map of the Galápagos Islands. Unfilled dots represent all localities where Selenops have 

been collected, and filled dots indicate localities of specimens used in this study.
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Fig. 3. 50% majority rule consensus tree. Colored boxes show localities for S. mexicanus 
specimens used in this study. Black circles indicate nodes with posterior probabilities > 0.95, and
white circles indicate nodes with posterior probabilities > 0.90. The star indicates the primary 
clade of interest. Numbers next to specimen names correspond to those from the Appendix of 
Crews and Gillespie (2010). The two specimens collected in St. Maarten were traced back to 
México (see text). The Galápagos samples are clearly nested well-within S. mexicanus, with little
differentiation from specimens collected in mainland Central America.
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