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Integrative taxonomy reveals multiple cryptic spsowithin Central AmericaHhlylo-
myrma FOREL, 1912 (Hymenoptera: Formicidae)

Mac P. FERCE, Michael G. BRANSTETTER& John T. LONGINO

Abstract

Advances in molecular methodology allow for higheseolution analyses of evolutionary relationshipd apecies
limits. To clarify species boundaries in the amiggHylomyrma ForREL, 1912within Central America, we take an inte-
grative approach to taxonomy, combining data froousands of nuclear loci (Ultra-Conserved Elemeitth&) mito-
chondrial gene Cytochrome Oxidase |, and morphoébdiaits. We reveal potential cryptic species iithamed taxa
and two morphologically distinct new speciéfdomyrma montana andH. plumosa. Hylomyrma montana is the first
definitive montane species in the genus, with patahs in Costa Rica, Panama, and the Pacific slbpewador. We

show that the Ecuadorian and Central American tjoals form a single clade and are not the re$albravergent, mon-
tane specialization. We discuss our findings iatieh to both montane diversification and Neotrapliiogeography.
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Introduction

Hylomyrma FOREL, 1912 is an exclusively Neotropical ant
genus that occurs from southern Mexico to Argent
ginally described as a subgenus witRogonomyr mex
MAYR, 1868, it was elevated to generic status bye®/

perhaps fewer than 100 specimens to examine. Hiate
time, mass collecting techniques and large faunaleys,
mainly in Central America, have yielded thousanispe-
cimens from many localities. Although basic featuoé

LER (1922).Hylomyrma has always been considered a feeding and nesting remain unknown, progress candae

close relative ofPogonomyrmex, and this was convinc-
ingly demonstrated in recent molecular studieRABY

& al. 2006, WARD & al. 2015, BRANSTETTER& al. 2017).
The only thorough species-level revision was lBMKF
(1973), in which twelve species were recognizede Th
genus has received little attention since Kempfigsion,
with only one additional species being describedT(#R
1977). Despite there being few studies, therdtis loubt
of the monophyly oHylomyrma.

Little is known about the biology and natural higtof
Hylomyrma. The genuss restricted to wet forests, most-
ly lowland rainforest, where it is a member of thgptic
leaf litter ant community. It is known almost exsilely
from Winkler and Berlese samples (J.T. Longino,ulnhy),
and observations of nesting or foraging habiteateeme-
ly limited. A colony was discovered by E.O. Wilson
Veracruz, Mexico, and kept in an artificial nestdbserva-
tion. He observed that "In captivity workers ofstspecies
capturedDrosophila spp.,Isotoma viridis BOURLET [Col-
lembola], and a few other small insects offeredrtlire the
food chamber, and fed them directly to the larygeibted
in WHEELER & WHEELER 1960: p. 4). As far as we know,
this is still the only published reference to aaol of
Hylomyrma. At the time of the 1973 revision, Kempf had

on understanding species boundaries and habitirpre
ences. Here, we focus on resolving species bowsdaith-
in Central Americatdylomyrma.

The greater part dflylomyrma diversity is found in
South America, with Central America historicallyitg
known to have only two speciekt. dentiloba (SANT-
SCHI, 1931) andH. versuta KEMPF, 1973 At the time of
his revision, Kempf had only a handful of colleasofrom
all of Central America. There were a few collecidrom
Veracruz (Mexico) and Belize, which he describedhas
new speciesi. versuta. There were the types biff denti-
loba from central Panama and a conspecific collection
from nearby Barro Colorado Island. A single spegime
from near Bluefields, Nicaragua, was describedeasg
somewhat morphologically intermediate, and Kempéen
tained the possibility that. versuta andH. dentiloba
were part of a single geographically variable sggdion-
gino failed to find any consistent morphologicafifeli-
ences betweeH. dentiloba andH. versuta, and in faunal
studies (e.g., @NGINO & CoOLWELL 2011) he treated.
versuta as an informal junior synonym &f. dentiloba.

In those faunal studies, Longino also recognizekbad
forest morphospecies ¢fylomyrma in Costa Rica (as
Hylomyrma JTLOO1). On an elevational gradient (the Barva



Transect) it was present in mid-elevation cloueg$brand
sharply parapatric with the common lowladdversuta.
The cloud forest form was subtly but consisteniffed
ent from the lowland species, differing in someadstof
surface sculpture. More recently, we reviewdomyrma
specimens from Ecuadorian cloud forest and fouad th

they had the same characters as the Costa Ricad clo

forest form. This raised the question of whether o
cloud forest populations might represent a singkcies,
or at least allopatric members of a single lineafgeloud
forest specialists. The Costa Rican faunal stualies re-
vealed a second morphospeciels JTL002), sympatric
with H. versuta in the Atlantic lowlands. It differed only
in the presence of distinctive plumose pilosity ahdrter
striations on the first gastral tergite, and othisemvas
identical to the commot. versuta. It was uncertain
whether the difference in pilosity was due to uhglag
species differences or some form of intraspecificar
tion (polyphenism or genetic polymorphism).

Repositories:

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

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

MCZC Museum of Comparative Zoology, Cambridge, MA,
USA

NHMB Natural History Museum of Basel, Basel, Switzer-
land

UCD University of California, Davis, CA, USA.

UCR Universidad de Costa Rica, San Pedro, Costa Ric

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

Taxon sampling for sequencing: Ten Hylomyrma spe-

cimens and four outgroup specidéyfmica LATREILLE,

1804, Manica JURINE, 1807, Pogonomyrmex, Patagono-

myrmex JOHNSON & M OREAU, 2016) were sequenced for

UCEs (Fig. 2, Tab. 1Hylomyrma specimens were three

species from South Americél(blandiens KEmMPF, 1961,

To improve upon the taxonomy of Central American H. immanis KEMPF, 1973,H. reginae KUTTER, 1977), four
Hylomyrma and to examine the potential biogeographic dispersed populations ¢1. dentiloba / versuta (from
connection between Central and South American cloudCosta Rica to Mexico), two specimens of the nevigy d

forest sites, we employed an integrative approadax-
onomy (SensBCHLICK-STEINER & al. 2010), combining
molecular phylogenetics, morphology, and biogedgyap

Hylomyrma species are morphologically similar across a

wide geographic range, and sequence data helfydps-
cies boundaries and biogeographic history. Thizmigi-
cularly relevant to investigating the species statiithe
newly discovered montane morphospecies, for whioh m
phological data alone are insufficient. A major Ignfaour
study was to use molecular data to evaluate tteerealt
tive hypotheses of convergence or shared ancestny w
regard to the montane morphospecies. We also sadoght
resolve species boundaries for the other Centradrigan
taxa,H. dentiloba, H. versuta, and the new plumose mor-
phospecies$i. JTL002.

covered cloud forest form (one from Costa Rica, foom
Ecuador), and one specimen of the putative newispec
with plumose setae.

DNA sequence generation: To generate a highly sup-
ported phylogeny oHylomyrma, we employed the UCE
approach to phylogenomicsAIRCLOTH & al. 2012), a
target enrichment method that generates genome-gatd
at a much lower cost than sequencing full-scal®geas.
Although the core regions of UCEs are conserved, th
flanking regions contain an increasing amount giisace
variability, permitting estimation of phylogenetigpothe-
ses at all levels of relatednesiffcLOTH & al. 2012).
UCEs have a noticeable advantage over other miyghes.
For one, the approach provides data from over 1800
dependent nuclear markers, which makes it robust-to

For the molecular data, we used two approaches. Weomplete lineage sorting and other potential biasdditi-

applied ultra-conserved element (UCE) phylogenondcs
a set of ten specimens, which included the two fapu
tions of the cloud forest morphospecies, the plunmosr-
phospecies, and multiple populations of Central Aca@
H. dentiloba / versuta. To gain further insight into species
differences and to test the UCE results, we alsorsled
mitochondrial Cytochrome Oxidase | (COl) barcode se
guences from the off-target reads of UCE data, wed
combined these with available barcode sequenceantor
lysis. Finally, we integrated the molecular resulith mor-
phology and biogeography, evaluating congruencengmo
them and the degree to which morphology can be fased
species identification. Our results reveal potérmtigptic
species withirH. dentiloba and provide justification for
describing the montane and plumose morphospecigsas
species:Hylomyrma montana and H. plumosa, respec-
tively. Hylomyrma montana represents the first instance
of montane specialization reported for the genus

M ethods

Material examined: A total of 1543 specimens of Cen-
tral AmericanHylomyrma were examined, including the
material used for morphological measurements (Eig.
Tab. S1, also including morphometric data, asaligiipple-
mentary material to this article, at the journatb pages).
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onally, compared to mitochondrial genes (e.g., €iytome
Oxidase I, COl), which are commonly used for spede-
limitation, UCEs do not have problems with pseuadege
and are able to resolve both deep (e.ANBTETTER&
al. 2017), and shallow (e.g.,ARD & BRANSTETTER2017)
divergences, with high confidence.

All UCE molecular work was performed following the
UCE methodology described irRBNSTETTER& al. (2017).
In brief, the following steps were performed: DNA-e
traction, library preparation, UCE enrichment usthg
ant-specific hym-v2 bait set (targets 2,524 losgmple
pooling (our samples were pooled into a set of ttiél
samples), and sequencing on an lllumina HiSeq 2800
the University of Utah genomics core facility.

UCE matrix assembly and analysis. After sequenc-
ing, the UCE data were demultiplexed by techniciams
the University of Utah genomics core, and onceivecg
the sequence data were cleaned, assembled, anddlig
using the Phyluce package v1.3\&CLOTH & al. 2015)
according to the process outlined iRAISTETTER & al.
(2017). To identify UCE contigs from the bulk ofsam-
bled contigs, we used the ant-specific hym-v2 filait

Following alignment, a Phyluce wrapper was used to
trim poorly aligned regions using the program Ghkc
(TALAVERA & CASTRESANA2007). The program was run



Fig. 1: Measurements included in morphological gsia| illustrated on a specimentaé§lomyrma montana (CASENT-
0637306).

with reduced stringency parameters (b1:0.5, b2tB5.2,
b4:7), because the default settings are overlyaroatve.
We then used another script (phyluce_align_get_dnty
_with_min_taxa) to filter the initial set of aligrants so
that each alignment was required to include datd 0%
of taxa. This resulted in a final set of 1,371 mfigents (=
loci) for analysis.

The filtered locus set was analyzed using theilikeld-
based program RAXML v8.2 {8MATAKIS 2014). A total

of three concatenated analyses were performeddearor
to compare the results of different partitioningpemes:
no partitioning, partitioning by locus, and pantiting under
the hcluster algorithm in PartitionFinder v1.1. A{EEAR

& al. 2012; data pre-partitioned by locus). Forleana-
lysis, a best tree plus rapid bootstrap searchpeeermed
("-f a" option; GTR + G model of sequence evolution
100 bootstrap pseudoreplicates).
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Manica hunteri EX809 (USA)
Myrmica incompleta EX808 (USA)
B Pogonomyrmex occidentalis EX810 (USA)
2 Patagonomyrmex angustus EX1645 (Argentina)
Hylomyrma reginae EX1600 (Guyana)
Hylomyrma balzani GBAH6631-10 (Ecuador)
Hylomyrma immanis EX1599 (Guyana)
Hylomyrma montana EX1593 (Costa Rica)
Hylomyrma montana EX1604 (Ecuador)
Hylomyrma blandiens EX1598 (Venezuela)
Hylomyrma cf. dentiloba sp.1 EX824 (Costa Rica)
Hylomyrma cf. dentiloba sp.1 BCIFO745-13 (Panama)
Hylomyrma cf. dentiloba sp.1 ASPAN446-11 (Panama)
Hylomyrma plumosa EX1594 (Costa Rica)
Hylomyrma cf. dentiloba sp.2 ASPAN710-11 (Panama)

r_‘Hylomyrma cf. dentiloba sp.2 ASPAN709-11 (Panama)
Hylomyrma cf. dentiloba sp.2 ASPAN711-11 (Panama)
Hylomyrma cf. dentiloba sp.2 BCIFO723-13 (Panama)
Hylomyrma versuta ASLAM774-11 (Honduras)

Hylomyrma versuta EX1597 (México)

Hylomyrma versuta EX1596 (Honduras)

Hylomyrma versuta ASLAM1064-11 (Honduras)

Hylomyrma

95

93 98

99, Hylomyrma versuta ACGAD736-10 (Costa Rica)
——9 .
Hylomyrma versuta ACGAD737-10 (Costa Rica)
@® 100% Support - UCE Analysis Hylomyrma versuta ASLAM1888-12 (Nicaragua)

Hylomyrma versuta GBAH6630-10 (Costa Rica)

® 100% Support - Constraint Analysis Hylomyrma versuta EX1595 (Costa Rica)

Hylomyrma versuta ASLAM2312-12 (Nicaragua)
New Species IIQ7—lylomyrm::1 versuta ASLAM2206-12 (Nicaragua)
UCE Enriched Samples Hylomyrma versuta ACGANO16-08 (Costa Rica)
COI-Only Samples Hylomyrma versuta ACGANO021-08 (Costa Rica)

Hylomyrma versuta ACGANO020-08 (Costa Rica)
Hylomyrma versuta ACGADO036-10 (Costa Rica)
Hylomyrma versuta ACGAD035-10 (Costa Rica
Hylomyrma versuta ACGAD431-10 (Costa Rica
Hylomyrma versuta ACGADO034-10 (Costa Rica
0.3 Hylomyrma versuta ACGAD730-10 (Costa Rica

= = = =

Fig. 2: Phylogeny oHylomyrma, combining UCE and COlI results. The tree was gaadrin RAXML by performing a
constraint analysis in which placement of the teem@mesented by COI data were constrained to the tdg&ogy. Red
and black circles indicate nodes that received 180%istrap support in the UCE and constraint aealyespectively.
Red and black numbers indicate nodal support inX@& and constraint analyses, respectively. Supmites below
75% are not shown. Taxon names in blue were erditdreUCESs, whereas names in black represent Cpksss only.

Taxon names include the species name, either ttractign number ("EX") or BOLD accession numberd ahe

country of origin. Taxa highlighted in green arewspecies described in this paper.

Raw lllumina reads and contigs representing UCE loc 2007, Tab. 2). The combined data were aligned with
have been deposited at the NCBI Sequence Readvarchi MAFFT (KATOH & al. 2002), trimmed by eye to in-
and GenBank, respectively (BioProject accessiorNARJ clude only 657 bp from the barcode region, and then
379610). The concatenated UCE matrix and all agsteti checked for evidence (e.g., indels, stop codorg, adt
trees have been deposited at TreeBase (S20852). nuclear pseudogenes (numts). The resulting mataig w

COI matrix assembly and analysis: Due to the high  partitioned by codon position and analyzed two aetif
abundance of mitochondrial DNA in samples, COl saga  ent ways using RAXML: with and without a constraint
data are generated as a byproduct of the UCE seiggen tree. For the constraint analysis, the UCE topologg
process (MtDNA is in effect naturally "enrichedrp ex- used as a fixed backbone. Both analyses were peetbr
tract COI sequences from UCE enriched samples, la CQas best tree plus rapid bootstrap searches (GTR + G
sequence foH. dentiloba was taken from GenBank (Gen- model of sequence evolution; 100 bootstrap pseudore
Bank Accesion#KC419949) and used as a bait to slicelicates).
out matching sequences from the bulk of assemldad c The concatenated COI matrix and all associated tree
tigs for each sample. These new COIl sequences wergave been deposited at TreeBase (S20852). The gewly
combined with 23Hylomyrma COI sequences available erated COkequences have also been deposited at Gen-
from the BOLD database fRNASINGHAM & HEBERT Bank (Tab. 1).

134



0.25 0.35
A H. dentiloba

O H. montana

03 A
¢ H. plumosa Q;
0.23 A @
@
O H. versuta 3 0.25
E oo

022 PR .6 (@] o O £ °
5 ¢ & ° o
Eon o0& 2 02 °
£ ¢ ® o E ° o
® ] 2 o
3 02 o ¢ °© 00 g 2 o A A ©
o 5015 o
o o o_ B O =

A 0o 5 o O
019 IE 8 o 00 ©
‘EI 0.1 @ g R &> :
g o % 3 O
0.18 i e=! to
O EE
O 0.05 0 g DD o
0.17 o
0.16 0
65 0.7 0.75 0.8 0.85 0.9 0.8 0.9 1 11 1.2 13
Head Width (mm) Mesosomal Length (mm)

Fig. 3: Scatterplots of morphometric charactersdentral Americandylomyrma species.

Tab. 1:Specimens used for UCE analysis. All specimens wadult workers. 1. Unique specimen identifier. Aatdial
information at www.antweb.org. 2. Series = workeni same sample, but not necessarily nestmatesinsge= same
specimen, non-destructive DNA extraction. Nest stmate. * UCE data frommBANSTETTER& al. (2017).

Species Extraction | Voucher® Voucher type?  Country Latitude | Longitude  COI GenBank #
Hylomyrma blandiens EX159¢ | JTLCO0001507 | serie! Venezuel 10.4609 | -67.774(6 KY90746¢
Hylomyrma immanis EX159¢ CASENTO063736 | serie: Guyani 5.0116: | -59.6479 | KY90745¢
Hylomyrma montana EX160¢ CASENT063334 | specime Ecuado -0.3950¢ | -78.98: KY90746(
Hylomyrma montana EX159: | CASENTO063730  serie! Costa Ric 9.8673.  -83.24131 KY90746¢€
Hylomyrma plumosa EX159¢ INBO00410045 | serie! Costa Ric 10.4023! = -84.03911 KY90746:
Hylomyrma reginae EX160( CASENTO063735 | serie: Guyani 5.0091 | -59.6404 | KY90745%
Hylomyrma versuta EX159€ | CASENTO061762  serie! Hondura 15.48721 | -88.2348¢ KY907461
*Hylomyrma cf. dentiloba sp. I | EX824 CASENTO063600 | serie: Costa Ric 8.4083. | -83.3278! KY90745¢
Hylomyrma versuta EX159¢ INBO00409988  serie! Costa Ric 10.4146!  -84.0216/ KY90746:
Hylomyrma versuta EX1597 | JTLC00001442 | serie! Mexico 17.1234° | -91.63811 KY907457
*Manica hunteri EX80¢ CASENTO063399 | nes United State 39.8089: -113.9268' KY90746¢
*Myrmica incompleta EX80¢ CASENTO063534 nes United State 41.57" -111.5627'  KY90745¢
* Patagonomyr mex angustus EX164¢ CASENTO010612 nes Argentine -40.1666°  -71.3666 KY907461
* Pogonomyrmex occidentalis EX81( CASENTO063563  nes United State 39.792! | -113.2442. KY90745¢

Morphology: Eye. The shape, size, and relative M easurements: A set of measurements was made for
location of the eye differs among species (Fig. 3) each species using a Leica MZ12.5 stereo-microsabpe
ranges from relatively small, round, and blunthyired 63x%. The list of measurements is presented belahilan

anteriorly to larger, more elongate, lacking a bltip lustrated in Figure 1. Two measurements in padicye
and instead forming a rounded lobe anteriorly. length (EL) and gastral striation length (GSL), avemost

Gaster striation. Ontergum 1 of the gaster invaluable for separating species. Measurementsargl-
all Central American species there are fine tosmatria- limeters and are reported to three decimal plawaisin-

tions beginning at the postpetiolar insertion amatiouing  distinct structure boundaries and differences icBpen
longitudinally toward the posterior margin (Figs, #ic).  orientation lead to a precision of about 0.03 msidke-

In some species, the striations are as long asrgelr  lished by performing repeated measurements onghesin
than the length of the postpetiole. In others,din@tions  specimen). Specimens collected from throughouttwe
are shorter, in some cases nearly absent. graphic range were measured to encompass geographic

Pilosity. Hylomyrma have abundant dorsal pilosity. variation.
In most species, the setae are simple, but in peeiss EL  eye length; measured along the maximum diameter
(H. plumosa) they are branched, usually trifid (Fig. 5¢c). EW eye width; maximum width perpendicular to EL
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Tab. 2:Specimensised for DNA barcode sequences, exclusive of spawrm Table 1.

Species BOLD # GenBank # Country Latitude Longitude
Hylomyrma bal zani GBAH6631-10 FJ82442 Ecuado 1.286: -77.890¢
Hylomyrma cf. dentiloba sp. ! ASPAN44¢-11 n/e Panam 6.100( -79.830(
Hylomyrma cf. dentiloba sp. : BCIFO74%-13 n/e Panam 9.154° -79.848:
Hylomyrma cf. dentiloba sp. - ASPAN70¢11 n/e Panam 6.100( -79.830(
Hylomyrma cf. dentiloba sp. - ASPAN71(-11 n/e Panam 6.100( -79.830(
Hylomyrma cf. dentiloba sp. - ASPAN71+11 n/e Panam 6.100( -79.€30C
Hylomyrma cf. dentiloba sp. - BCIFO72:-13 n/e Panam 9.154° -79.848:
Hylomyrma versuta ACGADO034-1C HM91965( Costa Ric 10.972( -85.486(
Hylomyrma versuta ACGADO3E-1C HM91965! Costa Ric 10.972( -85.486(
Hylomyrma versuta ACGADO03¢€-1C KC41779: CostRics 10.972( -85.486(
Hylomyrma versuta ACGADA431-1C HQ54572. Costa Ric 10.847( -85.327(
Hylomyrma versuta ACGAD73(-1C HQ54599: Costa Ric 10.789( -85.349(
Hylomyrma versuta ACGAD73€-1C HQ54599¢ Costa Ric 10.789( -85.349(
Hylomyrma versuta ACGAD737-10 HQ54600! Costa Ric 10.789( -85.349(
Hylomyrma versuta ACGANO01€-08 KC41907- Costa Ric 10.969( -85.318(
Hylomyrma versuta ACGANO02(-08 KC41753: Costa Ric 10.969( -85.318(
Hylomyrma versuta ACGANO021-08 KC41994¢ Costa Ric 10.969( -85.318(
Hylomyrma versuta GBAH663(-10 FJ82442 Costa Ric 10.416° -84.066°
Hylomyrma versuta ASLAM1064-11 n/e Hondura 15.487( -88.235(
Hylomyrma versuta ASLAM774-11 JN28373 Hondura 14.871( -87.900(
Hylomyrma versuta ASLAM1888-12 n/e Nicaragui 12.672( -83.716(
Hylomyrma versuta ASLAM220€-12 n/e Nicaragui 12.958( -85.225(
Hylomyrma versuta ASLAM2312-12 n/e Nicaragui 12.964( -85.233(

GSL gastral striation length; in dorsal view, thaxn SL
mum length of the basidorsal striations on gastral

tergum |

HFL hind femur length; in anterior view, maximum SPL
length of hind femur

HL head length; in full face view, the length okth
head capsule excluding the mandibles, measuredéindices:
in a straight line from the mid-point of the anteri  Cl

clypeal margin to the mid-point of the posterior GSI

margin

Ol

scape length; the maximum straight-line lendth o
the scape, excluding the basal constriction that oc

curs just distal of the condylar bulb

propodeal spine length; in profile view, thstaince
from the inner posterior margin of the propodeal

spiracle to the propodeal spine apex

cephalic index; 100 x HW / HL

gastral striation index; 100 x GSL / ML

ocular index; 100 x EL / HW

HW head width; in full face view, the maximum width PpW! postpetiole width index; 100 x PpW / PpL
of the head excluding the eyes

ML mesosomal length; in profile view, the diagonal SPI
length of the mesosoma from the point at which
the pronotum meets the cervical shield to the pos-

terior basal angle of the metapleuron

SI

UCE phylogeny: After sequencing, assembly, and the ex-

scape index; 100 x SL / HW

propodeal spine index; 100 x SPL / HW

Results

OMD

PpL

PpW

oculomandibular distance; minimum distance be-traction of contigs representing UCE loci, we rezed
tween the anterior border of the eye and the anterian average per contig coverage of 36x and a meaigco
or border of the head capsule as seen in lateral vi length of 944 bp (Tab. S2). Following alignmentmtr
postpetiole length; in dorsal view, the lengtithe  ming, and filtering of the UCE contigs, our UCE miat
postpetiolar node measured from anterior edge taonsisted of 1,374 loci and 1,267,360 bp of sequeiata,
posteriormost border along midline of which 167,340 bp were informative (Tab. S3). The
postpetiole width; in same view as and perpendi matrix included only 8.8% missing data (includirepg).
cular to PpL, the maximum width of postpetiole The three specimens Biflomyrma dentiloba / versuta

PronW pronotum width; in dorsal view, the maximumdttv ~ from Mexico, Honduras, and the Caribbean side aft€o
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of the pronotum Rica form a clade that is the sister group to thenpse



morphospecies found sympatrically in Costa RicggFi and Osa (Costa Rica) specimens. COI results shaw tw
2, S1). These in turn are sister tbladentiloba / versuta separate clusters, potentially revealing cryptecggs, and
specimen from the Osa Peninsula on the Pacific aide we refer to the two clusters &k cf. dentiloba sp. 1 and
Costa Rica. The sister group to thisdentiloba clade is  H. cf. dentiloba sp. 2 (Tabs. 1, 2, Fig. 2).

H. blandiens from Venezuela. The two cloud forest spe-
cimens from Costa Rica and Ecuador form a clada-sep
rate from the other Central American speciméihdo-
myrma immanis andH. reginae, both from South America, ' Species treated in this manuscrip&pecies used in UCE and
form a clade and fall outside the other eight seqad ~ COI analysis’® Species used in COI analysis only.

Taxonomic synopsis of Central and South American
Hylomyrma

Hylomyrma specimens. H. balzani® (EMERY, 1894). French Guiana, Ecuador, Bra-
COlI phylogeny: A total of 23 unique COI sequences zil, Paraguay, Argentina.
were taken from BOLD, resulting in a final COI matr = speciosa BORGMEIER 1937.

of 37 specimens, 657 bp of aligned sequence, ahd on H. blandiens’ KEMPF, 1961. Panama to Brazil.

3.4% missing data (Tab. S3). The two COI phylogenie H. columbica (FOREL, 1912). Colombia.

(constrained and unconstrained) have poor suppdesper  H. dentiloba™? (SanTscHI, 1931). Costa Rica to Panama.
nodes, but are congruent with the UCE phylogertgiims  H. dolichops KEMPF, 1973. Colombia, Ecuador, Brazil.

of species boundaries (Figs. 2, S2). The two mantan H. immanis’ KEmPF, 1973. Ecuador, Peru, Brazil, Guyana,

specimens cluster together, separate fronHiemyrma French Guiana.
dentiloba / versuta clusters. There are four specimen clus- H. longiscapa KEMPF, 1961. Ecuador, Brazil, Guyana,
ters that together form a well-supportéddentiloba / ver- Suriname, French Guiana.

suta clade in both the constrained (Fig. 2) and uncon-H. montana™? n.sp. Costa Rica, Panama, Ecuador.

strained (Fig. S2) COI phylogeniy: cf. dentiloba sp. 1,H. H. plumosa™? n.sp. Costa Rica.

cf. dentiloba sp. 2,H. plumosa, andH. versuta. However,  H. praepotens KEMPF, 1973. Ecuador, Peru, Brazil, Co-

the relationships among the four clusters diffexsMeen lombia, French Guiana.

the two phylogenies. In the unconstrained phylogémy  H. reginae’ KUTTER, 1977. Guyana, French Guiana, Brazil.

support values for the two subclades are low (22% a H. reitteri (MAYR, 1887). Colombia, Venezuela, Brazil.

62%) and we disregard these relationships, instelyd = goeldii FOREL, 1912.

ing on the constrained tree for further conclusionghe  H. sagax KEmPF, 1973. Ecuador, Colombia, Brazil, French

constrained tree, the relationships atedf. dentiloba sp. 1 Guiana.

(H. plumosa (H. cf. dentiloba sp. 2,H. versuta))). The H. transversa KEMPF, 1973. Colombia, Peru.

BOLD sequences from Panama were all from Barro CoH. versuta? KEMPF, 1973. Mexico to Costa Rica.

lorado Island (BCI) and separated into two clustsug-

gesting two sympatric species there. BCI is clasthe

type locality ofH. dentiloba, and thus truél. dentiloba is

probably one of these clusters. 1  Atleast some dorsal setae branched (Fig. 5c).
Morphological measurements. Two morphological ..., Hylomyrma plumosa sp.n.

features were found that differed greatly betwgeet®s:  _  pjogity simple, never branched ... 2

gastral striation length (measured using gastrat&in _

index GSI) and eye size (measured using oculaxi@dp 2  Postpetiolar dorsum densely sculptured, not

Key to Central American species of Hylomyrma, based
on worker caste

Ol was most relevant fdd. montana, which has a small smooth and shining; gastral striae long (GSI
eye relative to the other species. GSI was relefeariioth 12 - 26); eye relatively large (Ol 27 - 30, Fig. 3)
Hylomyrma montana and H. plumosa, both of which @ Atlantic slope of Costa Rica northward. .........
have significantly shorter GSL th&h dentiloba andH. s RETPRPIIIS I-.lylom_yrma versuta
versuta. Both of these characters are utilized in thetkey P~ Panama to Osa region of Costa Rica. .............
Central AmericarHylomyrma given below. HOwever, N0 weeesessessssssssnnas, Hylomyrma dentiloba complex
morphological differences were found to sepakatden- —  Postpetiolar dorsum smooth and shining or
tiloba andH. versuta. Also, we were not able to locate weakly striate (Fig. 4c); gastral striae short
vouchers for COIl sequences yielding tHe cf. denti- (GSI 4 - 10); eye relatively small (Ol 21 - 24,
loba_sp. 1 andH. cf. dentiloba_sp. 2 clusters, so we could [SToTC) JTR Hylomyrma montana sp.n.
not investigate morphological differences betwderse

clusters. Species accounts

Taxonomic conclusions. We use the namdylomyrma . .
versuta to refer to allH. dentiloba-like specin%leggrfrom Hylomyrma dentiloba (SANTSCHI, 1931) (Figs. 3, 6, 7)
the Caribbean lowlands of Costa Rica northward &xM  Lundella dentiloba SANTSCHI, 1931: p. 271. Holotype
ico. In Costa Rica it is sympatric with the two nepe-  worker: Panama, France Field, 2 June 1930 (A. B)jeri
cies H. plumosa and H. montana. In the case oH. [NHMB, unique specimen identifier CASENT0913528]
plumosa, both species occur together in lowland rainfor- (AntWeb image examined). CombinationHiylomyrma:
est. In the case di. montana, the two species segregate KEMPF(1960: 430).

by elevation, with a narrow zone of contact aroli@d0 m. Geographic range: Panama, Costa Rica (Osa Penin-
The status of. dentiloba remains unresolved pending sula).
further study of the Panama fauna. At presintjersuta Measurements (n = 3): EL 0.194 - 0.233, EW 0.121

andH. dentiloba are morphologically indistinguishable. - 0.126, GSL 0.152 - 0.295, HFL 0.706 - 0.783, HL
We use the namid. dentiloba to refer to the Panamanian 0.778 - 0.855, HW 0.71 - 0.835, ML 0.977 - 1.11M D
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postpetiole dorsum; (d) dorsal view.

0.092 - 0.104, PpL 0.227 - 0.251, PpW 0.293 - 0.35/evel (a.s.l.), 18 June 2015 (Project ADMAC, cotlen
PronW 0.512 - 0.625, SL 0.548 - 0.591, SPL 0.196 -code Wm-E-03-1-01) [CAS, unique specimen identifier
0.241, Cl 91 - 98, GSI 15 - 26, Ol 27 - 30, PpWB12 CASENT0637306]. Paratype workers (n = 12): sama dat
139, SI 71 - 82, SPI 28 - 31. as holotype [MCZC, CASENT0638686; UCD, CASENT-
Comments: The delimitation oHylomyrma dentiloba 0638689; UCR, CASENT0638690; USNM, CASENT-
remains unresolved, and for convenience we useoa ge 0638691; JTLC, CASENT0638721, CASENT0638702,
graphic definition of the species. Among the folusters  CASENT0638694, CASENT0638692, CASENT0638699,
defined by sequence daté, plumosa is morphologically = CASENT0638696, CASENT0638719, CASENT0638695].
distinct, but we have found no morphological diéfieces Geographic range: Costa Rica, Panama, Ecuador.
among the remaining three clusters. We use the kme Diagnosis: Postpetiolar dorsum smooth and shining or
dentiloba to refer toH. dentiloba-like material from the  weakly striate; eye relatively small (Ol 21 - 24).
Osa Peninsula of Costa Rica south through Panama, a  Description of worker: Measurementgholotype):
H. versuta for material from the Atlantic slope of Costa EL 0.195, EW 0.134, GSL 0.065, HFL 0.796, HL 0.833,
Rica northward. Thus one scenario is that withhierrtin- HW 0.845, ML 1.116, OMD 0.133, PpL 0.278, PpW
vestigation of the Panamanian fauna, cryptic sgesith- 0.295, PronW 0.563, SL 0.676, SPL 0.282, Cl 101, &S
in "H. dentiloba" will be resolved. An alternative scenario Ol 23, PpWI 106, Sl 80, SPI 33. Measuremgrasge, n
is thatH. dentiloba andH. versuta together are a single = 20): EL 0.175 - 0.218, EW 0.124 - 0.149, GSL 7.64
paraphyletic species, with a low level of gene flowst 0.123, HFL 0.775 - 0.945, HL 0.813 - 0.948, HW @.80
having spawned at least one fully differentiatedcsgs  0.899, ML 1.03 - 1.236, OMD 0.108 - 0.151, PpL 24

(H. plumosa) from within the range. 0.314, PpW 0.289 - 0.371, PronW 0.544 - 0.645, SL
Hvlomyrma mont Fias. 3. 4. 7 0.621 - 0.742, SPL 0.248 - 0.329, Cl 94 - 102, @S|
ylomyrma montana sp.n. (Figs. 3, 4, 7) 10, Ol 21 - 24, PpWI 106 - 124, SI 75 - 83, SP} 3.

Type material: Holotype workerCosta Rica, Limén, Cer- relatively straight, occipital corners rounded. [@&ys bi-
ro Platano, 9.86732 - 83.24131 + 20 m, 1130 m akeae dentate, denticles moderately long and projectihgieal
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Fig. 5: Hylomyrma plumosa, holotype, worker (CASENT0638700): (a) profile wig(b) full-face view; (c) plumose

setae on gaster; (d) dorsal view.

margin between denticles slightly concave. Clypaiog
frontal area rugose. Frontal lobes rather largéh won-
vex sides projecting over antennal insertions. Heddll-
face view densely longitudinally striatorugose. Beigegin-
ning at mandibular insertions and frontal lobes] eon-
tinuing uninterrupted to occipital margin, occasitin
intersecting and forming a sub-reticulate pattémea be-
tween rugae micro-punctatostriate. Head with magera
pilosity, hairs golden in color and pointed at endge
consisting of more than 40 facets, relatively slod dis-
tant from anterolateral margin of head. Antennalpss
rugose, curved, thinner towards antennal insertams
thicker towards apices. Pilosity of scapes comgjsbf sub-
erect to erect hairs. Funicular segments of anegna-
dually increasing in size, and covered with sulztenairs.

Mesosoma in profile view convex from neck to pro-
podeal spines, profile interrupted by rugae. Safeseso-
soma densely reticulate-rugose, interrugal spagesom
punctatostriate, subopaque. Pronotal and metagiatales
absent. In profile view, dorsum of mesosoma withglo
and pointed erect hairs. Propodeal spines mediaedsi
and projecting over inferior propodeal plates.

Petiole elongated, lacking differentiated pedurcid
node. Sides and dorsum of petiole rugose. Postpétio
profile subquadrate; ventral surface flat, dorsaface
slightly convex. In dorsal view, postpetiole suiatigular,

sides flaring from anterior margin to posterior giar
Dorsal surface of postpetiole largely smooth aridisp,
with at most a few faint longitudinal costulae. ®asarge-
ly smooth and shining. Tergum 1 of gaster with shwr-
gitudinal costulae, less than 0.1 mm in lengthsame
specimens nearly absent.

Overall body color dark reddish-brown. Legs and an-
tennae somewhat lighter brown.

Etymology: The name is in reference to the montane
distribution of the species.

Comments: Hylomyrma montana is the first recorded
species in the genus known to be exclusively sttito
cloud forest habitat. Given the phylogenetic relaghips
of the sequenced specimens, we can reject the ggist
that the Costa Rican and Ecuadorian populationd.of
montana are independently derived from nearby extant low-
land relatives. There is no way to rule out thesyiabty
of independent evolution from lowland relativestthee
now extinct. It may also be that other lowland spsor
populations that have not been sequenced will brieak
clade with the twad1. montana populations. But the most
likely scenario is thaitl. montana is a single clade and re-
presents a single colonization of the montane habiihe
sister group tdd. montana is a clade that contains all the
remaining Central American species and a South Amer
can specied. blandiens. ThusH. montana could have
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Fig. 6: Hylomyrma dentiloba from Osa Peninsula (CASENT0636001): (a) full-facaw; (b) profile view.Hylomyrma
versuta, holotype, worker (MCZ-ENT00035424): (c) full-fagew; (d) profile view.

originated in Costa Rica and dispersed to the Andes HFL 0.709 - 0.801, HL 0.793 - 0.871, HW 0.759 -428
vice versa, the latter possibility being most likel ML 0.991 - 1.137, OMD 0.095 - 0.12, PpL 0.227 -8h2
Ppw 0.293 - 0.331, PronW 0.55 - 0.618, SL 0.544 -

Hylomyrma plumosa sp.n. (Figs. 3, 5, 7) 0.622, SPL 0.212 - 0.253, CI 93 - 99, GSI 8 - 11.26-
urn:lsid:zoobank.org:act:C9B43ABB-CF42-45F1-81D30%64D0296 28, PpwI 114 - 133, SI 70 - 77, SP1 27 - 31.

Type material: Holotype workerCosta Rica, Limén, Hitoy- Head subquadrate, occipital margin very slightlg-co
Cerere, 9.66480 - 83.02346 + 10 m, 250 m a.s.|Jut@  vex, occipital corners rounded. Clypeus bidentatea be-
2015 (collection code: ADMAC#Wa-E-02-2-38) [CAS, tween denticles mostly straight. Frontal lobes @&qv
unigque specimen identifier CASENT0638700]. Paratypeending anteriorly in a rounded angle, projectingroan-
workers (n = 13):Same data as holotype [MCZC, tennal insertions. Rugae on head running longitaitiin
CASENT0638687; UCD, CASENT0638688; UCR, CAS- and parallel, not intersecting; rugae interruptedasion-
ENT0638693; USNM, CASENT0638697; JTLC, CAS- ally by short gaps. Interrugal spaces microstriatéy-
ENT0638720, CASENT0638701, CASENT0638703, CAS-opaque. Eye large, ending anteriorly in elongaperiag
ENT0638725, CASENT0638698, CASENT0638700, CAS-lobe. Scape tapered toward insertions and coveyed b
ENT0638722, CASENT0638724, CASENT0638735].  abundant suberect non-branched hairs.

Geogr aphic range: Costa Rica. In profile view mesosoma convex, profile uninter-
Diagnosis: At least some of dorsal setae branched, usurupted. Sides and dorsum of mesosoma reticulateseyg
ally trifid. interrugal spaces microstriate, subopaque. Propediees

Description of worker: Measurementéholotype work-  relatively short, projecting posteriorly.
er):EL 0.211, EW 0.13, GSL 0.089, HFL 0.735, HL 0.799,  Peduncle of petiole present but not well developed.
HW 0.784, ML 1.042, OMD 0.109, PpL 0.253, PpW 0.3, Sides and dorsum of petiole rugulose. Postpetiobke s
PronW 0.573, SL 0.591, SPL 0.228, CI 98, GSI 9201 quadrate, covered on dorsum by longitudinal stiizees-
PpWI 119, SI 75, SPI 29. Measuremefitmge, n = 15):  ter mostly smooth and shining, striations on dorsfm
EL 0.202 - 0.235, EW 0.109 - 0.138, GSL 0.089 20.1 tergum 1 short, but longer th&h montana.
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© Hylomyrma versuta

() Hylomyrma dentiloba

Body color reddish to reddish-brown, legs somewhat244) [MCZC, unique specimen identifier of holotyperk-
lighter, gaster darker brown. Dorsum of head, masas er MCZ-ENT00035424, of paratype workers and alate
and gaster abundantly setose, at least some sataghbd, queen MCZ-ENT00594451] (examined).
bifid or more often trifid. Geographic range: Costa Rica to Mexico.

Etymology: This species is named for the distinctive M easurements (holotype worker):EL 0.194, EW
branched hairs that distinguish it frahotherHylomyrma. 0.132, GSL 0.185, HFL 0.749, HL 0.86, HW 0.812, ML

Comments. Though the plumose setae and short gas-1.146, OMD 0.092, PpL 0.265, PpW 0.315, PronW 0.59,
tral striation ofHylomyrma plumosa are distinctive, the SL 0.567, SPL 0.245, CI 94, GSI 16, Ol 24, PpWI,119
species is otherwise extremely similatodentiloba and Sl 70, SPI 30. Measuremer(teinge, n = 13): EL 0.17 -
H. versuta. Nevertheless, the morphological differences, 0.241, EW 0.108 - 0.147, GSL 0.127 - 0.236, HFL20.6
the sequence divergence, and the sympatry Mither- 0.854, HL 0.734 - 0.99, HW 0.679 - 0.879, ML 0.884
suta at multiple sites in Costa Rica all support th@dwy  1.234, OMD 0.071 - 0.124, PpL 0.231 - 0.3, PpW 8.24
thesis of separate species. The three specimeht of 0.349, PronW 0.453 - 0.646, SL 0.532 - 0.676, SPL
versuta included in the UCE analysis emerge as a single0.191 - 0.309, CI 87 - 98, GSI 12 - 22, Ol 25 - RBWI
clade with low sequence divergence, despite baimg f 105 - 130, Sl 71 - 82, SPI 28 - 36. Measuremépdsa-
widely separated localities (Mexico, Honduras, @usta  type queen)EL 0.246, EW 0.144, GSL 0.271, HFL 0.789,
Rica). ConverselyH. plumosa falls outside of this clade HL 0.886, HW 0.823, ML 1.301, OMD 0.118, PpL 0.284,
and with much higher sequence divergence, evergthou PpW 0.371, PronW 0.765, SL 0.592, SPL 0.304, Cl 93,
it is found sympatrically with the Costa Rican plation GSI 21, Ol 30, PpWI 131, SI 72, SPI 37.
of H. versuta. These results strongly suggest reproductive  Comments. At present, there are no known morpho-
isolation betwee. plumosa andH. versuta. logical differences betweerdylomyrma versuta and H.
dentiloba. We differentiate the two species geographical-
ly, with H. versuta occurring from the Atlantic slope of
Hylomyrma versuta KEMPF, 1973: 253, fig. 6. Holotype Costa Rica northward to Mexico, aHd dentiloba occur-
worker, paratype alate queen: Belize, Belmopanug A ring from the Osa Peninsula of Costa Rica eastttaodigh
1972, in second growth forest (S. & J. Peck, batleso.  Panama. See further discussion urdedentiloba.

Hylomyrma versuta KEMPF, 1973 (Figs. 3, 6, 7)
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Discussion

Prior to this study, Central Americatylomyrma were
placed into two species, the more northétlyersuta and
the PanamaniaH. dentiloba. Relying largely on molecu-
lar evidence, we have revealed that there is grepte-
cies diversity within Central America than prevityuse-
alized, including two new speciebl.(montana andH.
plumosa) and possibly several cryptic species within

document the true distributions of cloud foressantthe
Andes, but there is an undoubted distribution gapss
the lowlands of eastern Panama.

Andean uplift is correlated with a rapid diversifion
of Neotropical organisms and the establishment @fi-m
tane communities (BlORN & al. 2010), and given the
South American provenance ldflomyrma, Andean oro-
geny would be a possible origin Hf montana. But the
historical distribution of low cloud forest habitiat dif-

dentiloba. This diversity has been overlooked because officult to determine. Although the high Andean orogés

the overall rarity of the genus as well as a latggree of

relatively young (REGORY-WoDzICcKI 2000) and the Ta-

morphological homogeneity among species. Our resultlamancan uplift of Costa Rica even youngeRAEE & al.

suggest that morphology alone can be inadequatiee
tify specimens and to place species within an diatu

2002), mid-elevation cloud forest may have beenemor
extensively available before, during, and aftes tiplift,

ary context. By using UCE phylogenomics we wereabl on lower mountain systems or even ephemeral volcano

to elucidate some of the cryptic diversity withier@ral

slopes. Much of the Pleistocene was cooler tharcour

American specieand to gain a greater understanding of rent interglacial conditions, with downward-shiftelant

the evolutionary history among species. It is cleased
on our geographically limited study that a thoroughi-
sion of Hylomyrma as a whole will require broad sampling
of individuals across all species ranges for bothr-m
phological and molecular analysis. An increasingiber
of studies have demonstrated that morphologicaldiom
geneity, similar to what we have observedHiiomyrma,

is present within many ant lineage<HBICK-STEINER &

al. 2006, ®ss & al. 2010, BAIMER 2012), and that
combining molecular data with morphology is oftest n
cessary to identify species and accurately recactsthy-
logeny.

The Central Americahlylomyrma represent at least
two distinct clades with South American relativébe
greater species diversity within South America émel
presence of South American species in both brarfobes
the root node of the UCE phylogeny suggest a Saotb-
rican origin for the genus. Thd. dentiloba clade {.
dentiloba, H. plumosa, andH. versuta) perhaps evolved
from aH. blandiens-like ancestor in South America and
moved north into Central America, generating coygpe-
cies along the way, withl. versuta being the northern-
most and also being the northerly limit of the gehlylo-

communities (BSH & al. 2009). Cloud forest habitat was
undoubtedly at lower elevations and thus more eskten
and connected, with greater opportunities for disale
Exploring the phylogeny and biogeography of linealges
H. montana and linking this with orogeny will help to de-
termine how and when montane-specialization occurs.
Establishing accurate evolutionary histories aretigs
ranges is pivotal to evaluating the effects of leocad glo-
bal environmental change IfEPATRICK & al. 2011). As
habitat is destroyed and the climate altered, spa@inges
will move over space both laterally and verticdlGoL-
WELL & al. 2008). A warming climate will allow tropical
species to extend northwards, and lowland speciiés w
move up elevational gradientsdilGINO & al. 2011, lAUR-
ANCE & al. 2011). This process may result in the replac
ment of montane species. These effects will onlylbe
servable, however, if accurate species boundarngsamges
have been established. If a great deal of divevsityin a
group is not seen because of morphological homdtyene
these replacements will not be observed and thectsff
of climate change underestimated. Arthropods asady
largely ignored in conservation studies, and itikely
that arthropod diversity is disappearing at anmailag rate

myrma montana is possibly a second South American clade (CARDOSO & al. 2011). Arthropod conservation studies

that colonized montane habitats and then spreadighr
Andean, Panamanian, and Costa Rican cloud forést- A
natively it could be a formerly widespread spedhest

evolved in place during both Andean and Talamanca

orogeny, and was then replaced in the lowlandstbgro
Hylomyrma clades.

Hylomyrma montana represents a clear case of mon-

tane specialization from lowland ancestors. It atgure-
sents a biogeographic connection between what@se n
disjunct cloud forest habitats in Central and SoAuthe-
rica, separated by a lowland barrier in Panamag&ie
graphic connections between cloud forests of CR&ta
and the Andes have been noted for plants (e ENTRY
1982). In ants, several groups also show connexti@d
tween Costa Rica and western Ecuador, incluéipig-

should not underestimate diversity loss by failiage-
cognize true species boundaries.
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