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Crematogaster coriaria Mayr, 1872, is revised based on the nest series samples. The following new synonymies are proposed: C.
coriaria Mayr, 1872 = C. coriaria fraudatrix Forel, 1911 syn. nov. = C. spengeli Forel, 1912 syn. nov. = C. spengeli taipingensis Forel,
1913 syn. nov. Worker, queen, and male castes of C. coriaria Mayr, 1872, are redescribed. The polymorphism of C. coriaria Mayr,
1872, was also discussed. DNA sequences were generated for C. coriaria Mayr, 1872, using an amplification of second half region
of the mitochondrial gene COI with a total of 711 bp. The interspecific COI divergence is 17.4% for C. coriaria Mayr, 1872, and C.
modiglianii Emery, 1900.

1. Introduction

Crematogaster coriaria Mayr, 1872, was described by Mayr
[1] based on the worker specimens from Borneo, Malaysia.
One following subspecies of C. coriariaMayr, 1872, has been
recognized: C. coriaria fraudatrix Forel, 1911, by Forel [2]
based on the workers from Sumatra, Indonesia. This species
had been classified into the former subgenus Paracrema but
presently assigned to the subgenus Crematogaster [3].

Crematogaster coriaria Mayr, 1872, is distributed in
Malaysia (Peninsula, Borneo) and Indonesia (Sumatra, Java)
and has been reported from several localities in the literatures
[4–6]. This species inhabits well-developed forests and nests
in the dead woods.

This species is relatively roughly distinguished from
other Crematogaster fauna by 4-segmented antennal club
and weak sculptured body surface. However, due to the
strong polymorphism, the taxonomy of this species has been
confused as follows. This species is distinctly polymorphic
in size and sculpture, causing some synonymies in some
species and subspecies. Crematogaster coriaria Mayr, 1872,
has relatively smooth surface of body in smaller workers
but develops the rugulae and sculpture in larger workers.

The present paper aims to revise the synonymies based on the
nest series samples. Such samples can reveal morphological
continuities within conspecific taxa.

As in other ant genera, taxonomy of the genus Cremato-
gaster has been generally improved based on the worker
caste [7]. The sexual forms are poorly investigated because of
the rarity of sexual castes in the collections and unexplored
characters in the genus (but see [8, 9]). The present paper
describes queen andmale castes ofC. coriariaMayr, 1872, and
it will provide a starting point for taxonomic studies to find
the valid characters.

Molecular approaches including DNA barcodes have
been recently used in biodiversity studies of ant species
[10] and are used as an additional and powerful method
in integrative taxonomy [11]. They can thus provide a use-
ful reference for the identification of Asian Crematogaster
species.Therefore, cytochromeoxidase I (COI) sequence data
from Crematogaster coriaria Mayr, 1872, is also generated
and compared with the closely related species, C.modiglianii
Emery, 1900. Our analysis included the 3 region of COI
region.

In the present paper, based on our examination of type
materials of almost all of the forms under consideration
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and nontype specimens including nest series samples, we
revise their names and solve synonymy of taxa related to the
species. In addition, this study redescribes the queen and
male castes of the species and then contributes toward the
taxonomy on sexual forms of Crematogaster ants in species-
level identification. The sequence data provide additional
information for the species.

2. Materials and Methods

2.1. Sources of Material. Type and nontype specimens were
examined and/or deposited in the collections listed below.
Codes for public institutions generally follow those in [12].

KUEC: Institute of Tropical Agriculture, KyushuUni-
versity, Fukuoka, Japan.
MHNG:Musee d’HistoireNaturelle, Geneva, Switzer-
land.
NHMW: Naturhistorisches Museum, Wien, Austria.

2.2. Observation. Most observations were made at various
magnifications on a Leica M205C stereomicroscope. Images
were taken using aCanon EOS 50DwithCanonMP-E 65mm
1–5x Macro Lens and then processed using Combine ZM.

2.3. Measurements and Indices. Measurements were made
under a Leica M205C stereomicroscope using micrometers.
All measurements are expressed in millimeters, recorded to
the second decimal place. The measurements for petiole and
postpetiole follow [13] and those for queen and male specific
measurements follow [8].

Data were plotted on log-log scales and regression lines
calculated for workers using R version 2.14.2.

Head width (HW): maximum width of head in full-
face view, excluding the eyes, in the worker and queen
castes, but measured including the eyes in the male
caste.
Head Length (HL): perpendicular distance from ver-
texmargin to line tangent anteriormost projections of
clypeus in full-face view.
Cephalic Index (CI): HW/HL × 100.
Scape length (SL): length of the first antennal seg-
ment, excluding the neck and basal condyle.
Scape Index (SI): SL/HW × 100.
Eye Length (EL): maximum length of the compound
eye.
PronotalWidth (PW): maximumwidth of the prono-
tum in dorsal view in the worker caste.
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 in the worker caste but measured

from tip of propodeal spine to propodeal declivity in
lateral view in the queen caste.
Petiole Length (PtL): length of the petiole in lateral
view.
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 [13, Figure 2]).
Postpetiole Width (PpW): maximum width of post-
petiole 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.

Queen andmale specificmeasurements [8] are as follows:

Mesonotal width (MSNW): maximum width of
mesonotum in dorsal view.
Mesonotal length (MSNL): maximum length of
mesonotum in dorsal view.
Mesonotal Index (MSNI): MSNW/MSNL × 100.

2.4. Genetic Analysis. Genomic DNA was extracted from
tissues rich in mitochondria (e.g., legs) using a DNeasy
Blood & Tissue kit (Qiagen, Maryland, USA). A 711 bp re-
gion of the mitochondrial genome, 3 region of the cyto-
chrome oxidase I (COI), was amplified via the polym-
erase chain reaction (PCR) using primers “Jerry” 5-CAA-
CATTTATTTTGATTTTTTGG-3 and “Pat” 5-TCCAAT-
GCACTAATCTGCCATATTA-3 [14]. Reactions were car-
ried out at 10 𝜇L volumes in a PCR Thermal Cycler MP
(TaKaRa Bio Inc.) under the following conditions: a first cycle
of 94∘C for 1min, followed by 5 cycles of 94∘C for 1min,
annealing at 48∘C for 90 s, and 72∘C for 90 s, and then 30
cycles of 94∘C for 1min, annealing at 51∘C for 90 s, and finally
72∘C for 90 s for the COI.

PCR products were visualized on a 1% agarose E-Gel
96-well system (Invitrogen) and then purified with 1.0 𝜇L
of ExoSAP-IT (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. It is noted that these sequences
are not DNA barcoding region. DNA sequence data for
one individual of Crematogaster coriaria Mayr, 1872, and
closely related species, C. modiglianii Emery, 1900, were
thus generated and deposited at DNA Data Base of Japan,
DDBJ (with accession numbers: LC068833, for C. coriaria
Mayr, 1872, and LC068834 for C. modiglianii Emery, 1900).
Crematogaster coriaria Mayr, 1872, was sequenced from
one nest series (SH10-Mal-85) from Ulu Gombak, Malaysia
(Peninsular Malaysia), and C. modiglianii Emery, 1900, from
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Figure 1: Crematogaster coriariaMayr, 1872, worker. (a)–(d) Large worker (HW 1.39; WL 1.52) (Ulu Gombak, Selangor, Malaysia): (a) body
in lateral view; (b) full-face view of head; (c) dorsal view of mesosoma; (d) petiole and postpetiole in dorsal view.
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Figure 2: Crematogaster coriariaMayr, 1872, worker. (a)–(c) Small worker (HW 0.64; WL 0.88) (Ulu Gombak, Selangor, Malaysia): (a) body
in lateral view; (b) full-face view of head; (c) large worker having ocelli (HW 1.63; WL 1.58) (Cikaniki, Halimun, Java, Indonesia).

one nest series (SH10-Mal-18) from Ulu Gombak, Malaysia
(Peninsular Malaysia). Contigs were assembled using Vector
NTI Advance TM ver. 11 (Invitrogen Corp.) and subse-
quently aligned by eye. Genetic distances were estimated
using the Kimura-2-parameter [15] distances with MEGA 5
[16].

3. Results

3.1. Taxonomy
Crematogaster coriariaMayr, 1872 (see Figures 1–4).Cremato-
gaster coriaria Mayr, 1872: 154 [1]. LECTOTYPE worker (by
present designation) and three paralectotype workers from
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Figure 3: Crematogaster coriaria Mayr, 1872, queen: (a) body in lateral view; (b) full-face view of head; (c) dorsal view of mesosoma; (d)
lateral view of mesosoma, petiole, and postpetiole.

0.5mm

(a)

0.5mm

(b)

0.5mm

(c)

0.5mm

(d)

Figure 4:Crematogaster coriaria, Mayr, 1872, male: (a) body in lateral view; (b) full-face view of head; (c) dorsal view ofmesosoma; (d) lateral
view of mesosoma, petiole, and postpetiole.

MALAYSIA: Borneo, Sarawak, 1865-66 (G. Doria) (NHMW,
MHNG) (examined). Combination in C. (Paracrema) by
Emery, 1922: 155 [17]; in C. (Crematogaster) by Blaimer, 2012:
55 [3].

Crematogaster coriaria subsp. fraudatrix Forel, 1911: 376
[2]. LECTOTYPE worker (by present designation) from
INDONESIA: Sumatra. (Bluntschli) (MHNG) (examined).

Combination in C. (Paracrema) by Emery, 1922: 155 [17]. syn.
nov.

Crematogaster spengeli Forel, 1912: 56 [18]. LECTOTYPE
worker (by present designation) from INDONESIA: Sumatra,
Indrapura. (Tritschler). (MHNG) (examined). Combination
in C. (Paracrema) by Santschi, 1918: 182 [19]; in C. (Cremato-
gaster) by Blaimer, 2012: 55 [3]. syn. nov.
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Crematogaster spengeli r. taipingensis Forel, 1913: 75, figure
V, [20]. LECTOTYPE worker (top specimen of three on
one pin) (by present designation) and two paralectotype
workers from MALAYSIA: Taiping, Maxwell Hill. (MHNG)
and three paralectotype workers from MALAYSIA: Bandar
Baru (MHNG) (examined). Combination in C. (Paracrema)
by Emery, 1922: 156 [17]. syn. nov.

Worker Measurements and Indices. HW 0.64–1.63; HL 0.68–
1.49; CI 93–110; SL 0.81–1.19; SI 73–128; EL 0.18–0.30; PW
0.43–0.88; WL 0.88–1.58; PSL 0.19–0.37; PtL 0.24–0.46; PtW
0.25–0.52; PtH 0.16–0.32; PpL 0.14–0.32; PpW 0.25–0.48;
PtHI 60–90; PtWI 91–131; PpWI 144–200; WI 88–107 (fifty-
three workers measured).

General Description ofWorker.Workers with pronounced size
polymorphism.

Head subquadrate in full-face view, with weakly concave
posterior margin, angular posterior corners, and subparallel
sides; posterior portion developed in large workers (Figures
1(b) and 2(c)). Ocelli rarely developed in large workers
(Figure 2(c)). Occipital carinae developed. Mandible with
four teeth in small workers and five in large workers,
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 in several worker size; antennal club 4-segmented.
Scape exceeding posterior corner of head. Compound eyes
distinctly projecting beyond lateral margins of head in full-
face view in small workers (Figure 2(b)), but not distinctly
projecting in large workers (Figures 1(b) and 2(c)).

Pronotum and mesonotum almost fused without defined
suture, rarely promesonotal suture present in large workers.
Posterior margins of mesonotum forming triangle-shaped
process in lateral view in small workers (Figure 2(a)), but
mesonotal dorsum forming flat outline in large workers
(Figure 1(a)). Mesothoracic spiracle reduced to form small
pit dorsoventrally. Metapleural gland opening slit-shaped.
Propodeal spiracle elliptical, situated at posterolateral cor-
ners, touching metapleural gland bulla. Metanotal groove
straight in dorsal view, deep and forming concave region
between mesonotum and propodeum. In dorsal view, feeble
longitudinal rugulae connecting between mesonotum and
propodeum; the boundary distinct. Propodeal spines devel-
oped long.

Petiole scoop shaped, but flattened with convex sides
or broader anteriorly, longer than broad; spiracle situated
anteriorly midportion between dorsal and ventral margin of
petiole in lateral view, directed laterally. Postpetiole without
distinctly longitudinal median sulcus, but bilobed behind in
large workers; spiracle situated anteriorly on lateral surface.

Posterior half of head sculptured without rugulae; gena
with rugulae on surrounding antennal sockets. Clypeus with
abundant longitudinal rugulae in large workers (Figures
1(b) and 2(c)), but weakly punctuated in small workers
(Figure 2(b)). Promesonotum weakly punctuated. Lateral
surface of pronotum smooth and shining. Mesopleuron

densely sculptured. Anterodorsal surface of propodeum gen-
erally sculptured. Lateral surface of propodeum smooth and
shining. Dorsal surface of petiole smooth and shining. Lateral
surface of petiole weakly punctuated. Dorsal surface of post-
petiole sculptured. Lateral surface of postpetiole generally
smooth and shining.

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

Body color yellow-brown.

Queen Measurements and Indices. HW 1.54–1.59; HL 1.39–
1.42; CI 111-112; SL 1.09–1.16; SI 71–73; EL 0.40–0.43; MSNW
1.38–1.39; MSNL 2.38–2.48; MSNI 56–58; WL 2.77–2.78; PSL
0.19–0.20; PtL 0.55–0.56; PtW 0.65–0.66; PtH 0.47–0.49; PpL
0.38–0.43; PpW 0.65–0.69; PtHI 85–88; PtWI 118; PpWI 160–
171; WI 100–105 (two queens measured).

Description of Queen. With worker character conditions,
except as follows.

Masticatory margin of mandibles with five teeth. Anten-
nal scapes reaching posterior margin of head.

Mesosoma slender (MSNI 56–58, WL 2.77–2.78); mesos-
cutum in dorsal view about 2 times longer than broad.
Propodeal spines short and stout. Petiolar spiracles situated
below lateral tubercles. Subpetiolar process absent. Postpeti-
olar spiracles situated at lateral tubercles.

Dorsal surface of head with longitudinal rugulae, but
posterior half weakly striated (Figure 3(b)). Mandibles gen-
erally smooth. Clypeus with abundant longitudinal rugu-
lae. Mesonotum weakly shining, but weakly sculptured
(Figure 3(c)). Lateral surface of pronotum and mesopleuron
with feeble longitudinal rugulae (Figure 3(d)). Dorsal sur-
face of propodeum with longitudinal rugulae (Figure 3(c)).
Lateral surface of propodeum with distinct longitudinal
rugulae (Figure 3(d)). Dorsal surface of petiole weakly sculp-
tured (Figure 3(c)). Lateral surface of petiole sculptured
(Figure 3(d)). Dorsal and lateral surface of postpetiole sculp-
tured (Figure 3(c)).

Dorsal surface of head with sparse erect setae and abun-
dant appressed setae. Anterior clypealmarginwith one to two
pairs of long setaemixed with short setae laterally. Scape with
decumbent to appressed long setae. Mesonotal dorsum with
erect setae sparsely. Fourth abdominal tergite with erect setae
and appressed setae sparsely.

MaleMeasurements and Indices. HW0.80; HL 0.58; CI 137; SL
0.15; SI 19; EL 0.29; MSNW 0.89; MSNL 1.46; MSNI 61.2; WL
1.54; PSL 0; PtL 0.27; PtW 0.28; PtH 0.23; PpL 0.18; PpW 0.32;
PtHI 84; PtWI 101; PpWI 178; WI 116 (one male measured).

Description of Male. Mandibles very short, masticatory mar-
gin with two teeth, one large apical, but a blunt second lobe-
like. Clypeus weakly convex with almost straight median.
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Figure 5: Distribution map of Crematogaster coriaria Mayr, 1872,
specimens examined during this study.

Compound eyes large and protruding, midline of eyes sit-
uated well below midline of head. Antennae 12-segmented;
flagellar segment longer than broad in apical to second basal
segments (antennal segments III to XII). Head much wider
than long (CI 137). In full-face view ocellar triangle situated
at posterior head margin and elevated with respect to rest of
face. Occipital carinae distinct.

Mesonotum in dorsal view longer than broad (MSNI
61.2); scutellum in dorsal view broadly tapering from anterior
to posterior end, dorsoposteriorly rounded. Metanotum not
protruding from below scutellum. Dorsal face of propodeum
almost as long as posterior face. Propodeal spines absent.
Petiole in dorsal view oval, weakly convex laterally, in lateral
view anteriorly tapering. Subpetiolar process absent. Post-
petiole almost round, but weakly bilobed posteriorly, lacking
median impression.

Head sculpture shiny to rugulose (Figure 4(b)). Lower
genal area surrounding antennal sockets with distinct rug-
ulae. Mandibles striated with longitudinal rugulae. Clypeus
shiny, but weakly sculptured. Mesoscutum generally
smooth and shining, but anterior face with feeble rugulae
(Figure 4(c)). Mesopleuron generally smooth and shining
(Figure 4(d)).

Dorsal surface of head with suberect setae sparsely.
Mesosoma with decumbent setae sparsely; propodeum with
erect setae sparsely. Petiole and postpetiole with erect to
decumbent setae sparsely. Fourth abdominal tergite with
suberect to decumbent setae sparsely.

Color brown.

Distribution and Biology. This species is distributed in
Malaysia (Peninsula, Borneo) and Indonesia (Sumatra, Java)
(Figure 5). This species inhabits well-developed forests and
nests in the dead woods.

Remarks. This species is similar to C. modiglianii Emery,
1900, but can be distinguished by the rugulae surrounding
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Figure 6: Relation between natural logarithms of Weber’s length
(WL) and head width (HW) in workers (𝑛 = 53) ofC. coriariaMayr,
1872.
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Figure 7: Relation between natural logarithms of Weber’s length
(WL) and scape length (SL) in workers (𝑛 = 53) of C. coriariaMayr,
1872.

antennal sockets, mesonotal dorsum without a ridge on the
median in the worker caste. Crematogaster coriaria Mayr,
1872, and C. modiglianii Emery, 1900, are geographically
sympatric in the Peninsular Malaysia, Borneo, and Sumatra
[21].The COI divergence betweenC. coriariaMayr, 1872 (Ulu
Gombak specimen), and C. modiglianii Emery, 1900 (Ulu
Gombak specimen), was relatively high (17.4%K2P distance),
suggesting that the two taxa are distinct species.

The relation between Weber’s length and head width
showed a monophasic allometric growth (Figure 6). The
slope of the regression line was greater than 1 (𝑡 = 35.4,
𝑝 < 0.01), suggesting that large workers had proportionally
wider head capsules than small workers.The relation between
Weber’s length and scape length also showed a monophasic
allometric growth (Figure 7).The slope of regression line was
lower than 1 (𝑡 = 17.6, 𝑝 < 0.01), suggesting that large
workers had proportionally shorter antennal scapes than
small workers.

Specimens Examined. MALAYSIA: 1 worker, Mager Trail,
Fraser’s Hill (3∘42N, 101∘44E), 15. iii. 2005 (2005c39)
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(S. Hosoishi) (KUEC); 1 worker, Bunga Buah, ca 1000m
alt., nr Genting H. L., Malay Pen. (3∘25N, 101∘47E), 6.
vii. 1999 (Sk. Yamane) (KUEC); 9 workers, 1 male, Bunga
Buah, ca. 1000m alt., nr Genting H. L., Malay Pen. (3∘25N,
101∘47E), 6. vii. 1999 (MA99-SKY-15) (Sk. Yamane) (KUEC);
3 workers, Ulu Gombak, Selangor (3∘19N, 101∘45E), 2. xii.
2005 (SH05-Mal-13) (S. Hosoishi) (KUEC); 8 workers, Ulu
Gombak, Selangor (3∘25N, 101∘47E), 17. iii. 2009 (SH09-
Mal-143) (S. Hosoishi) (KUEC); 3 workers, Poring (600–
700m alt.), Sabah, Borneo, E. Malaysia (6∘02N, 116∘42E),
8. i. 1998 (F. Yamane) (KUEC); 8 workers, 2 queens, Danum
Valley, Sabah, Borneo, E. Malaysia (4∘33N, 117∘08E), 1. v.
2000 (CB-00-15) (C. Bruhl) (KUEC); 1 worker, DanumValley,
Sabah, Borneo, E. Malaysia (4∘33N, 117∘08E), 1. v. 2000
(C. Bruhl) (KUEC); 13 workers, Mahua Waterfall, Crocker
Range, Sabah (5∘45N, 116∘30E), 4. xi. 2000 (B. T. Viet)
(KUEC); 2 workers, 8 ha plot, Tower Reg., Lambir, Miri,
Sarawak, E.Malaysia (4∘11N, 114∘02E), 27. viii. 1994 (T. Itioka
& T. Yumoto) (KUEC); 2 workers, 8 ha plot, Tower Reg.,
Lambir, Miri, Sarawak, E. Malaysia (4∘11N, 114∘02E), 26.
viii. 1994 (T. Itioka & T. Yumoto) (KUEC); INDONESIA: 8
workers, around Cikaniki (ca. 1050m alt.), G. Halimun NP,
E. Java (6∘43S, 106∘27E), 14. viii. 2002 (JV02-SKY-07) (Sk.
Yamane) (KUEC); 4 workers, Cikaniki (1050–1250m alt.),
G. Halimun, W. Java (6∘43S, 106∘27E), 25. i. 2004 (JV04-
SKY-25) (Sk. Yamane) (KUEC); 2 workers, Bodong Jaya,
Sumberjaya, Lampung Barat, S. Sumatra (5∘10S, 104∘07E),
18. ix. 2007 (SU07-SKY-200: secondary forest) (Sk. Yamane)
(KUEC); 6 workers, Bodong Jaya, Sumberjaya, Lampung
Barat, S. Sumatra (5∘10S, 104∘07E), 16. ix. 2007 (SU07-SKY-
154) (Sk. Yamane) (KUEC); 4 workers, Bodong Jaya, Sum-
berjaya, Lampung Barat, S. Sumatra (5∘10S, 104∘07E), 16. ix.
2007 (Gede) (KUEC); 2 workers, Bodong Jaya, Sumberjaya,
Lampung Barat, S. Sumatra (5∘10S, 104∘07E), 17. ix. 2007 (Sk.
Yamane) (KUEC).
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