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The myrmicine species Crematogaster rothneyi is one of the most widely distributed ants in Asia, but it 
has rarely been collected in the field. Its distribution range covers South and Southeast Asia, extending 
approximately 5,000 km from India in the west to Sulawesi in the east. Despite this wide distribution 
range, C. rothneyi has been treated as a single taxonomic species, and no combined morphological or 
molecular analysis has been conducted to assess whether any intraspecific variation exists. The sequence 
divergences of C. rothneyi populations, mainly obtained from Southeast Asia, were investigated by 
analyzing 387 bp and 175 bp sequences of the 12S ribosomal RNA and cytochrome c oxidase subunit 
(COI) genes, respectively. Phylogenetic analysis indicated that the C. rothneyi populations were separated 
into three groups: group I from Thailand and Cambodia, group II from Bangladesh and Myanmar, and 
group III from Krakatau and Sulawesi. Groups II and III were recovered as a single clade, sister to group 
I. The interspecific divergences were 7.3% to 8.5% for 12S and 14.5% to 23.3% for COI between most C. 
rothneyi specimens and Cambodian specimens, while divergence for 12S was 3.5% between Thai and 
Cambodian specimens. The Thai specimens are not morphologically differentiated, and are considered 
conspecific to C. rothneyi. We describe the Cambodian series as a new species, Crematogaster yaharai 
sp. nov., based on unique antennal morphology and mesosomal sculpture patterns with molecular 
evidence. Crematogaster rothneyi civa Forel, 1902 is synonymized under C. rothneyi. Crematogaster 
rothneyi is widespread and has sister species, suggesting recent diversification within the Indochinese 
Peninsula.

Key words: Asia, Crematogaster rothneyi, Geographic variation, Phylogeny, Widespread species.

Citation: Hosoishi S, Ogata K. 2019. Cryptic diversity of the widespread Asian ant Crematogaster rothneyi (Hymenoptera: Formicidae) inferred 
from morphological and genetic evidence. Zool Stud 58:11. doi:10.6620/ZS.2019.58-11.

BACKGROUND

Widespread species are important in species 
inventories because they are both easily recognizable 
and commonly encountered (Pfeiffer et al. 2011; 
Guenard and Dunn 2012; Bharti et al. 2016; Jaitrong 
et al. 2016). Despite their importance, relatively little 
attention has been paid to many of these species, and 
even taxonomists often accept many current taxonomies 

without performing comprehensive revisions (but 
see Seifert et al. 2017; Wagner et al. 2017). Some 
widespread species show geographic variations in 
body size and shape, but those differences have simply 
been treated as intraspecific variations, which can 
occur within a distinct species (e.g., Azuma et al. 
2006; Hosoishi et al. 2011). However, in some species 
those variations imply the existence of cryptic species, 
which can escape detection using traditional taxonomic 
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approaches based on morphology. Recent integrative 
taxonomic approaches employ additional methods, such 
as molecular phylogeny, morphometry, ethology, and 
phenology for species delimitation (e.g., Balakirev et al. 
2017).

In ant taxonomy, integrative taxonomic methods 
have been carried out in widespread species (e.g., 
Tetramorium caespitum complex by Wagner et al. 2017; 
Cardiocondyla nuda group by Seifert et al. 2017). 
These studies revealed the existence of cryptic species 
as well as the resurrection of formerly synonymized 
species with distinct evidence from multiple data 
sources (Csősz et al. 2014). Many invasive or tramp ant 
species also have global distributions (e.g., Solenopsis 
invicta by Morrison 2004; Paratrechina longicornis 
by Wetterer 2008; Linepithema humile by Wetterer 
et al. 2009). These species have been treated as one 
species, but careful consideration is required when 
developing appropriate biological control programs for 
some taxonomically difficult groups, such as Solenopsis 
species (Chialvo et al. 2018).

The genus Crematogaster has a global distribution, 
and more than 500 species have been described to 
date (Bolton 2019). Although no distinct tramp or 
invasive species have been reported in the genus, 
several widespread species exist around the world. For 
example, Crematogaster scutellaris is known from 
Western Europe (Seifert 2007 2018), and C. crinosa, 
C. curvispinosa, C. distans, and C. rochai from Central 
and South America (Longino 2003). In Asia, C. sewardi 
(Hosoishi and Ogata 2009) and C. treubi (Hosoishi and 
Ogata 2012) are known from the Indochinese Peninsula 
to the Sunda Islands. Among the Asian Crematogaster 
fauna, C. rothneyi is also considered to be widespread.

Crematogaster rothneyi was described by Mayr 
(1879) based on worker specimens from Calcutta, 
India. Two more subspecies of C. rothneyi have been 
recognized: C. rothneyi civa Forel, 1902 based on 
worker specimens from Poona, India and C. rothneyi 
haputalensis Forel, 1913 based on a queen specimen 
from Haputale, Sri Lanka. This species has been 
classified into the subgenus Crematogaster (Blaimer 
2012), which contains more than 350 species, but C. 
rothneyi is easily distinguished from other species by 
its strongly sculpted body, deep metanotal groove, 
distinctly bilobed postpetiole and stout body setae. This 
species is arboreal and inhabits lowland forests.

Crematogaster rothneyi is known from South 
Asia to Southeast Asia (AntWeb), making it one of the 
most widely distributed ant species in Asia. However, 
the species is rarely encountered in the field. Similarly, 
Oecophylla smaragdina, Cataulacus granulatus, 
Anochetus graeffei, and Carebara diversa are also 
widespread in Asia but, except for a phylogeographic 

study of O. smaragdina (Azuma et al. 2006), the extent 
of intraspecific variation in these species has not been 
investigated extensively. While these species have each 
been treated as a distinct taxon, no further taxonomic 
studies have been conducted on them. Hosoishi et al. 
(2011) reviewed the morphology of C. modiglianii, 
which is widely distributed in Indochina, Peninsular 
Malaysia, Borneo, and Sumatra. Their study, which 
was based on workers of nest series, found only a weak 
geographical cline in the shape of the propodeal spine. 
However, morphological approaches have limitations in 
terms of categorizing intraspecific variation.

Mitochondrial DNA (mtDNA) is one of the most 
useful genetic markers for phylogeographic studies 
of animals because it exhibits extensive intraspecific 
variation (Avise 2000). Based on mtDNA gene analysis, 
Azuma et al. (2006) proposed that the Asian weaver ant 
(Oecophylla smaragdina) consists of two major groups 
with seven geographical subgroups, and inferred its 
dispersal history over a geological time scale. Indeed, 
genetic information on widely distributed species can 
reveal the phylogeographic history of those species and 
also provide useful taxonomic information for species 
delimitation (Steiner et al. 2010; Aguliar-Velasco et 
al. 2016). The 12S ribosomal RNA (12S) region has 
been widely used to infer the intra- and interspecific 
relationships of vertebrates (macaques by Evans et al. 
1999, Tosi and Coke 2007, Ziegler et al. 2007, Evans 
et al. 2003b; rabbits by Surridge et al. 1999; squirrels 
by Mercer and Roth 2003; frogs by Evans et al. 2003a; 
tigers by Luo et al. 2004; water skinks by Honda et 
al. 2005; medaka fishes by Takehana et al. 2005) and 
insects (Pheidole ants by Moreau 2008; paper wasps by 
Santos et al. 2015; flightless moths by Liu et al. 2015; 
crickets by Dong et al. 2018; diving beetles by Balke 
et al. 2018). In this study, we use mtDNA 12S and COI 
sequences as supplementary data because sufficient data 
is unavailable due to a lack of fresh material.

In the present paper, we also review the C. 
rothneyi group based on the worker caste, and provide 
additional molecular data in the form of 12S ribosomal 
RNA and COI sequences as a useful reference for 
species identification.

MATERIALS AND METHODS

Sources of material

Worker ants of the Crematogaster rothneyi group 
were examined based on collections from several 
localities in South and Southeast Asia (Fig. 1, Table 
1). Specimens were examined and/or deposited in the 
collections listed below. Codes for public institutions 
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mainly follow those in Brandão (2000). BMNH: 
The Natural History Museum, London, U.K. CASC: 
California Academy of Sciences, San Francisco, 
USA. KUEC: Institute of Tropical Agriculture, 
Kyushu University, Fukuoka, Japan. MHNG: Musee 
d›Histoire Naturelle, Geneva, Switzerland. NHMW: 
Naturhistorisches Museum, Wien, Austria. THNHM: 
Thailand Natural History Museum, Technopolis, Khlong 
Luang, Pathum Thani, Thailand.

Measurements and indices

Observations and measurements were made on 
a Leica M205C stereomicroscope using micrometers. 

Images were taken using a Canon EOS 50D with a 
Canon MP-E 65 mm 1-5 x Macro lens, then processed 
using Combine ZM. All measurements are expressed 
in millimeters, recorded to the second decimal place. 
The measurements for petiole and postpetiole follow 
Longino (2003).

Head Width (HW): Maximum width of head in 
full-face view, excluding the eyes. Head Length (HL): 
Perpendicular distance from vertex margin to line 
tangent to anteriormost projections of clypeus in full-
face view. Cephalic Index (CI): HW/HL × 100. Scape 
Length (SL): Length of the first antennal segment, 
excluding the neck and basal condyle. Scape Index (SI): 
SL/HW × 100. Eye Length (EL): Maximum length of 

N

Fig. 1.  Distribution map of the Crematogaster rothneyi group. Closed circle indicates C. rothneyi, closed triangle indicates C. rothneyi haputalensis, 
closed square indicates C. yaharai.
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the compound eye. Pronotal Width (PW): Maximum 
width of the pronotum in dorsal view. Weber’s Length 
of the mesosoma (WL): Diagonal length, measured in 
lateral view from the anterior margin of the pronotum 
(excluding the collar) to the posterior extremity of 
the propodeal lobe. Propodeal Spine Length (PSL): 
Measured from tip of propodeal spine to closest point 
on outer rim of propodeal spiracle. Petiole Length 
(PtL): Length of the petiole in lateral view (see Longino 
2003). Petiole Width (PtW): Maximum width of 
petiole in dorsal view. Petiole Height (PtH): Height of 
the petiole in lateral view. Postpetiole Length (PpL): 
Length of the postpetiole in lateral view (see Longino 
2003). Postpetiole Width (PpW): Maximum width 
of postpetiole in dorsal view, excluding the helcium. 
Petiole Height Index (PtHI): PtH/PtL × 100. Petiole 
Width Index (PtWI): PtW/PtL × 100. Postpetiole Width 
Index (PpWI): PpW/PpL × 100. Waist Index (WI): 
PpW/PtW × 100.

Molecular data collection

Genomic DNA was extracted from tissues rich 
in mitochondria (e.g., legs) using a DNeasy Blood & 

Tissue kit (Qiagen, Maryland, USA). A 387 bp region 
of the mitochondrial 12S ribosomal RNA (12S) and a 
175 bp region of the mitochondrial genome, 3’ region of 
the cytochrome c oxidase I (COI) were amplified via the 
polymerase chain reaction (PCR) using primers (Simon 
et al. 1994) and programs shown in table 2. Reactions 
were carried out at 10 µL volumes in a PCR Thermal 
Cycler MP (TaKaRa Bio Inc.).

PCR products were visualized on a 1% agarose 
E-Gel 96-well system (Invitrogen), and then purified 
with 2.0 µL mixture of Exonuclease I and Alkaline 
Phosphatase (GE Healthcare Life Sciences). All 
products were sequenced in both directions using 
BigDye Terminator v3.1 (Applied Biosystems) on an 
ABI 3100 Avant DNA Sequencer (Applied Biosystems) 
at the Faculty of Science, Kyushu University, Fukuoka, 
Japan. Contigs were assembled using Vector NTI 
Advance TM ver. 11 (Invitrogen Corp.). Conserved 
regions were identified and aligned, and gaps were 
assigned to minimize changes using MEGA 5 (Tamura 
et al. 2011). Genetic distances were estimated using the 
Kimura-2-parameter (Kimura 1980) distances and the 
p-distance with MEGA 5 (Tamura et al. 2011). DNA 
sequence data for six individuals of two Crematogaster 

Table 1.  Specimen data and DDBJ accession numbers

Species Locality Code
Accession number

12S COI

Crematogaster rothneyi 1: India, Calcutta [1 IND] N/A LC369768
Crematogaster rothneyi 2: Bangladesh, Chitragong [2 BAN] LC369619 LC369769
Crematogaster rothneyi 3: Myanmar, Bagan [3 MYA] LC369620 LC369770
Crematogaster rothneyi 4: Thailand, Doi Chiang Dao [4 THA] LC369621 N/A
Crematogaster rothneyi 5: Vietnam, Hat Lot [5 VIE] N/A LC369771
Crematogaster rothneyi 6: Indonesia, Pulau Sebesi [6 SEB] LC369622 LC369772
Crematogaster rothneyi 7: Philippines, Negros [7 PHI] N/A LC369773
Crematogaster rothneyi 8: Indonesia, Sulawesi [8 SUL] LC369623 LC369774
Crematogaster yaharai 9: Cambodia, Kampong Chhnang [9 CAM] LC369624 LC369775
Crematogaster coriaria Malaysia, Ulu Gombak Forest Reserve [cor] LC371675 N/A
Crematogaster rogenhoferi Vietnam, Dong Nai, Dinh Quan [rog] LC371677 N/A
Crematogaster ferrarii Vietnam, Cuc Phuong National Park [fer] LC371676 N/A
Crematogaster ferrarii Indonesia, Sulawesi, Banti Murung LC474370 N/A

Table 2.  PCR primers and programs used to amplify gene loci

Gene Primer Sequence (5'–3') Source Amplification program

12S 12Sbi AAGAGCGACGGGCGATGTGT Simon et al. 1994 96°C for 3 min, 35 cycles each of 94°C for 30 s, 48°C for 1 
min, and 72°C for 1 min, finally 72°C for 10 min.12Sai AAACTAGGATTAGATACCCTATTAT Simon et al. 1994

COI CI-J-2797 CCACGACGTTATTCAGACTATC Simon et al. 1994 94°C for 1 min, 5 cycles each of 94°C for 1 min, 48°C for 
90 s, and 72°C for 90 s, then 30 cycles each of 94°C for 1 
min, 51°C for 90 s, and finally 72°C for 90 s.

Pat TCCAATGCACTAATCTGCCATATTA Simon et al. 1994
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species were deposited to the DNA Data Bank of Japan, 
DDBJ (with accession numbers shown in Table 1).

The 387 bp 12S DNA sequences were used for 
phylogenetic analysis; the 175 bp COI sequences were 
excluded from the analysis as they were too short to 
yield any meaningful data. The Indian, Vietnamese and 
Filipino samples were not subjected to phylogenetic 
analysis. Phylogeny was inferred from the 12S sequence 
dataset using the Maximum likelihood (ML) and 
Neighbor-Joining (NJ) methods (Saitou and Nei 1987) 
with MEGA 5 (Tamura et al. 2011) and a GTR model. 
Bootstrap support values were computed using 1000 
replicates.

RESULTS

Molecular data

The 12S sequence comprised 387 bp and the COI 
sequences comprised 175 bp. Several sequences could 
not be analyzed due to the age and condition of the 
sample (Table 1). Since the K2P distance and p-distance 

resulted in similar values (Tables 3, 4), we used the K2P 
distance to illustrate all our results. Genetic distances 
ranged from 0.013 to 0.085 for 12S (Table 3), and 0.017 
to 0.233 for COI (Table 4). For the 12S region, the 
Cambodian specimen was distantly related to most other 
specimens, except the one from Thailand, i.e., genetic 
distance with Thai specimen—0.035, genetic distance 
range with non-Thai specimens—0.073 to 0.085. For 
the COI region, the Cambodian specimen was most 
distantly related to the others, with genetic distances of 
0.145 to 0.233.

Since both ML and NJ analyses produced similar 
topologies for the C. rothneyi group, only the ML 
analysis is shown. Phylogenetic analysis of the 12S 
sequence data revealed three main clades (Fig. 2). 
Group I contained the specimens from Thailand and 
Cambodia, group II contained the specimens from 
Bangladesh and Myanmar, and group III contained the 
specimens from Krakatau and Sulawesi. Although the 
relationship was not supported by high bootstrap values, 
groups II and III were recovered as a clade, and as the 
sister group to group I (Fig. 2).

Table 3.  Percent mitochondrial 12S ribosomal RNA (12S: 387 bp) sequence divergence among populations of 
Crematogaster species examined. The p-distance (upper right) and the K2P distance (lower left) are shown. Locality 
codes correspond to table 1

[2 BAN] [3 MYA] [4 THA] [6 SEB] [8 SUL] [9 CAM] [cor] [fer] [rog]

Crematogaster rothneyi [2 BAN] 0.018 0.066 0.050 0.050 0.080 0.196 0.208 0.192
Crematogaster rothneyi [3 MYA] 0.019 0.058 0.047 0.042 0.069 0.193 0.208 0.192
Crematogaster rothneyi [4 THA] 0.070 0.061 0.060 0.060 0.034 0.208 0.207 0.190
Crematogaster rothneyi [6 SEB] 0.053 0.050 0.064 0.013 0.074 0.195 0.213 0.204
Crematogaster rothneyi [8 SUL] 0.052 0.044 0.064 0.013 0.071 0.201 0.215 0.204
Crematogaster yaharai [9 CAM] 0.085 0.073 0.035 0.079 0.076 0.223 0.214 0.208
Crematogaster coriaria [cor] 0.228 0.224 0.246 0.227 0.235 0.267 0.197 0.235
Crematogaster ferrarii [fer] 0.245 0.246 0.243 0.252 0.255 0.254 0.228 0.141
Crematogaster rogenhoferi [rog] 0.223 0.223 0.221 0.240 0.240 0.246 0.283 0.158

Table 4.  Percent mitochondrial cytochrome c oxidase (COI: 175 bp) sequence divergence among populations of 
Crematogaster species examined. The p-distance (upper right) and the K2P distance (lower left) are shown. Locality 
codes correspond to table 1

[1 IND] [2 BAN] [3 MYA] [5 VIE] [6 SEB] [7 PHI] [8 SUL] [9 CAM]

Crematogaster rothneyi [1 IND] 0.017 0.017 0.034 0.091 0.034 0.034 0.137
Crematogaster rothneyi [2 BAN] 0.017 0.023 0.040 0.097 0.040 0.051 0.131
Crematogaster rothneyi [3 MYA] 0.017 0.023 0.051 0.103 0.051 0.051 0.137
Crematogaster rothneyi [5 VIE] 0.035 0.041 0.054 0.069 0.057 0.046 0.171
Crematogaster rothneyi [6 SEB] 0.098 0.104 0.111 0.072 0.097 0.109 0.200
Crematogaster rothneyi [7 PHI] 0.035 0.041 0.054 0.060 0.104 0.046 0.149
Crematogaster rothneyi [8 SUL] 0.035 0.053 0.054 0.047 0.118 0.047 0.160
Crematogaster yaharai [9 CAM] 0.152 0.145 0.152 0.195 0.233 0.167 0.180
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SYSTEMATICS

Order Hymenoptera Linnaeus, 1758
Family Formicidae Latreille, 1809

Subfamily Myrmicinae Lepeletier de Saint-
Fargeau, 1835

Genus Crematogaster Lund, 1831

The Crematogaster rothneyi group

The Crematogaster rothneyi  group can be 
distinguished from other Asian Crematogaster species 
by the following characters: (1) mandible with four 
teeth; (2) 3-segmented antennal club; (3) a deep 
metanotal groove; (4) developed propodeal spines; (5) 
petiole broader anteriorly; (6) bilobed postpetiole with 
distinct longitudinal median sulcus; (7) punctuated 
mesosoma; (8) stout body setae. This species group is 
similar to C. coriaria in having features (3), (4), (5) and 
(7), but can be distinguished from C. coriaria by having 
features (1), (2), (6) and (8) (Hosoishi and Ogata 2015). 
Crematogaster coriaria is known from Peninsular 
Malaysia, Sumatra, Java and Borneo (Hosoishi and 
Ogata 2015). These large-sized Crematogaster ants are 
easily found in the field. Despite having relatively few 
samples, the distribution range of the two species does 
not appear to overlap, and the two species C. coriaria 

and C. rothneyi are considered to have an allopatric 
distribution. While C. coriaria typically inhabits well-
developed forests and nests in dead wood (Hosoishi 
and Ogata 2015), the natural history of the C. rothneyi 
group is poorly known. Worker specimens of the herein 
described C. yaharai sp. nov. were collected from a 
disturbed community forest in Kampong Chhnang 
Province, Cambodia.

Synonymic list of the Crematogaster rothneyi 
group

C. rothneyi Mayr, 1879 = C. rothneyi civa Forel, 1902 
syn. nov.

C. rothneyi haputalensis Forel, 1913
C. yaharai Hosoishi and Ogata sp. nov.

Key to species based on the worker caste

1. Antennal segments V and VI each not longer than broad. 
Mesopleuron densely sculptured or central region of mesopleuron 
smooth. Dorsal surface of propodeum sculptured reticulately. 
Lateral surface of propodeum sculptured reticulately or 
areolately  ....................................................................  C. rothneyi

- Antennal segments V and VI each 1.5 times longer than broad. 
Central region of mesopleuron smooth. Dorsal surface of 
propodeum smooth or weakly punctuated. Lateral surface of 
propodeum smooth  ......................................... C. yaharai sp. nov.

Fig. 2.  Maximum likelihood tree for Crematogaster rothneyi and C. yaharai inferred from 12S rRNA sequences (12S, 387 bp). Numbers above 
nodes indicate the bootstrap values. Please note, only one sequence from each population was available.
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Crematogaster rothneyi Mayr, 1879
(Figs. 3, 5A)

Crematogaster rothneyi F. Smith, 1873: viii. Nomen nudum, attributed 
to Mayr.

Crematogaster rothneyi Mayr, 1879: 685. Worker.
Crematogaster rothneyi var. civa Forel, 1902: 203. Worker.

Type material of Crematogaster rothneyi Mayr, 
1879 (examined): Lectotype worker (by present 
designation) and two paralectotype workers, INDIA, 
Calcutta (Rothney leg.) (NHMW). Type locality: 
INDIA, Calcutta (Rothney) (NHMW). Karyotype by 
Imai et al., 1984: 6. Combination in C. (Acrocoelia) by 
Emery, 1922: 151; in C. (Crematogaster) by Blaimer, 
2012: 55.

Type material of Crematogaster rothneyi civa 
Forel, 1902 (examined): Five syntype workers, INDIA, 
Poona (Wroughton leg.) (MHNG). Type locality: 
INDIA, Poona (Wroughton) (MHNG). Combination in 
C. (Acrocoelia) by Emery, 1922: 151. Syn. nov.

Additional Specimens examined: INDIA: 1 
worker, Calcutta, West Bengal, 23.ix.1978 (H. Imai 
leg.) (KUEC); BANGLADESH: 5 workers, Chitragong, 
FRI, 23.i.1995 (K. Ogata leg.) (KUEC); MYANMAR: 
4 workers, Bagan, 23.ii.2002 (MM02-SKY-01) (Sk. 
Yamane leg.) (KUEC); THAILAND: 2 workers, 500-
600 m alt., Doi Chiang Dao, nr Chiang Mai, 2.iv.2005 
(Sk. Yamane leg.) (KUEC); 2 workers, 650-700 m alt., 
leaf litter, Doi Chiang Dao, nr Chiang Mai, 3.iv.2005 
(Sk. Yamane leg.) (KUEC); VIETNAM: 1 worker, Hat 
Lot, Mai Son Dist., Son La Prov., 26.xi.1999 (K. Ogata 
leg.) (KUEC); INDONESIA: 4 workers, coconut log, 
Pulau Sebesi, Lampung Prov., Sunda Strait, 11.viii.2005 
(RK05-SKY-12) (Sk. Yamane leg.) (KUEC); 4 workers, 
foraging on ground, Sulawesi, Mts. Tilongkabila, 
100 m alt., Gorontalo Prov., 27.i.2010 (CE10-SKY-37) 
(Sk. Yamane leg.) (KUEC); PHILIPPINES: 1 worker, 
Apolong, Valencia, near Dumaguete, Negros Oriental, 
30.xii.1998 (Sk. Yamane leg.) (KUEC).

Diagnosis: This species is very similar to C. 
yaharai sp. nov., but can be distinguished by the 
broader than long antennal segments V to VI, sculptured 
mesopleuron, and reticulately or areolately sculptured 
propodeum. The Indian specimen examined does not 
have distinctly developed longitudinal rugulae on the 
higher half of the dorsal surface of the head (Fig. 3B). 
The Thai specimens have broader or as broad as long 
antennal segments V and VI and a sculptured propodeal 
dorsum.

Measurements and indices of worker: HW 0.6-
0.84; HL 0.63-0.85; CI 95-105; SL 0.66-0.85; SI 99-
117; EL 0.14-0.22; PW 0.4-0.53; WL 0.72-1.01; PSL 
0.05-0.14; PtL 0.22-0.30; PtW 0.24-0.33; PtH 0.16-
0.21; PpL 0.16-0.21; PpW 0.24-0.36; PtHI 60-80; PtWI 

103-132; PpWI 150-188; WI 96-116 (Fourteen workers 
measured).

General description of worker: Polymorphic 
workers with moderate size variation.

Head subquadrate in full-face view, with weakly 
concave posterior margin, angular posterior corners 
and convex sides. Occipital carinae developed. 
Mandible with four teeth, apical and subapical teeth 
large. Anterior margin of clypeus convex with slightly 
impressed median portion; anterolateral margins of 
clypeus protruded anteriorly; posterior margin of 
clypeus rounded between frontal lobes. Frontal carinae 
almost parallel. Antennae 11 segmented; relative scape 
length variable with worker size (SI, 99-117); SI lower 
in larger specimens; antennal club 3-segmented. Scape 
exceeding posterior corner of head by 1/4 of its length 
or more. Antennal segments V and VI each broader than 
long or as broad as long. Compound eyes distinctly 
projecting beyond lateral margins of head in full-face 
view, especially in large workers.

Pronotum and mesonotum fully fused without 
defined suture. In lateral view, posterior half of 
dorsolateral margin of mesonotum forming triangle-
shaped process, anterior half forming almost flat 
outline. Mesothoracic spiracle reduced to form small pit 
dorsoventrally. Metapleural gland opening slit-shaped. 
Propodeal spiracle elliptical, situated at posterolateral 
corner, apart from metapleural gland bulla. Metanotal 
groove straight in dorsal view, deep and forming 
concave region between mesonotum and propodeum. 
In dorsal view, longitudinal rugulae not connecting 
between mesonotum and propodeum; the boundary 
distinct. Propodeal spines developed; length variable in 
several specimens.

Petiole scoop-shaped, broader anteriorly, 
longer than broad in dorsal view; spiracle situated at 
midportion between dorsal and ventral margin of petiole 
in lateral view, directed posterolaterally. Postpetiole 
with distinct longitudinal median sulcus, bilobed in 
dorsal view; spiracle situated anteriorly on lateral 
surface in lateral view.

Dorsum of head sculptured with longitudinal 
rugulae, but weakly developed on posterior half. 
Clypeus with longitudinal rugulae. Promesonotum 
sculptured reticulately or areolately. Mesopleuron 
densely sculptured in Indian specimen, or central 
region of mesopleuron smooth with weakly sculptured 
surrounding in other specimens. Dorsal surface of 
propodeum sculptured reticulately. Lateral surface of 
propodeum sculptured reticulately or areolately. Dorsal 
and lateral surface of petiole sculptured. Dorsal and 
lateral surface of postpetiole sculptured. Median sulcus 
of postpetiole smooth. 

Standing pilosity sparse. Dorsum of head with 
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short and erect setae. Clypeus with some pairs of 
erect setae. Anterior clypeal margin with one pair of 
long setae mixed with short setae laterally. Mesonotal 
dorsum with sparse erect setae. Petiole with suberect 
setae. Postpetiole with suberect setae. Fourth abdominal 
tergite with sparse erect setae. 

Body almost entirely yellow, or brown, except for 
antenna yellowish.

Distribution: This species is known from India, 

Bangladesh, Myanmar, Thailand, Vietnam, Indonesia 
(Pulau Sebesi, Sulawesi) and the Philippines (Fig. 1). 
Tiwari (1999) collected this species in Tamil Nadu, 
Gujarat, Maharashtra, and West Bengal States of India.

Remarks: The syntype workers of C. rothneyi 
civa match well with syntype workers of C. rothneyi. 
We treated C. rothneyi civa as a junior synonym of C. 
rothneyi.

Fig. 3.  Crematogaster rothneyi. (A, B, C) non-type worker from Calcutta, India (HW 0.8; WL 0.9). (A) body in lateral view; (B) full-face view of 
head; (C) dorsal view of mesosoma, petiole and postpetiole. (D, E, F) non-type worker from Sulawesi, Indonesia (HW 0.74; WL 0.88). (D) body in 
lateral view; (E) full-face view of head; (F) dorsal view of mesosoma, petiole and postpetiole.

page 8 of 15Zoological Studies 58: 11 (2019)



© 2019 Academia Sinica, Taiwan

Crematogaster rothneyi haputalensis Forel, 
1913

Crematogaster rothneyi var. haputalensis Forel, 1913: 75. Queen.

Type locality: SRI LANKA, Haputale, 5000 
ft. (types not found in MHNG) [not examined]. 
Combination in C. (Acrocoelia) by Emery, 1922: 152.

Remarks: We were not able to examine type 
material of C. rothneyi haputalensis. Forel’s original 
description (1913) was based on a single queen 
collected under a stone. Forel suggested that the queen 
of C. rothneyi hapulatelensis had finer body striation 
and punctures than C. rothneyi civa did. The taxonomic 
status of C. rothneyi haputalensis will remain uncertain 
until the nest series become available. This taxon is 
known only from the type locality in Sri Lanka (Fig. 1). 

Crematogaster yaharai Hosoishi and Ogata sp. 
nov.

(Figs. 4, 5B)
urn:lsid:zoobank.org:act:D059589E-7541-4820-860A-

833B5BB6DF03

Type material: Holotype worker, CAMBODIA, 
Kampong Chhnang (community forest) 12.i.2010 
(SH10-Cam-55) (S. Hosoishi) (THNHM). Four paratype 
workers same data as holotype (BMNH, CASC, KUEC, 
MHNG).

Etymology: The specific name is dedicated to 
Japanese biologist Dr. Tetsukazu Yahara, who helped 
our field surveys in Cambodia.

Diagnosis: This species is very similar to C. 
rothneyi, but can be distinguished by the longer than 
broad antennal segments V and VI, smooth mesopleuron 
and smooth or weakly punctuated propodeum.

Measurements and indices of holotype worker: 
HW 0.78; HL 0.77; CI 101; SL 0.76; SI 97; EL 0.2; PW 
0.48; WL 0.89; PSL 0.11; PtL 0.26; PtW 0.33; PtH 0.17; 
PpL 0.2; PpW 0.33; PtHI 65; PtWI 127; PpWI 165; WI 
100.

Measurements and indices of paratype workers: 
HW 0.63-0.76; HL 0.63-0.75; CI 99-101; SL 0.68-0.81; 
SI 104-115; EL 0.18-0.24; PW 0.41-0.48; WL 0.71-0.88; 
PSL 0.08-0.11; PtL 0.23-0.28; PtW 0.27-0.33; PtH 0.15-
0.19; PpL 0.16-0.21; PpW 0.28-0.34; PtHI 64-70; PtWI 
104-122; PpWI 148-175; WI 97-115 (Four paratype 
workers measured).

General description of worker: Polymorphic 
workers with moderate size variation.

Head subquadrate in full-face view, with weakly 
concave posterior margin, angular posterior corners 
and convex sides. Occipital carinae developed. 
Mandible with four teeth, apical and subapical teeth 

large. Anterior margin of clypeus convex with slightly 
impressed median portion; anterolateral margins of 
clypeus protruded anteriorly; posterior margin of 
clypeus rounded between frontal lobes. Frontal carinae 
almost parallel. Antennae 11 segmented; relative scape 
length variable with worker size (SI, 97-115); SI lower 
in larger specimens; antennal club 3-segmented. Scape 
exceeding posterior corner of head by 1/4 of its length 
or more. Antennal segments V and VI each 1.5 times 
longer than broad. Compound eyes distinctly projecting 
beyond lateral margins of head in full-face view, 
especially in large workers.

Pronotum and mesonotum fully fused without 
defined suture. In lateral view, posterior half of 
dorsolateral margin of mesonotum forming triangle-
shaped process, anterior half forming almost flat 
outline. Mesothoracic spiracle reduced to form small pit 
dorsoventrally. Metapleural gland opening slit-shaped. 
Propodeal spiracle elliptical, situated at posterolateral 
corner, apart from metapleural gland bulla. Metanotal 
groove straight in dorsal view, deep and forming 
concave region between mesonotum and propodeum. 
In dorsal view, longitudinal rugulae not connecting 
between mesonotum and propodeum. Propodeal spines 
short.

Petiole scoop-shaped, broader anteriorly, 
longer than broad in dorsal view; spiracle situated at 
midportion between dorsal and ventral margin of petiole 
in lateral view, directed lateroposteriorly. Postpetiole 
with distinct longitudinal median sulcus, bilobed in 
dorsal view; spiracle situated anteriorly on lateral 
surface in lateral view.

Dorsum of  head weakly  sculptured  wi th 
longitudinal rugulae. Clypeus with longitudinal rugulae 
in large workers, but weakly punctuated in small 
workers. Promesonotum punctuated. Central region 
of mesopleuron smooth, but higher anterior and lower 
posterior regions weakly sculptured. Dorsal surface 
of propodeum smooth or weakly punctuated. Lateral 
surface of propodeum smooth and shining. Dorsal and 
lateral surface of petiole sculptured. Dorsal and lateral 
surface of postpetiole sculptured. Median sulcus of 
postpetiole smooth. 

Standing pilosity sparse. Dorsum of head with 
short and erect setae. Clypeus with some pairs of 
erect setae. Anterior clypeal margin with one pair of 
long setae mixed with short setae laterally. Mesonotal 
dorsum with sparse erect setae. Petiole with suberect 
setae. Postpetiole with suberect setae. Fourth abdominal 
tergite with sparse erect setae. 

Body color: Yellow-brown.
Distribution: This species is only known from the 

type locality in Cambodia (Fig. 1).
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Fig. 5.  Left antenna. (A) Crematogaster rothneyi; (B) Crematogaster yaharai. Arrow indicates antennal segments V and VI.

Fig. 4.  Crematogaster yaharai, paratype worker from Cambodia (HW 0.72; WL 0.83). (A) body in lateral view; (B) full-face view of head; (C) 
dorsal view of mesosoma, petiole and postpetiole.
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DISCUSSION

D e s p i t e  t h e  w i d e  d i s t r i b u t i o n  r a n g e  o f 
Crematogaster rothneyi, relatively low genetic variation 
was observed between the Southwest and Southeast 
Asian populations (Tables 3, 4). For example, although 
Calcutta (India) is approximately 5,000 km from 
Sulawesi (Indonesia), the sequence divergence of COI 
sequences of specimens from these two areas was only 
3.5% (K2P distance, 6/175 bp) (Table 4). Similarly, 
the divergence of 12S sequences of specimens from 
Bangladesh and Sulawesi was only 5.2% (K2P 
distance, 21/387 bp) (Table 3). In addition, this level of 
sequence divergence is considered low among allopatric 
populations (e.g., Balke et al. 2018). Indeed, no marked 
morphological differences were observed in the worker 
caste of C. rothneyi in our collections. The longitudinal 
rugulae on the higher half of the dorsal surface of 
the head were not found to be distinct in the Indian 
specimen, but they were weakly developed in the other 
Southeast Asian specimens. Such slight molecular and 
morphological differences typically suggest fairly recent 
population divergence.

Interestingly, the Cambodian specimens (C. 
yaharai) were distantly related to the western and 
eastern populations, exhibiting a 12S sequence 
divergence of 7.3%–8.5% (12S, K2P distance, 387 
bp) (Table 3) and a COI sequence divergence of 
14.5%–23.3% (COI, K2P distance, 175 bp), although 
the sequence divergence for 12S was 3.5% between 
the Cambodian and Thai specimens (discussed below). 
Compared to the sequence divergence values observed 
for the Asian Crematogaster species, these levels of 
mtDNA sequence divergence seem to be sufficiently 
high for species delimitation (Hosoishi and Ogata 
2014 2015 2016). For the 12S region, the sequence 
divergence between C. ferraii (Vietnamese specimen, 
LC371676) and its closely related but distinct species 
(Sulawesi specimen, LC474370) was 4.8% (370 
bp). This deep genetic gap indicates that Cambodian 
populations have been genetically isolated from other C. 
rothneyi populations for a very long time.

The deeply divergent mtDNA lineages may be 
due to an introgression from related species (Toews and 
Brelsford 2012). The 12S sequence of the Cambodian 
specimen was highly divergent from the sequence 
of the related species C. coriaria (Table 3), which 
excludes the possibility of introgression from the related 
Crematogaster species.

The Cambodian specimen (C. yaharai) was both 
morphologically and genetically separate from C. 
rothneyi, while the Thai specimen was genetically close 
to the Cambodian one (C. yaharai) and morphologically 
similar to C. rothneyi. Such discordance between 

morphology and mtDNA phylogeny sugges ts 
in terspeci f ic  hybr idizat ion and in t rogress ion 
(Goropashnaya et al. 2004; Galkowski et al. 2017). The 
Thai population had mitochondrial sequence typical 
to C. yaharai, presumably suggesting introgression of 
mtDNA from C. yaharai to the Thai population of C. 
rothneyi. 

The deep genetic gap found between Cambodian 
sequences and most other Southeast Asian sequences 
suggests that the Cambodian populations were 
originally confined to smaller regions in the Indochinese 
Peninsula. Then they might have dispersed throughout 
the Indochinese Peninsula. The low genetic divergences 
between western and eastern populations may be 
because the populations spread rapidly through South- 
and Southeast Asia from smaller parts of the Sundaic 
region, when the region was connected to continental 
Asia by a land bridge due to low sea levels (Woodruff 
2010).

Our molecular analyses revealed the existence 
of three clades within the C. rothneyi group, but we 
consider only the Cambodian series to be a distinct 
species. Since the Cambodian specimens exhibited 
marked genetic and morphological differences 
compared to C. rothneyi, this study describes the 
Cambodian specimens as a new species, C. yaharai 
sp. nov. In the obtained phylogeny, the Thai specimens 
were clearly separated from the clade comprising the 
group II and III specimens. Nevertheless, the Thai 
specimens did not show any distinct morphological 
differences in the worker caste that would warrant its 
separation from C. rothneyi; therefore, we considered 
that, while the Thai specimens were genetically 
different, they were too morphologically similar to 
warrant consideration as a separate taxon, even though 
slight morphological differences were observed. We 
therefore treated these specimens as conspecific to 
C. rothneyi. Recognition of C. yaharai within the C. 
rothneyi group rendered C. rothneyi paraphyletic in the 
material analyzed (Fig. 2). Blaimer and Fisher (2013) 
reported that sequence divergence between C. degeeri 
and C. ramamy was low (4.7%, COI 592 bp), and that 
the two species were not monophyletic. They suggested 
that this could be attributed to a recent or ongoing 
speciation event, and distinguished them clearly 
based on morphological characters and ecological 
differences. In phylogenetic studies of the ant genus 
Linepithema, Wild (2007) considered L. neotropicum to 
be paraphyletic based on the mtDNA phylogeny, but the 
nuclear gene phylogeny showed that the sister species 
were monophyletic. He suggested that mitochondrial 
introgression had occurred between L. neotropicum 
and L. cerradense. Unfortunately, due to the age and 
condition of the specimens used in our study, we 
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could not obtain nuclear gene sequences for analysis. 
However, a comparison between mtDNA and nuclear 
gene phylogenies using fresh material may reveal the 
relationships between these cryptic species. 

Our molecular data are clearly limited, as only 
short lengths of the 12S and COI regions were sampled 
from each population. Phylogenetic relationships among 
the geographical populations should be considered in 
the future, when more fresh material becomes available. 

Taxa that are closely related or sister to the 
Sundaic species have already been reported from 
the Indochinese Peninsula in Asian ants (e.g., Ward 
2001; Jaitrong and Yamane 2011; Jaitrong et al. 2012; 
Hosoishi and Ogata 2014 2016; Eguchi et al. 2016; 
Phengsi et al. 2018), but the finding that C. yaharai 
differs from those is unique to this study. According to a 
review by Lohman et al. (2011), terrestrial invertebrates 
from mainland Southeast Asian rarely show genetic 
differentiation (e.g., weaver ant by Azuma et al. 2006; 
giant wood spider by Su et al. 2007), but vertebrates 
often do (e.g., Patou et al. 2010; Chan et al. 2013). 
Crematogaster rothneyi is widely distributed in South 
and Southeast Asia, and its sister species, C. yaharai sp. 
nov., is found within the total distribution range of C. 
rothneyi. Its collection locality is not a geographically 
isolated area, such as high mountains, but lowland 
forest. Few similar findings have been reported in the 
region. Among palm civets (Paradoxurus spp.), P. 
hermaphroditus cochinensis is considered endemic 
to southern Vietnam and Cambodia, but Patou et 
al. (2010) found no evidence for the subspecies in 
their phylogeographic studies. The dolichoderine 
ant Technomyrmex yamanei is known only from 
northern Thailand and Vietnam, and the sister species 
T. modiglianii is widely distributed throughout the 
Indochinese Peninsula, Peninsular Malaysia, Borneo, 
Java, Sumatra and Sulawesi (Bolton 2007), but those 
two ant species can be clearly distinguished from each 
other based on morphology. 

Widespread species with sister species that have 
a more restricted distribution are considered to reflect 
instances of recent speciation. Condamine et al. (2013) 
estimated that the sister peacock swallowtail species 
Papilio arcturus (northern India to Indochina) and 
P. hopponis (Taiwan) diverged during the Pliocene. 
Molecular dating analyses suggest that an ancestor or 
population of the butterfly Delias hyparte (Nepal, India, 
Thailand to Indonesia) colonized Sulawesi 0.90 Mya, 
after which time then the two related Sulawesi species, 
D. rosenbergi and D. mitisi, diverged (Morinaka et al. 
2017). In phylogenetic studies of the Sundaic Hylobates 
gibbon species, Chan et al. (2013) suggested that the 
Indochinese species, H. pileatus, diverged initially from 
the other gibbons about 3 Mya, and that its distribution 

then decreased while the populations of the other 
species expanded. Hosoishi and Ogata (2017) estimated 
the divergence time for the most common ancestor of 
the Indochinese species, C. khmerensis, and the Sundaic 
clade to be 15 Mya, in the middle Miocene. We did not 
estimate the divergence time for the C. rothneyi group 
due to the short length of the mtDNA sequences used in 
this study, but we consider it to be more recent than that 
proposed by Hosoishi and Ogata (2017). Indeed, the 
slight morphological differences suggest that speciation 
occurred recently, presumably in the Pleistocene. The 
findings of this study suggest that overlooked cryptic 
ant species remain to be discovered on the Indochinese 
Peninsula, especially among widespread Asian species. 
Since these species are not easily recognizable, both 
morphological and molecular taxonomic methods, and 
possibly other means of analysis, will be required to 
reveal the existence of cryptic species diversity.

CONCLUSIONS

Morphological and mitochondrial gene data 
suggest the existence of cryptic species with the 
widespread Asian ant Crematogaster rothneyi. We 
describe the Cambodian series as a new species, C. 
yaharai sp. nov., based on unique antennal morphology 
and mesosomal sculpture patterns with molecular 
evidence. Widespread species with sister species that 
have a more restricted distribution, suggesting recent 
diversification within the Indochinese Peninsula. 

Acknowledgments: This work and the new species 
name have been registered with ZooBank under 
urn:lsid:zoobank.org:pub:A17C36B5-0A85-4CB3-
A88D-47CC7EE7659. We would like to thank Dr. Seiki 
Yamane for providing specimens. We would also like 
to thank Mr. Phourin Chhang and Mr. Vanna Samreth 
(Forestry Administration, Phnom Penh, Cambodia), 
Dr. Tsuyoshi Kajisa (Kagoshima University) and Dr. 
Nobuya Mizoue (Faculty of Agriculture, Kyushu 
University) and Dr. Tetsukazu Yahara (Faculty of 
Science, Kyushu University) for helping with our field 
surveys in this study. We are grateful to the following 
persons for loaning us material or allowing us access 
to museum collections: Bernhard Merz (MHNG) and 
Dominique Zimmermann (NHMW). We would like 
to thank ANeT members for their encouragement. 
Thanks are also due to Mark Lorenz (Forte Inc.) for 
improving the English of this manuscript. This work 
was supported in part by JSPS KAKENHI (Grant-in-Aid 
for Scientific Research (C)) Grant Number 26440221, 
JSPS KAKENHI (Grant-in-Aid for Scientific Research 
(B)) Grant Number 26304014 and Global COE Program 

page 12 of 15Zoological Studies 58: 11 (2019)



© 2019 Academia Sinica, Taiwan

(Center of excellence for Asian conservation ecology 
as a basis of human-nature mutualism), MEXT, Japan. 
Thanks also to the three anonymous reviewers for their 
constructive improvements to the manuscript.

Authors’ contributions: SH designed the study, 
wrote the manuscript and descriptions, prepared all 
figures and analyzed the experiments. SH and KO 
participated in revising the manuscript. SH and KO read 
and approved the final manuscript.

Competing interests: SH and KO declare that they 
have no conflict of interest.

Availability of data and materials: Not applicable.

Consent for publication: Not applicable.

Ethics approval consent to participate: Not 
applicable.

REFERENCES

Aguliar-Velasco RG, Poteaux C, Meza-Lázaro R, Lachaud JP, 
Dubovikof D, Zaldívar-Riverón A. 2016. Uncovering species 
boundaries in the Neotropical ant complex Ectatomma ruidum 
(Ectatomminae) under the presence of nuclear mitochondrial 
paralogues. Zool J Linn Soc 178:226–240. doi:10.1111/
zoj.12407.

AntWeb. 2019. Available from http://www.antweb.org. Accessed 26 
March 2019.

Avise JC. 2000. Phylogeography: the history and formation of species. 
Harvard University Press, Cambridge, Massachusetts.

Azuma N, Ogata K, Kikuchi T, Higashi S. 2006. Phylogeography of 
Asian weaver ants, Oecophylla smaragdina. Ecol Res 21:126–
136.

Balakirev AE, Abramov AV, Rozhnov VV. 2017. The phylogeography 
of red spiny rats Maxomys surifer (Rodentia, Muridae) in 
Indochina with comments on taxonomy and description of new 
subspecies. Zool Stud 56:6. doi:10.6620/ZS.2017.56-06.

Balke M, Ribera I, Hendrich L, Miller MA, Sagata K, Posman A, 
Vogler AP, Meier R. 2018. New Guinea highland origin of a 
widespread arthropod supertramp. Proc R Soc B 276:2359–2367. 
doi:10.1098/rspb.2009.0015.

Bharti H, Guenard B, Bharti M, Economo EP. 2016. An updated 
checklist of the ants of India with their specific distributions in 
Indian states (Hymenoptera, Formicidae). ZooKeys 551:1–83. 
doi:10.3897/zookeys.551.6767.

Blaimer BB. 2012. A subgeneric revision of Crematogaster 
and discussion of regional species-groups (Hymenoptera: 
F o r m i c i d a e ) .  Z o o t a x a  3 4 8 2 : 4 7 – 6 7 .  d o i : 1 0 . 11 6 4 6 /
zootaxa.3482.1.3.

Blaimer B, Fisher BL. 2013. Taxonomy of the Crematogaster degeeri-
species assemblages in the Malagasy region (Hymenoptera: 
Formicidae). Eur J Taxon 51:1–64. doi:10.5852/ejt.2013.51.

Bolton B. 2007. Taxonomy of the dolichoderine ant genus 
Technomyrmex Mayr (Hymenoptera: Formicidae) based on the 
worker caste. Contrib Am Entomol Inst 35(1):1–150.

Bolton B. 2019. An online catalog of the ants of the world. Available 

from http://antcat.org. Accessed 26 March 2019.
Brandão CRF. 2000. Major regional and type collections of ants 

(Formicidae) of the world and sources for the identification of 
ant species. In: Agosti D, Majer JD, Alonso LE, Schultz TR 
(eds) Ants: Standard methods for measuring and monitoring 
biodiversity, Smithsonian Institution Press, Washington & 
London.

Chan Y-C, Roos C, Inoue-Murayama M, Inoue E, Shin C-C, 
Pei KJ-C, Vigilant L. 2013. Inferring the evolutionary 
histories of divergences in Hylobates and Nomascus gibbons 
through multilocus sequence data. BMC Evol Biol 13:82. 
doi:10.1186/1471-2148-13-82.

Chialvo P, Gotzek DA, Shoemaker D, Ross KG. 2018. Genetic 
analyses reveal cryptic diversity in the native North American 
fire ants (Hymenoptera: Formicidae: Solenopsis). Syst Entomol 
43:109–122. doi:10.1111/syen.12254.

Condamine FL, Toussaint EFA, Cotton AM, Genson GS, Sperling 
FAH, Kergoat GJ. 2013. Fine-scale biogeographical and temporal 
diversification processes of peacock swallowtails (Papilio 
subgenus Achillides) in the Indo-Australian Archipelago. 
Cladistics 29:88–111. doi:10.1111/j.1096-0031.2012.00412.x.

Csősz S, Seifert B, Müller B, Trindl A, Schulz A, Heinze J. 2014. 
Cryptic diversity in the Mediterranean Temnothorax lichtensteini 
species complex (Hymenoptera: Formicidae). Org Divers Evol 
14:75–88. doi:10.1007/s13127-013-0153-3.

Dong J, Kergoat GJ, Vicente N, Rahmadi C, Xu S, Robillard T. 2018. 
Biogeographic patterns and diversification dynamics of the genus 
Cardiodactylus Saussure (Orthoptera, Grylloidea, Eneopterinae) 
in Southeast Asia. Mol Phylogenet Evol 129:1–14. doi:10.1016/
j.ympev.2018.06.001.

Eguchi K, Viet BT, Oguri E, Yamane Sk. 2016. The first discovery 
of the “Pheidole quadricuspis group” in the Indo-Chinense 
Peninsula (Insecta: Hymenoptera: Formicidae: Myrmicinae). 
Rev Suisse Zool 123(1):45–55. doi:10.5281/zenodo.46289.

Emery C. 1922.  Hymenoptera,  Fam. Formicidae,  subfam. 
Myrmicinae. Genera Insectorum 174B:95–206.

Evans BJ, Morales JC, Supriatna J, Melnick DJ. 1999. Origin of the 
Sulawesi macaques (Cercopithecidae: Macaca) as suggested by 
mitochondrial DNA phylogeny. Biol J Linn Soc 66:539–560. 
doi:10.1111/j.1095-8312.1999.tb01925.x.

Evans BJ, Brown RM, McGuire JA, Supriatna J, Andayani N, 
Diesmos A, Iskandar D, Melnick DJ, Cannatella DC. 2003a. 
Phylogenetics of fanged frogs: testing biogeographical 
hypotheses at the interface of the Asian and Australian faunal 
zones. Syst Biol 52:794–819. doi:10.1093/sysbio/52.6.794.

Evans BJ,  Supriatna J ,  Andayani  N,  Melnick DJ.  2003b. 
Diversification of Sulawesi macaque monkeys: decoupled 
evolution of mitochondrial and autosomal DNA. Evolution 
57:1931–1946. doi:10.1111/j.0014-3820.2003.tb00599.x.

Forel A. 1902. Myrmicinae nouveaux de l’Inde et de Ceylan. Rev 
Suisse Zool 10:165–249.

Forel A. 1913. Wissenschaftliche Ergebnisse einer Forschungsreise 
nach Ostindien, ausgefuhrt im Auftrage der Kgl. Preuss. 
Akademie der Wissenschaften zu Berlin von H. v. Buttel-
Reepen. 2. Ameisen aus Sumatra, Java, Malacca und Ceylon. 
Gesammelt von Herrn Prof. Dr. v. Buttel-Reepen in den Jahren 
1911-1912. Zoologische Jahrbucher. Abt Syst Geogr Biol Tiere 
36:1–148.

Galkowski C, Lebas C, Wegnez P, Lenoir A, Blatrix R. 2017. 
Redescription of Proformica nasuta  (Nylander, 1856) 
(Hymenoptera, Formicidae) using an integrative approach. Eur J 
Taxon 290:1–40. doi:10.5852/ejt.2017.290.

Goropashnaya AV, Fedorov VB, Pamilo P. 2004. Recent speciation 
in the Formica rufa group ants (Hymenoptera, Formicidae): 
inference from mitochondrial DNA phylogeny. Mol Phylogenet 

page 13 of 15Zoological Studies 58: 11 (2019)

http://zoolstud.sinica.edu.tw/Journals/56/56-06.html
https://royalsocietypublishing.org/doi/10.1098/rspb.2009.0015
https://zookeys.pensoft.net/articles.php?id=6767
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.3482.1.3
https://europeanjournaloftaxonomy.eu/index.php/ejt/article/view/172
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1096-0031.2012.00412.x
https://link.springer.com/article/10.1007%2Fs13127-013-0153-3
https://www.sciencedirect.com/science/article/pii/S1055790318300472?via%3Dihub
https://zenodo.org/record/46289#.XQHsJFwzZaQ
https://academic.oup.com/biolinnean/article/66/4/539/2661444
https://academic.oup.com/sysbio/article/52/6/794/1633634
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.0014-3820.2003.tb00599.x
https://europeanjournaloftaxonomy.eu/index.php/ejt/article/view/414
https://onlinelibrary.wiley.com/doi/full/10.1111/syen.12254
https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-13-82
https://academic.oup.com/zoolinnean/article/178/2/226/2674306


© 2019 Academia Sinica, Taiwan

Evol 32:198–206. doi:10.1016/j.ympev.2003.11.016.
Guenard B, Dunn RR 2012. A checklist of the ants of China. Zootaxa 

3558:1–77. doi:10.11646/zootaxa.3558.1.1.
Honda M, Ota H, Murphy RW, Hikida T. 2005. Phylogeny and 

biogeography of water skinks of the genus Tropidophorus 
(Reptilia: Scincidae): a molecular approach. Zool Scr 35:85–95. 
doi:10.1111/j.1463-6409.2005.00215.x.

Hosoishi S, Ogata K. 2009. A taxonomic revision of the Asian 
endemic subgenus Physocrema of the genus Crematogaster 
(Hymenoptera: Formicidae). Zootaxa 2062:15–36. doi:10.5281/
zenodo.186855.

Hosoishi S, Ogata K. 2012. Revision of the Crematogaster brevis 
complex in Asia (Hymenoptera: Formicidae). Zootaxa 3349:18–
30. doi:10.11646/zootaxa.3349.1.2.

Hosoishi S, Ogata K. 2014. Description and DNA barcoding 
of Crematogaster fraxatrix  Forel ,  1911 and two new 
closely related species from Cambodia and Indonesia 
(Hymenoptera, Formicidae). ZooKeys 374:57–68. doi:10.3897/
zookeys.374.5874.

Hosoishi S, Ogata K. 2015. Taxonomy and DNA sequencing of 
Crematogaster coriaria Mayr, 1872 (Hymenoptera: Formicidae) 
with redescriptions of the worker, queen and male castes. Psyche 
541351:8 pages. doi:10.1155/2015/541351.

Hosoishi S, Ogata K. 2016. Discovery of a new Crematogaster 
species with 10-segmened antennae from the Indochina region, 
with description of the species and its phylogenetic position 
(Hymenoptera: Formicidae). Ann Entomol Soc Am 109 (5):805–
811. doi:10.1093/aesa/saw047.

Hosoishi S, Ogata K. 2017. Phylogenetic analysis and systematic 
position of two new species of the ant genus Crematogaster 
(Hymenoptera, Formicidae) from Southeast Asia. Eur J Taxon 
370:1–17. doi:10.5852/ejt.2017.370.

Hosoishi S, Yamane Sk, Ogata K. 2011. An evaluation of infraspecific 
taxa in Crematogaster (Paracrema) modiglianii (Hymenoptera: 
Formicidae) by nest series samples. Myrmecol News 14:123–
128.

Imai HT, Brown WL Jr, Kubota M, Yong HS, Tho YP. 1984. 
Chromosome observations on tropical ants from western 
Malaysia. 2. Annu Rep Natl Inst Genet Japan 34:66–69.

Jaitrong W, Guenard B, Economo EP, Buddhakala N, Yamane S. 
2016. A checklist of known ant species of Laos (Hymenoptera: 
Formicidae). Asian Myrmecol 8:17–48. doi:10.20362/
am.008019.

Jaitrong W, Yamane Sk. 2011. Synopsis of Aenictus species groups 
and revision of the A. currax and A. laeviceps groups in the 
eastern Oriental, Indo-Australian, and Australasian regions 
(Hymenoptera: Formicidae: Aenictinae). Zootaxa 3128:1–46. 
doi:10.11646/zootaxa.3128.1.1.

Jaitrong W, Yamane Sk, Tasen, W. 2012. A sibling species of 
Aenictus dentatus Forel, 1911 (Hymenoptera: Formicidae) from 
continental Southeast Asia. Myrmecol News 16:133–138.

Kimura M. 1980. A simple method for estimating evolutionary rate 
of base substitutions through comparative studies of nucleotide 
sequences. J Mol Evol 16:111–120.

Liu S, Jiang N, Xue D, Cheng R, Qu Y, Li X, Lei F, Han H. 2015. 
Evolutionary history of Apocheima cinerarius (Lepidoptera: 
Geometridae), a female flightless moth in northern China. Zool 
Scr 45:160–174. doi:10.1111/zsc.12147.

Lohman DJ, de Bruyn M, Page T, von Rintelen K, Hall R, Ng PKL, 
Shin HT, Carvalho GR, von Rintelen T. 2011. Biogeography of 
the Indo-Australian Archipelago. Annu Rev Ecol Evol S 42:205–
226. doi:10.1146/annurev-ecolsys-102710-145001.

Longino JT. 2003. The Crematogaster (Hymenoptera, Formicidae, 
Myrmicinae) of Costa Rica. Zootaxa 151:1–150. doi:10.11646/

zootaxa.151.1.1.
Luo SJ, Kim JH, Johnson WE, van der Walt J, Martenson J, Yuhki N, 

Miquelle DG, Uphyrkina O, Goodrich JM, Quigley HB, Tilson 
R, Brady G, Martelli P, Subramaniam V, McDougal C, Hean S, 
Huang SQ, Pan W, Karanth UK, Sunquist M, Smith M, Smith 
JLD, O’Brien SJ. 2004. Phylogeography and genetic ancestry 
of tigers (Panthera tigris). Plos Biol 2(12):e442. doi:10.1371/
journal.pbio.0020442.

Mayr G. 1879. Beiträge zur Ameisen-Fauna Asiens. Verh Zool-Bot 
Ges Wien 28:645–686.

Mercer JM, Roth L. 2003. The effects of Cenozoic global change 
on squirrel phylogeny. Science 299:1568–1572. doi:10.1126/
science.1079705.

Moreau CS. 2008. Unraveling the evolutionary history of 
the  hyperdiverse  ant  genus Pheidole  (Hymenoptera: 
Formicidae). Mol Phylogenet Evol 48:224–239. doi:10.1016/
j.ympev.2008.02.020.

Morinaka S, Erniwati, Minaka N, Miyata T, Hoshizaki S. 2017. 
Phylogeography of the Delias hyparete  species group 
(Lepidoptera: Pieridae): complex historical dispersals into and 
out of Wallacea. Biol J Linn Soc 121:576–591. doi:10.1093/
biolinnean/blx015.

Morrison L. 2004. Potential global range expansion of the invasive fire 
ant, Solenopsis invicta. Biol Invasions 6:183–191. doi:10.1023/
B:BINV.0000022135.96042.90.

Patou M-L, Wilting A, Gaubert P, Esselstyn JA, Cruaud C, Jennings 
AP, Fickel J, Veron G. 2010. Evolutionary history of the 
Paradoxurus palm civets - a new model for Asian biogeography. 
J Biogeogr 37:2077–2097. doi:10.1111/j.1365-2699.2010.02364.
x.

Pfeiffer M, Mezger D, Hosoishi S, Yahya BE, Kohout RJ. 2011. The 
Formicidae of Borneo (Insecta: Hymenoptera): a preliminary 
species list. Asian Myrmecol 4:9–58. doi:10.20362/am.004002.

Phengsi N, Jaitrong W, Ruangsittichai J, Khachonpisitsak S. 2018. A 
sibling species of Plathyrea clypeata Forel, 1911 in southeast 
Asia (Hymenoptera, Formicidae, Ponerinae). ZooKeys 729:87–
102. doi:10.3897/zookeys.729.21378.

Saitou N, Nei M. 1987. The neighbor-joining method: a new method 
for reconstructing phylogenetic trees. Mol Biol Evol 4:406–425. 
doi:10.1093/oxfordjournals.molbev.a040454.

Santos BF, Payne A, Pickett KM, Carpenter JM. 2015. Phylogeny 
and historical biogeography of the paper wasp genus Polistes 
(Hymenoptera: Vespidae): implications for the overwintering 
hypothesis of social evolution. Cladistics 31:535–549. 
doi:10.1111/cla.12103.

Seifert B. 2007. Die Ameisen Mittel- und Nordeuropas. Lutra-Verlag-
und Vertriebsgesellschaft, Görlitz.

Seifert B. 2018. The Ants of Central and Northern Europe. Lutra-
Verlag-und Vertriebsgesellschaft, Tauer, Germany.

Seifert B, Okita I, Heinze J. 2017. A taxonomic revision of the 
Cardiocondyla nuda group (Hymenoptera: Formicidae). Zootaxa 
4290:324–356. doi:10.11646/zootaxa.4290.2.4.

Simon C, Frati F, Beckenbach A, Crespi B, Liu H, Flook P. 1994. 
Evolution, weighting, and phylogenetic utility of mitochondrial 
gene sequences and a compilation of conserved polymerase 
chain reaction primers. Ann Entomol Soc Am 87:651–701. 
doi:10.1093/aesa/87.6.651.

Smith F. 1873. Untitled. Introduced by: “Mr. F. Smith exhibited a 
further collection of ants sent by Mr. G. A. James Rothney, from 
Calcutta”. Trans Entomol Soc London 1s:viii-ix.

Steiner FM, Seifert B, Moder K, Schlick-Steiner BC. 2010. A 
multisource solution for a complex problem in biodiversity 
research: Description of the cryptic ant species Tetramorium 
alpestre sp. n. (Hymenoptera: Formicidae). Zool Anz 249:223–

page 14 of 15Zoological Studies 58: 11 (2019)

https://zookeys.pensoft.net/articles.php?id=3236
https://www.hindawi.com/journals/psyche/2015/541351/
https://academic.oup.com/aesa/article/109/5/805/2195362
https://europeanjournaloftaxonomy.eu/index.php/ejt/article/view/495
http://www.asian-myrmecology.org/doi/10.20362/am.008019.html
https://biotaxa.org/Zootaxa/article/view/zootaxa.3128.1.1
https://onlinelibrary.wiley.com/doi/full/10.1111/zsc.12147
https://www.annualreviews.org/doi/10.1146/annurev-ecolsys-102710-145001
https://science.sciencemag.org/content/299/5612/1568
https://www.sciencedirect.com/science/article/pii/S1055790308000602?via%3Dihub
https://link.springer.com/article/10.1023%2FB%3ABINV.0000022135.96042.90
http://www.asian-myrmecology.org/doi/10.20362/am.004002.html
https://zookeys.pensoft.net/articles.php?id=21378
https://academic.oup.com/mbe/article/4/4/406/1029664
https://onlinelibrary.wiley.com/doi/full/10.1111/cla.12103
https://www.biotaxa.org/Zootaxa/article/view/zootaxa.4290.2.4
https://academic.oup.com/aesa/article-abstract/87/6/651/19291?redirectedFrom=fulltext
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2699.2010.02364.x
https://academic.oup.com/biolinnean/article-abstract/121/3/576/3096090?redirectedFrom=fulltext
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.0020442
https://biotaxa.org/Zootaxa/article/view/zootaxa.151.1.1
https://biotaxa.org/Zootaxa/article/view/zootaxa.151.1.1
https://biotaxa.org/Zootaxa/article/view/zootaxa.3349.1.2
https://zenodo.org/record/186855#.XQtIA14VFVl
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1463-6409.2005.00215.x
https://biotaxa.org/Zootaxa/article/view/zootaxa.3558.1.1
https://www.sciencedirect.com/science/article/pii/S1055790303004421?via%3Dihub


© 2019 Academia Sinica, Taiwan

254. doi:10.1016/j.jcz.2010.09.003.
Su YC, Chang YH, Lee SC, Tso IM. 2007. Phylogeography of the 

giant wood spider (Nephila pilipes, Araneae) from Asian-
Australian regions. J Biogeogr 34:177–191. doi:10.1111/j.1365-
2699.2006.01617.x.

Surridge AK, Timmins RJ, Hewitt GM, Bell DJ. 1999. Striped rabbits 
in Southeast Asia. Nature 400:726. doi:10.1038/23393.

Takehana Y, Naruse K, Sakaizumi M. 2005. Molecular phylogeny 
of  the  medaka f ishes  genus  Oryzias  (Beloniformes: 
Adrianichthyidae) based on nuclear and mitochondrial DNA 
sequences. Mol Phylogenet Evol 36:417–428. doi:10.1016/
j.ympev.2005.01.016.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 
2011. MEGA5: Molecular Evolutionary Genetics Analysis using 
Maximum Likelihood, Evolutionary Distance, and Maximum 
Parsimony Methods. Mol Biol Evol 28:2731–2739. doi:10.1093/
molbev/msr121.

Tiwari RN. 1999. Taxonomic studies on ants of Southern India. Mem 
Zool Surv India 18:1–96.

Toews DPL, Brelsford A. 2012. The biogeography of mitochondrial 
and nuclear discordance in animals. Mol Ecol 21:3907–3930. 
doi:10.1111/j.1365-294X.2012.05664.x.

Tosi AJ, Coke CS. 2007. Comparative phylogenetics offer new 
insights into the biogeographic history of Macaca fascicularis 
and the origin of the Mauritian macaques. Mol Phylogenet Evol 
42:498–504. doi:10.1016/j.ympev.2006.08.002.

Wagner HC, Arthofer W, Seifert B, Muster C, Steiner FM, Schlick-

Steiner BC. 2017. Light at the end of the tunnel: Integrative 
taxonomy delimits cryptic species in the Tetramorium caespitum 
complex (Hymenoptera: Formicidae). Myrmecol News 25:95–
129. doi:10.25849/myrmecol.news_025:095.

Ward PS. 2001. Taxonomy, phylogeny and biogeography of the 
ant genus Tetraponera (Hymenoptera: Formicidae) in the 
Oriental and Australian regions. Invertebr Taxon 15:589–665. 
doi:10.1071/IT01001.

Wetterer J. 2008. Worldwide spread of the longhorn crazy ant, 
Paratrechina longicornis (Hymenoptera: Formicidae). Myrmecol 
News 11:137–149.

Wetterer JK, Wild AL, Suarez AV, Roura-Pascual N, Espadaler X. 
2009. Worldwide spread of the Argentine ant, Linepithema 
humile (Hymenoptera: Formicidae). Myrmecol News 12:187–
194.

Wild AL. 2007. Evolution of the Neotropical ant genus Linepithema. 
Syst Entomol 34:49–62. doi:10.1111/j.1365-3113.2008.00435.x.

Woodruff DS. 2010. Biogeography and conservation in Southeast 
Asia: how 2.7 million years of repeated environmental 
fluctuations affect today’s patterns and the future of the 
remaining refugial-phase biodiversity. Biodivers Conserv 
19:919–941. doi:10.1007/s10531-010-9783-3.

Ziegler T, Abegg C, Meijaard E, Perwitasari-Farajallah D, Walter 
L, Hodges JK, Roos C. 2007. Molecular phylogeny and 
evolutionary history of Southeast Asian macaques forming the M. 
silenus group. Mol Phylogenet Evol 42:807–816. doi:10.1016/
j.ympev.2006.11.015.

page 15 of 15Zoological Studies 58: 11 (2019)

https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-294X.2012.05664.x
https://www.sciencedirect.com/science/article/pii/S1055790306003095?via%3Dihub
https://myrmecologicalnews.org/cms/index.php?option=com_content&view=category&id=1491&Itemid=407
http://www.publish.csiro.au/is/IT01001
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-3113.2008.00435.x
https://link.springer.com/article/10.1007%2Fs10531-010-9783-3
https://www.sciencedirect.com/science/article/pii/S1055790306004726?via%3Dihub
https://academic.oup.com/mbe/article/28/10/2731/973375
https://www.sciencedirect.com/science/article/pii/S1055790305000345?via%3Dihub
https://www.nature.com/articles/23393
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2699.2006.01617.x
https://www.sciencedirect.com/science/article/pii/S0044523110000537

	BACKGROUND
	MATERIALS AND METHODS
	Sources of materia
	Measurements and indices
	Molecular data collection

	RESULTS
	Molecular data

	SYSTEMATICS
	Order Hymenoptera Linnaeus, 1758
	Family Formicidae Latreille, 1809
	Subfamily Myrmicinae Lepeletier de Saint-Fargeau, 1835
	Genus Crematogaster Lund, 1831
	The Crematogaster rothneyi group
	Synonymic list of the Crematogaster rothneyi group
	Key to species based on the worker caste
	Crematogaster rothneyi Mayr, 1879
	Crematogaster rothneyi haputalensis Forel, 1913
	Crematogaster yaharai Hosoishi and Ogata sp. nov.

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES

