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Abstract 

 

Orthoptera from Sandakan, Sabah are relatively understudied compared to some other parts of Borneo, 

and lack of information of species there can impede our understanding of the origins and biodiversity 

of orthopterans in Borneo and, in general, Southeast Asia. Based on a recent orthopteran survey in 

Sandakan, one new species of Lebinthus Stål is described from Sandakan, Sabah, Borneo: Lebinthus 

sandakan sp. nov. The male calling song of this new species is also presented. The calling song of 

Cardiodactylus borneoe Robillard & Gorochov, 2014 is also described for the first time. 
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Introduction 

 

The crickets of the tribe Lebinthini (subfamily Eneopterinae) can be found in Southeast Asia and the 

Western Pacific, and include speciose genera Cardiodactylus Saussure, 1878 (81 species) and 

Lebinthus Stål, 1877 (16 species). Works on the taxonomy (e.g., Robillard & Tan, 2012; Tan & 

Robillard, 2014; Robillard et al., 2014, 2016; Vicente et al., 2015) and systematics (e.g., Robillard & 

Desutter-Grandcolas, 2006; Nattier et al., 2011; Vicente et al., 2017) of these genera are relatively 

plentiful. But more undescribed species can still be expected as exploration into understudied regions 

in Southeast Asia that include the species-rich island of Borneo (Tan et al., 2017). Even in areas such 

as Brunei Darussalam surrounded by the relatively well sampled Mount Kinabalu and Gunung Mulu 

National Park, many new species are still being discovered when intensive surveys are conducted (e.g., 

Tan & Wahab, 2018). Compared to other parts of Sabah, the diversity of orthopterans in Sandakan is 

poorly known. Neglecting the northeastern part of Borneo will impede the comprehensive studies on 

the taxonomy and biodiversity of orthopterans in Borneo and in general Southeast Asia. Therefore, 

orthopteran surveys in Sandakan were conducted to collect new orthopteran material in order to 

facilitate future taxonomic revisions and species discovery.  

 

Two species of Lebinthini were collected during the surveys. These include a new species of 

Lebinthus—Lebinthus sandakan sp. nov.—and a relatively widespread Cardiodactylus borneoe 

Robillard & Gorochov, 2014. C. borneoe can be found in Borneo as well as Malay Peninsula but the 

male calling song of this species is still unknown (Robillard et al., 2014). Owing that there are 

individual variations in the male genitalia and close resemblance to other congeners (i.e., 

Cardiodactylus admirabilis Tan & Robillard, 2014 and Cardiodactylus thailandia Robillard, 2011), 

bioacoustics analysis can help us better understand the species boundaries of these Cardiodactylus. 

 

 

Materials and Methods 
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Materials 

Field collections and observations were made in Rainforest Discovery Centre, Ulu Dusun Agriculture 

Research Station (Fig. 1A), and Kebun Cina (Sandakan Rainforest Park) (Fig. 1B) between 8 and 12 

January 2019. Specimens were collected by sight only, by night and day. Whenever possible, in-situ 

images were taken using a Canon EOS 500D digital SLR camera with a compact-macro lens EF 100 

mm f/2.8 Macro USM and Canon Macro Twin Lite MT-24EX was used for lighting and flash. The 

specimens were preserved in absolute analytical-grade ethanol and later pinned and dry-preserved. A 

single hind leg from each specimen was also preserved in absolute analytic-grade ethanol for future 

molecular work. Newly collected specimens are deposited in the collections of the Forest Research 

Centre, Sandakan (FRC), Muséum national d’Histoire naturelle, Paris (MNHN), and the Zoological 

Reference Collection, Lee Kong Chian Natural History Museum, Singapore (ZRC). Part of the 

material was studied on loan from Zoological Institute, Russian Academy of Sciences, S. Petersburg, 

Russia (ZIN) and Bernice P. Bishop Museum, Department of Zoology, Honolulu, Hawaii, USA (BPBM). 

 

Examination of materials 

Male tegminal veins and cells follow terminology by Desutter-Grandcolas (2003) and Robillard & 

Desutter-Grandcolas (2004). Male and female genitalia have been dissected in softened specimens by 

cutting the membranes between the paraprocts and the subgenital plate, or between the ovipositor and 

the subgenital plate respectively; they have been observed after cleaning with cold KOH, and then 

kept in glycerine. Male genitalia are named according to Desutter (1987), modified in Desutter-

Grandcolas (2003) and Robillard & Desutter-Grandcolas (2004). Abbreviations: see below. 

 

Habitus images were made with a Canon EOS 500D digital SLR camera with a compact-macro lens 

EF 100 mm f/2.8 Macro USM. Close-up images of morphological features (including male genitalia) 

were done using a Canon EOS 500D digital SLR camera with a macro photo lens MP-E 65 mm f/2.8 

USM (1–5×). Canon Macro Twin Lite MT-24EX and Canon Macro Ring Lite MR-14EX were used 

for lighting and flash. 

 

Acoustic data 

Calling songs of males in the cages were recorded using a portable ultrasound recorder Echo Meter 

Touch (Wildlife Acoustics, Inc.) (sampling rate = 256 kHz) attached to an iPhone. Triggered 

recording was used with the Trigger Minimum Frequency set at 10 kHz. As temperature can influence 

frequency of calls, a temperature-humidity meter (Smartsensor AR867) was used to record the 

ambient temperature (°C) and relative humidity (%) at the time of recording. 

 

Acoustic analyses were performed using the computer software Avisoft-SASLab Pro version 4.40 

(Specht, 2008). Song features were measured using the automatic commands under Avisoft-SASLab 

Pro. 

 

Abbreviations 

General morphology: 

I, II, III: front, median, hind respectively (femora, legs, tibiae); 

F: femora; 

FW: forewing; 

Tarsomere III-1: basal segment of hind leg tarsomere; 

T: tibiae. 

 

Male genitalia: 

ec arc: ectophallic arc; 

ec ap: ectophallic apodeme; 

ec f: ectophallic fold 

en ap: endophallic apodeme; 

en s: endophallic sclerite; 

ps l: pseudepiphallic lophi; 
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ps p: pseudepiphallic paramere; 

r: rami. 

 

Tegminal venation: 

1A-4A: first to fourth anal veins; 

CuA: anterior cubitus; CuA1, CuA2, ...: first, second, ... bifurcations of CuA; 

CuP: posterior cubitus; 

MA, MP: anterior, posterior media veins; 

R: radial vein; 

c1-3: first to third cells of C alignment; 

d1 cell (mirror): first cell(s) of D alignment; 

d2: second cell of D alignment; 

e1: first cell of E alignment; 

ha: harp area. 

 

Measurements: 

FIIIL: length of hind femora; 

FIIIW: width of hind femora; 

FWL: forewing length; 

FWW: forewing width (at the level of maximal width); 

Ias: inner spines on TIII dorsal side, above the spurs; 

Ibs: inner spines on TIII dorsal side, between the spurs; 

Oas: outer spines on TIII dorsal side, above the spurs; 

Obs: outer spines on TIII dorsal side, between the spurs; 

OL: ovipositor length; 

PronL: pronotum length; 

PronW: pronotum width; 

ST: number of stridulatory teeth; 

Tt: teeth on transverse section of the file; 

Lt: teeth on longitudinal section of the file; 

TIIIL: length of hind tibiae; 

TaIIIs: spines on outer edge of third hind tarsomere, not including the apical spine. 

 

 

Systematic part 

 

Family Gryllidae 

 
Subfamily Eneopterinae Saussure, 1874 

 

Tribe Lebinthini Robillard, 2004 

 

Genus Lebinthus Stål, 1877  
Type species. Lebinthus bitaeniatus Stål, 1877 

 

 

Lebinthus sandakan, n. sp. 

(Figs. 2–10) 

 

Type material. Holotype (male, SDK.19.37): Malaysia, Sabah, Sandakan, Rainforest Discovery 

Centre, N5.87534, E117.94093, 38.1±6.2 m.a.s.l., 9 January 2019, 2058 hours, on foliage near ground, 

coll. M. K. Tan, R. Japir, Momin Binti & J. Y. Lee (FRC).  

Allotype (female, SDK.19.38): collected together with the holotype (FRC). 

Paratypes (12 males, 9 females), Malaysia, Sabah, Sandakan, all coll. M. K. Tan, R. Japir, Momin 

Binti, J. Y. Lee: 1 female (SDK.19.18, disintegrated specimen preserved in ethanol), Rainforest 
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Discovery Centre, N5.87439, E117.94167, 42.8±5.0 m.a.s.l., 9 January 2019, 1041 hours, on leaf litter; 

1 female (SDK.19.31), Rainforest Discovery Centre, N5.87549, E117.94146, 39.7±5.9 m.a.s.l., 9 

January 2019, 2020 hours, on foliage near ground; 1 female (SDK.19.41), Ulu Dusun Agriculture 

Research Centre, N5.78397, E117.75998, 34.2±5.9 m.a.s.l., 10 January 2019, 0948 hours, leaf litter; 1 

male (SDK.19.47), Ulu Dusun Agriculture Research Centre, N5.78397E, E117.76011, 47.4±6.1 

m.a.s.l., 10 January 2019, 1050 hours, on root of trees; 1 male (SDK.19.49), Ulu Dusun Agriculture 

Research Centre, N5.78373, E117.76071, 34.7±6.5 m.a.s.l., 10 January 2019, 2100 hours, on foliage 

near ground (all ZRC). British N. Borneo, Sandakan Residency Gomantong Caves, 20 mi. S. 

Sandakan, 3 males, 22-25.xi.1958, T.C. Maa collector (BPBM). Malaysia, Borneo I., Sabah State, 

Sandakan Division, environs of Sukau vill. On Kinabatangan river (ca 35 km from sea), ca sea level, 

secondary-primary forest, 8-13.v.2013, A. Gorochov, M. Berezin, E. Tkatsheva: 6 males, 5 females (ZIN); 

1 male (MNHN-EO-ENFIS1585); 1 female, molecular sample L91 (MNHN-EO-ENSIF1499). 

Additional material examined. Malaysia, Borneo I., Sabah State, Sandakan Division, environs of 

Sukau vill. On Kinabatangan river (ca 35 km from sea), ca sea level, secondary-primary forest, 8-

13.v.2013, A. Gorochov, M. Berezin, E. Tkatsheva: 2 juveniles (ZIN). 

Diagnosis. Species of small size, very close to L. puyos Robillard, 2013 and L. polillensis Baroga, 

Yap & Robillard, 2016, from the Philippines; it differs by dark brown patterns on pale face and by 

male genitalia with more elongated pseudepiphallus, short and rounded pseudepiphallic lophi and 

shape of pseudepiphallic parameres with a L-shaped strong apical sclerotization. 

Description. Size small. Colouration brown with contrasted light and dark patterns, with slight 

individual variations (Figs. 2, 7, 8). Head dorsum (Figs. 3A, 3B) with four wide but faint brown 

longitudinal bands, medial bands each containing a thin black line; area posterior to eyes yellow. Eyes 

dark brown, with a paler dorsal longitudinal band. Fastigium wider than long, setose (with orange 

setae), dark brown (Figs. 3A, 3B). Scape whitish with faint darker patterns; antennae brown (Figs. 3C, 

3D). Face (Figs. 3C, 3D) pale with variable dark patterns including longitudinal dark lines beneath 

scape, a dark triangle just above clypeus; front with four dark brown spots. Mouthparts variably 

mottled with dark brown and yellow brown (Figs. 3C, 3D); maxillary palpi generally yellow brown, 

apical segment with apex slightly expanding and darkened, subapical segment shorter than apical and 

third segments, third segments with more dark patterns (Figs. 3E, 3F). Lateral part of head (Figs. 3E, 

3F) yellow, posterior to eyes and genae each with a black stripe. Pronotum: Dorsal disk (Figs. 3A, 3B) 

slightly trapezoidal (more prominent in males), anterior margin straight, posterior margin substraight; 

yellow brown mottled with dark brown, lateral edges always whitish, posterior area mostly dark 

brown. Lateral lobes (Figs. 3E, 3F) black, with ventral half mottled with pale yellow, ventral margin 

black (Figs. 3E, 3F). Legs (Fig. 2): Fore and mid legs light brown, femora with dark brown spots, 

tibiae with dark rings. Hind femora brown, with strong striated dark patterns on outer faces, knees 

dark brown; hind tibiae with dark rings. Tarsomeres I/III-1 yellow brown, apices dark brown. 

Abdomen red brown mottled with dark brown dorsally, yellowish brown ventrally. Cerci yellowish 

brown, with dark rings.  

Male: FWs reaching 5
th
 abdominal tergite (Fig. 3A). FW colouration (Fig. 3A): Cells dark brown, 

not translucent; veins dark brown except anterior parts of anal veins orange brown; MA and MP 

orange brown, M/R area whitish, without transverse veins; R dark brown, area between MA and R 

dark brown, rest of lateral field progressively lighter toward ventral margin, with dark brown 

longitudinal veins. FW venation (Fig. 3A): 1A widely curved (angle>100°); stridulatory file about 1.8 

mm long, slightly curved, with about 279 teeth (n = 1) (Fig. 4), located on transverse part of 1A only. 

CuP not visible. Diagonal vein very faint. Harp wide, occupying most of dorsal field surface, with a 

strong transverse harp vein, poly-furcated anteriorly and delimiting a strong well-rounded false mirror, 

i.e. a distinctive area located on harp posterior corner (not homologous to the mirror of other cricket 

species: cell d1, Robillard & Desutter-Grandcolas 2004a); posterior angle of harp raised. CuA curved 

innerly near apex, its distal part weak, surrounding the median fold, small, triangular, and located 

dorsally. Longitudinal veins of dorsal field strong apically, transverse veins very weak. Mirror (d1) 

not differentiated. Apical field absent, with no bifurcation of CuA posterior to diagonal vein. Lateral 

field with 6 strong longitudinal veins including M, R, Sc and four more ventral veins; latero-dorsal 

angle made by R; Sc without bifurcating veins. Supra-anal plate tongue-shaped (Fig. 3G).  

Male genitalia (Fig. 5): Pseudepiphallic sclerite elongated and trapezoidal, not convex dorsally; 

posterior apex with triangular lophi, not setose, slightly wider than long and separated by a narrow V-
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shaped indentation; anterior margin slightly indented. Rami relatively long, nearly as long as rest of 

pseudepiphallic sclerite. Pseudepiphallic parameres irregularly shaped, apical end with a L-shaped 

strong sclerotization. Ectophallic arc curved to nearly straight. Ectophallic fold forming two elongated, 

thin and parallel sclerites. Ectophallic apodemes long and slightly divergent, exceeding anterior 

margin of pseudepiphallus. Endophallic sclerite wide and long, its posterior apex with a median 

triangular expansion and long lateral arms; endophallic apodeme made of wide lateral lamellas but 

without a median crest, also exceeding anterior margin of pseudepiphallus. 

Female: FWs short (Fig. 3B), rounded, going slightly beyond middle of second tergite, not 

overlapping but close together; dorsal field light brown with four strong orange brown longitudinal 

veins, with transverse veins. Lateral field dark brown, with 4 strong dark brown longitudinal veins, 

dorsal most veins with transverse veins but less dense than in dorsal field. Subgenital plate trapezoidal, 

apical margin feebly concaved (Fig. 3H). Ovipositor shorter than hind femora; apex lanceolate, 

slightly denticulate on dorsal edge (Fig. 3I). Female papilla rounded basally, with a semi-circular 

sclerite prolonged by a short basal plate anteriorly; apex elongate and cylindrical, partly sclerotized, 

its ventral surface with thin transverse crests forming sharp rings dorsally (Fig. 6) 

Juvenile. Head dorsum pale, otherwise dark brown mottled with pale yellow (Fig. 9). 

Measurements. See Table 1. 

Habitat and life history traits. L. sandakan lives in forest floor of different forested areas, ranging 

from old secondary/ primary forest (e.g., Rainforest Discovery Centre) to highly disturbed young 

secondary forest (or adinandra belukar) (e.g., Kebun Cina) (Figs. 1, 7–9). L. sandakan was found in 

Kebun Cina although no specimen was collected there. It is found on top of leaves and branches of 

low-lying plants or saplings and sometimes in the leaf litter.  

Calling song (Fig. 10): At about 25 °C, the calling song of L. sandakan consists of long trills 

(duration = 14.9 ± 3.7 s) made of more than 500 syllables, and starting by a group ca. 150-200 very 

short, indistinct irregular syllables with increasing intensity, followed by more regular syllables 

(syllable duration = 15.4 ± 3 ms; period = 26.9 ± 3.5 ms).  

The spectrogram analysis (Fig. 10C) reveals that the frequency spectrum (Fig. 10D) presents 

different peak components along the syllable duration: initially, the syllables show a clear dominant 

peak at 18.8 ± 0.28 kHz corresponding to the second peak of a harmonic series with a first peak at ca. 

9 kHz being attenuated and an intermediate peak at ca. 27 kHz; in the rest of the syllable, the 

intermediary peak at 27 kHz is not visible and the spectrum consists of a 19 ± 0.1 kHz fundamental 

frequency, with corresponding harmonics at ca. 37 kHz.  

Etymology. This species is named after the type locality, Sandakan. 

 

 

Genus Cardiodactylus Saussure, 1878 

Type species: Cardiodactylus novaeguineae (Haan, 1842)  

 

Cardiodactylus borneoe Robillard & Gorochov, 2014 

(Figs. 11, 12) 

 

Robillard et al., 2014: 12; Dong et al., 2018: 6 (molecular phylogeny); Cigliano et al., 2019 

(Orthoptera Species File).  

 

Material examined: Malaysia, Sabah, Sandakan, Rainforest Discovery Centre, 1 female (SDK.19.6), 

N5.87410, E117.94366, 50.2±5.1 m.a.s.l., 8 January 2019, 2102 hours, on foliage, coll. M. K. Tan & 

S. T. Toh (ZRC); 1 female (SDK.19.21, Fig. 11A) N5.87542, E117.94231, 31.1±4.8 m.a.s.l., 9 

January 2019, 1930 hours, on foliage, coll. M. K. Tan, R. Japir, Momin Binti & J. Y. Lee (FRC); 1 

male (SDK.19.36, Figs. 9B–9D), N5.87547, E117.94110, 34.1±5.4 m.a.s.l., 9 January 2019, 2046 

hours, under foliage calling, coll. M. K. Tan, R. Japir, Momin Binti & J. Y. Lee (ZRC). 

Calling song (Fig. 12): At 28.4°C and RH 74%, the calling song of C. borneoe consists of doublets 

(or rarely triplets) of long syllables including strong amplitude modulation forming pulse-like 

structures. Echemes (doublet) last 660 ± 75 ms with a period of 3.5 ± 1.2 s. Within doublets, syllables 

last 196 ± 43 ms, with a period of 372 ± 47 ms. Dominant frequency value is 17.6 ± 0.4 kHz with no 

clear harmonic structure.  
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Habitat and life history traits. C. borneoe inhabits the dipterocarp forest in Sandakan and is 

typically found on or under the foliage of tree sapling or shrub at night. 

Remark. The calling song of C. borneoe differs from that of Cardiodactylus admirabilis Tan & 

Robillard, 2014 from Singapore by consisting of doublets with longer echeme duration (instead of 

triplets with shorter echeme duration of 205.6 ms) and higher dominant frequency (instead of 14.3 

kHz). This is despite of the similarities in the morphology and genitalia of these two species. Another 

morphologically similar species is Cardiodactylus thailandia Robillard, 2011 from Thailand but its 

song is unknown. 
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TABLE 1. Measurements (all in mm) and counts of Lebinthus sandakan sp. nov. (mean in brackets). 

 PronL PronW FWL FWW FIIIL FIIIW TIIIL OL 

Holotype 2.4 3.7 3.8 3.7 9.7 3.2 8.6 - 

Males  

(n = 3) 

2.3–2.5 

(2.4) 

3.3–3.7 

(3.5) 

3.8–4.0 

(3.9) 

3.2–3.7 

(3.4) 

9.6–9.7 

(9.7) 

3.2 8.3–8.6 

(8.5) 

- 

Allotype 2.4 4.0 1.9 2.2 9.8 3.2 8.2 6.9 

Females 

(n = 3) 

2.2–2.4 

(2.3) 

3.2–4.0 

(3.5) 

1.7–1.9 

(1.8) 

2.2–2.3 

(2.2) 

9.4–10.4 

(9.9) 

3.2–3.5 

(3.3) 

8.2–9.1 

(8.5) 

6.8–7.3 

(7.0) 

         

 Ias Ibs Oas Obs TaIIIs    

Holotype 7 3 9 5 2    

Males  

(n = 3) 

6–7 (7) 2–3 (3) 9–10 (9) 4–5 (5) 2–3 (3)    

Allotype 5 1 9 3 2    

Females 

(n = 3) 

5–7 (6) 1–3 (2) 9–10 

(10) 

3–5 (4) 2–3 (2)    

 

 

Figure captions 
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FIGURE 1. Forests that Lebinthus sandakan sp. nov. lives in: Ulu Dusun Agriculture Research 

Station (A), and Kebun Cina—forest was affected by windfall in August 2018 (B). 
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FIGURE 2. Habitus of Lebinthus sandakan sp. nov.: male paratype (A, B) and female allotype (C, D) 

in dorsal (A, C) and lateral (B, D) views. Scale bar: 5 mm. 
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FIGURE 3. Lebinthus sandakan sp. nov.: male (A, C, E) and female (B, D, F) dorsum of head and 

pronotum (A, B), face in anterior view (C, D), head and pronotum in lateral view (E, F), male 

abdominal apex in dorsal view (G), female subgenital plate in ventral view (H), apex of ovipositor (I). 

Scale bars: 2 mm (A, B, E, F), 1 mm (C, D, G, H), 0.5 mm (I). 
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FIGURE 4. Lebinthus sandakan sp. nov.: male stridulatory file on left tegmen. Scale bar: 0.5 mm 
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FIGURE 5. Male genitalia of Lebinthus sandakan sp. nov.: male holotype (A, C, E) and paratype (B, 

D, F) in dorsal (A, B), ventral (C, D) and lateral (E, F) views. 
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FIGURE 6. Female papilla of Lebinthus sandakan sp. nov. in dorsal (A), ventral (B) and lateral (C) 

views. Scale bar: 0.5 mm. 
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FIGURE 7. Lebinthus sandakan sp. nov. males in their natural microhabitats when alive. Holotype is 

(B). 



15 

 

 

 
FIGURE 8. Lebinthus sandakan sp. nov. females in their natural microhabitats when alive. 
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FIGURE 9. Lebinthus sandakan sp. nov. juveniles in their natural microhabitats when alive. 
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FIGURE 10. Calling song of Lebinthus sandakan sp. nov. of paratype: oscillogram of 1 echeme (A), 

detailed oscillogram of trill part of echeme (B) and corresponding spectrogram (C); power spectrums 

of beginning of syllble (D), of ending part of syllable (E). 
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FIGURE 11. Cardiodactylus borneoe Robillard & Gorochov, 2014 from Sandakan: female in its 

natural microhabitat when alive (A); male genitalia in dorsal (B), ventral (C) and lateral (D) views. 
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FIGURE 12. Calling song of Cardiodactylus borneoe Robillard & Gorochov, 2014 from Sandakan: 

oscillogram of 3 echemes (A), detailed oscillogram of 1 echeme (B), spectrogram of 1 echeme (C), 

power spectrum (D). 


