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Abstract

‘The Caribbean islands harbor rich biodiversity with high levels of single island endemism. Stretches of ocean
between islands represent significant barriers to gene-flow. Yet some native species are widespread, indicating
dispersal across oceans, even in wingless organisms like spiders. Argiope argentata (Fabricius, 1775) is a large,
charismatic, and widespread species of orb-weaving spider ranging from the United States to Argentina and
is well known to balloon. Here we explore the phylogeography of A. argentata in the Caribbean as a part of
the multi-lineage CarBio project, through mtDNA haplotype and multi-locus phylogenetic analyses. The
history of the Argiope argentata lineage in the Caribbean goes back 3-5 million years and is characterized by
multiple dispersal events and isolation-by-distance. We find a highly genetically distinct lineage on Cuba
which we describe as Argiope butchko sp. n. While the argentata lineage seems to readily balloon shorter
distances, stretches of ocean still act as filters for among-island gene-flow as evidenced by distinct haplotypes
on the more isolated islands, high F*T values, and strong correlation between intraspecific (but not inter-
specific) genetic and geographic distances. The new species described here is clearly genetically diagnosable,
but morphologically cryptic, at least with reference to the genitalia that typically diagnose spider species.
Our results are consistent with the intermediate dispersal model suggesting that good dispersers, such as our
study species, limit the effect of oceanic barriers and thus diversification and endemism.
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Introduction

The Caribbean diversity hotspot has been colonized by a number of lineages via vary-
ing routes over millions of years. As is typical of other old oceanic islands, the archi-
pelago’s isolation helped form numerous single-island endemic species (Agnarsson and
Kuntner 2012; Gillespie and Roderick 2002; Ricklefs and Bermingham 2008; Warren
etal. 2015). The Caribbean islands are diverse in origin. Some are Darwinian volcanic
islands that have been colonized exclusively by overwater dispersal — airborne or across
the ocean, e.g. via vegetation rafts. Others are Wallacean fragment islands whose pe-
riodic connection to the mainland may have facilitated colonization over land bridges
such as GAARlandia (Iturralde-Vinent and MacPhee 1999; Ricklefs and Berming-
ham 2008). Regardless, all the Greater Antilles islands and most of the minor Antilles
have been isolated for the last several million years (Ali 2012; Heinicke et al. 2007;
Iturralde-Vinent and MacPhee 1999; Iturralde-Vinent 2006). Thus the processes of
divergence and diversification among islands due to lack of gene-flow can be expected
to be ongoing in all but the best dispersing organisms for which stretches of ocean do
not present formidable barriers—one prediction of the intermediate dispersal model
(IDM) (Agnarsson et al. 2014; Claramunt et al. 2012; Weeks and Claramunt 2014).
Such organisms are typically flying animals, or plants with salt-tolerant floating seeds,
that are widespread but species depauperate (Weeks and Claramunt 2014).

Being wingless, a relatively small proportion of arachnid lineages tend to colonize
ocean islands. Single-island endemism is common in successfully colonizing lineages
(Arnedo and Gillespie 2006; Arnedo et al. 2007; Gillespie 2005; Gillespie et al. 2008;
Zhang and Maddison 2012), a pattern consistent across taxa, islands and archipelagos
including the Caribbean (Alayon 2006; Cosgrove et al. 2016; Crews and Gillespie
2010; Dziki et al. 2015; Esposito et al. 2015; McHugh et al. 2014; Zhang and Mad-
dison 2012). This pattern is also found in many other invertebrates, and in vertebrates
and plants (Ricklefs and Birmingham 2008). However, this pattern is by no means
universal and different lineages often show contrasting patterns, such as in certain spe-
cies of the spider genus Selenops (Crews et al. 2010). Indeed, some spiders can readily
disperse overwater by ‘ballooning’—becoming airborne on silk threads anchored to
their spinnerets (Bell et al. 2005). For ballooning spiders stretches of ocean could be
only partial barriers (filters) leading to predictions of limited diversification among
islands. Our study subject here, Argiope spiders (Bell et al. 2005; Levi 1983), is poten-
tially one such lineage.

Species of the genus Argiope are large, sexually dimorphic, charismatic spiders
with brightly colored abdomens (Cheng and Kuntner 2014, 2015) that were noted
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by early taxonomists and among the first spiders to be described (Catalog 2015;
Clerck 1757). Despite their large adult size, Argiope spiders are thought to be ex-
cellent dispersers because they occupy open tree-less habitats and have been docu-
mented to balloon (Bell et al. 2005). Argiope argentata (Fabricius, 1775) is a spe-
cies ranging from the United States to the Caribbean islands and as far south as
Argentina (Levi 1983). It occurs on practically every Caribbean island and is thus
an interesting subject for phylogeographical studies on relatively good dispersers.
Here, we present mtDNA and morphological data on Argiope argentata collected
throughout the Caribbean to reveal phylogeographical patterns within the Caribbean, to
test the degree of genetic structure within and among islands, and to measure divergence
in cases where genetic patterns reflect geography. We verify relationships among species
with a multi-locus phylogenetic approach, and we also describe a new species, Argiope
butchko sp. n., previously thought to represent Cuban populations of A. argentata.

Methods

Specimens of Argiope argentata s. 1. were collected diurnally using standard aerial search-
ing and beating methods from 2011-2015 across the Caribbean and in SE USA (Fig. 1,
Suppl. material 4), including at four sites in Cuba: Siboney in Santiago, Alejandro in
Guantanamo, Sierra de Camaguey in Camaguey, and Vinales, Sierra de los C)rganos,
Pinar del Rio. Specimens were preserved in 95% ethanol in the field and stored at -20°
C until DNA extraction. Two sequences of mainland American A. argentata and seven
sequences of outgroups, downloaded from Bold and GenBank, were included in the
analyses (Suppl. material 4). As outgroups we included eight Argiope species, including
the closest relatives of A. argentata based on a recent molecular phylogeny (Cheng and
Kuntner 2014) (see Suppl. material 4).

DNA was isolated from 85 A. argentata s.1. and 13 other Argiope species with the
QIAGEN DNeasy Tissue Kit (Qiagen, Inc., Valencia, CA), or using phenol extraction
(Suppl. material 4). We sequenced a fragment of the mitochondrial ‘DNA barcode’
Cytochrome c oxidase subunit 1-COI, a useful marker at low taxonomic levels in spi-
ders, to establish boundaries among species (Candek and Kuntner 2015; Hebert et al.
2003). To amplify COI we used the primers LCO 1490 and HCO 2198 (Folmer et al.
1994). PCR conditions and sequencing protocols were described previously (Bloom
et al. 2014; McHugh et al. 2014). Sequences were submitted to GenBank (see Suppl.
material 4 for accession numbers). Sequences were assembled using Phred and Phrap
(Green 2009; Green and Ewing 2002) via Chromaseq (Maddison and Maddison
2011a) in Mesquite 3.03 (Maddison and Maddison 2011b) with default parameters.
The sequences were proofread and then aligned using the online EMBL-EBI MAFFT
(Katoh 2013). COI nucleotide sequences were translated to amino acids to check for
stop codons and to detect interspecifically consistent amino acid differences.

For Bayesian analyses, the GTR+I+G model was selected as the appropriate sub-
stitution model by the AIC criterion (Posada and Buckley 2004) in jModeltest 2.1.4
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Figure I. A dated phylogeny of Argiope argentata in the Caribbean, and other Argigpe relatives. Shown
are the results of tree based species delimitation analyses (GMYC method) on a BEAST phylogeny (node
ages in million years) and the location of spiders used in this study (inset picture). Asterisk denotes
posterior probability support >95%. The OTUs (operational taxonomic units) correspond to a cryptic
species, Argiope butchko sp. n., from Cuba (argentataCU) and populations from other Caribbean islands
(argentataCAR) plus mainland (argentataUS) treated as conspecific (4. argentata).

(Darriba et al. 2012). We employed a Bayesian approach to phylogenetic reconstruc-
tion implemented in MrBayes 3.1.2 (Ronquist et al. 2012). Two independent runs,
each with four Markov chain Monte Carlo (MCMC) chains, were performed simulta-
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neously with random starting trees, and the MCMC process was run for 10,000,000
generations, with a sampling frequency of 100 and a burn-in of the first 25% genera-
tions. We then ran BEAST (Drummond and Rambaut 2007; Drummond et al. 2012)
for dating analyses of the mtDNA data. The BEAST run comprised 40,000,000 gen-
erations, using a lognormal relaxed clock with fixed estimated substitution rate (mean
=0.0112, SD = 0.001) (Bidegaray-Batista and Arnedo 2011), assuming a birth-death
speciation model for the tree prior, with the best fit substitution models, and default
options for all other prior and operator settings. The final consensus tree was produced
in TreeAnnotator v1.8.0, with 25% burn-in.

To test the phylogenetic relationships from COI data, we also ran Bayesian analy-
sis with a multi-locus dataset with two nuclear markers (28S and Histone 3) and 1-2
exemplars per species. The PCR reactions of 28S and Histone 3 followed established
protocols for argiopine spiders (Cheng and Kuntner, 2014). The Bayesian analysis was
performed with the GTR+I+G model identified as the best fit substitution model for
all loci, and using all other settings as above.

To test for cryptic species in A. argentata, we used a combination of tree-based
species delimitation methods and genetic distances. For tree-based species delimitation
method, the General Mixed Yule-Coalescent model with single threshold (GMYC)
(Pons et al. 2006) was applied to the BEAST tree in R 3.0.3 (R_Core_Team 2014)
with the Splits package (http://splits.r-forge.r-project.org/). We then calculated the
genetic distance among potential OTUs as well as within and among the two spe-
cies (with Cuban populations defined as putative species), and among all individual
specimens. In all cases we used Kimura 2-parameter (K2P) (Kimura 1980) in Mega
6.06 (Tamura et al. 2013). (Table 1). Genetic distances were then correlated with geo-
graphic distances, the latter estimated (in m) from latitude and longitude data using
the Geographic Distance Matrix Generator (Ersts 2016). Regression analyses between
genetic and geographic distances were done in JMP Pro 11 and scatter plots produced
in Excel and then modified in Illustrator. In addition to analyses including all ingroup
individuals, regression analyses were run separately for intraspecific and interspecific
comparisons to test the taxonomic hypothesis of A. argentara s. . containing a cryptic
Cuban species. The prediction here is that a correlation between genetic and geograph-
ic distances would hold within (e.g., Hamilton and Eckert 2007; Eckert et al. 2008),
but not between, species as these should have non-geographic barriers to gene flow.

Fst and Kxy indexes were calculated in DNAsp v5 (Librado and Rozas 2009).

Haplotype networks were constructed using median-joining networks (Bandelt
etal. 1999) in PopART (http://popart.otago.ac.nz/index.shtml) with default settings.
Networks were exported as graphs and then edited in Adobe Illustrator.

Adult males and females were imaged using a Visionary Digital BK Plus digital
imaging system. Specimens arranged in hand sanitizer and covered in 95% ethanol
were photographed at dorsal, ventral, and lateral angles. Taxonomic measurements
were derived from photographs in Adobe Photoshop. Genitalia observations and il-
lustrations were made from photographs and by dissecting out the epigyna, digested in
potassium hydroxide solution to remove soft tissue to make internal structures visible.
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Tablel. Descriptive statistics for K2P (Kimura 2-parameter) distances within and between the molecular
operational taxonomic units (OTUs), which were identified by molecular species delimitation methods.

Within OTUs
K2pr
OTU N
Mean Std. Err
argentataCAR 74 0.009 0.002
argentataUS 3 0.018 0.004
argentataCU 10 0.006 0.001
Between OUTs
K2P
oTU1 01U 2 Mean Std. Err
argentataCAR argentataUS 0.029 0.006
argentataCAR argentataCU 0.061 0.010
argentataUS argentataCU 0.064 0.010
Results

A fragment of COI (659 bp) was obtained for all individuals, and with added data
from Genbank, making up a total of 107 sequences, including outgroups and 87 in-
dividuals morphologically identified as A. argentata. 540 base pairs overlapped for all
individuals and missing data was 5.1%. Bayesian analyses of this dataset produced a
topology that, with some internal node exceptions, was well supported (Figs 1, Suppl.
material 1). This tree suggests that A. argentata s.1., being sister to A. blanda, contains
a clade from Cuba and a clade that contains all other sampled populations. The phy-
logenetic structure within the latter suggests a grade of North American, Costa Rican,
and the island Caribbean clades (not Cuba), respectively. Only Hispaniola and Jamaica
have monophyletic island populations, and Martinique + St. Lucia together form a
clade, other island populations do not emerge as monophyletic. To test the relation-
ships between the major lineages suggested by mitochondrial-only results, we ran phy-
logenetic analyses of a subset of terminals with only nuclear data. The concatenated
matrix consisted of 12 sequences (7 outgroups and 3 OTUs of A. argentara) and 1172
base pairs (28S - 829 bp and Histone 3 - 343 bp), with 1.3% missing data. These re-
sults (Suppl. material 2) confirm the core relationships among the Caribbean, North
American, and Cuban populations of A. argentata s. 1., respectively. Thus, both nuclear
only and mitochondrial only phylogenies recover the sister relationship of Cuba with a
clade that contains North American mainland plus other Caribbean island representa-
tives. BEAST analyses, likewise, confirm these relationships (Suppl. material 3), the
only significant difference being that Costa Rican and mainland American populations
are monophyletic. Estimated node ages from BEAST, summarized in Fig. 1, date the
mrca of A. blanda and A. argentata s.l. at roughly 6 Ma, and date the split between the
Cuban clade and the remainder of A. argentata s.1. to about 3.8 Ma. The split between
the mainland and Caribbean island populations of A. argentata s.s. is estimated at 1.7
Ma, and the Caribbean island ‘diversification’ is less than 1 Ma.
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The GMYC analysis split the COI data into 11 OTUs, including eight correctly
identified outgroup species. GMYC model provided a significantly better fit to the
data than the null hypothesis of no structure (likelihood ratio: 27.06, P < 0.001), thus
identifying 3 OTUs within A. argentata s. 1. (Fig. 1): individuals from mainland C.
and N. America (argentataUS), individuals from throughout most of the Caribbean
(argentataCAR), and individuals from Cuba (argentataCU). The genetic distance test
revealed very low K2P values within the OTUs (Table 1). In contrast, K2P values
between the OTUs were all above 3%, but were particularly high between the Cuban
OTU and the others (Table 1): While the Caribbean plus mainland OTUs comfort-
ably fall within the intraspecific range typical for spiders, the average genetic distances
between the Cuban OTU and the remaining two (average around 6%) were higher
than the typical interspecific boundary in spiders (Candek and Kuntner 2015).

Other measures of nucleotide differences (Kxy) and gene flow (F*') likewise in-
dicate particularly high distinction and genetic isolation of these lineages (Suppl.
material 5, 6). Genetic and geographic distances were significantly correlated across
the ingroup specimens (Fig. 2, R*=0.14, P<0.01). However, this correlation was
entirely due to comparisons among specimens within each of the two species de-
fined here (Fig. 2, R?=0.69, p<<0.01), whereas there was no correlation between
genetic and geographic distances in comparison of specimens across species (Fig. 2,
R?=0.0005, p>0.05). Thus, phylogenetic, population genetic, and species delimita-
tion analyses all agree that the Cuban population is heterospecific with the broadly
distributed A. argentata.

Finally, haplotype analyses indicate clear phylogeographic structuring of COI hap-
lotypes despite generally shallow divergences among islands (Fig. 3), as also indicated
by the correlation between genetic and geographic distances (Fig. 2). More isolated
islands have unique haplotypes, while haplotypes are shared among islands like Puerto
Rico, Mona, and the northern Lesser Antilles. The Cuban population is a clear outlier
in the haplotype network (Fig. 3), separated from other haplotypes by numerous mu-
tations. Thus, based on all phylogenetic topologies and population genetic results we
refer to the Cuban clade of A. argentata s. 1. as A. butchko sp. n. and its sister clade as
A. argentata s.s. (see Taxonomy for formal justification).

Discussion

Archipelagos such as the Caribbean provide opportunities for colonization followed by
isolation, restriction of gene flow, and the formation of local endemics (Ricklefs and
Birmingham 2008). However, the degree of endemism will depend, in part, on the
dispersal ability of the lineages in question (e.g. Claramunt et al. 2012; Diamond et al.
1976). We studied a spider lineage known to ‘balloon’ and thus expected to be able to
cross oceanic barriers rather readily. We find that our sample of A. argentata s. 1. from
the Caribbean nevertheless represents several geographically structured populations
and one highly genetically distinct lineage in Cuba (Figs 1, 3, Suppl. material 1-3).
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Figure 2. Regression analysis between geographic and genetic distances among all specimens of A. ar-
giope s.]. included here. Blue dots and line represent within species comparisons and red dots and line
those among the two species as here defined. Black line is regression across all data. Geographical distances

well explain genetic distances within species, but not between the species, as expected.

The larger Caribbean islands (Cuba, Hispaniola and Jamaica), and mainland conti-
nent, have genetically isolated populations (Fig. 3) among which there is likely lim-
ited or no recent gene-flow, while there seems to be movement and gene flow among
islands in the eastern Caribbean. As we discuss below, isolation-by-distance (Fig. 2)
coupled with a single speciation event, may readily explain these observed patterns.
We find strong evidence for two species in our dataset, the widespread A. argentata
and one new species, A. butchko sp. n. from Cuba. Both genetic distances (Table 1),
phylogenies, networks, and species delimitation analyses (Figs 1, 3, and supplemen-
tary material), and analyses of genetic vs geographic distances (Fig. 2) support this
conclusion. Specimens from the Caribbean apart from Cuba are monophyletic with
some island-level genetic structure (Fig. 3). Representatives from both Jamaica and the
Dominican Republic are respectively monophyletic, with both islands sampled from
widespread localities. However, patterns in the remaining Caribbean fauna are consist-
ent with short-distance overwater dispersal, as evidenced by shared haplotypes between
Puerto Rico and several of the Lesser Antilles east and south of it (Fig. 3). The relatively
young age of these Caribbean lineages (3—5 my, Figs 1, S3) furthermore suggests that
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overwater dispersal has been the mode of colonization of each of the major islands. Thus,
consistent with well documented ballooning behavior in Argiope (Bell et al. 2005), these
spiders seem to be quite capable of crossing oceanic barriers. However, they do not seem
to do so frequently enough to establish panmixia across the Caribbean. Therefore, pro-
cesses of ongoing diversification result in island-specific haplotypes. That open ocean
represents a filter rather than a barrier to dispersal is further evidenced by the strong
correlation between geographic and genetic intraspecific distances (Fig. 2). Populations
on nearby islands tend to be genetically close (or identical) with the greatest genetic
distances, and splits exceeding 1.5 my, found between Caribbean island vs geographi-
cally distant mainland lineages. Such isolation-by-distance patterns are not unexpected
when dispersal is restricted (e.g., Hamilton and Eckert 2007; Eckert et al. 2008) and
have been found in other Caribbean taxa such as pines (Jardon-Barbolla et al. 2011).
However, these patterns do not hold between the populations of A. butchko (Cuba)
and the populations of A. argentata (from elsewhere). This is further evidence that A.
butchko has undergone speciation after isolation for over 3 my (Fig. 1). The intermedi-
ate dispersal model (Agnarsson et al. 2014; Agnarsson and Kuntner 2012; Claramunt et
al. 2012; Diamond et al. 1976) predicts that species richness across archipelagos peaks
in intermediate dispersers but is comparatively low in excellent dispersers where oceanic
barriers are less effective. Our findings are consistent with this model — Argiope spi-
ders are effective dispersers and unlike most arachnid lineages studied in the Caribbean
where single island endemism is prominent (Cosgrove et al. 2016; Crews and Gillespie
2010; Dziki et al. 2015; Esposito et al. 2015; McHugh et al. 2014) Argiope have under-
gone little diversification in the Caribbean. A similar pattern was found, for example,
in some Selonops lineages in the Caribbean (Crews et al. 2010) and in the nephilids of
the western Indian Ocean islands. In the latter group the excellent disperser Nephila
showed relatively shallow intraspecific divergences among some islands but the poorer
dispersers Nephilingis and Clitaetra have formed single island endemics (Kuntner and
Agnarsson 2011a; b). High dispersal ability in Argiope, therefore, may have limited
diversification in the Caribbean.

Based on this finding we examined in detail the comparative morphology of A. argen-
tata and the putative new species from Cuba, here described as A. buzchko sp. n. We found
no diagnostic differences in the morphology of male and female genitalia that would be
consistent with the deep genetic divergence (-6.3% average sequence divergence, Table 1)
and genetic isolation that has persisted for substantial time (Figs 1-2). Rather, variation
seems profuse (Figs 4-5). Likewise, the Cuban species does not differ from A. argentata
in body size measures. Hence, A. butchko sp. n. can be characterized as a morphologically
‘cryptic’ species. Further sampling and analysis of Argiope argentata DNA and morphology
throughout its distribution range outside the Caribbean, especially in S. America, is a logical
next step and may reveal additional species in this complex.

We note that our main results are based on a single mitochondrial locus and thus our
phylogeographic conclusions are restricted to the picture expected from female inherit-
ance. Nevertheless, multi-locus phylogenetic analyses support the general conclusions.
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Conclusions

Consistent with predictions of the intermediate dispersal model, our analyses of
Argiope argentata mtDNA haplotype diversity and phylogeography across the Carib-
bean established that geographical structuring of haplotypes of this good disperser
taxon was mostly consistent with a single widespread species model. Nevertheless,
specimens from Cuba were deeply divergent from the remaining areas in all analy-
ses, which we take as evidence for discovery of a cryptic species here described as
A. butchko sp. n. ‘Hidden’ taxonomic diversity in the Caribbean is being revealed
in multiple lineages by the CarBio project (Cosgrove et al. 2016; Dziki et al. 2015;
Esposito et al. 2015; McHugh et al. 2014) and future work aims to test taxonomic
hypotheses in other ‘widespread’ arachnid species that range from excellent to rela-
tively poor dispersers and thus test the intermediate dispersal model at various taxo-
nomic levels.

Taxonomy

Family Araneidae Clerk, 1757
Subfamily Argiopinae Simon, 1890
Genus Argiope Audouin, 1826

Argiope butchko LeQuier & Agnarsson, sp. n.
http://zoobank.org/ CF438FAF-2E27-44A4-9FF3-1DADDDA942DD

Etymology. The species epithet, a noun in apposition, honors the memory of Dennis
Butchko, an inspiring science teacher.

Type material. Female holotype from Siboney, Santiago de Cuba (19.9608°N,
75.7076°W), April 1, 2012, Col. Team CarBio, deposited in the Smithsonian
(NMNH). Two female paratypes, one from the type location and one from Sierra de
Camaguey, Camaguey, Cuba (21.5916°N, 77.7882°W). Three male paratypes, one
from holotype location, one from Sierra de Camaguey, Camaguey, Cuba, and one
from Vinales, Sierra de los Organos ,Pinar del Rio, Cuba 22.6210°N, 83.7383°W.
Paratypes will be deposited in the Smithsonian (NMNH).

Diagnosis. Argiope butchko sp. n. differs from all other Argiope except A. argentata
by the presence of the embolic distal curl (Levi, 2004: fig. 43, arrow). No distinct
feature of the male palp and female epigynum were found that reliably diagnose A.
butchko sp. n. from A. argentata.

Argiope butchko sp. n. and A. argentata can be diagnosed from one another, and
other related Argiope species, on the basis of the following unique, synapomorphic,
mtDNA nucleotide substitutions at the following standard DNA barcode alignment
positions in each species (following Agnarsson et al. (2015)):


http://zoobank.org/CF438FAF-2E27-44A4-9FF3-1DADDDA942DD
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Figure 4. Female holotype Argiope butchko sp. n. a dorsal b lateral ¢ ventral; Male paratype Argiope
butchko sp. n. d dorsal e lateral f ventral g external epigynum h external epigynum illustration showing
spermatheca and spiraling ducts i internal epigynum illustration dorsal m palp lateral n palp ventral; Ar-
giope argentata j external epigynum k external epigynum illustration showing spermatheca and spiraling
ducts | internal epigynum illustration dorsal o palp lateral p palp ventral.

A. butchko: A (127), C (133), C (157) C (178), T (190), G (208), C (226), A
(293), G (316), A (379, G (502), G (508), C (607); A. argentata: G (49), G (211), A
(508), A (511), G (643).
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Figure 5. Comparative morphology of the male palpal organ of the widespread A. argentata and the new
A. butchko. No clearly diagnostic features were identified in the new species, though slight differences in
the terminal parts of the median apophysis and the embolus are observed and merit further comparative

investigation.
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Description. Males and females of this species closely resemble Argiope argen-
tata (Fabricius 1775; Levi 1983; Levi 2004). Males have a distal curl on the embolus
(Levi, 2004: fig. 43, arrow) and a median apophysis that is blunt at the tip (Figs
4m, o, 5). Females of A. argentata typically have a brown sternum with a median
white line (Levi 1968). In A. butchko sp. n. the posterior half of the sternum is white
or off-white and the anterior half is brown with a small median white dot on the
anterior edge (Fig. 4c). However, this feature is not clearly diagnostic as variation
is observed in A. argentata. The epigynum of A. butchko sp. n. has a wider posterior
plate than Caribbean A. argentata and a smaller anterior bulge (Fig. 4G-I), but
again variation in A. argentata outside the Caribbean suggests this feature is not
diagnostic for the species.

Dimensions (mm). Holotype (female) - Total body length excluding chelicera
10.74, carapace length 5.00, carapace width 4.36. Leg I: femur length 8.28, patella
and tibia length 8.63mm, metatarsus 8.00, tarsus 2.09. Leg II: patella and tibia length
8.06. Leg II1: patella and tibia length 4.66. Leg IV: patella and tibia length 7.13.

Variation (mm). Female (N=4) - Total body length ranged from 10.29-10.74,
carapace length 3.84-5.00, carapace width 3.16—4.36. Leg I: femur length 6.50-8.28,
patella and tibia length 6.40-8.63, metatarsus 5.77-8.00, tarsus 1.80-2.09. Leg II:
patella and tibia length 7.83-8.06. Leg III: patella and tibia length 3.73-4.66. Leg
IV: patella and tibia length 4.66-7.13. Male (N=3) - Total body length ranged from
2.88-3.44, carapace length 1.70-1.88, carapace width 1.44-1.57. Leg I: femur length
1.62-2.14, patella and tibia length 1.99-2.37, metatarsus 1.74—1.88, tarsus 0.81—
0.88. Leg II: patella and tibia length 1.41-1.90. Leg III: patella and tibia length N/A.
Leg IV: patella and tibia length 1.40-1.63.

Distribution. The species is restricted to Cuba.

Natural history note. Three embolus tips were found embedded in the epigynum
of a female A. butchko, one in the left opening and two in the right opening (Fig. 4g-h)
This is similar to A. argentata, which has been known to have up to five embolic tips
in one female (Jaeger 2012).
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(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
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original source and author(s) are credited.
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Figure S3

Authors: Ingi Agnarsson, Stephanie M. LeQuier, Matjaz Kuntner, Ren-Chung Cheng,

Jonathan A. Coddington, Greta Binford

Data type: phylogeny data

Explanation note: Detailed results from the BEAST analysis summarized in Fig 1.

Copyright notice: This dataset is made available under the Open Database License
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Data type: specimen data

Explanation note: Results of Fst and Kxy (average number of nucleotide differences)
analyses among specimens from all islands and mainland. The Cuban specimens,
here described as a new species, stand out in both analyses indicating genetic isola-
tion and divergence.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Supplementary material 6

Table S3

Authors: Ingi Agnarsson, Stephanie M. LeQuier, Matjaz Kuntner, Ren-Chung Cheng,

Jonathan A. Coddington, Greta Binford

Data type: specimen data

Explanation note: Genetic and Geographic distances among all ingroup specimens
used in generating Figure 2.
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