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Abstract

The genus Cryptopone Emery contains 25 species of litter and soil ants, 5 of which occur in the Americas.
Cryptopone gilva (Roger) occurs in the southeastern United States and cloud forests of Mesoamerica, exhib-
iting an uncommon biogeographic disjunction observed most often in plants. We used phylogenomic data
from ultraconserved elements (UCEs), as well as mitogenomes and legacy markers, to investigate phylogen-
etic relationships, species boundaries, and divergence dates among New World Cryptopone. Species delimita-
tion was conducted using a standard approach and then tested using model-based molecular methods (SNAPP,
BPP, SODA, and bPTP). We found that Cryptopone as currently constituted is polyphyletic, and that all the South
American species belong to WadeuraWeber, a separate genus unrelated to Cryptopone. A single clade of true
Cryptopone occurs in the Americas, restricted to North and Central America. This clade is composed of four
species that originated ~4.2 million years ago. One species from the mountains of Guatemala is sister to the
other three, favoring a vicariance hypothesis of diversification. The taxonomy of the New World Cryptopone
and Wadeura is revised. Taxonomic changes are as follows: Wadeura Weber is resurrected, with new combin-
ations W. guianensis Weber, W. holmgreni (Wheeler), and W. pauli (Fernandes & Delabie); C. guatemalensis
(Forel) (rev. stat.) is raised to species and includes C. obsoleta (Menozzi) (syn. nov.). The following new spe-
cies are described: Cryptopone gilvagrande, C. gilvatumida, and Wadeura holmgrenita. Cryptopone hartwigi
Arnold is transferred to Fisheropone Schmidt and Shattuck (n. comb.). Cryptopone mirabilis (Mackay & Mackay
2010) is a junior synonym of Centromyrmex brachycola (Roger) (syn. nov.).
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OXFORD

The Nearctic and Neotropical regions maintain largely distinct biotas
at their extremes; however, the montane forests of Mesoamerica rep-
resent a biogeographic transition zone connecting the southern tem-
perate zone with the northern tropics (Halffter 1987). North-south
trending mountains have functioned variously as dispersal corridors
and refugia for cold-adapted species over millions of years, including
during recent glacial cycles. One intriguing biogeographic pattern
in this transition zone is the existence of flora and fauna that occur
in the forests of both eastern North America and the cloud forests
of Mexico and Central America, often with a gap in the middle

of the range. This pattern has been documented in over 50 plant
species (Graham 1999), including in sweetgum trees (Morris et al.
2008, Ruiz-Sanchez and Ornelas 2014), and in a few animal spe-
cies (Carlton 1990, Arbogast 2007). The pattern generally applies to
single species or small clades and recent climatic events like global
cooling and Pleistocene glaciation have been identified as important
drivers of current distribution and genetic patterns.

Various hypotheses have been proposed to explain the distribu-
tion of temperate species in Mesoamerican cloud forests (Graham
1999, Ruiz-Sanchez and Ornelas 2014). One model posits that a

Published by Oxford University Press on behalf of Entomological Society of America 2022. This work is written by (a) US 1

Government employee(s) and is in the public domain in the US.

Version of Record, first published online January 25, 2022 with fixed content and layout in compliance with Art. 8.1.3.2 ICZN


https://orcid.org/0000-0002-3734-6166
https://orcid.org/0000-0001-5465-0293
mailto:michael.branstetter@usda.gov?subject=
mailto:michael.branstetter@usda.gov?subject=
mailto:jacklongino@gmail.com?subject=

Insect Systematics and Diversity, 2022, Vol. 6, No. 1

widespread temperate forest existed in North America and frag-
mented after the early or middle Eocene (Axelrod 1975) or during
repeated glacial cycles in the Quaternary (Zhao et al. 2013). The
second hypothesis proposes dispersal or range expansion into suit-
able habitat from the north as climate cooled, either during the
Pleistocene (Deevey 1949, Morris et al. 2010), Neogene (Graham
1999), or late Paleogene/early Neogene (Braun 1950). Examination
of pollen records in Mesoamerica and the southeastern United States
supports a north-to-south pattern of dispersal with plants being ab-
sent from Mesoamerica prior to the mid-Miocene when temperat-
ures dropped substantially (Graham 1999). It is also possible that
a mix of these hypotheses is true, with temperate species expanding
into Mesoamerica during the Miocene and then fragmenting more
recently during Pleistocene glaciation events, and perhaps dispersing
again during warmer periods.

Among ant species, there are a couple of lineages that show
the same temperate—tropical distribution pattern between the
southeastern United States and the mountains of Mesoamerica.
The genus Stenamma Westwood is diverse in the Holarctic and
the mountains of Mesoamerica, but this connection is older, as evi-
denced by there being a distinct “Middle American” clade of species
(Branstetter 2012, 2013). More akin to the pattern found in plants
are lineages within the genera Pomera Latreille and Cryptopone.
Both are cryptic members of a rarely collected leaf-litter ant fauna
and both have species that exhibit disjunct distributions between
the southeastern United States and Mesoamerican cloud forest. The
genus Ponera was recently studied using phylogenomic data and was
shown to have dispersed twice into North America (Branstetter and
Longino 2019), with one of the lineages, represented by the single
species P. exotica Smith, occurring from the eastern United States
to Nicaragua. It was proposed that the species most likely dispersed
southward along a corridor of cloud forest over the last 3.1 million
years. Cryptopone gilva (Roger) has a similar distribution pattern to
P. exotica (Longino 2006, Mackay and Mackay 2010); however, the
phylogeny and species-level taxonomy of the genus, particularly in
the Americas, remains poorly understood.

The genus Cryptopone, as currently defined, is a cosmopolitan
genus with 25 species and one subspecies (Schmidt and Shattuck
2014, Bolton 2021), only five of which occur in the Americas.
The workers are small, nearly or completely eyeless, and are part
of a “cryptic” fauna found in soil, leaf litter, and rotting wood.
Cryptopone gilva has been known for over a century as a spe-
cies in the deciduous forest of the southeastern United States (e.g.,
Wheeler & Gaige 1920, Creighton & Tulloch 1930). It is very
similar to the European C. ochracea (Mayr) and the two are con-
sidered closely related (Emery 1911). The westernmost record of
C. gilva in the United States appears to be Montgomery County
in east Texas (Wheeler and Wheeler 1985). Forel (1899) described
C. ochracea r. guatemalensis from Guatemala, based on specimens
from Guatemala and Nicaragua. Recent work has synonymized
C. ochracea r. guatemalensis with C. gilva (Mackay & Mackay
2010) and revealed that C. gilva occurs not only as a common spe-
cies in the eastern United States, but also as a moderately abun-
dant species in cloud forests from southern Mexico to Costa Rica
(Longino 2006, Mackay and Mackay 2010). Cryptopone guianensis
(Weber), C. holmgreni (Wheeler), C. mirabilis (Mackay & Mackay),
and C. pauli Fernandes & Delabie are rare species with largely South
American distributions, although C. guianensis occurs as far north
as Mexico.

Here we examine the systematics of Cryptopone in the Americas,
based on molecular data and morphology. To elucidate both lin-
eage and species diversity of Cryptopone in the Americas, we use

ultraconserved element (UCE) phylogenomics to infer relationships
among the American species and a selection of Old World congeners.
We also examine the phylogenetic structure among multiple popu-
lations of C. gilva across its range to investigate species boundaries
and to elucidate the timing and mode of diversification in the clade.
We specifically address if populations of C. gilva originated in the
north and recently dispersed south (dispersal hypothesis), similar to
Ponera exotica (Branstetter and Longino 2019), if the lineage was
once widespread and later fragmented due to cooling temperatures
and glaciation (vicariance hypothesis), or a combination of these.
Our results show that 1) the genus is not monophyletic and needed
to be redefined, 2) there are multiple cryptic species that are dif-
ficult to distinguish by morphology alone, and 3) a species in the
Guatemalan highlands is sister to all other American species, sug-
gesting vicariance rather than recent dispersal from north to south.
We also show that molecular species delimitation methods con-
sistently inflate species numbers beyond what is reasonable using
an integrative approach. The results illustrate the power of UCE
phylogenomics to reveal previously hidden patterns of speciation
and biogeography.

Material and Methods

Morphological Examination and Taxonomy

This study was based on 402 separate species occurrence records.
Almost all the specimens were from Winkler or Berlese samples of
sifted leaf litter and rotten wood from wet forest habitats. Very few
nest series are known. Most material was from large-scale biodiver-
sity inventory projects in Central America and southern Mexico,
spanning 25 years (Projects ALAS, LLAMA, and ADMAC). All lo-
cality, collection, and specimen data are available in Supp Table 1
(online only).

Observations were made at 63 x magnification with a Leica
MZ12.5 dissecting microscope. Measurements were made with a
dual-axis micrometer stage with output in increments of 0.001 mm.
However, variation in specimen orientation, alignment of crosshairs
with edges of structures, and interpretation of structure boundaries
resulted in measurement accuracy to the nearest 0.01 mm. All meas-
urements are presented in mm.

The only morphometric measurement used in this study is head
width (HW), defined as the maximum width of the head in full face
view, not including the eyes. Ant taxonomy typically includes a set of
standard measurements (head length, scape length, etc.), but we did not
see conspicuous differences in proportions among the different species,
and we expected most of the measurements to be highly co-linear. We
rely on sequence divergence for species delimitation and do not carry
out a morphometric analysis here. The species clearly differ in mean
HW, and we include it as an (albeit imperfect) identification aid.

All holotypes and paratypes associated with the new species
described here have unique specimen-level identifiers (“specimen
codes”) affixed to each pin. Specimen codes should not be confused
with collection codes, which are associated with particular collec-
tion events. When reported, collection codes follow the collector.
Specimen collection data are derived from a specimen database and
are not direct transcriptions of labels. Latitudes and longitudes,
when present, are reported in decimal degrees, as a precise point
(five decimal places) followed by an error term in meters. Images of
holotypes, distribution maps, and all specimen data on which this
paper is based are available on AntWeb (www.antweb.org).

Specimen repositories are referred to with the following
acronyms:
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BEBC  Brendon Boudinot, personal collection.

BMNH The Natural History Museum, London, U.K.

CAS California Academy of Sciences, San Francisco, CA,
USA.

CPDC  Centro de Pesquisas do Cacau, Itabuna, Bahia, Brazil.

DEIC Senckenberg Deutsches Entomologisches Institut
[former  Deutsches  Entomologisches  Institut],
Miincheberg, Germany.

EAPZ  Escuela  Agricola  Panamericana, Tegucigalpa,
Honduras.

ECOSUR Coleccién Entomolégica de El Colegio de la Frontera
Sur, Unidad San Cristobal, Chiapas, Mexico.

IEXA Coleccion Entomoldgica, Instituto de Ecologia, A. C.,
Xalapa.

INBIO Instituto Nacional de Biodiversidad, Costa Rica.

INPA Instituto Nacional de Pesquisas da Amazonia, Manaus,
AM, Brazil.

JTLC John T. Longino, personal collection, University of
Utah, Salt Lake City, UT, USA.

LACM  Los Angeles County Museum of Natural History, Los
Angeles, CA, USA.

MCZC Museum of Comparative Zoology, Cambridge, MA,
USA.

MGBC  Michael Branstetter, personal collection, Logan, UT,
USA.

MHNG Muséum d’Histoire Naturelle, Geneva, Switzerland.

MUCR  Universidad de Costa Rica, San Pedro, Costa Rica.

MUSM  Universidad Nacional Mayor de San Marcos, Museo
de Historia Natural, Lima, Peru.

MZSP  Museu de Zoologia da Universidade de Sao Paulo, Sao
Paulo, Brazil.

NHMB Naturhistorisches Museum, Basel, Switzerland.

PSWC  P.S.Ward, personal collection, University of California,
Davis, CA, USA.

SAMC  South African Museum, Cape Town.

SsC S. Salata, personal collection.

UCDC  University of California, Davis, CA, USA.

UNAM  Universidad Nacional Auténoma de México, Mexico
D. E, Mexico.

USNM  National Museum of Natural History, Washington,
DC, USA.

UVGC  Coleccion de Artropodos, Universidad del Valle de
Guatemala, Guatemala City, Guatemala.

WMC  William Mackay, personal collection.

ZMHB Museum fiir Naturkunde der Humboldt-Universitit,

Berlin, Germany.

Integrative Species Delimitation Approach

Species were delimited using morphological, molecular, and bio-
geographic data. A final species delimitation was completed by
identifying sets of specimens that 1) were morphologically similar,
2) formed monophyletic groups based on sequence data, and
3) showed evidence of being reproductively isolated in sympatry
with other species, as demonstrated by morphological and/or mo-
lecular data. As discussed below, we also implemented molecular
species delimitation methods based mainly upon the multispecies
coalescent (MSC) model. These methods were performed to test spe-
cies boundaries based on the listed criteria above and to examine the
data for potential additional species. However, no additional species
were delimited if they were not found in sympatry with another spe-
cies and were not morphologically well differentiated.

MolecularTaxon Sampling

We selected 29 Cryptopone and 8 outgroup specimens for our mo-
lecular dataset (Table 1). Species of Diacamma Mayr, Mayaponera
Schmidt & Shattuck, Parvaponera Schmidt & Shattuck, Ponera,
Pseudoponera Emery, and Simopelta Mann were used as outgroups.
Cryptopone specimens included one specimen of C. butteli Forel from
Malaysia, one specimen of C. ochracea (Mayr) from Greece, one spe-
cimen of C. guianensis from Costa Rica, one specimen of the newly
described C. pauli from Guyana, one specimen of a new Cryptopone
species from South America (described here as C. holmgrenita sp.
nov.), and 24 specimens of putative C. gilva. The C. gilva specimens
were distributed from the southeastern United States to Costa Rica,
in most cases single specimens from local populations. Data were
newly generated for this study for 28 specimens and extracted from
Branstetter et al. (2017) for 5 specimens, Branstetter and Longino
(2019) for three specimens, and Longino and Branstetter (2020) for
one specimen.

DNA Sequence Generation

We employed the UCE approach to phylogenomics (Faircloth et al.
2012, Faircloth et al. 2015, Branstetter et al. 2017), combining
target enrichment of ultraconserved elements (UCEs) with multi-
plexed, next-generation sequencing. All UCE molecular work was
performed following the UCE methodology described in Branstetter
et al. (2017), which includes the following steps: DNA extrac-
tion, library preparation, UCE enrichment, sample pooling, and
sequencing on an Illumina HiSeq 2500 (PE125 v4) at the University
of Utah genomics core facility. For UCE enrichment we used an ant-
customized bait set (“ant-specific hym-v2”) targeting 2,524 UCE
loci common across Hymenoptera (Branstetter et al. 2017). The
utility of this bait set to resolve relationships, both deep and shallow,
in ants has been demonstrated in several studies (Branstetter et al.
2017, Pierce et al. 2017, Ward and Branstetter 2017, Branstetter
and Longino 2019).

UCE Matrix Assembly

After sequencing, the UCE data were demultiplexed by staff
at the University of Utah bioinformatics core, and once re-
ceived, the sequence data were cleaned, assembled, and aligned
using the Phyluce package v1.6 (Faircloth 2016) according to
the process outlined in Branstetter et al. (2017). Within the
Phyluce environment, we used Illumiprocessor (Faircloth 2013)
and Trimmomatic (Bolger et al. 2014) for quality trimming
raw reads, Trinity v2013-02-25 (Grabherr et al. 2011) for de
novo assembly of reads into contigs, and LASTZ v1.02 (Harris
2007) for identifying UCE contigs from all contigs. All optional
Phyluce settings were left at default values for these steps. For
the bait sequences file needed to identify UCE contigs, we used
the ant-specific hym-v2 bait file. To calculate various assembly
statics, including sequence coverage, we used scripts from the
Phyluce package (phyluce_assembly_get_trinity_coverage and
phyluce_assembly_get_trinity_coverage_for_uce_loci).

After extracting UCE contigs, we aligned each UCE locus
using a stand-alone version of the program MAFFT v7.130b
(Katoh and Standley 2013) and the L-INS-i algorithm. We then
used a Phyluce script to trim flanking regions and poorly aligned
internal regions using the program Gblocks (Talavera and
Castresana 2007). The program was run with reduced stringency
parameters (b1:0.5, b2:0.5, b3:12, b4:7). We then used another
Phyluce script to filter the initial set of alignments so that each
alignment was required to include data for 75% of taxa. This
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Table 1. Voucher list of specimens used for DNA extraction and sequencing

Taxon ExID Country Admin1 Latitude Longitude VoucherID
Cryptopone butteli® EX1180 Malaysia Sabah 4.74332 116.97303 CASENT0635385
C. gilva EX1194 United States Georgia 32.87234 -81.96362 CASENTO0749266
C. gilva EX1195 United States South Carolina 33.28657 -81.69506 CASENTO0749267
C. gilvagrande sp. nov. EX1545 Guatemala Baja Verapaz 15.21345 -90.21851 CASENTO0614525
C. gilvagrande EX1549 Honduras Ocotepeque 14.45775 -89.06814 CASENTO0617514
C. gilvatumida sp. nov. EX1722 Mexico Oaxaca 18.16842 -96.90289 CASENT0640768
C. gilvatumida EX1723 Mexico Veracruz 19.52307 -97.02789 CASENT0631951
C. gilvatumida EX1725 Mexico Puebla 19.91779 -97.60756 CASENTO0641046
C. guatemalensis stat. rev. EX1173 Mexico Chiapas 15.72065 -92.94008 CASENT0609721
C. guatemalensis EX1175 Honduras Francisco Morazan 14.35444 -86.84444 CASENT0610825
C. guatemalensis EX1176 Costa Rica Puntarenas 10.30306 -84.81083 CASENTO0618515
C. guatemalensis EX1181 Honduras Olancho 14.93368 -85.90361 CASENT0616283
C. guatemalensis EX1189 Nicaragua Nueva Segovia 13.97852 -86.18884 CASENT0633134
C. guatemalensis EX1190 Nicaragua Jinotega 13.76753 -85.02451 CASENT0628985
C. guatemalensis EX1191 Nicaragua Matagalpa 12.97426 -85.23400 CASENT0623898
C. guatemalensis EX1546 Guatemala Zacapa 14.94673 -89.27588 CASENT0633817
C. guatemalensis EX1547 Guatemala Suchitepéquez 14.54800 -91.19369 CASENT0612652
C. guatemalensis EX1548 Honduras Olancho 15.09490 -86.73987 CASENT0615521
C. guatemalensis EX1550 Nicaragua Jinotega 13.10976 -85.86765 CASENT0633877
C. guatemalensis EX1551 Nicaragua Jinotega 13.56922 -85.69738 CASENTO0618536
C. guatemalensis EX1556 Costa Rica Heredia 10.23617 -84.11767 INB0003659343
C. guatemalensis EX1561 Costa Rica Heredia 10.26667 -84.08333 INB0003212306
C. guatemalensis EX1724 Mexico Veracruz 18.53338 -95.14960 CASENT0631779
C. guatemalensis EX1728 Mexico Veracruz 18.55908 -95.19550 CASENT0642925
C. guatemalensis EX1726 Mexico Puebla 19.91779 -97.60756 CASENT0641047
C. ochracea EX1613 Greece Crete 35.20198 24.39642 CASENT0637778
Diacamma rugosum® EX1574 Malaysia Sabah 4.74000 116.97500 CASENT0634818
Mayaponera arbuaca® EX1435 Costa Rica Heredia 10.42864 -84.01866 INBIOCRI0O01241794
Parvaponera darwinii’ EX1610 Malaysia Sabah 4.96478 117.80465 CASENT0637361
Ponera exotica® EX1632 United States Georgia 30.86139 -84.06750 CASENT0637287
P. leae® EX1558 Australia Queensland -16.92145 145.58543 JTLC000006828
P. sinensis nr.’ EX1625 China Hong Kong 22.41595 114.12722 CASENTO0761219
Pseudoponera stigma® EX1576 Honduras Gracias a Dios 15.70857 -84.86234 CASENT0613273
Simopelta andersoni EX1575 Costa Rica Alajuela 10.30926 -84.72941 CASENT0635057
Wadeura guianensis EX1562 Costa Rica Heredia 10.30700 -84.05931 INB0003694616
W. holmgrenita sp. nov. EX1627 Peru Madre de Dios -12.87530 -71.41095 CASENT0637779
W. pauli EX1612 Guyana Potaro-Siparuni 5.00851 -59.64133 CASENT0637806

Specimen data extracted from a) Branstetter et al. (2017), b) Branstetter and Longino (2019), and ¢) Longino and Branstetter (2020).

resulted in a final set of 2,232 alignments and 1,865,649 bp of
sequence data for analysis. To calculate summary statistics for
the final data matrix, we used a script from the Phyluce package
(phyluce_align_get_align_summary_data).

UCE Phylogenomic Analysis

To partition the UCE data for phylogenetic analysis, we used the
Sliding-Window Site Characteristics based on entropy approach
(SWSC-EN) (Tagliacollo and Lanfear 2018), which uses a sliding
window to partition UCE loci into right flank, core, and left flank re-
gions. The theoretical underpinning of the approach comes from the
observation that UCE core regions are conserved, while the flanking
regions become increasingly more variable (Faircloth et al. 2012).
After running SWSC-EN, the resulting data subsets were analyzed
using PartitionFinder2 (Lanfear et al. 2012, Lanfear et al. 2017).
For this analysis, we used the rclusterf algorithm, AICc model selec-
tion criterion, and the GTR+G model of sequence evolution. The re-
sulting best-fit partitioning scheme included 1,460 data subsets and
had a significantly better log likelihood than alternative partitioning
schemes that we tested (SWSC-EN: -9,384,760.3; By Locus:
-9,723,305.9; Unpartitioned: -9,869,901.6).

Using the SWSC-EN partitioning scheme, we inferred phylo-
genetic relationships of Cryptopone species with the maximum
likelihood-based program IQ-Tree v1.6.8 (Nguyen et al. 2015).
For the analysis we selected the “-spp” option for partitioning and
the GTR+F+G4 model of sequence evolution. To assess branch
support, we performed 1,000 replicates of the ultrafast bootstrap
approximation (UFB) (Minh et al. 2013, Hoang et al. 2018) and
1,000 replicates of the branch-based, SH-like approximate likeli-
hood ratio test (SH-aLRT) (Guindon et al. 2010). For these sup-
port measures, values > 95% and > 80%, respectively, signal that
a clade is supported. The above analysis was repeated with the
DNA matrix converted to RY-coding, which is a method that can
reduce systematic bias due to base composition heterogeneity and
saturation (Phillips and Penny 2003). For this analysis, we used
the “-m MFP” option for model selection and the same SWSC-EN
partitioning scheme.

To get an alternative assessment of relationships and branch
supports, we conducted a coalescent-based species tree analysis
on the dataset using the summary program ASTRAL-III v5.5.9
(Zhang et al. 2017). We first created a set of gene trees for the
set of 2,232 UCE loci using IQ-Tree v1.6.8. These analyses were
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performed in IQ-Tree using the ModelFinder (Kalyaanamoorthy
et al. 2017) option “-m MFP,” the AICc model selection criterion,
and 1,000 UFB replicates. Once the gene trees were generated,
we followed the recommendation of Zhang et al. (2017) and
used Newick Utilities (Junier and Zdobnov 2010) to collapse
branches with < 50% bootstrap support. Using the modified gene
trees, we performed a standard ASTRAL analysis, leaving all ter-
minals as separate entities, and assessing support as local posterior
probabilities.

Divergence Dating

We used BEAST2 v2.6.3 (Bouckaert et al. 2014) to estimate the timing
of Cryptopone evolution in the New World. Due to computational con-
straints, we restricted our analysis to a subset of UCE loci and used a con-
straint tree. For the loci, we identified the 631 UCE loci that contained
all samples (= 100% taxon occupancy) and then randomly selected
300 of these loci for analysis using a Phyluce script (phyluce_align_ran-
domly_sample_and_concatenate). For the constraint tree, we used the
best tree from the IQ-Tree analysis described above. Before importing
the tree into BEAST2, we converted it to ultrametric by rooting the tree
on Mayaponera+Simopelta, assigning the root node an age of 81.4 Ma,
and performing a strict clock analysis using the chronos function in the
R v3.4.4 (R Core Team 2019) package APE v5.4 (Paradis et al. 2004).
The chronos function executes a fast penalized likelihood divergence
dating method (Kim and Sanderson 2008, Paradis 2013).

To configure the BEAST2 analysis, we used the program BEAUti
(included with BEAST2), and we applied two node-based calibra-
tion points. For the root node, we used a secondary calibration,
extracting the age constraint from a comprehensive dating analysis
of all ants (Economo et al. 2018), and we selected a normal distribu-
tion for the prior, assigning it a mean age of 81.4 Ma and a standard
deviation of 6.07. For the other node calibration, we assigned two
fossil species of Ponera from Baltic amber (Dlussky 2009) to the stem
node of Ponera. For the prior, we selected a log normal distribution
and assigned a Priabonian age to Baltic amber (see Perkovsky 2007;
BEAST2 settings: offset = 33.9, mean = 3.16, stdev = 0.43). For the
analysis, we used a GTR+G4 model of sequence evolution, an un-
correlated lognormal clock, and a birth-death tree prior. The birth-
death tree prior was chosen because our dataset includes inter- and
intraspecific sampling and a recent simulation study showed that,
with this type of sampling, the birth-death model more accurately
recovers ages (Ritchie et al. 2017). We set an exponential distribu-
tion for the ucld mean prior (mean = 1.0, initial value = 0.0025)
and used default values for the remaining priors. For the ucld stdev
prior we set the initial value to 0.5 based on information from
preliminary runs. We performed seven independent runs, each for
200 x 10° generations, sampling every 5 x 10° generations. Run
convergence was assessed using Tracer v1.7.1 (Rambaut et al. 2018)
and runs were combined and summarized using LogCombiner and
TreeAnnotator, respectively, with node heights calculated as mean
heights. All runs converged, and with the burn-in set at 50%, all
parameter values had effective sample sizes (ESSs) above 200. All
BEAST?2 runs were performed using the CIPRES Science Gateway
(Miller et al. 2010).

Mitogenomic Analysis

We independently assessed Cryptopone phylogeny and species
boundaries by assembling a separate mitochondrial DNA (mtDNA)
dataset for analysis. This is possible because mtDNA and often en-
tire mitogenomes can often be extracted from UCE data as bycatch
(Stroher et al. 2017). We started by re-assembling the trimmed UCE

sequences using the program SPAdes (Bankevich et al. 2012), which
we have found to produce better results for this purpose. We then
used the program MitoFinder (Allio et al. 2020) to locate, extract,
and annotate all contigs containing mitochondrial sequence for all
samples. As the reference for the MitoFinder analysis, we used a
mitogenome of Cryptopone sauteri (Wheeler) (GenBank Accession#
MK138572). To better extract the gene cytochrome oxidase I (COI)
for all samples, we also used a Phyluce script (phyluce_assembly_
match_contigs_to_barcode) to slice out sequence matching a ref-
erence, in this case we used a MitoFinder sequence from one our
samples. The latter approach tends to work better at extracting in-
dividual genes but is not an efficient way to extract all mtDNA loci.

To expand our taxon sampling in this dataset, we downloaded
COI barcode sequence data from the BOLD database (Ratnasingham
and Hebert 2007), like the approach used in Longino and Branstetter
(2020). We first searched BOLD for all samples matching the term
“Cryptopone.” We then searched in BOLD again using the BIN
numbers resulting from the first search. This produced an initial set
of 477 sequences. After performing a preliminary analysis, we fil-
tered out many misidentified samples and selected a final set of 47
sequences of relevance to our study (Supp Table 3 [online only]). All
of the retained sequenced were > 500 bp in length.

The BOLD COI sequences were combined with the MitoFinder
sequences and all mtDNA loci were aligned individually using
MAFFT. After alignment, the two ribosomal genes were trimmed
using Gblocks and the protein coding genes were manually in-
spected and trimmed by eye. The loci were then concatenated and
partitioned by gene and codon position. We analyzed the mtDNA
dataset in IQ-Tree v2.1.2 using the “-m MFP+Merge” option for
model selection and performed 1,000 UFB and SH-aLRT replicates
for branch support. The final mtDNA supermatrix included 84 taxa
and 12,861 bp of sequence data.

Legacy Marker Phylogenetic Analysis

Similar to the mtDNA analysis, we expanded the generic coverage of
our dataset by extracting legacy exon markers from our UCE data
and combined the results with published data available in GenBank.
We extracted 14 legacy genes from a selection of 22 UCE samples
using the approach described in Branstetter et al. (2017). We com-
bined these sequences with data from 12 published studies (Ohnishi
et al. 2003, Ward and Downie 2005, Brady et al. 2006, Moreau
et al 2006, Oullette et al. 2006, Spagna et al. 2008, Schmidt 2013,
Ward et al. 2015, Larabee et al. 2016, Ward and Fisher 2016, Matos-
Maravi et al. 2018, Borowiec et al. 2019), including a comprehensive
study of the subfamily Ponerinae by Schmidt (2013). After com-
bining the data, each gene was aligned using MAFFT, trimmed using
Gblocks, and visually inspected by eye using Mesquite. We then con-
catenated the data and analyzed the supermatrix in IQ-Tree v1.6.8
using a by-gene partitioning scheme, the GTR+F+G4 model of se-
quence evolution, and 1,000 UFB and SH-aLRT replicates for sup-
port. The final DNA supermatrix included 173 taxa and 11,361 bp
of sequence data.

Phylogeny and Molecular Species Delimitation of

the C. gilva Complex

As described in the Results section, we found that C. gilva has deep
phylogenetic structure and likely constitutes multiple species. To fur-
ther explore phylogenetic relationships and to test species bound-
aries within the C. gilva complex we created reduced datasets, in
which we removed all samples except for specimens of C. gilva and
the single outgroup C. ochracea. We then inferred phylogenies for
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both UCE and mtDNA datasets and tested several different mo-
lecular species delimitation methods.

For phylogeny using the reduced UCE dataset, we repeated all
matrix assembly steps described previously for UCE data and in-
ferred a new SWSC-EN partitioned tree with IQ-Tree v1.6.8. We also
generated a species tree by inferring gene trees and using ASTRAL,
also as described previously. For the mtDNA dataset, we analyzed
the full mitogenome dataset with reduced samples, but including the
samples from BOLD, as described previously using IQ-Tree. We also
created and analyzed a DNA barcode dataset, in which only 658 bp
of the barcode region of cytochrome oxidase I (COI) was used for
analysis. We partitioned the matrix by codon position and analyzed
the data in IQ-Tree using GTR+G as the model of sequence evolu-
tion. The reduced UCE dataset, filtered to have 75% taxon com-
pleteness for each locus, included 2,199 UCE loci and 1,957,700 bp
of sequence data. The reduced mitogenome dataset included 15
mtDNA loci and 12,765 bp of sequence data.

For molecular species delimitation in the C. gilva complex we
tested multiple methods, including SNAPP (Bryant et al. 2012), BPP
v4.0.4 (Yang 20135, Flouri et al 2018), SODA v1.0.1 (Rabiee and
Mirarab 2021), and bPTP (Zhang et al. 2013). The program SNAPP
is implemented in BEAST2 and is a full Bayesian program that es-
timates species trees from SNP data. It can also be used to delimit
species by allowing all samples in a dataset to represent separate
species. Interconnections among samples in the output trees, visu-
alized using DensiTree, can indicate the boundary between species
and population-level divergences. To identify and extract SNPS
we phased the UCE data using the phasing pipeline implemented
in Phyluce v1.6 (https:/phyluce.readthedocs.io/en/latest/tutorials/
tutorial-2.html) and described in Andermann et al. (2019). Phasing
was performed by aligning the cleaned reads to all UCE contigs ex-
tracted from each sample. After phasing the data, we aligned the data
matrix using MAFFT and the L-INS-i algorithm, we edge-trimmed
the alignments using a Phyluce script (get_trimmed_alignments_
from_untrimmed), and we filtered the alignments to have 75% taxon
completeness. We then removed the outgroup C. ochracea from the
alignments and used Phyluce to extract one random SNP per locus,
allowing for missing data. We then converted the matrix to numer-
ical “012” coding. This produced a matrix with 1,669 SNPs. The
SNAPP analysis was set up and run using BEAUti and BEAST2 v2.5.
We assigned each sample to its own species, left priors at default
values and set the MCMC chain to run for 5x10°¢ generations, sam-
pling every 100. After running the analysis, we examined the output
logs in Tracer, combined tree files using a burnin of 10%, and exam-
ined the output using DensiTree, which is included with BEAST2.

Like SNAPP, the program BPP v4.0.4 is a Bayesian method that
uses the multispecies coalescent (MSC) model to infer a species tree
and delimit species (Yang 20135, Flouri et al 2018). However, instead
of SNPs, the program takes full sequence alignments from multiple
loci. For the analysis, we performed the A11 method which conducts
a joint species tree estimation and species delimitation. We used
1,018 UCE loci for the analysis, which constitutes all loci with 100%
taxon occupancy and at least 10 informative sites. Unlike the SNAPP
analysis, we left in the single outgroup C. ochracea in the alignments.
All samples were treated as potentially separate species and for the
starting species tree we used the SWSC-EN partitioned tree output
from IQ-Tree. We set burnin to 1 x 10* generations and collected
100x10°% samples, sampling every 2 generations. We performed two
separate runs and examined the output for convergence. We then
combined the run outputs and generated a final combined result.

Next, we used the program SODA v.1.0.1 (Rabiee and Mirarab
2021) to delimit species. This program is like ASTRAL and uses

quartet frequencies from gene trees and the MSC model to infer spe-
cies boundaries. Because it relies on already inferred gene trees to
delimit species, it is much faster than BPP and other full Bayesian
delimitation methods and has been found to be nearly as accurate.
For this analysis we used the same set of 1,018 UCE loci used for
BPP, with the clades receiving less than 50 UFB support collapsed
into polytomies. We ran the program with a rooted guide tree based
on the SWSC-EN partitioned analysis from 1Q-Tree.

Lastly, we performed a set of species delimitation analyses using
the Bayesian implementation of the PTP model (Zhang et al. 2013).
This approach takes a rooted phylogenetic tree and models speci-
ation in terms of number of substitutions. For the input trees, we
tested the SWSC-EN partitioned UCE tree, the mitogenome tree, and
the barcode-only tree, all inferred using IQ-Tree. For the analysis we
used the bPTP server (https://species.h-its.org) and left input values
at default. The outgroup was removed for each analysis.

Nomenclature

This paper and the nomenclatural act(s) it contains have been re-
gistered in Zoobank (www.zoobank.org), the official register of the
International Commission on Zoological Nomenclature. The LSID
(Life Science Identifier) number of the publication is urn:lsid:zoobank.
org:pub:386C49F1-B004-41A5-BA32-F655E9A6FE28

Results
UCE Sequencing and Matrix Assembly

After sequencing, assembly, and the extraction of contigs repre-
senting UCE loci, we recovered an average per contig coverage of
41.6x (range: 9.1-63.3x) and a mean contig length of 889.5 bp
(range: 651.9-1,045.1 bp). Following alignment, trimming, and fil-
tering of the UCE contigs, our UCE matrix consisted of 2,232 loci
and 1,865,649 bp of sequence data, of which 532,456 bp were in-
formative. The mean alignment length post-trimming was 835.9 bp
(range: 232-2,311 bp). The final UCE matrix included only 15.8%
missing data (including gaps). For additional assembly stats, see
Supp Table 2 (online only).

UCE Phylogenetics of Cryptopone Lineages

Cryptopone as currently constituted is polyphyletic. All results, but
particularly the UCE trees, show that the three sequenced South
American specimens are distantly related to the North American spe-
cimens (Fig. 1; Supp Fig. 1 [online only]). The South American spe-
cimens are more closely related to the Old World genus Parvaponera
and the Neotropical genus Pseudoponera. This result was unequivo-
cally supported across all UCE analyses, including the RY-coded
analysis (Supp Fig. 2 [online only]) and the ASTRAL species tree ana-
lysis (Supp Fig. 3 [online only]). North American Cryptopone (the
C. gilva complex in Fig. 1) form a clade sister to the European spe-
cies C. ochracea, and together they form a clade sister to C. butteli,
a species from the Old World tropics. For the South American clade
of Cryptopone, the genus name Wadeura is available and there are
morphological features that support its separation (see Taxonomy).

Legacy Phylogenetics of Ponerinae

We successfully extracted most legacy loci from the 22 UCE speci-
mens included in this dataset and combined these data with those
from published data in GenBank. The final matrix included 173
taxa and 11,361 bp of sequence data and the IQ-Tree analysis
returned a reasonable phylogeny that provides new insights into
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Fig. 1. Relationships among Cryptopone lineages based on analysis of 2,232 UCE loci and the SWSC-EN partitioning scheme. Among lineages, the South
American clade is separate from the North/Central American clade of Cryptopone and they are not closely related. The constituent species of the South American
clade are transferred to the resurrected genus Wadeura. All node support values are at maximum (UFB/SH-aLRT values of 100/100). The photo insets are of
Wadeura holmgreni (CASENT0373370, Credit: Michelle Esposito) and C. gilva (CASENT0003325, Credit: April Nobile). The same tree with support values is

available in Supp Fig. 1 (online only).

the systematics of Ponerinae. Focusing on Cryptopone, we find
further support for Cryptopone polyphyly. The results largely
mirror those of the UCE data except that, because of the ex-
panded taxon set, the separation between South American and
North American Cryptopone lineages is greater, with a larger di-
versity of ponerine genera in between (Fig. 2; Supp Fig. 7 [on-
line only]). The analysis also revealed a third Cryptopone lineage,
represented by C. hartwigi Arnold, as being sister to the genus
Fisheropone Schmidt & Shattuck and more distantly related to
the other Cryptopone lineages. Consequently, Cryptopone as cur-
rently defined, is polyphyletic, and composed of three distinct
lineages. Within North American Cryptopone, the exon tree re-
covered the same result as the UCE data except that C. ochracea
plus C. sauteri, a species from Taiwan, form a clade that is sister
to the C. gilva complex.

UCE Phylogenetics of the C. gilva Complex

Relationships within the C. gilva complex were consistently re-
solved across both the full and reduced UCE datasets, with only
minor incongruences across analyses (Fig. 3; Supp Figs. 1-5 [on-
line only]). All analyses recovered four main clades, which we,
taking into account morphology and distribution (i.e., sympatry),
ultimately delimit as species (but see species delimitation re-
sults below). A new species from the Mesoamerican highlands,
C. gilvagrande, is sister to a C. gilva clade that occurs from the
southern United States to Costa Rica. The C. gilva clade comprises
C. gilva, from the southern United States, and a C. guatemalensis
clade that occurs from Mexico southward. The C. guatemalensis
clade further divides into a widespread C. guatemalensis and,

in the northern portion of the range, a sympatric new species,
C. gilvatumida.

Within C. guatemalensis there is evidence of phylogeographic
structure. Most analyses recovered a specimen (EX1726) from
Mexico’s Sierra Oriental as sister to the remaining specimens.
The sister clade divides into northern and southern clades. The
northern clade has two subclades, one joining Sierra de Los
Tuxtlas in Veracruz, Mexico, with a specimen from southern
Guatemala, and one with specimens from the Sierra de Chiapas
and western Guatemala. The southern clade divides into one
cluster of very closely related specimens from Honduras and
northern Nicaragua, and a second cluster from Costa Rica.
Across analyses, there was some topological instability within the
Honduras/Nicaragua clade of specimens, but these relationships
were shallow and did not receive maximum support (Fig. 3; Supp
Figs. 1-5 [online only]).

mtDNA Phylogenetics of Cryptopone

We successfully recovered most mtDNA loci from all UCE samples,
and we recovered the barcode region of COI for all samples. There
was a total of 15 mtDNA loci included in analyses, and combined
with the data from BOLD, the complete mitogenome matrix included
84 taxa and 12,861 bp of sequence data. The reduced mitogenome
matrix included only 55 taxa and 12,765 bp of sequence data.
The barcode only matrix included the same number of taxa, but
only 658 bp of sequence data. Both the full and reduced mtDNA
datasets recovered topologies consistent with the UCE results (Fig.
4; Supp Figs. 8-10 [online only]). Although relationships among dis-
tant outgroups varied, and were poorly supported, the mtDNA tree
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Fig. 2. Phylogeny of Ponerinae inferred with 1Q-Tree using a dataset consisting of 14 legacy genes compiled from UCE sample data and published samples
available in GenBank. The full matrix included 173 taxa and 11,361 bp of sequence data. Cryptopone separates into three lineages consisting of a South
American clade (= Wadeura), a North/Central American clade (= Cryptopone), and the species Cryptopone hartwigi (= Fisheropone; see Taxonomy for more
detail). Red circles on nodes indicate UFB support values >95%. Our support values are not shown but are available in Supplemental Material (Supp Fig. 7 [online
only]). Codes at the end of taxon names correspond to either voucher specimen codes found in GenBank, extraction codes used in this study, or a particular
study.

resolves Cryptopone into two clearly separated lineages (one being samples into four main clades, congruent with the UCE results and
Wadeura), mirroring the UCE results (Supp Fig. 8 [online only]). our final species delimitation (Fig. 4; Supp Fig. 9 [online only]). The
Within the C. gilva complex, the reduced mitogenome tree resolved full mitogenome tree (Supp Fig. 8 [online only]) and the barcode only
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Fig. 3. Relationships among samples within the C. gilva complex based on analysis of 2,199 UCE loci and the SWSC-EN partitioning scheme. Four main clades
were recovered and these were delimited as species using an integrative approach. Support values are UFB/SH-aLRT with maximum supports (100/100) not
shown. The photo inset is of C. guatemalensis (CASENT0646802; Credit: John Longino). The same tree with support values is available in Supp Fig. 2 (online

only).

tree (Supp Fig. 10 [online only]), however, had one incongruence.
Two C. guatemalensis specimens from Los Tuxtlas, Mexico, were re-
covered as sister to a clade with the remaining C. guatemalensis and
C. gilvatumida, rendering guatemalensis paraphyletic. This result re-
ceived only low support, indicating phylogenetic uncertainty possibly
due to low information content or saturation. There was additional
incongruence among relationships within the C. guatemalensis
clade, but most of these relationships were also poorly supported.
By including the BOLD samples in phylogenetic analyses, we identi-
fied several additional specimens of Wadeura and C. guatemalensis
from Guanacaste, Costa Rica. The C. guatemalensis samples from
Guanacaste form a single genetically homogenous clade, separate
from the other Costa Rican C. guatemalensis samples.

Molecular Species Delimitation of the

C. gilva Complex

The species delimitation analyses estimated there to be between
4 and 17 species (Fig. 5). The SNAPP analysis recovered a species
tree consistent with the UCE phylogenetic results, in that it re-
covered the four main clades in the C. gilva complex. Within the

C. guatemalensis complex, the analysis resolved the Honduras/
Nicaragua and Costa Rica clades, but it did not clearly resolve
relationships among the other specimens. This result supports the
existence of at least four species in the C. gilva complex. The
BPP analysis inferred a delimitation of 13 species with highest
posterior probability and the summary program SODA estimated
16 species. For the bPTP analyses, 4 species were inferred for
the UCE phylogeny, 17 for the mitogenome phylogeny (only 13
species represented in the UCE tree), and 15 for the barcode only
phylogeny (only 12 represented in the UCE tree). The four species
inferred for the UCE phylogeny do not correspond to the same
species that we ultimately delimited here. The analysis separated
C. gilvagrande into one species, merged C. guatemalensis and
C. gilvatumida into one species, and left C. gilva as one species.
Across analyses, C. gilvagrande was consistently divided into two
species, with C. gilva treated as a single species, C. gilvatumida
separated into two species, and C. guatemalensis separated
into multiple species. These results indicate that our final spe-
cies delimitation of four species is a conservative estimate for the
C. gilva complex.


http://academic.oup.com/isd/article-lookup/doi/10.1093/isd/ixab031#supplementary-data
http://academic.oup.com/isd/article-lookup/doi/10.1093/isd/ixab031#supplementary-data
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Fig. 4. Mitogenome phylogeny of the C. gilva complex inferred using 15 mtDNA loci and a merged partitioning scheme. Phylogeny includes mitogenomic data
from UCE (black) samples and COI data only from BOLD (red) samples. Red circles on nodes indicate UFB support values of 95% or greater. The same tree with

all support values is available in Supp Fig. 9 (online only).

Divergence Dating

The BEAST divergence dating analysis suggests that Wadeura has
been separate from Cryptopone since the Paleocene, approximately
60.6 Ma (48.6-72.2 Ma 95% Highest Posterior Density [HPD])
(Supp Fig. 6 [online only]). The New World Cryptopone separ-
ated from the European C. ochracea much more recently in the
late Miocene, 6.3 Ma (4.0-8.9 Ma 95% HPD) (Fig. 6). Within the
Cryptopone gilva complex, C. gilvagrande separated from its sister
clade 4.2 Ma (2.5-6.4 Ma 95% HPD) in the Pliocene; C. gilva separ-
ated from the C. guatemalensis clade 2.0 Ma (1.1-2.8 Ma 95% HPD)
in the Pleistocene; and the C. guatemalensis/C. gilvatumida split was
1.0 Ma (0.6-1.3 Ma 95% HPD), also within the Pleistocene.

Discussion

Prior to our study, the genus Cryptopone was known as a set of 25
species, globally distributed, and all sharing a similar morphology.
They were all small, somewhat generalized ponerines, living in leaf
litter or soil, with eyes vestigial to absent, and with stout “traction
setae” on the mid tibia. Using UCE phylogenomics, we have revealed

that the genus as defined was polyphyletic, with the “Cryptopone”
morphology being displayed by three disparate lineages. For the New
World members of the genus, we have shown that true Cryptopone
contains species in North and Central America, and these are
most closely related to other Old World Cryptopone. The South
American species are in a separate clade that is distantly related to
true Cryptopone. On subsequent inspection we were able to find
subtle morphological characters in the female castes that separated
the two clades (see Taxonomy). Our methods and findings highlight
the power of an iterative approach to taxonomy and systematics,
in which morphology guides the initial hypotheses of taxa and the
selection of specimens for sequencing, UCE phylogenomics provide
a more ample dataset that either reinforces or modifies the hypoth-
eses, which then guide a new search for morphological correlates of
taxa and a deeper understanding of morphological and phylogenetic
diversity. We not only exposed polyphyly, resulting in a resolution of
generic boundaries, we also revealed details of species-level diversifi-
cation across the North American landscape.

A little over 6 Ma, during the late Miocene, a Cryptopone spe-
cies occurred that was the common ancestor of C. ochracea and its
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Fig. 5. Species tree and species delimitation in the Cryptopone gilva complex.The species tree was inferred using SNP data and the Bayesian program SNAPP,
with the resulting tree set displayed using DensiTree. The SNAPP densitree shows at least four clearly differentiated species-level lineages. Species delimitation
using the programs BPP, SODA, and bPTP, recovered between 4 and 17 species. The results for the UCE samples only are mapped onto the SNAPP densitree
result. The connected red bars represent single species that were not monophyletic in the SNAPP phylogeny. The colored boxes and blue species names

represent the final species delimitation and taxonomy.

sister taxon, the C. gilva complex. We do not know what the geo-
graphic range of that ancestral species might have been, particularly
since we did not infer its distribution due to the small number of
outgroup samples included here. However, we do know that the cur-
rent distribution of C. ochracea is Europe, and the C. gilva complex
is a New World radiation that occurs from the southeastern United
States south to Costa Rica. Most of the species’ diversity occurs in
the Old World and the C. gilva complex is nested within them, sug-
gesting that the ancestral home of the genus is presumably there.
It is also reasonable to suggest that the origin of the C. gilva +
C. ochracea clade is Holarctic, although this hypothesis needs to be
confirmed with better outgroup sampling. Taking into consideration
the various hypotheses presented in the introduction, we contrast
dispersal and vicariance scenarios that could generate the current
distribution and phylogeny of New World Crypropone and suggest
that vicariance of a once more widespread species, followed by some
recent dispersal, is the most likely scenario for this group.

Dispersal with dispersal-associated speciation should produce
a pectinate phylogeny. A dispersal front generates allopatric popu-
lations at the leading edge, resulting in reproductive isolation.
Subsequent speciation occurs at the leading edge, leaving in its wake
a series of individual species that do not continue to speciate. Thus
each bifurcation in the phylogeny has one species to the North and
a multi-species clade to the South. In this scenario, a C. ochracea-
like ancestor disperses from Europe to eastern North America 6
Ma. The lineage spreads southward, differentiating and forming
new species as it travels. In this case, C. gilva should be sister to
the rest of the clade to the South, followed by C. gilvatumida, fol-
lowed by C. guatemalensis and C. gilvagrande as the most recent

speciation. This was what we expected, paralleling results for the
litter ant Ponera exotica (Branstetter and Longino 2019). This scen-
ario is not what we found in Cryptopone. Instead, we found a more
complex pattern in which a species on mountaintops in Guatemala
and Honduras was sister the rest of the C. gilva complex.

An alternative to the dispersal-speciation scenario, and one con-
sonant with our phylogeny, is range expansion without speciation,
followed by vicariance. In this scenario, a C. ochracea clade was
Holarctic, extending across Eurasia and much of North America.
Around 6 Ma, climate and sea-level change reduces the range and
creates allopatric populations in Europe and North America. The
North American population is widespread, extending south into
Central America. Around 4 Ma, as global climate cooled and North
Hemisphere ice sheets formed (Zachos et al. 2001), speciation oc-
curs across elevational gradients in Central America, generating a
large highland species (C. gilvagrande) and a widespread, smaller,
middle-elevation species. About 2 Ma the latter subsequently div-
ides into the northern C. gilva and a southern species, a result of
Pleistocene cooling and consequent fragmentation of suitable mesic
habitat. Finally, within the last one million years, the southern spe-
cies further divides, generating a more cold-adapted C. gilvatumida
in southern Mexico and a more tropical C. guatemalensis from
southern Mexico to Costa Rica. This scenario is concordant with
evidence that cloud forest habitat has oscillated up and down moun-
tains during the Pleistocene, opening and closing dispersal pathways
(Bush and Hooghiemstra 2005). Although fragmentation and vicari-
ance explains the deeper biogeographic structure, there is still some
evidence of a general north-to-south pattern of relationships within
the species C. guatemalensis (Fig. 6). The southernmost populations
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Fig. 6. Biogeography of the Cryptopone gilva complex within Central America. Chronogram inferred using BEAST2, 300 UCE loci, and a fixed topology (all UCE
samples and SWSC-EN partitioning). Only results for the C. gilva complex are shown (see Supp Fig. 6 [online only] for the full results). Numbers on nodes are
mean ages in millions of years ago and node bars are 95% Highest Posterior Densities (HPD). The map inset shows the distribution of C. gilva-clade samples
within Central America. Colored dots match tip labels of the chronogram. Sites where specimens were identified by morphology alone (no sequencing) are
shown as x for C. gilvagrande and a small black dot for C. guatemalensis. Samples of true C. gilva from the United States are not shown in the map.

of the C. gilva complex, which occur in Costa Rica, are nested
within the complex and sister to a group of populations from nu-
clear Mesoamerica, in Honduras and Nicaragua. This group in turn
is sister to a clade of species from Mexico and Guatemala.

Plant distributions and histories have been more thoroughly in-
vestigated, with examples of both dispersal and vicariance generating
patterns of clade disjunctions between southeastern North America
and the mountains of southern Mexico and Guatemala. Axelrod
(1975) was an early proponent of vicariance, arguing that temperate
elements in the Mexican highlands were the result of a once wide-
spread temperate rainforest that had fragmented, and not the result
of recent north to south migration. Ruis-Sanchez and Ornelas (2014)
show for Liquidambar styraciflua that the greatest genetic diversity
is in Mesoamerica, ruling out a recent dispersal to Mesoamerica
from the north. They propose an older late Miocene arrival of tem-
perate elements, consistent with conclusions of Braun (1950) and
Graham (1999), who provide evidence that temperate elements were

rare in Mesoamerica prior to this time based on the palynological
record. Cryptopone may have been part of that temperate element.
Separation of southeastern United States and Mesoamerican popu-
lations of L. styraciflua occurred later, in the Pleistocene, during
periods of cooling and drying. The separation of southeastern
C. gilva from the C. guatemalensis clade may have been coeval.

For species delimitation within the C. gilva complex, we used an
integrative approach in which we considered data from morphology,
distribution, and genetics to ultimately circumscribe four species,
three of which are described as new to science. Without the mo-
lecular data it would have been nearly impossible to confidently re-
solve species boundaries in the C. gilva complex due to overlapping
morphological variation among populations. To test our integrative
delimitations, we explored the use of several molecular delimitation
methods (SNAPP, BPP, SODA, bPTP) that ideally could resolve spe-
cies boundaries using molecular data alone. Unfortunately, we found
these approaches to be inconsistent and inflationary. The number of
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delimited species ranged from 4 (bPTP-UCE) to 16 (SODA), with
most methods, including the full Bayesian approach BPP, delimiting
> 12 species. These results could indicate the existence of more
cryptic species, but it is also likely that at least some of these ap-
proaches are delimiting population structure rather than species
boundaries, a noted problem for methods based on the multispecies
coalescent model (Jackson et al. 2017, Sukumaran and Knowles
2017). Future work might benefit by including more samples (new
localities and population samples) or by testing models like iBPP
(Solis-Lemus et al. 2015) which combines morphometric and genetic
data to delimit species. This approach was used in a recent study
of Temnothorax ants and produced a more reasonable delimitation
than the molecular data alone (Prebus 2021).

Taxonomy

Cryptopone Emery 1893
Type species: Cryptopone testacea Emery, 1893: cclxxv; by
monotypy.

The phylogenetic results necessitate the revalidation of the genus
Wadeura and consequent removal of the species W. guianensis re-
vived combination, W. holmgreni new combination, and W. pauli
new combination from Cryptopone. The shared characters of
Cryptopone and Wadeura workers, as outlined by Schmidt and

Shattuck 2014, are “frontal lobes small and closely approximated,
scapes flattened, eyes vestigial to absent, propodeum with a distinct
dorsal face which widens posteriorly, metabasitarsus with simple
setae but lacking spiniform or peg-like traction setae, and mesotibiae
with stout traction setae (sometimes small and reduced to a few,
but always present).” Schmidt and Shattuck observed that most
Cryptopone have a fovea or pit at the base of the mandible, with
the exception of the Wadeura-like species. With the separation of
Wadeura, the presence of a mandibular pit is apparently now uni-
versal in Cryptopone.

In Cryptopone gilva and relatives, the anterior face of abdom-
inal sternite III has a pair of gibbosities ventral to the helcium, so
that the helcium is “high” on the segment (Fig. 7A and B). These
gibbosities are present on C. ochracea and C. butteli, species that
we have been able to examine directly. Other Cryptopone species
with images on AntWeb, including the type species C. testacea,
show similar structure when the anterior face of abdominal
sternite III is visible. This character may now be universal in
Cryptopone. In Wadeura, there are no gibbosities and abdom-
inal sternite III shallowly curves to the ventral rim of the helcium,
so that the helcium is “low” on the abdominal segment (Fig. 7C

and D). Although males are not treated here, there are substan-
tial differences between the males of Cryptopone and Wadeura (B.
Boudinot, pers. com.).

Fig. 7. Shape of third abdominal sternite, Cryptopone vs. Wadeura. Cryptopone gilvagrande (CASENT064143), lateral view (A), oblique ventral view (B). Wadeura
guianensis (CASENT0640149), lateral view (C), oblique ventral view (D). Scale bars are 0.2 mm.
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Fig. 8. Petiolar nodes of workers in the Mesoamerican members of the C. gilva complex. All images are to same scale (scale bar = 0.1 mm). (A) C. gilvagrande
(CASENTO0614525), Guatemala. (B) C. gilvatumida (CASENT0641046), Puebla, 1400 m. (C) C. gilvatumida (CASENT0631951), Xalapa, Mexico, 1940 m. (D)
C. guatemalensis (CASENT0641031), Puebla, 1400 m. E. C. guatemalensis (CASENT0640429), Sierra de LosTuxtlas, 1130 m. k. C. guatemalensis (CASENT0642925),
Sierra de Los Tuxtlas, 1580 m. (B) and (D) occurred together in the same Winkler sample, and sequencing placed them in different clades.

Fig. 9. Face views of workers in the C. guatemalensis + C. gilvatumida clade. All images are to same scale (scale bar = 0.5 mm). (A) C. guatemalensis
(CASENT0641031), Puebla, 1400 m. (B) C. guatemalensis (CASENT0640429), Sierra de LosTuxtlas, 1130 m. (C) C. guatemalensis (CASENT0642925), Sierra de Los
Tuxtlas, 1580 m. (D) C. gilvatumida (CASENT0641046), Puebla, 1400 m. (E) C. gilvatumida (CASENT0641053), Puebla, 1790 m. F. C. gilvatumida (CASENT0631951),
Xalapa, Mexico, 1940 m. (A) and (D) occurred together in the same Winkler sample, and sequencing placed them in different clades.
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There is a single subsaharan species, C. hartwigi Arnold from
South Africa. Although it has Cryptopone characters and habitus,
Borowiec et al. (2019) and our phylogenetic results show it is in a
clade of African ants separate from the rest of the genus. Our results
show that it is sister to the African genus Fisheropone, to which we
transfer it, as F. hartwigi new combination. Finally, Cryptopone
mirabilis (Mackay & Mackay 2010) is shown to be a junior synonym
of Centromyrmex brachycola.

With the removal of Wadeura, F hartwigi, and the misplaced
C. mirabilis, the genus Cryptopone is a more morphologically uniform
set of species. This revised concept of Cryptopone has highest diversity
in Asian and Indo-Malayan regions, with a few species extending into
Palearctic and Nearctic regions. The Nearctic clade extends as far
south as Costa Rica. Cryptopone is not present in South America.

We recognize four species of true Cryptopone in the Americas:
C. gilva, C. gilvagrande sp. nov., C. gilvatumida sp. nov., and
C. guatemalensis rev. stat.

Identification

Genetic diversification and divergence has occurred more rapidly than
morphological divergence, and the four species recognized here are
very uniform and not always differentiable based on morphology.
The combination of sequence data and zones of sympatry support the
recognition of multiple species. Multiple species within communities
are often detectable because intrapopulational variation is low and
individuals fall into discrete morphological clusters. Sequencing may
then reveal that these local species are members of distinct clades,
with the separate clades broadly distributed. However, geographic
variation in both clades may blur morphological distinctions and
prevent global diagnosis.

Key to Workers of American Cryptopone

1 HW > 0.8-0.96; petiolar node in side view
relatively more tapering dorsally, ventral margin of
petiole and  anteroventral petiolar  process
shallower (Fig. 8A); cloud forests of Guatemala

and Honduras.......c.eveeceneecienieieneeieseeeeseseene gilvagrande

relatively

- HW < 0.82; petiolar node less tapering, ventral margin of
petiole and anteroventral petiolar process relatively more

convex (Fig. 9B-F); USA to Costa Rica....cccccevveervervueennennes 2
2 (1) HW 0.74-0.80; southeastern USA .........ccceeeiveereeereeennnn. gilva
- HW 0.57-0.82; Mexico to Costa RiCa....ccceeeeeiviieeeeeesecinneens 3

3 (2) Petiolar node in side view slightly more tapering and rounded
dorsally (Fig. 8B and C); HW 0.60-0.82; Puebla to Oaxaca,
Mexico gilvatumida

- Petiolar node in side view slightly less tapering and more
truncate dorsally (Fig. 8D-F); HW 0.57-0.73; Puebla,
Mexico, south to Costa Rica .....cccveververernennen. guatemalensis

Cryptopone gilva (Roger)

Ponera gilva Roger 1863:170. Syntype worker: U.S.A. [ZMHB,
AntWeb image examined].

Pachycondyla (Pseudoponera) gilva: Emery 1901:46. Euponera
(Trachymesopus) gilva: Emery 1911:86; Wheeler & Gaige
1920:70 (redescription of worker); Creighton & Tulloch
1930:74 (description of queen, male); Wheeler, G.C. & Wheeler,

Cryptopone gilva: Brown 1963:3.

Pachycondyla gilva (part): Mackay & Mackay, 2010:352.
Euponera (Trachymesopus) gilva subsp. harnedi M. R. Smith
1929:543. Syntype worker: U.S.A., Mississippi, Columbus
[USNM] (not examined). Synonymy by Creighton & Tulloch
1930:74.

Geographic range. Southeastern United States, from Tennessee and
North Carolina south to Florida, west to Arkansas, Texas.

Measurements. Worker HW 0.75-0.80 (n=6).

Biology. This species occurs in a variety of mesic habitats in the
southeastern United States. It nests in or under loose bark of rotten
wood (Creighton and Tullock 1930). Colonies contain a few dozen
to several hundred individuals and can be polygynous (Creighton
and Tullock 1930; Haskins 1931; Smith 1934, 1944). Haskins
(1931) provided an account of the behavior of a captive colony, with
details of brood development and worker behavior.

Comments. Based on current distribution records, there is a sig-
nificant distribution gap between C. gilva and the other American
species of the C. gilva clade, but more information is needed on spe-
cimens from northern Mexico. The populations in the southeastern
United States extend westward to Montgomery County in east Texas
(Wheeler and Wheeler, 1985). There are no records further south in
Texas. There is a record of a single specimen of C. gilva from Nuevo
Leén, Mexico (Alatorre-Bracamontes and Vasquez-Bolafios 2010)
and there are records of specimens from Jalisco (Vasquez-Bolafios
2011). We have not examined these specimens and do not know the

Fig. 10. Holotype of Cryptopone gilvagrande (unique specimen identifier
CASENT0614525).
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relationship of these to the gilva-clade species presented here. Our
knowledge begins with our specimens from Puebla southwards.

Cryptopone gilva overlaps in size with C. gilvatumida and
C. guatemalensis, and currently cannot be separated by morph-
ology alone, but allopatry allows identification of C. gilva based on
geography.

The distance between the two COI barcodes for this species was
< 1%, and the smallest interspecific distance was 11%.

Cryptopone gilvagrande, New Species

(Figs. 6[map],8,9,10)
(Zoobank LSID: urn:lsid:zoobank.org:act:CD67CA6D-8BF0-470E-
854C-EF12E2AC314B)

Type material. Holotype worker: Guatemala, Baja Verapaz, Biotopo
Quetzal, 15.21345, -90.21851 = 50 m, 1725 m, 7 May 2009,
cloud forest, ex sifted leaf litter (LLAMA Wa-B-02-2-05) [USNM,
unique specimen identifier CASENT0614525]. Paratypes: same data
as holotype [1 worker, UVGC, CASENT0614526; 1 worker, CAS,
CASENT0640156; 1 worker, MCZC, CASENT0640157; 1 worker,
UNAM, CASENT0640158; 1 worker, UCDC, CASENT0640159].

Geographic range. Guatemala, Honduras.

Diagnosis. Worker HW > 0.79; petiolar node in side view tapering
dorsally (Fig. 8A); ventral margin of petiole and anteroventral peti-
olar process shallow (Fig. 9A).

Measurements. Worker HW 0.79-0.96 (n=10); Queen HW 0.95-
1.00 (n=3).

Biology. This species occurs in cloud forest habitats from 1430-2190
m elevation. Most specimens are from Winkler samples of sifted
leaf litter and rotten wood. Workers and dealate queens occur in
litter samples. A male is known from beating low vegetation. A few
workers were collected at a cookie bait on the forest floor.

Etymology. The new species name is in reference to its being the lar-
gest member of the C. gilva complex. It is a noun in aposition and
invariant.

Comments. Cryptopone gilvagrande can be separated from its sister
clade, C. gilva + C. guatemalensis, by a relatively narrow petiolar
node (Fig. 8A). It is sympatric with C. guatemalensis, and within
its range, the two species have non-overlapping size distributions.
However, some specimens of C. guatemalensis from north of the
Isthmus of Tehuantepec are in the size range of C. gilvagrande.

Among the 6 COI barcodes for this species, the maximum intra-
specific pairwise distance was 6%, and the smallest interspecific
distance was 9%.

Cryptopone gilvatumida, New Species

(Figs. 6[map],8,9,11)

(Zoobank  LSID: urn:lsid:zoobank.org:act:60FAE1DD-C54C-4
64F-B550-CFEB9CF039E1)

Type material. Holotype worker: Mexico, Veracruz, 12km WSW
Xalapa, 19.52307 -97.02789 = 20 m, 1940 m, 12 July 2016, cloud
forest clearing, nest in dead wood (J. Longino #9738) [UNAM,

Fig. 11. Holotype of Cryptopone gilvatumida (unique specimen identifier
CASENT0631951).

unique specimen identifier CASENT0631951]. Paratypes: same data
as holotype [1 worker, CAS, CASENT0644254; 1 worker, USNM,
CASENT0644255]; same data except J. Longino #9739.2 [1 worker,
MCZC, CASENT0644259; 1 worker, UCDC, CASENT0644260; 1
worker, IEXA, CASENT0644261; 1 worker, JTLC, CASENT0644262];
same data except J. Longino #9740 [ 3 workers, CAS, CASENT0644256,
CASENT0644257, CASENT0644258].

Geographic range. Mexico (Puebla to Oaxaca).

Diagnosis. Petiolar node less tapering than C. gilvagrande, dorsally
more rounded than C. guatemalensis (Fig. 8B and C); HW > 0.62.

Measurements. Worker HW 0.63-0.82 (n=10); Queen HW 0.87 (n=1).

Biology. This species occurs in cloud forest habitats from 1400-
2040 m elevation. Most specimens are from Winkler samples of
sifted leaf litter and rotten wood. Three nests were found in and
under rotting wood in a small cloud forest clearing near Xalapa,
Veracruz, Mexico. The larvae have five pairs of dorsal doorknob-
shaped tubercles, as described for C. gilva (Wheeler and Wheeler
1952).

Etymology. The new species name is in reference to its being a
member of the C. gilva complex and larger (more swollen) than
sympatric populations of C. guatemalensis. It is a noun in aposition
and invariant.

Comments. See comments under C. guatemalensis regarding the
separation of C. guatemalensis and C. gilvatumida. Among the 3
COI barcodes for this species, the maximum intraspecific pairwise
distance was 4%, and the smallest interspecific distance was 5%.
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Fig. 12. Neotype of Cryptopone guatemalensis (unique specimen identifier
CASENT0646802).

Cryptopone guatemalensis (Forel) Revived Status
(Figs. 6[map],8,9,12)

Ponera ochracea r. guatemalensis Forel 1899:16. Neotype
worker (here designated): Guatemala, Suchitepéquez: 4km S Vol.
Atitlan, 14.54800 -91.19369 = 200 m, 1570 m, cloud forest, ex
rotten wood, 14 Jun 2009 (J. Longino #6709) [MHNG, unique
specimen identifier CASENT0646802]. Paraneotypes: same data
as holotype [1 worker, CAS, CASENT0646803; 1 alate queen,
CAS, CASENTO0646806; 1 male, CAS, CASENT0646809; 1
worker, MCZC, CASENT0646804; 1 alate queen, MCZC,
CASENT0646807; 1 male, MCZC, CASENT0646810; 1
alate queen, USNM, CASENTO0646805; 1 male, USNM,
CASENT0646808].

Pachycondyla (Pseudoponera) ochracea r. guatemalensis: Emery,
1901:46.

Euponera (Trachymesopus) ochracea r. guatemalensis: Emery,
1911:86.

Trachymesopus ochracea r. guatemalensis: Kempf, 1960:424.
Cryptopone guatemalensis: Brown, 1963:6.

Euponera (Trachymesopus) obsoleta Menozzi 1931:196, fig. 5.
Syntype worker: Costa Rica, Vara Blanca (Schmidt) [DEIC]
(examined). Incorrect synonymy with C. gilva by Longino,
2006:135. New Synonymy.

Trachymesopus obsoleta: Kempf, 1960:424.

Pachycondyla obsoleta: Brown, in Bolton, 1995:308.
Pachycondyla gilva (part): Mackay & Mackay, 2010:352.
Description of queen, male. Incorrect synonymy with C. gilva.

Geographic range. Mexico (Puebla) to Costa Rica.

Measurements. Worker HW 0.57-0.72 (n=26); Queen HW 0.72-
0.83 (n=6).

Biology. This species occurs in cloud forest habitats from 940-1800
m elevation. Most specimens are from Winkler samples of sifted leaf

litter and rotten wood. Workers and dealate queens occur in litter
samples. Males are frequent in Malaise trap samples (B. Boudinot,
personal communication). Nests are often encountered in and under
loose bark of rotting wood on the forest floor, and under epiphyte
mats near the ground in old treefalls. Colonies are diffusely spread
in multiple chambers. Lone founding queens are commonly encoun-
tered. There is no evidence of polygyny (in contrast to C. gilva).

Comments. It is challenging to separate C. guatemalensis from
C. gilvatumida, sister taxa in the molecular phylogeny. The existence
of two species was first suggested when two size classes of workers
were observed in a single Winkler sample from the state of Puebla,
Mexico. The size difference was small, and otherwise the workers
were all very similar. Yet sequencing of a smaller specimen allied
it with a widespread C. guatemalensis clade, while a larger spe-
cimen was in a separate clade with specimens from the mountains
of Veracruz and Oaxaca. A series of Winkler samples were taken in
roadside forest patches from Cuetzalan to Zacapoaxtla, a distance
of 17 km, and ranging from 1270 to 1790 m. Cryptopone were
found at four of the sites and could be separated into two forms:
one with HW < 0.61 and the petiolar node slightly more truncate
dorsally (Fig. 8D), and the other with HW > 0.63 and the petiolar
node more evenly rounded (Fig. 8B). These forms were identified
as C. guatemalensis and C. gilvatumida, respectively. Single speci-
mens of C. guatemalensis were found at each of two small roadside
patches at 1270 and 1400 m. A third site, also at 1400 m but a
larger mature forest patch in a shaded ravine, contained both spe-
cies together. The fourth site, a roadside patch at 1790 m, contained
C. gilvatumida. The other two sequenced specimens that formed
a clade with C. gilvatumida from Puebla were from montane sites
near Xalapa, Veracruz, and the Sierra de Mazateca in Oaxaca. These
latter specimens were also very large and had an evenly rounded
petiolar node (e.g., Fig. 8C).

However, size alone does not always separate C. guatemalensis
and C. gilvatumida. Ants tend to be larger and darker at higher
elevations (Bishop et al. 2016), and both C. guatemalensis and
C. gilvatumida appear to exhibit this pattern as intraspecific vari-
ation (Fig. 9). Among the Puebla collections of C. gilvatumida,
specimens from the 1790 m site were larger and darker than
the specimens from the 1400 m site (HW 0.65-0.75 vs. 0.57-
0.61; Fig. 9 D, E). In montane sites near Xalapa, Veracruz, a
site at 1480 m yielded a single worker with the rounded node
of C. gilvatumida and HW 0.63. A nearby site at 2000 m, and
the source of one of the sequenced specimens of C. gilvatumida,
had HW 0.78-0.81 (Fig. 9F). Specimens from Sierra Mazateca,
also the source of a sequenced specimen of C. gilvatumida, were
from above 1700 m and had HW 0.69-0.82. The Sierra de Los
Tuxtlas appears to have only C. guatemalensis. Specimens from
1100 to 1240 m cloud forest, one of which was sequenced, had
HW 0.58-0.64 (Figs. 8E and 9B). A specimen from the peak
of Volcdn San Martin, at 1580 m, had HW 0.72 (Figs. 8F and
9C). This large specimen was sequenced and clustered closely
with the specimen from downslope. South of the Isthmus of
Tehuantepec, C. guatemalensis has HW 0.60-0.70, on average
larger than specimens from Oaxaca northward.

Forel (1899) described C. guatemalensis based on material
from Guatemala, Aceituna (Champion) and Nicaragua, Chontales
(Janson). Mackay and Mackay (2010) designated a specimen at
MHNG as lectotype. We examined this specimen and conclude
it was not a syntype, and thus it cannot be a lectotype. The label
indicates the specimen is from Florida in the United States, and
the specimen has the measurements of true C. gilva. This is
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presumably a specimen that was identified as C. guatemalensis by Forel
after the publication of the name. This specimen has been given the
specimen identifier CASENT0646799, and the images are on AntWeb.
The lectotype label has been removed to avoid confusion.

No one has been able to locate the syntypes of C. guatemalensis
and they are presumed lost. Longino searched MHNG in 1990,
Mackay and Mackay at some later time, and Fisher’s imaging crew
recently. Likewise a search by curators at BMNH failed to locate the
syntypes. Forel described the race as being smaller than C. ochracea.
Cryptopone ochracea is smaller than typical
C. gilva, and thus Forel’s syntypes were probably the smaller of the
two sympatric species in Guatemala, and not the larger one described
here as C. gilvagrande. We thus establish a neotype for
C. guatemalensis.

Among the 43 COI barcodes for this species, the maximum
intraspecific pairwise distance was 8%, and the smallest interspecific
distance was 5%.

WadeuraWeber 1939 Revived Status
Type species: Wadeura guianensis Weber, 1939:103; by original
designation.

See discussion of morphology under Cryptopone. Wadeura now

contains four species: W. guianensis, W. holmgreni, W. holmgrenita

sp. nov., and W. pauli. Phylogenetic information is available for
three of the four known species, with W. pauli being sister to W.
holmgrenita and W. guianensis. Wadeura holmgreni is very similar
to W. holmgrenita and the two are likely sister species.

Key to workers of Wadeura

1 Mandible strongly falcate (Fig. 13A); ventral margin of petiole
a deep, evenly convex lobe (Fig. 14A); common species from
Mexico to Brazil and Peru.....cceecveveerivenenieniennenne. guianensis

- Mandible triangular (Fig. 13B-D); ventral margin of petiole less
symmetrical (Fig. 14B-D); rare species from South America ...... 2

2 Ventral margin of petiole a triangular lobe with pronounced
anterior tooth (Fig. 14 B) ..cccceiverierieiieenienierieieeeesecsieseeneeene pauli

- Ventral margin of petiole a shallow lobe lacking anterior tooth
(Fig. 14C and D).c.eeueeueeeeneiieieieeniesienieteteeei e eiene 3

3 Triangular projection of medial clypeus prominent, projecting
beyond the outline of the clypeolabral juncture in full face
view (Fig. 13C); HW > 0.8..ueeciirieieneeiereeeiesieenene holmgreni

- Triangular projection of medial clypeus smaller, not projecting
beyond the outline of the clypeolabral juncture (Fig. 13D);
HW < 0.8ttt holmgrenita

Wadeura guianensis Weber Revived Combination Figs.
13,14

Wadeura guianensis Weber 1939:103, figs. 5,6. Holotype
worker: Guyana, Oronoque River of the Courantyne River
basin, 2°42°N, 2 Aug. 1936 (N. Weber) [MCZC] (examined).
Pachycondyla guianensis: Brown, in Bolton 1995:305; Mackay
& Mackay, 2010:367 (description of queen, male). Cryptopone
guianensis: Schmidt and Shattuck 2014:185.

Wadeura haskinsi Weber 1939:104, fig. 7. Holotype worker:
Panama, Barro Colorado Island (C. P. Haskins) [MCZC] (exam-
ined). Kempf 1958:176-179, figs. 1-5 (description of queen).
Synonymy under Pachycondyla guianensis by Mackay &
Mackay, 2010:367.

Geographic range. Mexico (Veracruz) to Peru and Brazil.

Measurements. Worker HW 0.99-1.21 (n=5); Queen HW 1.18-1.27
(n=2).

Biology. Mackay and Mackay (2010) review the biology. The species
occurs mainly in mature or secondary wet forests. It is a lowland
species, with recorded elevational range sea level to 780 m, and the
great majority of observations under 500 m. Workers are most often
encountered in Winkler or Berlese samples of leaf litter and rotting
wood. Males are relatively common in Malaise and light trap sam-
ples (B. Boudinot, personal communication), and alate queens occa-
sionally occur in Malaise samples. Weber observed a nest as follows:
“A small colony consisting of a half dozen workers, a queen and
larvae was found a few centimeters down in sandy loam in high rain
forest with many Brazil-nut trees (Bertholletia excelsa or nobilis).
The nest was in the form of irregular chambers. The queen had a
larger thorax than the workers and had evidently borne wings.”
Weber preserved a single worker from this nest, which became the
holotype; the rest of the colony was lost. Kempf (1958) observed
nests beneath bricks in sandy soil.

Fig. 13. Wadeura species, face views. (A) W. guianensis (image by R. Perry,
CASENT0249146). (B) W. pauli (image by M. Pierce, CASENT0637806). (C)
W. holmgreni (image by M. Esposito, CASENT0373370). (D) W. holmgrenita
(CASENT0637779). Scale bars are 0.5 mm.
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Fig. 14. Wadeura species, petiole lateral views. (A) W. guianensis (CASENT0640150). (B) W. pauli (CASENT0637806). (C) W. holmgreni (CASENT0373370). (D)

W. holmgrenita (CASENT0637779). Scale bars are 0.2 mm.

Wadeura holmgreniWheeler New Combination
Figs. 13,14

Euponera  (Trachymesopus) holmgreni Wheeler 1925:6.
Holotype worker: Peru (N. Holmgren) [MCZC] (examined).
Trachymesopus holmgreni: Kempf, 1960:424; Kempf, 1961:494,
figs. 4,5,6 (redescription of worker).

Pachycondyla holmgreni: Brown, in Bolton 1995:306; Mackay
& Mackay, 2010:390.

Cryptopone holmgreni: Schmidt and Shattuck 2014:185.

Geographic range. Peru, Trinidad, Suriname, French Guiana, Brazil.

Measurements. Worker HW 0.84-0.95 (n=10); Ergatoid queen
(?) HW 0.96 (n=1); Queen HW 1.07 (n=1). Eight of the worker
measurements were made by P. S. Ward, of specimens from Brazil
(Bahia) and French Guiana at CPDC. Ward also measured a putative
ergatoid queen, a large female with several ommatidia (in contrast to
the completely eyeless workers and the queen with fully-developed
compound eyes). One measurement is Mackay and Mackay’s report
of 0.89 as the HW of the C. holmgreni holotype. Measurements of
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one worker and one queen were made by us, on specimens from
Peru. The Peruvian worker measured by us was the largest, at 0.95.

Biology. The few records of this species are from lowland rain-
forest. Most records are from below 500 m elevation. Fisher and
Esteves collected workers in soil at a rainforest site in Peru, at 650
m elevation.

Wadeura holmgrenita, New Species

(Figs. 13,14,15)

(Zoobank LSID: urn:lsid:zoobank.org:act:7ESA70E9-2F48-4200-9
EA0-4544436FSDAS)

Type material. Holotype worker: Peru, Madre de Dios: Estacion
Bioldgica Villa Carmen, 12.8753 -71.41095 = 300 m, 650 m, 21
Oct 2015, rainforest, in soil (B.L.Fisher, FA.Esteves # BLF31580)
[MUSM, unique specimen identifier CASENT0637779]. Paratypes,
same data as holotype [1 worker, CAS, CASENT0370848; 1 worker,
MCZC, CASENT0370849; 1 worker, MZSP, CASENT0370850];
same data except collection number BLF31570 [1 worker, UCDC,
CASENT0370863; 1 worker, JTLC, CASENT0370864]; same
data except collection number BLF31572 [1 worker, USNM,
CASENT0370865].

Geographic range. Peru (Madre de Dios).

Diagnosis. Mandible subtriangular, not extremely falcate (unlike
W. guianensis); triangular projection of medial clypeus not pro-
jecting beyond the outline of the clypeolabral juncture (unlike
W. holmgreni); ventral petiolar margin a shallow, subangular lobe
(unlike W. guianensis and W. pauli); HW 0.66-0.73 (smaller than
all other species).

Measurements. Worker HW 0.66-0.73 (n=9); Ergatoid queen (?)
HW 0.75-0.78 (n=3).

Biology. All specimens of this species are from Estaciéon Bioldgica
Villa Carmen, from five collections by Fisher & Esteves. Habitats
were rainforest, bamboo forest, second growth vegetation, and clear-
ings. Four collections were in soil, one from under a stone.

Etymology. The new species name is in reference to its being a small
version of W. holmgreni. It is a noun in aposition and invariant.

Comments. Alate queens are unknown in this species but that may
be a consequence of undersampling. Three individuals from one col-
lection are worker-like, but they are the largest of all measured in-
dividuals, and they have small compound eyes near the mandibular
insertions. The eyes are composed of 5-8 ommatidia. Another indi-
vidual from this same collection is smaller and eyeless. The speci-
mens with eyes may be ergatoid queens. A similar pattern, of small
eyeless workers and larger worker-like individuals with eyes, is seen
in W. holmgreni.

Wadeura pauli Fernandes & Delabie (New
Combination)
(Figs. 13,14)

Cryptopone pauli Fernandes & Delabie, 2019:409. Holotype
worker: Brazil, Rondénia, Floresta Nacional do Jamari (Flona

Jamari), 63°01°24“W 9°09°40”S, Serra da Onca, 29.v.2018, in
soil sample (D.C. Castro) [INPA] (not examined).

Sequenced specimen: Guyana, Potaro-Siparuni: 8km WNW
Chenapau, 5.00851 -59.64133 = 20 m, 510 m, 13 Oct 2015,
premontane rainforest, ex sifted leaf litter (M. G. Branstetter
#MGB2118).

Measurements. Worker HW 1.41 (holotype), 1.46 (sequenced
specimen).

Comments. This species is by far the largest in the genus. It
is now known from six specimens: the holotype and three
paratypes from Rondénia, the sequenced specimen from
Guyana, and a specimen from Rio Trombetas, Pard, Brazil (im-
aged specimen ANTWEB1041391 on AntWeb). The sequenced
specimen has a tiny compound eye, raising the possibility that
it is an ergatoid queen. Wadeura holgreni and W. holmgrenita
have both completely eyeless workers and worker-like indi-
viduals with tiny compound eyes. The latter are potentially
ergatoid queens.

Fisheropone hartwigi (Arnold) New Combination
Cryptopone hartwigi Arnold, 1948:213, figs. 2, 2a, 2b. Syntype
worker: South Africa, Pretoria (E.K. Hartwig) [SAMC] (not exam-
ined). Combination in Hypoponera: Taylor, 1967:12. Combination
in Cryptopone, status as species: Bolton, 1995: 166.

Comments. This species is transferred based on molecular evidence
and no attempt is made to provide morphological evidence or to
revise the diagnosis of the genus Fisheropone. The transfer serves
mainly to exclude the species from Cryptopone.

Fig. 15. Holotype of Wadeura holmgrenita (CASENT0637779), lateral and
dorsal views. Scale is the same for both images.
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Centromyrmex brachycola (Roger)

Ponera  brachycola  Roger, 1861:5. Combination in
Centromyrmex: Emery, 1890a:74; Emery, 1890b:40 (footnote);
Kempf 1967:405.

Pachycondyla mirabilis Mackay & Mackay, 2010:466, figs. 5,
161, 586-588. Holotype worker: Bolivia, Rosario on Lake
Rocagua (W. M. Mann) [LACM] (examined). Combination in
Cryptopone: Schmidt and Shattuck 2014:185. New Synonymy.

Comments. Kempf (1967) reviewed the Neotropical Centromyrmex.
Under C. brachycola he discussed a series from Bolivia, Rosario
on Lake Rocagua, collected by Mann. Kempf referred to Mann’s
account of finding this colony in a termite mound (Mann 1934:189).
Parts of this series are in multiple collections, including LACM.
Mackay and Mackay observed specimens of this series at LACM
and mistakenly described it as the new species Pachycondyla mira-
bilis, close to W. gilva and W. holmgreni.

Supplementary Data

Supplemental data are available at Insect Systematics and
Diversity online.

Molecular Data Availability

Raw Illumina reads and contigs representing UCE loci have been deposited
at the NCBI Sequence Read Archive and GenBank, respectively (BioProject#
PRJNA778536). All newly generated COI sequences have been deposited at
GenBank (OL439127-01439155). A complete list of relevant NCBI acces-
sion numbers are available in Supp Table 4 (online only). All UCE and mtDNA
matrices, all Trinity and SPAdes contigs, all tree files, unfiltered UCE alignments,
and additional data analysis files (partitioning schemes, log files, etc.) have been
deposited at Dryad (https://doi.org/10.5061/dryad.2280gb5t9). The Phyluce
package and associated programs can be downloaded from github (github.com/
faircloth-lab/phyluce). The ant-specific baits used to enrich UCE loci can be
purchased from Arbor Biosciences (https:/arborbiosci.com/genomics/targeted-
sequencing/mybaits/mybaits-expert/mybaits-expert-uce/) and the UCE bait se-
quence file is available at figshare (https:/figshare.com/articles/dataset/Hymen-
optera_UCE_and_Exon_bait_sets_from_Branstetter_et_al_2017_/4630375).
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