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of the Forest Research Centre, Sepilok 
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Abstract. Praying mantis curation and revision were conducted at the Forest Research Centre, 
Sepilok (FRCS), which led to the uncovering of at least 39 species of Mantodea. 
Identification was based on published literature and online databases, and the results were 
compiled into an annotated checklist for FRCS. There are five Bornean endemic species, one 
newly recorded species (Statilia apicalis), and one confirmed species for Borneo (Bimantis 
malaccana) in the FRCS collection. Photos were taken for each species in FRCS collection.  
 
Keywords: praying mantis, Borneo, Theopropus, Statilia apicalis, Bimantis malaccana, 
Leptomantella bilineata 
 

INTRODUCTION 
 

The Entomology Section of Forest Research Centre, Sepilok (FRCS) was established 
in 1967, and a scientific reference collection was set-up. The main objectives of the section 
are to study insect diversity and ecology in various types of forests, to research insect pests 
and beneficial insects in forestry, to keep records of the insect species occurrences in the form 
of specimens that serve as a main reference for researchers, and to disseminate research 
findings on forest insects in Sabah. 
 

Praying mantis (Mantodea) specimen curation was carried out at the FRCS in 2021. 
Identification of the Mantodean specimens was conducted throughout the curation. Out of 
148 specimens, there are at least 39 species of Mantodea from 27 genera that were collected 
from Sabah (except for one from Malay Peninsula), mainly from Kabili-Sepilok Forest 
Reserve. Having a high percentage of Mantodea collected from Kabili-Sepilok Forest 
Reserve (54.73% of the total specimens) was expected as FRCS is located at the boundary of 
the reserve. There are five endemic species in the collection (Hierodula cuchingina Giglio-
Tos, 1917; Rhombodera rotunda Giglio-Tos, 1917; Theopropus borneensis Beier, 1942; 
Amorphoscelis reticulata Werner, 1933 and Amorphoscelis huismani Roy, 2011) and a new 
record for Borneo, namely Statilia apicalis (Saussure 1871). Bimantis malaccana Rehn, 1904 
is only confirmed recently as a Bornean species because of lacking data on this species in the 
past. The species count for Borneo is further increased because Rhombodera rotunda is 
recorded here, having been found to be distinct from R. valida Burmeister, 1838.  
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Advancement of communication technologies and ease of information accessibility 
(such as digital photos of insect specimens from renowned museums, taxonomic keys of 
certain genera and Google Translate) are widely and readily available in our digital devices. 
These facilities were utilized during the curation of Mantodean specimens in FRCS to 
identify the species of the curated specimens. The online databases used for insect 
identification were Natural History Museum London (NHM 2021), Svenson (2021), Otte et 
al. (2021), and Muséum National d'Histoire Naturelle (MNHN 2021).  
 

Other than online databases, published literature was also used to identify the 
Mantodean specimens. These include Beier (1942), Bragg (2010, 2021), Chatterjee & 
Mukherjee (2013), Ehrmann & Borer (2015), Ehrmann & Roy (2009), Giglio-Tos (1915, 
1917, 1927), Liu et al. (2020), Liu et al. (2021), Norman & Mustaffa (2019), Oliveira (1996-
7), Rehn (1903), Roy (2009, 2010), Shcherbakov (2012, 2017), Schwarz et al. (2018a, 
2018b), Schwarz & Shcherbakov (2017), Svenson (2014), Svenson & Vollmer (2014), 
Svenson et al. (2015), Vermeersch (2020), Werner (1933), Westwood (1889), and Wieland 
(2008). Many of the old publications can be obtained from The Biodiversity Heritage Library 
(BHL 2021) and HathiTrust Digital Library (HathiTrust 2021).  
 

It is not the intention of this paper to have an annotated checklist of Mantodea species 
for Borneo, as it was comprehensively prepared by Schwarz & Konopik (2014). This paper 
focuses on specimens from FRCS collection (including two Heart of Borneo Expeditions in 
2021). The systematic arrangement in this paper was constructed based on Schwarz & Roy 
(2019), while the writing format was following articles written by Budha & Shrestha (2021) 
and Bragg (2010). Information about synonyms can be found in these references, namely 
Ehrmann (2002), Otte & Spearman (2005), and Otte et al. (2021).  
 
 

CHECKLIST OF MANTODEA 
 

The checklist of the praying mantis species deposited at the entomology collection of 
FRCS is as depicted in Table 1.  
 

Table 1. Checklist of the Mantodea species in the Forest Research Centre Sepilok. 
 

Taxon Annotated 
notes number 

Figure 
number 

superfamily MANTOIDEA Latreille, 1802 
Family Deroplatyidae Westwood, 1889 
Subfamily Deroplatyinae Westwood, 1889 
Tribe Euchomenellini Giglio-Tos, 1916 

  

Genus Euchomenella Giglio-Tos, 1916   
Euchomenella heteroptera (De Haan, 1842) 1 1 
Tribe Deroplatyini Westwood, 1889 
Subtribe Deroplatyina Westwood, 1889 

  

Genus Deroplatys Westwood, 1839   
Deroplatys desiccata Westwood, 1839 2 2 
Deroplatys truncata Guérin-Méneville, 1843 3 3 
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Deroplatys lobata Guérin-Méneville, 1843 4 4 
Family Mantidae Latreille, 1802 
Subfamily Mantinae Latreille, 1802 

  

Genus Statilia Stål, 1877   
Statilia maculata (Thunberg, 1784) 5 5, 47 
Statilia apicalis (Saussure, 1871) 6 6, 47 
Subfamily Hierodulinae Brunner de Wattenwyl, 1893 
Tribe Hierodulini Brunner de Wattenwyl, 1893 

  

Genus Hierodula Burmeister, 1838   
Hierodula sp. 7 7 7, 51 
Hierodula sp. 8 8 8, 52 
Hierodula sp. 9 9 9, 48, 53 
Hierodula cuchingina Giglio-Tos, 1917 10 10 
Hierodula dyaka Westwood, 1889 11 11 
Genus Rhombodera Burmeister, 1838   
Rhombodera rotunda Giglio-Tos, 1917  12 12, 50 
Rhombodera valida Burmeister, 1838* 13 13 
Rhombodera fratricida Wood-Mason, 1878 14 14 
Genus Ephierodula Giglio-Tos, 1912   
Ephierodula heteroptera (Werner, 1906) 15 15 
Subfamily Tenoderinae Brunner de Wattenwyl, 1893 
Tribe Tenoderini Brunner de Wattenwyl, 1893 
Subtribe Tenoderina Brunner de Wattenwyl, 1893 

  

Genus Tenodera Burmeister, 1838   
Tenodera aridifolia (Stoll, 1813) 16 16 
Tenodera fasciata (Olivier, 1792) 
subspecies Tenodera fasciata blanchardi (Giglio-Tos, 1912) 

17 17 

Superfamily HYMENOPOIDEA Giglio-Tos, 1915 
Family Hymenopodidae Giglio-Tos, 1915 
Subfamily Acromantinae Brunner de Wattenwyl, 1893 
Tribe Acromantini Brunner de Wattenwyl, 1893 

  

Genus Acromantis Saussure, 1870   
Acromantis moultoni Giglio-Tos, 1915 18 18 
Acromantis gestri Giglio-Tos, 1915* 19 19 
Acromantis lilii Werner, 1922* 20 20 
Acromantis oligoneura (De Haan, 1842)* 21 21 
Genus Psychomantis Giglio-Tos, 1915   
Psychomantis borneensis (De Haan, 1842) 22 22 
Genus Majangella Giglio-Tos, 1915   
Majangella moultoni Giglio-Tos, 1915 23 23 
Subfamily Hymenopodinae Giglio-Tos, 1915 
Tribe Hymenopodini Giglio-Tos, 1915 
Subtribe Hymenopodina Giglio-Tos, 1915 

  

Genus Theopropus Saussure, 1898   
Theopropus borneensis Beier, 1942 24 24 
Genus Hymenopus Audinet-Serville, 1831   
Hymenopus coronatus (Olivier, 1792) 25 25 
Subtribe Pseudocreobotrina Brunner de Wattenwyl, 1893   
Genus Creobroter Audinet-Serville, 1838   
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Creobroter sp. * 26 49 
Subfamily Oxypilinae Saussure, 1871 
Tribe Hestiasulini Giglio-Tos, 1915 

  

Genus Astyliasula Schwarz & Shcherbakov, 2017   
Astyliasula sarawaca (Westwood, 1889) 27 26 
Genus Catestiasula Giglio-Tos, 1915   
Catestiasula nitida (Brunner, 1893) 28 27 
Subfamily Phyllothelyinae Brunner de Wattenwyl, 1893 
Tribe Phyllothelyini Brunner de Wattenwyl, 1893 

  

Genus Ceratocrania Westwood, 1889   
Ceratocrania macra Westwood, 1889 29 28 
Superfamily GONYPETOIDEA Westwood, 1889 
Family Gonypetidae Westwood, 1889 
Subfamily Gonypetinae Westwood, 1889 
Tribe Gonypetini Westwood, 1889 
Subtribe Humbertiellina Brunner de Wattenwyl, 1893 

  

Genus Theopompa Stål, 1877   
Theopompa tosta Stål, 1877 30 29 
Theopompa borneana Giglio-Tos, 1917 31 30 
Genus Humbertiella Saussure, 1869   
Humbertiella ocularis Saussure, 1872 32 31 
Subtribe Gonypetina Westwood, 1889   
Genus Bimantis Giglio-Tos, 1915   
Bimantis malaccana Rehn, 1904 33 32 
Subfamily Iridopteryginae Giglio-Tos, 1915 
Tribe Amantini Giglio-Tos, 1915 

  

Genus Amantis Giglio-Tos, 1915   
Amantis reticulata (De Haan, 1842) 34 33 
Tribe Iridopterygini Giglio-Tos, 1915 
Subtribe Iridopterygina Giglio-Tos, 1915 

  

Genus Hapalopeza Stål, 1877   
Hapalopeza tigrina Westwood, 1889 35 34 
Superfamily EREMIAPHILOIDEA Saussure, 1869 
Family Toxoderidae Saussure, 1869 
Subfamily Toxoderinae Saussure, 1869 
Tribe Toxoderini Saussure, 1869 

  

Genus Toxodera Audinet-Serville, 1837   
Toxodera fimbriata Werner, 1930 36 35 
Toxodera pfanneri Roy, 2009 37 36 
Toxodera maxima Roy, 2009 38 37 
Toxodera maculata Ouwens, 1913 39 38 
Genus Paratoxodera Wood-Mason, 1889   
Paratoxodera gigliotosi Roy, 2009 40 39 
Paratoxodera meggitti Uvarov, 1927 41 40 
Superfamily NANOMANTOIDEA Brunner de 
Wattenwyl, 1893 
Family Nanomantidae Brunner de Wattenwyl, 1893 
Subfamily Tropidomantinae Giglio-Tos, 1915 
Tribe Tropidomantini Giglio-Tos, 1915 
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Genus Tropidomantis Stål, 1877   
Tropidomantis tenera (Stål, 1860) 42 41 
Family Leptomantellidae Uvarov, 1940   
Genus Leptomantella Uvarov, 1940   
Leptomantella bilineata (Westwood, 1889) 43 42 
Family Amorphoscelidae Stål, 1877 
Subfamily Amorphoscelinae Stål, 1877 

  

Genus Amorphoscelis Stål, 1871   
Amorphoscelis reticulata Werner, 1933 44 43 
Amorphoscelis huismani Roy, 2010 45 44 
Superfamily HAANIOIDEA Giglio-Tos, 1915 
Family Haaniidae Giglio-Tos, 1915 
Subfamily Caliridinae Giglio-Tos, 1915 

  

Genus Caliris Giglio-Tos, 1915   
Caliris elegans Giglio-Tos, 1915 46 45 
Superfamily METALLYTICOIDEA Giglio-Tos, 1917 
Family Metallyticidae Giglio-Tos, 1917 

  

Genus Metallyticus Westwood, 1835   
Metallyticus splendidus Westwood, 1835 47 46 
* Identification close to that particular species or genus. 
 
 

MATERIALS EXAMINED AND ANNOTATION 
 
Materials examined were listed according to annotation number. Gender and important 
information from existing labels for each specimen examined are listed below. 
 
Materials examined 
 
1. Euchomenella heteroptera (De Haan, 1842)  

♀. Sandakan, Sepilok, FRCS. Jairena, 7.ix.1992 [determinant: P.E. Bragg, viii.2001]. 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 24.x.2021 (night). 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 27.xi.2021 (daylight). 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 22.xii.2021 (night). 
♀. Sandakan, Sepilok, shortcut from FRCS Guesthouse to FRCS. John L.Y.K., 11.x.2021 
(early morning).  
♂. Sandakan, Sepilok, Sepilok Orangutan Rehabilitation Centre. Jafr. H.M., 2.xi.1977 
[determinant: P.E. Bragg, viii.2001]. 
♂. Sandakan, Sepilok Laut, light trap. K. Abe, 6.x.1981 [determinant: P.E. Bragg, viii.2001]. 
♂. Ranau, Poring. 10.iv.1989 [determinant: P.E. Bragg, viii.2001]. 
 
Remarks: To date, this genus Euchomenella still has no comprehensive taxonomic key for 
species identification, despite Roy (2001) and Shcherbakov (2012) revising and updating the 
genus. Since Schwarz & Konopik (2014: 147) and Roy (2001: 89) pointed out that E. 
heteroptera and E. matilei Roy, 2001 have high similarities, many of the specimens outside 
FRCS required re-examination. 
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According to Roy (2001), one of the features that can differentiate E. heteroptera from E. 
matilei is that the male E. heteroptera has a shorter length (68-74 mm) compared to the male 
E. matilei (87 mm). The pronotum length of male E. heteroptera ranges 30-34 mm, while for 
male E. matilei is 40.5 mm (Roy 2001). 
 
In Wong’s personal observation (2021), the wings of both species showed one difference. It 
was found that the amount of “translucents” (“translucide” in Roy 2001) or “paler round 
spots” (“taches rondes plus pâles” in Gilgio-Tos 1927) in the wings of E. heteroptera is less 
compared to wings of E. matilei after comparing the male specimens of FRCS sampled in 
2021 with the holotype E. matilei (MNHN 2021) and the photo of E. matilei (Helmkampf et 
al. 2007: 12). 
 
The genus Euchomenella also has significant sexual dimorphism, as female is larger in size 
and with greatly reduced wings compared to male (Shcherbakov 2012: 271). The female 
specimen examined has mottled darker grey spots on the grey pronotum, although the pattern 
tends to fade away as time passes (Wong, H., personal observation 2021). The female is an 
opportunistic ambush predator by nature, with the ability to catch and eat insects that are 
wider than its pronotum (Wong, H., personal observation 2021).  
 
2. Deroplatys desiccata Westwood, 1839 

♂. Sandakan, Kabili-Sepilok F.R. R.S. Thapa, 14.xii.1966. 
♀. Sandakan, Kg Ayer. Binin, 9.vi.1978. 
♀. Sandakan, Mile 2, at light. Ladgim, 21.v.1970. 
♀. Tawau, Brumas. Chey V.K., v.1993.   
♀. Telupid. Ento staff, x.1993. 
♂. Tenom, Ulu Kallang. Momin B, Richard L.A & Willibord J., v.2004 
 
Remarks: The taxonomy of D. desiccata and D. lobata was revised by Delfosse (2009), 
together with various notes on another three species, including D. truncata. An old specimen 
collected by R.S. Thapa in 1966 must have been collected before he became the first 
appointed supervisor of Entomology Section of FRCS in 1967.  
 
3. Deroplatys truncata Guérin-Méneville, 1843 

♂. Sandakan, Sepilok. Ento staff, 10.xi.1977. 
♂. Sandakan, Sepilok. K. Muroa, 6.ii.1978. 
♂. Sandakan, Tangkuang, Kuamut. F.R. Majaumin, 28.vii.1967. 
♂. Gunung Lutong. Ento staff, 15-18.iv.1988. 
♂. Kudat, Kenioungan. Ento staff, 9-19.viii.1987. 
♂. Telupid, Tawai F.R. Ento staff, vi-vii.1994.  
 
4. Deroplatys lobata (Guérin-Méneville, 1838) 

♂. Sandakan, Gum Gum. 2.iv.1989 [determinants: P.E. Bragg & C.J. Schwarz, xi.2021]. 
♂. Sandakan, Sepilok Laut. Ento staff, 22.ii.1978 [determinants: P.E. Bragg & C.J. Schwarz, 
xi.2021]. 
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Remarks: Ehrmann (2002) lists eight species of Deroplatys from Borneo, but that does not 
take into account the possibility of misidentifications by previous authors who worked on this 
genus. Schwarz & Konopik (2014) recognised six species in Borneo and also recognized that 
this genus contains some confusion, mainly surrounding three almost identical species: D. 
lobata, D. rhombica Brunner, 1897, and D. angustata Westwood, 1841. The revision for this 
genus is currently still ongoing (Schwarz, personal communication 2021).  
 
5. Statilia maculata Thunberg, 1784 

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 29.x.2021 (early morning). 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 17.xii.2021 (night). 
♂. Sandakan, Sepilok, sawmill area. Henry, 6.i.1978. 
♂. Sandakan, Sepilok, sawmill side. Ento staff, 29.xi.1977. 
♂. Sandakan, Sepilok, Sepilok office. Asmat, 7.xii.1977. 
♀. Sandakan, Sepilok, Sepilok office. Binin, 7.xii.1977. 
♂. Sandakan, Sepilok. 3.iv.1978. 
♂. Sandakan, Sepilok. D. Surdarii, 11.v.1978. 
♀. Kinabatangan, Sukau, Kinabatangan Wildlife Sanctuary, light trap. John L.Y., Yasir J. & 
Wong H., 14.vii.2021 
 
Remarks: Schwarz et al. (2018b) provided a taxonomic key to the Mantidae genera of 
Southeast Asia.  
 
Statilia maculata is believed to be either highly variable or a species that needs to be revised 
thoroughly (Saha et al. 2005, Schwarz et al. 2018a). Schwarz et al. (2018a: 217) corrected 
the misidentification and placed both the S. maculata (Thunberg 1784) and S. nemoralis 
(Saussure 1870) listed in Schwarz & Konopik (2014: 152) as S. maculata. Other historical 
misidentifications of S. maculata are also listed (see Schwarz et al. 2018a for details). More 
information on the variability of S. maculata were written in the remarks of S. apicalis.  
 
6. Statilia apicalis (Saussure, 1871) 

♀ Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 8.vii.2021 (night). 
 
Remarks: This is the first record in Borneo. It has an unusually wide distribution for a 
mantid. Originally described from Australia, it has also been recorded in New Guinea, 
Taiwan, Penang (Malaysia), Philippines, Sulawesi, and various parts of Africa.  
 
One of the methods to differentiate between S. maculata and S. apicalis is by examining the 
location of the black marking on the ventral metazone of the prothorax (see Figure 47). 
Occasionally, for S. maculata, the marking can also be found at the posterior area of ventral 
metazone (Chatterjee & Mukherjee 2013), although it may not be present at both anterior and 
posterior area in the green colour morph (Schwarz et al. 2018a). Hence, there is a possibility 
that the brown morph of S. maculata may have no anterior marking but instead have a 
posterior marking, although there is no record of this varied morphology. On the other hand, 
the marking in S. apicalis can only be found at the posterior area of ventral metazone 
(Mukherjee et al. 1995, Chatterjee & Mukherjee 2013, MNHN 2021).  
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The wing colour of S. maculata is also variable. For instance, Statilia maculata var. hyalina 
Gilgio-Tos, 1927, has hyaline hindwings instead of darkened hindwings. All of the examined 
FRCS and P.E. Bragg’s personal specimens have darkened or smoky hindwings, with some 
that are apically lightened. For S. apicalis, the hindwings are generally colourless or hyaline 
except the darkened tip of the wings (MNHN 2021, Mukherjee et al. 1995).  
 
7. Hierodula sp. 7  

♂. Sandakan, Mile 8. Ag. Thani, 2.i.1978. 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 15.x.2021 (early morning). 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 24.x.2021 (night). 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H. & Eldy the Bob, 30.xi.2021 
(night). 
♂. Sandakan, Sepilok. Henry, 6.iii.1978. 
♂. Sandakan, Sepilok. Thomas Leg, 4.iv.1980. 
♂. Sandakan, Sepilok. 3.iv.1978. 
♂. Sandakan, Tanah Merah. Rakim, 11.iv.1970.  
 
Remarks: Hierodula is one of the hardest genera in Mantodea to undergo identification 
(Schwarz & Konopik 2014, Bragg 2021), especially when there are only written descriptions 
without proper illustration or measurements recorded (Bragg 2021: 30 & 32) and the 
taxonomy within this genus is problematic (Vermeersch 2020, Vermeersch & Unnahachote 
2020). In addition, the locality of a few type specimens of Hierodula are unknown (Bragg 
2021: 31), making the species harder to identify. Hence, it is not uncommon to have many 
Hierodula specimens left unidentified or even misidentified (Bragg 2021, Schwarz & 
Konopik 2014: 131). Schwarz & Roy (2019: 158) also suggest the Hierodulini tribe should be 
revised thoroughly.  
 

The genitalia of the specimen collected on 24.x.2021 agrees with Hierodula sp. H5 in 
the personal collection of P.E. Bragg. It is also worthwhile to note that in P.E. Bragg’s 
collection of Hierodula sp. H5 also occurred at Sepilok and Ulu Dusun (roughly 23 km from 
Sepilok), and has been recorded from Kalimantan Tengah (Bragg 2021: 18).  
 
8. Hierodula sp. 8  

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 30.x.2021 (night). 
♂. Sandakan, Sepilok F.R. M. Anzai, 15.iii.1989. 
♂. Sandakan, Sepilok Laut. K. Abe, 10.xi.1981.  
♂. Light trap. K. Abe, 6.x.1987. 
 
Remarks: The genitalia of the specimen collected on 30.x.2021 agrees with a specimen 
(PEB-M426) from South East Kalimantan in the personal collection of P.E. Bragg, currently 
referred to as Hierodula sp. H9.  
 
9. Hierodula sp. 9 

♂. Tambunan, Sungai Tikolod F.R., light trap. Arthur, Razy, Faz & Yasir, 19.x.2021. 
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Remarks: This specimen was initially identified as Titanodula formosana (Gilgio-Tos 1912), 
a species to which it bears a close resemblance. However, examination of the genitalia (Fig. 
53) shows that it clearly does not belong in the genus Titanodula Vermeersch, 2020. The 
sdpm (median secondary distal process) which is characteristic of Titanodula is absent, and 
the sdpl (lateral secondary distal process) of this specimen is long and straight, rather than the 
short and curved process that is found in Titanodula spp. (Vermeersch 2020, Liu et al. 2021).  
 

For the distribution of the initial identified species, Titanodula formonasa has been 
recorded from Taiwan (Giglio-Tos 1912), Malay Peninsula, the Sunda Islands (Beier 1935a: 
82), Sumatra (Ehrmann 2002: 178), China and Vietnam (Liu et al. 2021: 421). Because Beier 
recorded it from the Sunda Islands, Schwarz & Konopik (2014: 158) listed T. formosana as a 
doubtful Bornean species that had no confirmed Bornean records. This species of Hierodula 
could be mistaken for T. formosana so re-examination any of specimens from the Sunda 
Islands may result in a change to the distribution of T. formosana. 
 
10. Hierodula cuchingina Giglio-Tos, 1917 

♀. Sandakan, Gum Gum. A. Gumbating, 3.vii.1981. 
[Damaged]. Sandakan, Mile 22, Labuk Road. M. Marquez, 19.vii.1968. 
[Damaged]. Sandakan, near the Forest Department. F. Tuyuk, 3.xi.1967. 
♀. Sandakan, near primary school. F.E., 2.ii.1967. 
♀. Sandakan, Sepilok, FRCS, hand-caught. Arthur, Zainal, Razy & Wong H., 25.x.2021 
(morning).  
♀. Sandakan, Sepilok. Ajis & Asma, 29.iv.1978. 
♀. Sandakan, Sepilok. Ento staff, 26.iii.1980. 
♀. Sandakan, Sepilok. Good, 14.viii.1980. 
♀. Sandakan, Ulu Dusun. Ento staff, 26.v.1978. 
♀. Tawau, Brumas, SSSB Office. Ento staff, 8.iii.1978. 
 
Remarks: Identified by examining the forewing of the species, as the discoidal region of the 
wing is partly opaque (Giglio-Tos 1917). It is a Bornean endemic species.  
 
The shape of the pronotum and the stigma on the forewings show some resemblance to 
Heirodula sp. 7. It is possible they are the same species despite different forewings as the 
forewings of both genders in some of the species of Hierodula genus tend to show significant 
sexual dimorphism. Forewings of male Hierodula tend to be narrower and have less 
colouration on the discoidal area compared to females (example H. jianfenglingensis in Liu et 
al. 2020: 4-8, Fig. 1A & 2A). In certain Hierodula species, the discoidal area of forewings in 
female is almost completely sub-opaque or opaque (Ehrmann 2002: 176). Further study is 
required to confirm these two morphospecies.  
 
11. Hierodula dyaka Westwood, 1889 

♂. Sandakan, Sepilok, FRCS rest house. T. Mori, 13.x.1984. 
♀. Sandakan, Sepilok. Ento staff, 18.v.1992. 
♂. Sandakan, Sepilok Laut. xii.1992. 
♀. [no label]. 
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Remarks: A relatively widespread species. It was originally described from Borneo and can 
be found in India, Malay Peninsula, Sumatra, Java (Schwarz & Konopik 2014), and China 
(Liu et al. 2020). The species is easily identified based on large and consistent size of spines 
at the dorsal part of forecoxa, narrow pronotum and stigmata that have no dark colouration 
around it. The stigmata for male is not obvious.  
 
12. Rhombodera rotunda Giglio-Tos, 1917  

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 6.vii.2021 (night).  
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 6.viii.2021 (night).  
♀. Sandakan. K.L. Dolimes, 20.ii.1970.  
 
Remarks: A Bornean endemic species. Rhombodera rotunda was described from two 
specimens from Kinabalu and a third from “Borneo”; it was said to be close to Rhombodera 
valida (Burmeister, 1838), but is distinguished by a having a black spot on the inner side of 
the fore femur (Giglio-Tos 1917: 66; Figure 50). Rhombodera rotunda was later 
synonymised with R. valida by Beier (1935a: 86); however, examination of the genitalia of 
specimens with a black spot has shown them to be different from specimens without a spot 
(Bragg, personal observation: R. valida specimens from Sarawak). In their checklist of 
Bornean species, Schwarz & Konopik (2014: 151) followed the established synonymy and 
listed only two species of Rhombodera: R. valida, and R. laticollis; now with R. rotunda 
distinguished from R. valida, there are now three species confirmed in Borneo.  
 
13. Rhombodera nr valida Burmeister, 1838 

♀. Sandakan, Sepilok. 15.viii.1995. 
 
Remarks: Nymph. The ventral fore femur matched with the description of Giglio-Tos (1927: 
452) as it has no black marking, but the identification is not confirmed.  
 
14. Rhombodera fratricida Wood-Mason, 1878 

♂. Telupid, Tawai F.R. Ento staff, 1-13.ix.1994. 
♂. Telupid, Tawai F.R. Ento staff, 1-13.ix.1994. 
 
Remarks: A large species. Very similar to R. laticollis Burmeister, 1838 (NHM 2021, Otte et 
al. (2021), including its size (Giglio-Tos 1927: 450-451). Comparing the male specimens of 
both species from NHM (2021), R. fratricida is different from R. laticollis by having 
narrower metazone and lacking blackened or darkened lateral margin at the 
posterior pronotum (Wong, personal observation 2021). However, it should be noted that 
there is a variation of pronotum’s sizes within Rhombodera species, and a proper revision on 
the genus is required (Schwarz & Konopik 2014: 149).  
 
Initially, Giglio-Tos (1912: 102) wrote that the first and third discoidal spines of R. fratricida 
are blackened entirely ("spinae prima et tertia discoidales... totae nigrae"). However, the 
description changed to all three discoidal spines are darkened internally ("les epines 
discoidales 1-3 ... noires en dedans", Giglio-Tos 1927: 451), creating an unnecessary 
confusion. The holotype of R. fratricida showed that there are only the first and third 
discoidal spines blackened entirely (NHM 2021 & Svenson 2021).  
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The placement of R. fratricida in Giglio-Tos' taxonomic key (1927: 437-439) was also 
doubtful, as Giglio-Tos categorized R. fratricida in one group with male Rhombodera that 
have spherical pronotum with largest expansion at the middle of pronotum, despite this 
species clearly have more chalice-shaped pronotum with the greatest dilation located at the 
front of middle of pronotum.  
 
Schwarz & Konopik (2014: 159) regard R. fratricida as a doubtful species without confirmed 
Borneo records. The examined FRCS specimen resembles the holotype of R. fratricida 
(NHM 2021, Svenson 2021).  
 
15. Ephierodula heteroptera Werner, 1906 

♀. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Ivan Teoh, Nelson Liew & Wellcira, 
15.viii.2021 (night). 
♀. Sandakan, Sepilok. Ag. Thani, 14.i.1978. 
♀. Sandakan, Sepilok. James Josue, 7.x.1994. 
 
16. Tenodera aridifolia Stoll, 1813 

♂. Sandakan, Sepilok. Henry, 14.i.1978. 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 31.vii.2021. 
♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., x.2021. 
[Damaged]. Sandakan, Sepilok, sawmill area. Henry, 6.i.1978 
♀. G0598, Malaya, Selangor, Kepong. F.R.I. Kepong, 23.iii.1956. [From FRIM] 
♂. [No label]. 
 
Remarks: It is highly recommended to identify this species by examining the hindwing of 
the species, as it has a blackish or reddish brown patch at base of the wing (Giglio-Tos 1927, 
Mukherjee et al. 1995).  
 
17. Tenodera fasciata blanchardi Giglio-Tos, 1912 

♀. Sandakan, Sepilok, office. Dadang J., 1.xii.1977. 
♂. Sandakan, Sepilok. Ento staff, 10.xi.1977. 
♀. Sandakan, Sepilok. Ismail, 6.xii.1978. 
♀. Sandakan. F.E., 18.ii.1967.  
 
Remarks: The specimens examined have black spot or mark at the ventral side of the fore 
femur, a unique feature to identify this subspecies (Giglio-Tos 1927, Mukherjee et al. 1995, 
NHM 2021), although the black markings are not very obvious occasionally.  
 
18. Acromantis moultoni Giglio-Tos, 1915 

♂. Lahad Datu, Mile 24, Baka pit. F.E., 16.xi.1968.  
♂. Lahad Datu, Ulu Segama. Ento staff, 2-12.vii.1980. 
♂. Ranau, Balingkadus F.R., light trap. Razy, Faz, Wong & Rooth, 28.ix.2021.  
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Remarks: The taxonomic keys of Acromantini tribe created by Svenson et al. (2015) were 
revised by Shcherbakov (2017), although Shcherbakov (2017) does not include Acromantis 
genus in his keys.  
 
Acromantis is not an easy genus to identify, especially when there is not much difference 
between species (Schwarz & Konopik 2014: 139). This is also the reason why many of the 
FRCS specimens from this genus are only able to identify as ‘near’ to some specific species.  
 
19. Acromantis nr gestri Giglio-Tos, 1915 

♂. Tambunan, Rafflesia V.J.R. Ento staff, iv.1994. 
 
Remarks: This identification was given based on the keys by Giglio-Tos (1927). If the 
identification is confirmed, this species is the first record in Borneo.  
 
20. Acromantis nr lilii Werner, 1922 

♀. Telupid, Tawai F.R. Ento staff, 1-13.ix.1994. 
 
Remarks: Same case as A. nr gestri.   
 
21. Acromantis nr oligoneura De Haan, 1842 

♂. Sandakan, Sepilok, office. Asmai, 6.i.1978. 
 
Remarks: Similar case as A. nr gestri. According to Schwarz & Konopik (2014), this species 
was doubted to have occurred in Borneo. The synonym of A. oligoneura, A. parvula 
Westwood, 1889, was recorded from Borneo (Westwood 1889: 43, Giglio-Tos 1927: 526). 
Although A. oligoneura differs from A. moultoni by having a tubercle at the head (Giglio-Tos 
1927: 525), some scholars, such as Hebard (1920) and Werner (1922), believed that A. 
moultoni should be treated as a synonym of A. oligoneura.  
 
22. Psychomantis borneensis De Haan, 1842 

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 6.viii.2021 (night). 
♀. Sandakan, Sepilok. Toyok, 15.xii.1977. 
♂. Lahad Datu, Danum Valley. Ento staff, 1-3.xi.1986. 
♂. Lahad Datu, Danum Valley. Ento staff, 1-3.xi.1986. 
♂. Lahad Datu, Danum Valley. Ento staff, 1-3.xi.1986. 
♂. Tambunan, Sungai Tikolod F.R., light trap. Arthur, Razy, Faz & Yasir, 19.x.2021. 
[Damaged]. [no label]. 
 
Remarks: Dimorphism is significant in terms of size: the female is significantly larger 
compared to the male. The ratio length of pronotum and body between male and female are 
1:1.46 and 1:1.48 respectively (Wong, H., personal observation 2021).   
 
23. Majangella moultoni Giglio-Tos, 1915 

♂. Nabawan, Sapulut F.R. Ento staff, vi.1996. 
[Damaged] (?) ♂. Tawau, Sg. Imbak. Ento staff, xi.1994. 
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♂. Tawau, Sg. Imbak. Ento staff, xi.1994. 
 
Remarks: The taxonomic keys of Majangella genus provided by Bragg (2010) were revised 
by Svenson & Vollmer (2014) who also revised the genus and provided English translations 
of several Latin and German descriptions. 
 
24. Theopropus borneensis Beier, 1942 

♀. Sandakan, Sepilok. Lee Y.F., 11.i.1994. 
♀. Sandakan, Sepilok. M. Anzai, 11.v.1988. 
♀. Sandakan, Sepilok. P. Ansoi, 15.iv.1992. 
Nymph. Sandakan, Sepilok, Orangutan Rehabilitation Centre. Jafa H.M., 2.xi.1977.  
♀. [No label]. 
♀. [No label]. 
 
Remarks: A species that is easily misidentified as Theopropus elegans (Westwood, 1832) if 
the person is not aware of the existence of T. borneensis (Schwarz & Konopik 2014: 157, 
Wong, H., personal observation 2021). The differences between T. borneensis and T. elegans 
are presented in Table 2, based on descriptions made by Beier (1942) and Svenson (2021). A 
Bornean endemic species. The size difference between males and females is extreme in this 
species, females are about 5 cm long, while males are only 2 cm (Bragg, personal 
observation).  
 

Table 2. Differences between T. borneensis and T. elegans. 
 

Features T. borneensis T. elegans 
Colouration of hindwings Milky or cloudy greenish-

white 
Fox-reddish 

Interior foretibia Interior face of fore-tibia with 
one black band extending 
from the middle to the end of 
claw, without interruption. 

Interior face of fore-tibia with 
two black marks, with a pale 
band in the middle.  

Interior of forefemur No black marking. Contains two black marks. 
Margin of pronotum Two black marks at each side. One black mark at each side. 

 
25. Hymenopus coronatus Olivier, 1792 

♀. Sandakan, Sepilok, housing compound. Binin, 12.vi.1978. 
♀. Sandakan, Sepilok. Ento staff, 17.xii.1979. 
♀. Sandakan, Sepilok. Ong R.C., 10.vii.1994. 
♀. Lahad Datu, Danum Valley. Allai, vi.1992. 
♀. Sipitang to Lawas. Ento staff, iv-v.1990. 
♀. Susa Lambs. Bets staff, 25.xi.1979 [Unclear hand-writing on the labels]. 
 
Remarks: Like T. borneensis, this species shows extreme sexual size dimorphism: Females 
about 7.5 cm, males 3.0 cm (Bragg: personal observation: specimens from Ulu Dusun).  
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26. (?) Creobroter sp.  

Nymph. Sandakan, Sepilok. M. Gakial, 8.iv.1980. 
 
Remarks: The material examined was identified based on the conical eyes, the general shape 
of pronotum (Figure 49), the absence of lobe at hind-leg, and the short one-spiked spine at the 
back of the head.  
 
27. Astyliasula sarawaca (Westwood, 1889) 

♀. Sandakan, Sepilok, FRCS. A.Y.C. Chung, 30.ix.2001. 
 
Remarks: The tribe Hestiasulini, which contains this species and Catestiasula nitida, was 
revised comprehensively by Schwarz & Shcherbakov (2017). 
 
28. Catestiasula nitida (Brunner, 1893) 

♂. Sandakan, Sepilok Laut. T. Mori, 21.ix.1984 (night). 
♂. Lahad Datu, Danum Valley. Ento staff, 1-3.xi.1986. 
 
29. Ceratocrania macra Westwood, 1889 

♀. Sandakan, Ulu Dusun. L. Madani, 8.xii.1977. 
 
30. Theopompa tosta Stål, 1877 

♂. Sandakan, Kabili-Sepilok F.R. 19.xii.1992. 
♂. Sandakan, Sepilok, Arboretum. Ahad, 12.xi.1977. 
♂. Sandakan, Sepilok. Ento staff, 1.iv.1979. 
♂. Sandakan, Sepilok. Ismail, 26.ii.1979. 
♂. Sandakan, Sepilok. Ismail, 5.i.1979. 
♂. Keningau, Sapulut. Ento staff, 10-26.iv.1987. 
♂. Kinabatangan, Gomantong. Kamideh, 19.ix.1970.  
♂. [No label] 
 
Remarks: A taxonomic key for the genus Theopompa was created by Bragg (2010).  
 
31. Theopompa borneana Giglio-Tos, 1917 

♂. Sandakan, Sepilok Laut. xii.1992. 
♂. Sandakan, Sepilok Laut. xii.1992. 
♂. Sandakan, Sepilok, Arboretum. Ahad, 12.xi.1977. 
♂. Sandakan, Sepilok, Research office compound. Felix, 7.iii.1978. 
 
32. Humbertiella ocularis Saussure, 1872 

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 25.x.2021 (night).  
♂. Sandakan, Sepilok, Keruing Cafe at RDC, hand-caught. Wong H., 3.ix.2021 (noon).  
 [damaged]. [no label]. 
 



 
 
 
Sepilok Bulletin 31: 1-30 (2022)  H. Wong et al. 

15 
 

33. Bimantis malaccana Rehn, 1904 

♀. Kota Belud, Kg. Kiau. Ento staff, 12.iv.1978. 
 
Remarks: Originally described from Thailand by Rehn, Giglio-Tos (1927: 177) also listed 
Java but without any data. This appears to be the first confirmed record of the species in 
Borneo; the only previous record is that of Svenson (2007: 210) who does not record any data 
but just gives “Borneo” as the source of his material.  
 
34. Amantis reticulata De Haan, 1842 

♀. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H. & Ivan Teoh, 26.vii.2021 
(early morning). 
♀. Ranau, Poring. Jaaffar & Henry, 10.iv.1978. 
 
Remarks: The black midline on the pronotum of the recent specimen faded after being dried 
in an oven (Wong, H., personal observation 2021).  
 
35. Hapalopeza tigrina Westwood, 1889 

[Damaged]. Telupid, Sandakan. 15 Nov 1979. Ento staff (unclear wordings). 
 
Remarks: A species that is easily misidentified as H. nitens (Saussure 1871) due to its high 
similarities (Gilgio-Tos 1927: 131-132). Beier (1937, 1958) misidentified some of the H. 
tigrina from Borneo as H. nitens (Schwarz & Konopik 2014: 145). Schwarz & Konopik 
(2014: 157) also recorded similar mistakes at The State Museum of Natural History 
Karlsruhe, and they regard the occurrence of H. nitens in Borneo as doubtful.  
 
36. Toxodera fimbriata Werner, 1930 

 [Damaged] (?) ♂. Tawau, Sg. Imbak. Ento staff, xi.1994. 
 
Remarks: The taxonomy and its taxonomic keys of Toxoderini tribe has been revised and 
illustrated comprehensively by Roy (2009).  
 
37. Toxodera pfanneri Roy, 2009 

♀. Sandakan, Sepilok. FRCS. P.L. Lohuji, 17.i.1994. 
 
38. Toxodera maxima Roy, 2009 

♀. Lahad Datu, Danum Valley Field Centre. Lideh & Leopold, 9.ii.1996.  
 
39. Toxodera maculata Ouwens, 1913 

♂. Tawau, Sapulut. M. Anzai, 25.v.1990. 
 
40. Paratoxodera gigliotosi Roy, 2009 

♂. Sandakan, FRCS. S. Saguah, 16.ii.2000.  
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41. Paratoxodera meggitti Uvarov, 1927 

♂. Sandakan, Sepilok. R.A. Martin, 13.i.1996. 
[damaged]. [no label]. 
 
42. Tropidomantis tenera (Stål, 1860) 

♂. Sandakan, Gum-gum F.R. T. Mori, 23.ix.1984. 
♂. Sandakan, Sepilok Laut. T. Mori, 21.ix.1984. 
♂. Sandakan, Tanah Merah. Rakim, 31.3.1970. 
♂. Labuan, Marinding. Ento staff, 30.iv.1986. 
 
43. Leptomantella bilineata Westwood, 1889 

♂. Ranau, Balingkadus F.R., light trap. Razy, Faz, Wong, Rooth & Sazalee, 27.ix.2021.  
♂. Tambunan, Sungai Tindikon F.R., light trap. Arthur, Razy, Faz & Yasir, 21.x.2021. 
 
Remarks: These specimens have broken black lines on each side of the margin of the 
pronotum, agreeing with the description of L. bilineata in Westwood (1889: 32). This species 
has recently been removed from synonymy with others and reinstated as a valid species 
(Bragg 2022).  
 
44. Amorphoscelis reticulata Werner, 1933 

♂. Lamag, Batu Putih. Ento staff, 5.vii.1980. 
  
Remarks: A Bornean endemic species. This genus for Southeast Asia region was revised by 
Roy (1966, 2010), but an easier version of taxonomy key that requires no genitalia dissection 
for Southeast Asia region is unavailable. According to Schwarz & Konopik (2014), this 
genus contains many Bornean endemic species, although this high endemism might be 
caused by lack of study and attention on this difficult genus.  
 
45. Amorphoscelis huismani Roy, 2010 

♂. Sandakan, Sepilok, FRCS Guesthouse, hand-caught. Wong H., 1.x.2021 (night). 
 
Remarks: Identification was done based on comparing the specimen with the photo, 
holotype description, and geographic distribution of the species (Roy 2010). A Bornean 
endemic species.  
 
46. Caliris elegans Giglio-Tos, 1915 

♀. Sandakan, Mile 52, Lung Manis. F.E., 2.iv.1968.  
♀. Sandakan, Sepilok, FRCS, found freshly dead. Wong H., 23.ix.2021. 
 
47. Metallyticus splendidus Westwood, 1835 

♀. [no label]. 
 
Remarks: The genus Metallyticus was thoroughly reviewed by Wieland (2008), including a 
taxonomic key and English translation of Latin and French literature.  
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Figure 1. Euchomenella heteroptera. 

 
Figure 2. Deroplatys desiccata. 

 
Figure 3. Deroplatys truncata. 

 
Figure 4. Deroplatys lobata. 

 
Figure 5. Statilia maculata. 

 
Figure 6. Statilia apicalis. 

 
Figures 1-47: Praying mantises of the Forest Research Centre, Sepilok (scale line = 1 cm). 
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Figure 7. Hierodula sp. 7. 

 
Figure 8. Hierodula sp. 8. 

 
Figure 9. Hierodula sp. 9.  

Figure 10. Hierodula cuchingina. 

 
Figure 11. Hierodula dyaka. 

 
Figure 12. Rhombodera rotunda. 
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Figure 13. Rhombodera nr valida. 

 
Figure 14. Rhombodera laticollis. 

 
Figure 15. Ephierodula heteroptera. 

 
Figure 16. Tenodera aridifolia. 

 
Figure 17. Tenodera fasciata blanchardi. 

 
Figure 18. Acromantis moultoni. 
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Figure 19. Acromantis nr gestri. 

 
Figure 20. Acromantis nr lilii. 

 
Figure 21. Acromantis nr oligoneura. 

 
Figure 22. Psychomantis borneensis. 

 
Figure 23. Majangella moultoni.   

Figure 24. Theopropus borneensis. 
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Figure 25. Hymenopus coronatus. 

 
Figure 26. Astyliasula sarawaca. 

 
Figure 27. Catestiasula nitida. 

 
Figure 28. Ceratocrania macra. 

 
Figure 29. Humbertiella ocularis. 

  
Figure 30. Theopompa tosta. 
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Figure 31. Theopompa borneana. 

 
Figure 32. Bimantis malaccana. 

 
Figure 33. Amantis reticulata. 

 
Figure 34. Hapalopeza tigrina. 

 
Figure 35. Toxodera fimbriata. 

 
Figure 36. Toxodera pfanneri. 
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Figure 37. Toxodera maxima. 

 
Figure 38. Toxodera maculata. 

 
Figure 39. Paratoxodera gigliotosi. 

 
Figure 40. Paratoxodera meggitti. 

 
Figure 41. Tropidomantis tenera. 

 
Figure 42. Leptomantella bilineata. 
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Figure 43. Amorphoscelis reticulata. 

 
Figure 44. Amorphoscelis huismani. 

 
Figure 45. Caliris elegans.  

Figure 46. Metallyticus splendidus. 

  
Figure 47. Statilia maculata (left) and  
S. apicalis (right), showing the ventral 

prothorax. 

 
Figure 48. Forefemur and forcoxa of 

Hierodula sp. 9. 

 
Figures 47-53: Specific body part(s) of praying mantises. 
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Figure 49. Head and pronotum of  

(?) Creobroter sp. 

 
Figure 50. Forefemur of Rhombodera 

rotunda. 

 
Figure 51. ♂ genitalia of Hierodula sp. 7. 

 
Figure 52. ♂ genitalia of Hierodula sp. 8. 

 
Figure 53. ♂ genitalia of Hierodula sp. 9. 
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A review of the Leptomantellidae of Borneo (Insecta: Mantodea) 
 
 

P.E. Bragg 
 

31 Parkhouse Road, Lower Pilsley, Chesterfield, Derbyshire, S45 8DG, U.K.   
Email: pbragg@aol.com 
 
Abstract. A key is provided to the genera of Leptomantellidae.  The type specimens of the 
two species described by Westwood have been examined and Leptomantella bilineata 
(Westwood 1889) stat. rev. is reinstated as a valid species.   Musonia fragilis Westwood, 1889 
is found to have been wrongly placed in Leptomantella and is reallocated as Aetaella fragilis 
(Westwood 1889) comb. nov.  The existing records for the Bornean members of the family 
are assessed with the result that only two species can be confirmed to occur in Borneo.   All 
records of fragilis published after Westwood’s original descriptions are misidentifications.  
Illustrations of the type specimens, and some new records for these two species are included 
for Borneo, along with new records for bilineata from Singapore, Sumatra and the 
Philippines.  Some historical complications are discussed and outstanding issues that need to 
be resolved are outlined.  A parasitic mite was found on a specimen of Leptomantella 
bilineata. 
 
Key words: Aetaella fragilis, Borneo, key to genera, Leptomantella bilineata, Mantodea, 
Parasite 
 

INTRODUCTION 
 

While collecting phasmids, mainly in Borneo, I have collected a few praying mantids 
that were encountered by chance.  Apart from a few generic revisions, or geographically 
limited publications, the only keys for identification of most mantids are those of Giglio-Tos 
(1927); these keys and the associated descriptions are often brief and unreliable.  In order to 
identify my own material, I found it necessary to examine the original material of species 
described from Borneo.  The only two species of Leptomantellidae that were originally 
described from Borneo are Musonia fragilis Westwood, 1889, and Musonia bilineata 
Westwood, 1889; the holotypes of both species are in Oxford University Museum. 
 

In 1915, Giglio-Tos created the genus Leptomantis for four existing species, and two 
more which he described as new.  However, he had not examined the type specimens of the 
two species previously described by Westwood in 1889.  Recent examination of these 
specimens has shown that one species does not belong in the genus, and the other is clearly a 
senior synonym of one of the species which Giglio-Tos described as new.  Various synonyms 
have been published for the species which Giglio-Tos placed in Leptomantis, usually with no 
justification given by the authors; some of the published synonyms involve Westwood’s 
species but there is no evidence that any of these authors examined Westwood’s specimens. 
 

Many of the species of mantids described by Westwood in 1889 were from the Hope 
collection, indicated by “Mus. Hope.” in Westwood’s publication;  the Hope collection is in 
the Oxford University Natural History Museum.  The museum is housed in an old building 
which was completed in 1860.  The insect collection was originally housed in a mixture of 
wooden cabinets and has in the past suffered from infestation by dermestid beetles, Anthrenus 
spp., commonly known as museum beetles, or carpet beetles.  At some point, I believe in the 
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1970s, the decision was made to isolate type specimens from the main collection so that they 
could be more closely monitored.  However, in the preceding years damage had been done to 
some specimens.  Following the ban on the use of Naphthalene as a pest deterrent in the 
1980s, the main collection suffered further damage; in the mid 1990s I remember seeing live 
dermestid beetles and larvae in several drawers of the main Phasmida collection.  The main 
collection has now been rehoused in modern metal cabinets which are more secure. 
 

Westwood described two species which belong in what is now known as 
Leptomantellidae; both were described from material collected in Sarawak by A.R. Wallace: 
a male described as Musonia fragilis Westwood, 1889, and a female described as Musonia 
bilineata Westwood, 1889.  The distinction between the genera in Leptomantellidae depends 
on the number of spines on the fore tibia.  Westwood’s descriptions do not mention the 
number of spines on the fore tibia in either species so it is not possible to ascribe them to a 
genus based solely on the descriptions.  The holotype of M. fragilis is in poor condition, it is 
glued onto card: only the wings, the head, the pronotum, part of the meso- and metanotum, 
and five of the legs remain; my recent examination of the holotype shows that it belongs in 
Aetaella Hebard, 1920, not in Leptomantis where it was placed by Giglio-Tos.  The type 
specimen of M. bilineata Westwood, 1889 was missing from the type cabinets until it was 
recently located by museum staff in the main collection where it had been placed under the 
heading Nanomantis lactea: a combination of the genus in which it was placed by Kirby 
(1904: 256) and the species synonym given by Giglio-Tos (1915).  Having examined the 
holotype of bilineata, I can confirm that it belongs in Leptomantella Uvarov, 1940. 
 

 
MATERIALS & METHODS 

 
In 2021, I visited Oxford University Natural History Museum to examine the holotypes 

of Westwood’s two species of Leptomantellidae.  I examined the specimens to evaluate their 
generic placement and for comparison with my own specimens.  I have also checked 
specimens in the general collections in Oxford University Museum, Cambridge University 
Museum, and the Natural History Museum, London.  Specimens were externally examined 
with a binocular microscope; the number and relative size of spines on the fore tibiae and fore 
femora were recorded for most specimens; in a few cases, due to the folding of the fore legs, 
evaluation of the relative size of spines was not possible.  No examination of the male 
genitalia of the type material has been possible because the abdomen of fragilis is missing 
and bilineata is female.  The holotype of bilineata was preserved with a piece of wood 
inserted into the abdomen, this appears to have been a common practice by Wallace and was 
used for some mantids and some phasmids. 
 

My own photographs were taken with a Canon 350D digital camera with various 
combinations of a 60 mm macro lens, an 18-55 mm zoom lens, a 25 mm extension tube, and 
a Raynox M-250 microscopic lens.  Lighting was by a ring-flash, or by using a tripod for 
long exposure (aperture priority) photographs in daylight.  Scale lines were added by 
photographing the insect with a ruler and then using computer software to add a scale line.  
Some photographs of Westwood’s types were taken by Rob Douglas (OUMNH) using image 
stacking. 
 

My own material was collected at night while searching for phasmids; specimens were 
found by chance on vegetation using a head-torch, or at lights on buildings or signs.  
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Specimens in my collection have individual accession numbers prefixed by my initials and M 
for mantis e.g. PEB-M123. 
 

Synonymies for species are limited mainly to references to Bornean records or to 
publications which changed the generic placement.  Spines on the fore tibia and fore femora 
are only present on the ventral surfaces so the ventro-anterior (= internal ventral) spines are 
usually referred to as internal spines, and the ventro-posterior (= external ventral) spines are 
usually referred to as external spines. 
 
The following abbreviations are used: 
HT Holotype. 
PT Paratype.  
ANSP Academy of Natural Sciences Philadelphia, USA. 
BMNH  [= NHMUK] Natural History Museum, London, UK. 
BORN Institute for Tropical Biology and Conservation, Universiti Malaysia Sabah. 
CUMZ Cambridge University Museum of Zoology, Cambridge, UK. 
FRCS Forest Research Centre, Sepilok, Sabah. 
NHMW Natural History Museum, Wein, Austria. 
OXUM  [= OUMNH] Oxford University Museum, Oxford, UK. 
ZMHB Zoological Museum, Humboldt University, Berlin. 
 

Distribution maps for the Bornean species (Figures 8 & 20) are based on specimens I 
have examined, or photographs of specimens; however, two published records (Beier 1958 & 
Werner 1933) for Leptomantella sumatrana in eastern Kalimantan have been included 
although I have not examined these specimens. 
 
 

RESULTS 
 
Leptomantellidae     
 

The family Leptomantellidae was recently created by Schwarz & Roy (2019) for a 
small group of praying mantids that did not fit with their previously allocated family.  The 
family name is based on Leptomantella Uvarov, 1940 which was a replacement name for 
Leptomantis Giglio-Tos, 1915; the replacement name was needed because the name 
Leptomantis was already in use for a genus of Amphibia [Leptomantis Peters 1867].   
 

The few members of the family are all small pale green mantids with long delicate 
wings.  In Borneo, they are fairly easy to recognise although they are superficially similar to, 
and could be confused with, some members of Nanomantidae.   On a recent visit to BMNH, 
in addition to specimens in the Leptomantellidae drawers, I found about 20 specimens of 
Leptomantellidae amongst a drawer containing about 200 unidentified Nanomantidae; these 
were located late in the day and the available time did not permit me to examine these in 
detail.  The Bornean Nanomantidae have relatively short pronotum; Tropidomantis tenera 
(Stål 1860) is particularly widespread and common, and Sceptuchus simplex Hebard, 1920 is 
not rare; both have a pronotum that is clearly shorter and stouter than the Leptomantellidae 
(Figure 1).  Microscopic examination of the fore-femora would allow the Leptomantellidae to 
be distinguished from other small pale green mantids in the region by the combination of four 
discoidal spines and four ventro-posterior spines. 
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Figure 1. A-B. Nanomantidae & C-D. Leptomantellidae. A.Tropidomantis tenera,  

B. Septuchus simplex, C. Aetaella fragilis, D. Leptomantella bilineata. 
 

Of the four known genera of Leptomantellidae, only Leptomantella Uvarov, 1940 and 
Aetaella Hebard, 1920 have been recorded from Borneo.  The number of species in Borneo is 
unclear because of conflicting synonyms that have been published by various authors.  
However, the specimens I have examined represent only two species. 

 
In his description of Leptomantis, Giglio-Tos (1915: 87) clearly says “7 external spines 

on the front tibiae”.  This and the three genera that were subsequently described are mainly 
distinguished by the number (6, 7 or 9) of external spines on the fore tibia, although both 
Hebardia Werner, 1921 and Hebardiella Werner, 1924 have nine.   
 
Key to genera of Leptomantellidae 
 
The following key is based on the original generic descriptions and the description of 
Hebardiella rehni Werner. 
 
1. Fore tibia with only 6 ventro-external spines (Figure 2)……....Aetaella Hebard, 1920 
-   Fore tibia with more than 6 ventro-external spines………………...………..………2 
 
2. Fore tibia with 7 ventro-external spines (Figure 2)..……Leptomantella Uvarov, 1940 
-   Fore tibia with 9 ventro-external spines………………..………………………….…3 
 
3.  Metatarsi and hind tibiae finely denticulate..…………….…..Hebardia Werner, 1921 
-   Middle and hind tibia finely ciliated, but not toothed…...…Hebardiella Werner, 1924 
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Figure 2. External tibial spines of Aetaella fragilis and Leptomantella bilineata. 

 
Aetaella Hebard, 1920 
Aetaella Hebard, 1920: 44; Giglio-Tos, 1927: 308; Schwarz & Roy, 2019: 112. 
Leptomantella (Aetaella); Beier, 1935: 17; Ehrmann, 2002: 201. 
 
Type species: Aetaella bakeri Hebard, 1920 by original designation. 
 

There are three species in the genus: A. bakeri Hebard, 1920 from the Philippines, A. 
fragilis (Westwood 1889) from Borneo, and A. pluvisilvae Henry, 1931 from Sri Lanka. 
 

A. bakeri can be distinguished from fragilis by the smaller number of internal spines on 
the fore femur.  The fore femur of both species has paired spines proximally: a small spine 
followed by a large spine, and then distally a few small spines followed by a large spine and 
an apical spine.  In bakeri there are 7 paired spines followed by 3-5 small (Hebard 1940: 45).  
In fragilis, there are typically 8 paired spines followed by 3-6 small spines; in some 
specimens there may be only 7 large spines, because a “large” spine has been reduced to a 
small spine: in these cases the number of small spines is at least 5 and may be as many as 7.  
In both species, the distal large spine and apical spine are always present.  Table 1 shows the 
arrangement of spines in the examined specimens of Aetaella (the apical femoral spine and 
tibial claw are omitted from the table). 
 
Aetaella bakeri Hebard, 1920 
Aetaella bakeri Hebard, 1920: 45, Plate I, figures 13 and 14.  Holotype ♂ (Hebard Type No. 
552 – ANSP) & Allotype ♀ (ANSP), Mt Makiling, Luzon Island, Philippines.  Paratypes: ♂ 
(BMNH, BM1923-129) Mt Makiling, Luzon Island, Philippines; ♂ (ANSP) Mt Makiling, 
Luzon Island, Philippines; ♂ (ANSP) Malinao, Tayabas, Luzon Island; ♂ (NHMW) Dapitan, 
Zamboanga, Mindanao Island; ♀ (NHMW) Los Banos, Laguna, Luzon Island; ♀ (ANSP) 
Los Banos, Laguna, Luzon Island; all specimens collected by C.F. Baker.   

Aetaella bakeri Hebard, 1920; Werner, 1922: 151 (Recorded from Philippines). 
Aëtella bakeri Hebard, 1920; Werner, 1926: 228 (Generic spelling error. Recorded from 
Philippines). 

 
Material examined. 
♂ Paratype (BMNH, Brit. Mus. 1923-129) Mt Makiling, Luzon Island, Philippines. C.F. 
Baker. 
 

Ehrmann (2002: 201) suggests all the type material is in ANSP, however, this is not the 
case: there are specimens in Vienna (NHMW) and London (BMNH).  The holotype was 
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recorded in ANSP (Otte 1978: 75) and there are also four Philippine paratypes in the 
collection (Jason Weintraub, pers. com. 2022).  The BMNH specimen was accessioned in 
1923 but appears to have been overlooked when the types were catalogued by Marshall 
(1975). 

 
Table 1. Aetaella spp. spine data. 

 
Specimen 
 

Left internal 
Tibial spines 

Right internal 
Tibial spines 

Left internal 
Femoral spines 

Right internal 
Femoral spines 

Aetaella bakeri Hebard, 1920 
BMNH bakeri PT 13 14* 7(sL), 3s, 1L 7(sL), 3s, 1L 
 

Aetaella fragilis (Westwood, 1889) 
OXUM fragilis HT 15 15 8(sL), 4s, 1L 8(sL), 3s, 1L 
PEB-M60 14 15 8(sL), 4s, 1L 8(sL), 6s, 1L 
PEB-M61 15 15 7(sL), 6s, 1L 7(sL), 5s, 1L 
PEB-M264 14 15 8(sL), 3s, 1L 8(sL), 2s, 1L 
PEB-M335 14 14 8(sL), 4s, 1L 7(sL), 1L, 5s, 1L 
CUMZ 15 14 8(sL), 4, 1L 8(sL), 4, 1L 
BMNH (Mulu) 15 15 7(sL), 7s, 1L 8(sL), 3s,  1L 
 
Notes: Key to femoral spines:  s = small,  L = large,  t = tubercule (where a spine would 
normally be present).   7(sL) = indicates one small, followed by one large 7 times.  Femoral 
spines are listed in sequence from proximal to distal. 
 
* The most proximal internal spine on the right tibia of the BMNH paratype of A. bakeri is 
tiny. 

 
The tibia of bakeri has 13-15 internal spines (Hebard 1920: 45); the BMNH paratype 

has 13 on the left leg and 14 on the right, with the proximal spine being very small.   The 
internal-ventral spines of the fore femora are composed of seven pairs of one small and one 
large spine, followed by 3-5 small spines, then one large spine, and then the apical spine. 
 

The type specimens are all from the Philippines.  However, Hebard (1920: 47) also 
recorded a male from Sandakan, Borneo collected by C.F. Baker, but excluded it as a type 
specimen.  Werner (1922: 151) recorded this species from three islands in the Philippines: 
Luzon, Basilan and Mindanao. Werner (1926) records more localities in the Philippines: SE 
Luzon, Catbalogan, Los Banos, Monungan, Panaon, St. Bango, Surigao; Werner then says 
“Hebard also gives this species from Sandakan, Borneo; I would like to question the 
correctness of this information for the time being, as I have never come across the species 
from Borneo. The Leptomantis albella from the Philippines mentioned by Brunner probably 
also belongs here”.   
 

Hebard included specimens from two different Philippine islands in his type series, but 
excluded his Bornean specimen; this suggests he had found differences from his Philippine 
types, although he makes no mention of any differences.  Whilst it is possible that A. bakeri is 
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a synonym of A. fragilis my examination of the holotype of A. fragilis and the BMNH 
paratype of A. bakeri shows sufficient differences to warrant treating them as distinct species 
at present.  I am sure that examination of Hebard’s single specimen from Sandakan will show 
it is actually A. fragilis.  Similarly, the specimens recorded from Sarawak, Mt. Mulu; Brunei, 
Labi Road; and Sabah: Tawau Hills, as A. bakeri by Schwarz & Konopik (2014: 138) must be 
regarded as A. fragilis. 
 
Aetaella fragilis (Westwood, 1889) stat. rev.  (Figures 1C & 3-10). 
Musonia fragilis Westwood, 1889: 32.  Holotype ♂ (OXUM) Sarawak, Borneo. Collected by 
A.R. Wallace. 

Nanomantis fragilis (Westwood); Kirby, 1904: 256. 
Leptomantis fragilis (Westwood); Giglio-Tos, 1915: 88. 

= Aetaella bakeri; Hebard, 1920 (Sandakan specimen only) syn. nov. 
= Aetaella bakeri; Schwarz & Konopik, 2014: 138. [not bakeri Hebard] syn. nov. 
 
Material examined. 
Holotype ♂ (OXUM) Sarawak, Borneo. A.R. Wallace. 
♀  (PEB-M60) Sarawak, Mt. Serapi.  P.E. Bragg, 13.viii.1990. 
♀  (PEB-M61) Sarawak, Kampung Bengoh. P.E. Bragg, July 1989. 
♀  (PEB-M264) Sabah, Sepilok. C.L. Chan & Nagai, June 1982. 
♂  (PEB-M335) Sabah, Sepilok, Orang Utan Centre. P.E. Bragg, 15.xii.2006. 
♀  (CUMZ) Batu Song Mt. & Apoh River, Borneo.  Hose coll. 10.9.99 [10.ix.1899]. 
♂ (BMNH, BM 1978-206) Sarawak, Gunung Mulu NP, RGS expedition 1977-8, J.D. 
Holloway et al. Site 22. April. W. Melianu Gorge 150m. 421578. Wet karangas Acl-
understorey. 
 

Examination of the holotype of Musonia fragilis shows it has only six external spines 
on the fore tibia (Figure 3) and therefore belongs in the genus Aetaella, not in Leptomantella.  
All records of fragilis since 1915 are based on identifications made following the mistaken 
assignment to Leptomantis by Giglio-Tos (1915: 88).  Assuming the authors used the 
Leptomantis definition of 7 tibial spines given by Giglio-Tos to confirm the genus, the 
following are all misidentifications of specimens which actually belong in Leptomantella: 
 
Leptomantis fragilis; Giglio-Tos, 1915: 88 (placed in Leptomantis). 
Leptomantis fragilis; Hebard, 1920: 41 (recorded from Labuan and Sandakan, Borneo). 
Leptomantis fragilis; Giglio-Tos, 1927: 307 (in key to Leptomantis). 
Leptomantis fragilis; Werner, 1930: 3 (male recorded from Pajan River, O. Borneo). 
Leptomantis fragilis; Werner, 1933: 260 (recorded from Central Borneo). 
Leptomantis fragilis; Werner, 1934: 1 (recorded from Menado, Celebes). 
Leptomantis fragilis; Beier. 1935: 16 (listed from Borneo, Batu, & Palawan). 
Leptomantis fragilis; Beier. 1958: 246 (recorded from Kalimantan, River Mentawir & River 
Wain). 
Leptomantella fragilis; Schwarz & Konopik, 2014 (specimens first recorded as 
Leptomantella sp. by Helmkamp et al. 2017). 
 

The number of spines on the fore legs varies slightly and may differ in left & right sides 
of an individual.  The fore tibia of fragilis has 14-15 internal spines.   The arrangement of the 
interior spines of the fore femur follows the general pattern described by Hebard for Aetaella 
i.e. pairs of large and small spines, then a series of small spines. Typically, there are eight 
pairs of small & large spines, followed by at least three small spines then one large.  
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However, a “large” spine of a pair may be medium sized, especially towards the distal end of 
the series, and occasionally the most distal of the series may be reduced to a small spine 
resulting in only 7 pairs before the series of small spines; if there are only seven pairs the 
number of small spines will be 5-7.  The pronotum of the examined specimens are all 
uniformly green (or brown in discoloured specimens), without any black markings.  The 
ocelli are yellow, and particularly bright and prominent in the males (Figure 7); those of the 
female are yellow or pale green and less prominent. 
 

I consider the specimens recorded as A. bakeri by Schwarz & Konopik (2014: 138) 
from Sarawak, Mt. Mulu; Brunei, Labi Road; and Sabah, Tawau Hills should be regarded as 
A. fragilis, along with Hebard’s specimen from Sandakan.  Labi Road and Tawau Hills are 
therefore included on the distribution map (Figure 8) in addition to the localities for the 
specimens I have examined. 
 
Leptomantella Uvarov, 1940 
Leptomantella Uvarov, 1940: 176.  [replacement name for Leptomantis] 
= Leptomantis Giglio-Tos, 1915: 87. 
Type species: Mantis (Thespis) albella Burmeister, 1838 by original designation of Giglio-
Tos (1915: 88). 
 

In his introduction to the description of the genus Leptomantis, Giglio-Tos (1915: 87) 
clearly states that he had seen the type specimen of his type species: “In the rich collections 
sent to me for study by the Museum of Berlin, I found the type of the species which 
Burmeister described under the name of Mantis (Thespis) albella”; there is therefore no 
possibility of the type species having been misidentified.   
 

Giglio-Tos (1915: 88) includes six species in the new genus, saying “In addition to 
Mantis albella, which is the typical species, Miopteryx lactea Saussure, 1870; Musonia 
bilineata Westwood, 1889 which is synonymous with Miopteryx lactea; Musonia fragilis 
Westwood, and two other species: L. sumatrana and L. indica which I describe here.”  
Hebard (1920) removed bilineata from synonymy with lactea, but this appears to have been 
overlooked by all subsequent authors including Giglio-Tos (1927: 307) when he provided a 
key to the genus.   
 

Giglio-Tos had not seen Westwood’s specimens in Oxford Museum.  Although he had 
seen material in London (BMNH), evidenced by his description of several new species based 
on material in London (e.g. Leptomantis indica Giglio-Tos, 1915), there is no material in 
Oxford that has been labelled by Giglio-Tos.  Had he seen Westwood’s specimens he would 
have known Musonia fragilis Westwood, 1889 has only 6 external tibial spines and would 
either have changed his description of the genus or have created an additional genus. 
 

There is no key in Giglio-Tos (1927) to distinguish Aetaella from Leptomantis, and the 
key to Leptomantis does not include L. tonkinae Hebard, 1920, from Vietnam; this is because 
Giglio-Tos died in 1926, having submitted the manuscript for his book in 1922 but with only 
brief references to taxa described after 1916 (C. Apstein, editor, in Giglio-Tos 1927: contents 
page).  According to Ehrmann (2002: 200) a further five species of Leptomantella have been 
described since 1927: three from India, one from Sri Lanka, and one from China; additionally 
a subspecies of L. tonkinae has been described from China.  None of these additional species 
have been recorded from Borneo so I have limited my evaluation to just those species and 
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synonyms included by Giglio-Tos.  Leptomantis indica Giglio-Tos, 1915 was described from 
India and has never been linked to Borneo. 
 

Five species names in Leptomantella have been linked to Borneo.  Two of these, 
bilineata (Westwood 1889) and fragilis (Westwood 1889), are indisputably Bornean because 
they were originally described from Sarawak.  However,  fragilis Westwood, 1889 belongs in 
Aetaella, so all subsequent records for this species must be regarded as misidentifications.  
The other three that require further consideration are: albella (Burmeister 1838), lactea 
(Saussure 1870) and sumatrana Giglio-Tos, 1915.  All have been synonymised with other 
species at various times. 
 
Leptomantella albella (Burmeister, 1838) 
Mantis (Thespis) albella Burmeister, 1838: 533. Java. 

Mantis (Mantis) albella (Burmeister, 1838); De Haan, 1842: 82. 
Miopteryx albella (Burmeister, 1838); Saussure, 1871: 273. 
Nanomantis ? albella (Burmeister, 1838); Kirby, 1904: 255. 
Leptomantis albella (Burmeister, 1838); Giglio-Tos, 1915. 
Leptomantella (Leptomantella) albella (Burmeister, 1838); Ehrmann, 2002: 200. 
Leptomantella albella (Burmeister, 1838); Wang et al. 2014 (Mitochondrial genome). 

 
Leptomantella albella (Burmeister 1838) was originally described from Java and has 

since been recorded from a wide area including China, peninsular Malaysia, Sumatra, Java, 
the Philippines, Sulawesi and Borneo (Ehrmann 2002).   Burmeister did not give the sex in 
his description, and Saussure (1871: 126) noted the omission.  Ehrmann’s entry for this 
species (2002: 200) is rather confusing, he refers to “Typus: Typus 3 ♂ ZMB, (Synonym: 
(L.s.) Holotypus ♂ ZMB).”; presumably this means the two syntypes of sumatrana, and a 
single specimen [holotype] of albella. 
 

Specific specimen records are given by: Hebard (1920: 40) from Malay Peninsula and 
Java; Werner (1923: 393) from Bogor, Java; Werner (1924: 262) from Java; Werner (1933: 
260) from Sumatra,  Java, and Borneo; Beier (1958: 246) from Java. 
 

Saussure (1873: 72) synonymised albella and lactea Saussure, 1870 but Giglio-Tos 
(1915: 88) did not agree and listed them as distinct species. 
 

The Bornean records are complicated by Hebard (1920: 40) having synonymised 
albella and sumatrana and the synonym being disregarded by, or unknown to, most 
subsequent authors.  Werner, (1933: 260) recorded three species: albella, fragilis, and 
sumatrana all from the 1925 Siebers expedition to Central-East Borneo; Werner did say 
albella and sumatrana might be the same species, but his identification of fragilis was clearly 
in error.  Beier (1937: 179) recorded sumatrana from Sarawak, and later (1942: 139) from 
Sumatra, peninsular Malaysia, and Sulawesi.  Beier (1958: 246) recorded albella from Java, 
and both fragilis and sumatrana from Borneo.  Ehrmann (2002: 200) included Hebard’s 
albella-sumatrana synonym in his catalogue.  Most recently Schwarz & Konopik (2014) 
recorded albella and fragilis from Borneo: they followed Hebard by listing sumatrana as a 
synonym of albella.  Wang et al. (2014) sequenced the mitochondrial genome of L. albella 
but give no information about the source of their material. 
 

Given the numerous misidentifications and conflicting synonyms in this family, and 
particularly the misidentification of specimens as fragilis by Hebard, Werner, Beier, and by 
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Schwarz & Konopik, I consider Hebard’s synonym to be unreliable at present.  Examination 
of the type material of albella and comparison with Bornean material would be necessary to 
confirm the presence of this species in Borneo.  However, I do consider it very likely that 
albella, bilineata, sumatrana, and lactea are all one species, but for the present the synonym 
with albella should set aside and the species should be regarded as unconfirmed for Borneo. 
 
Leptomantella bilineata (Westwood, 1889) stat. rev.  (Figures 1D & 11-21). 
Musonia bilineata Westwood, 1889: 32.  Holotype ♀ (OXUM) Sarawak. Collected by 
Wallace. 

Nanomantis bilineata (Westwood); Kirby, 1904: 256. 
[= Leptomantis lactea (Saussure 1870) – synonymised by Giglio-Tos, 1915: 88. Giglio-
Tos, 1927: 308; Beier, 1935: 17] 
[= Leptomantis fragilis (Westwood 1889) – synonymised by Hebard, 1920: 41.] 

      = Leptomantis sumatrana Giglio-Tos, 1915: 87. Syntypes: 2♂♂ (ZMHB) Sumatra.  syn.   
      nov. 

[= L. albella (Burmeister 1838) – synonymised with sumatrana by Hebard, 1920: 40.] 
Leptomantis sumatrana Giglio-Tos, 1915; Werner 1933: 260; Beier, 1937: 179; Beier, 
1942: 139; Beier, 1958: 246. 
Leptomantella sumatrana (Giglio-Tos 1915); Ling et al. 2013: 81; Nazirah et al. 2015: 
21. 

 
Hebard (1920) synonymised albella and sumatrana but Giglio-Tos (1927) made no 

mention of this (see comments under Leptomantella above).  Werner (1933) said: “It is likely 
that L. sumatrana cannot be differentiated from L. albella.  Among the present material there 
are specimens in which the black pronotum marking appears more or less reduced.”  Beier 
(1937, 1942, 1958) followed the synonymy of Giglio-Tos, not Hebard and Werner’s views.  
Ehrmann (2002) revived Hebard’s synonym and this was followed by Schwarz & Konopik 
(2014). 
 

L. bilineata was synonymised with L. lactea (Saussure, 1870) by Giglio-Tos (1915: 88).  
Hebard (1920: 41) rejected that synonym, and synonymised fragilis and bilineata; Hebard’s 
synonym is clearly wrong as fragilis belongs in Aetaella.  Giglio-Tos (1927) lists Hebard’s 
new species but he may not have seen Hebard’s paper and reiterates the synonym with lactea; 
although Hebard’s new species are listed, they are not included in any keys by Giglio-Tos so 
these species may have been added by the editor.  All subsequent authors have accepted the 
synonym given by Giglio-Tos. 
 
Material examined. 
♀ Holotype (OXUM) Sarawak. Collected by A.R. Wallace. 
♀ (PEB-M91) Singapore, Upper Pierce Reservoir. P.E. Bragg, 18.x.1994. 
♂ (PEB-M92) Sarawak, Lambir Hills N.P., to light. P.E. Bragg, 30.x.1994. 
♂ (PEB-M285) Singapore, Upper Pierce Reservoir. P.E. Bragg, 28.vii.2001. 
♂ (PEB-M286) Singapore, Upper Pierce Reservoir. P.E. Bragg, 28.vii.2001. 
♀ (PEB-M278) Singapore, Bukit Timah Nature Reserve. P.E. Bragg, 26.vii.2001. 
♂ (OXUM) Sadong, Sarawak. August 1903. Presented 1906 by the Sarawak Museum. 
?  (OXUM) Paku, near Kuching. December 1898. Presented 1906 by the Sarawak Museum. 
(legs & abdomen missing – prothorax colouration consistent with bilineata). 
?  (CUMZ) Sumatra. Newall. Registered 07.03.1902. [sex not recorded] 
♂ (BMNH) BM 1974-277 Sabah, Sandakan District, Rumidi Estate, River Labuk, 50-150ft.  
Heavy Forest near plantation. C.J.M. Pruett, 14-31.ix.1973 [with abdomen broken] 
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♂ (BMNH) BM 1974-277 Sabah, Sandakan District, Rumidi Estate, River Labuk, 50-150ft.  
Heavy Forest near plantation. C.J.M. Pruett, 14-31.ix.1973.  [Leptomantella sumatrana 
(Giglio-Tos) det. J.A. Marshall, 1979]. 
♂ (BMNH) BM 1966-3.  North Borneo, Tawau, G.R. Conway, To light 23.ii.[19]62. 
[Leptomantella sumatrana (Giglio-Tos) det. J.A. Meadows 1966]. 
♀ (BMNH) BM 1974-277 SABAH, Tawau District, Brumas camp, 500-700ft. Clay, shale & 
limestone hills. Primary forest. C.J.M. Pruett, 17-31.x.1973. 
♂ (BMNH, BM 1977-215) Sabah, Sandakan district, Ulu Dusun. A. Lamb, xi.1975. 
♂ (BMNH, BM 1977-215) Sabah, Sandakan district, Ulu Dusun. A. Lamb, 07.x.1975. 
♂ (BMNH) BM 1933-254) Sarawak, Foot of Mt. Dulit, Junction or River Tinjar and Lejok, 
Traps 5.  Oxford University Expedition, B.M. Hobby & A.W. Moore. 01.ix.1932. 
[Leptomantis sumatrana G.Tos ♂ det. Beier.] 
♂ (BMNH BM 1933-254)  Sarawak, Foot of Mt. Dulit, Junction or River Tinjar and Lejok. 
Old secondary forest. Traps 4.  Oxford University Expedition, B.M. Hobby & A.W. Moore. 
29.viii.1932. [Leptomantis sumatrana G.Tos ♂ det. Beier.] 
♂ (BMNH BM 1933-254) Sarawak, Foot of Mt. Dulit, Junction or River Tinjar and Lejok. 
Fish 1 trap A.M.  Oxford University Expedition, B.M. Hobby & A.W. Moore. 23.ix.1932. 
[Specimen has no head or fore legs.] [Leptomantis sumatrana G.Tos ♂ det. Beier.] 
♂ (BMNH 96-10) Singapore. [accessioned 1896] 
♀ (BMNH 1901-76) Singapore. H.N. Ridley. 
♂ (BMNH 1929-70) Sumatra, Fort de Kock [near Bukit Tinggi]. 920m. E. Jacobson,  juli 
1922.  [Leptomantis sumatrana G.T. det. Werner]. 
♂ (BMNH, BM 1974-277)  South Sumatra, Lampung District, Padangratu, 220ft.  C.J.M. 
Pruett, 14-5.xi.1973. 
♂ (BMNH Brit. Mus. 1974-27) Philippines, Davro, Eden Turil, 1100m. J.M. Jumalon, Nov. 
1965 [Leptomantella sumatrana (Giglio-Tos) det. J.A. Meadows 1966]. 
 
Photographs examined. 
1. Helmkampf et al. (2014: 5) recorded 15 specimens of “Leptomantella spec. 1” from 

Danum Valley which were later recorded as “L. fragilis” by Schwarz & Konopik (2014: 
138); Helmkampf et al.’s photograph (2014: plate 1, bottom left figure) agrees with L. 
bilineata. 

2. I have examined a photograph of one specimen collected Ling et al. (2013) from Danum 
Valley, Sabah that agrees with L. bilineata in colouration.  Ling et al. (2013: 81) recorded 
72 specimens as sumatrana, and 66 of these were also mentioned by Nazirah et al. (2015: 
21).  The first of these papers references Olivera’s (1996) key to genera; unfortunately, this 
key lists Aetaella as a synonym of Leptomantella.  These two papers were diversity studies 
rather than taxonomic studies so it is possible that these specimens were not examined in 
sufficient detail to distinguish Leptomantella from Aetaella; the specimens are in BORN 
and would warrant further examination. 

3. Norman & Mustaffa (2019: 190) recorded 27 specimens of “Leptomantella sp.” from 
Bukit Piton Forest Reserve, Lahad Datu, Sabah; one specimen was illustrated (page 195, 
upper right), this appears to be L. bilineata. 

4. I have examined photographs of two specimens in FRCS collection that were sent to me 
by Bryan Wong (Universiti Malaysia Sabah) who also examined the specimens on my 
behalf to confirm they are bilineata.  The two males specimens are from Sabah: 
Tambunan, and Ranau; full data is given in Wong et al. (2022). 

5. A number of specimens at BMNH were located too late on the day of my visit for them to 
be examined in detail, however, a photograph of the group shows several specimens from 
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Sarawak: Melinau Gorge, and one from Sarawak: Semangoh Forest Reserve (B.M. 1977-
19). 

 
Identification of specimens from photographs are based on colouration of the 

pronotum.  The irregular black lines on the lateral margins of the pronotum vary quite 
considerably.  Having examined more than 20 specimens in detail, I am satisfied the presence 
of these black lines is sufficient to identify the photographed specimens as bilineata.  
Although most specimens have an irregular black line on the lateral margins of the pronotum, 
this is not always present (e.g. absent in PEB-M286); this may account for some authors 
having recorded more than one species from Borneo.  The absence of black lines in some 
specimens (Figure 17) also increases the likelihood that albella and lactea are synonymous 
with bilineata; in his key Giglio-Tos (1927) distinguishes these species only by colouration.  
The ocelli are pink or reddish-brown and particularly prominent in the male (Figure 19). 
 

The specimens I have examined in detail at BMNH include some identified as 
sumatrana by Beier, Werner, and J.A. Meadows (= Judith Marshall, BMNH staff).  
Additionally, I had identified my own specimens as L. sumatrana before I examined the type 
of bilineata; I therefore have no hesitation in synonymising bilineata and sumatrana. 
 

Werner (1933) recorded sumatrana from Sumatra, and some specimens collected from 
Marah on H.C. Siebers’ expedition to East Kalimantan in 1925.  Beier (1937) records five 
males from Mt Dulit; three of these I have examined in BMNH.  Beier (1942) recorded it 
from Sumatra, Malay Peninsula, and Sulawesi.  Beier (1958) records three males in Bogor 
Museum which were collected in 1950 from the River Mentawir, in Kalimantan.  As I have 
examined BMNH specimens that were identified by Beier and by Werner as sumatrana, and I 
am satisfied they are bilineata, I have therefore included their records from Marah, and River 
Mentawir, on the distribution map (Figure 20). 
 

The spination of the fore legs in L. bilineata is remarkably consistent (Table 2), 
showing less variation than that of Aetaella fragilis.  There are typically 11 internal-ventral 
spines on the tibia; if 12 or 13 are present then the proximal “extra” spines are very small, 
and in all cases examined the extra spines are only present on one leg.  The internal-ventral 
carina of the fore femur has five pairs of small and large spines followed by 3 (occasionally 2 
or 4) small spines and then one large spine (excluding the apical spine).  The only exceptions 
to the pattern of 5 small-large pairs are one BMNH specimen from Mt. Dulit which has a gap 
where the 5th large spine would be expected, and PEB-M268 which has a tubercule rather 
than a small spine on the left femur and also lacks the most proximal small spine on the right 
leg. 
 

One specimen from Singapore (PEB-M285) had a parasitic mite attached to the 
abdomen, just behind the left hind leg (Figure 18); this was only noticed during a recent 
examination of the specimen.  Parasitism of mantis oothecae by Hymenoptera has been 
recorded on a number of occasions, including a record from Sarawak (Shelford 1916: 143) 
however, there are relatively few reports of parasites of the mantids themselves.  In Insects of 
Australia, Key (1970) mentions mites and mermithid nematodes as parasites; Young (2009) 
records parasitic flies as common parasites in the USA, and recently Mirzaee et al. (2021) 
recorded parasitic mites in Iran.  The absence of any records of mantid parasites in Borneo 
may due to a low level of collecting and a lack of reporting; parasitism in stick insects 
(Insecta: Phasmida) was unknown in Borneo until I reported it in 11 species (Bragg 1993). 
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Table 2. Leptomantella bilineata (Westwood 1889) spine data. 
 

Specimen 
 

Left internal 
Tibial spines 

Right internal 
Tibial spines 

Left internal 
Femoral spines 

Right internal 
Femoral spines 

OXUM HT 13 1 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
PEB-M91 11 Missing leg 5(sL), 3s, 1L Missing leg 
PEB-M92 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
PEB-M278 12 2 11 5(sL), 3s, 1L 3 5(sL), 3s, 1L 
PEB-M285 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
PEB-M286 4 11 11 2(sL), t,L, 2(sL), 

s,t,s, 1L 5 
L, 4(sL), 3s, L 

BMNH Dulit (1) Missing leg 11 Missing leg 5(sL), 3s, 1L 
BMNH Dulit (2) 11 12 2 4(sL), s,(gap) 3s 

1L 
5(sL), 4s, 1L 

BMNH Tawau 11 11 5(sL), 2?s, 1L 5(sL), 3s, 1L 
BMNH Rumidi 1 Missing leg 11 Missing leg 5(sL), 3s, 1L 
BMNH Rumidi 2 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
BMNH Brumas 12 2 11 5(sL), 3s, 1L 5(sL), 4s, 1L 
Ulu Dusun 1 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
Ulu Dusun 2 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
BMNH [18]96-10 11 11 5(sL), 2s, 1L 5(sL), 2s, 1L 
BMNH 1901-76 11 12 2 5(sL), 3s, 1L 5(sL), 3s, 1L 
BMNH 1974-277 11 12 5(sL), 3s, 1L 5(sL), 3s, 1L 
BMNH 1929-70 11 11 5(sL), 4s, 1L 5(sL), 3s, 1L 
BMNH 1974-27 11 11 5(sL), 3s, 1L 5(sL), 3s, 1L 
Notes: Key to femoral spines:  s = small,  L = large,  t = tubercule (where a spine would 
normally be expected).   5(sL) = indicates one small, followed by one large 5 times. 
 
  1 The two proximal spines are tiny (most proximal) and small. 
 2 Eleven normal spines but with a tiny “extra” spine at the proximal end. 
 3 Some of the 5(sL) spines are broken but size is clear from the bases that remain. 
 4 PEB-M286 has 3 discoidal spines on the right fore femur, and 4 on the left femur. 
 5 Tubercules just visible where normally spines would be expected. 

 
Leptomantella lactea (Saussure 1870) 
Miopteryx lacta Saussure, 1870: 237; 1871: 272. 

Leptomantis lactea (Saussure 1870); Giglio-Tos, 1915; 1927: 308. 
[= Miopteryx albella (Burmeister 1838); Synonymised by Saussure 1873: 72.] 
[= Leptomantis bilineata (Westwood 1889) in Giglio-Tos, 1915: 88; Giglio-Tos, 1927: 
308; Beier, 1935: 17.] 
Leptomantella lactea (Saussure 1870); Schwarz & Roy 2019, fig 6j (male genitalia of 
Philippine specimen). 
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Schwarz & Konopik (2014: 156) considered the presence of this in Borneo to be 
doubtful because of a lack of confirmed records.  From my own examination of the published 
records, it appears the record of this from Borneo is due only to Giglio-Tos having 
synonymised it with bilineata.  It is worth noting that although Beier (1935) listed bilineata 
as a synonym, he did not include Borneo as a locality.  Hebard (1920: 42) records lactea from 
the Philippines.  This species cannot currently be treated as a Bornean species. 
 

Giglio-Tos described L. sumatrana as a distinct species, and wrongly included fragilis 
in the genus; he had not seen the type of bilineata, so his synonym with lactea is clearly 
unreliable.  Although unreliable, his synonym of bilineata with L. lactea may be correct.  The 
wings of bilineata are clear when viewed from above, but they can appear milky when 
viewed under certain lighting conditions.  The milky appearance is noticeable in natural 
daylight when the sun is quite low in the sky, i.e. with the light hitting the wings at a shallow 
angle; it can also be seen under some artificial light (compare Figures 11 & 12).  The 
inconsistent nature of the milkiness could also explain why Saussure (1873: 72) synonymised 
his species with albella (Burmeister).  To resolve the possibility that they are one species the 
type specimens of albella and lactea would need to be examined and the spination compared 
to bilineata. 
 
Hebardia Werner, 1921 
Hebardia Werner, 1921: 128. 
 

Type species (by monotypy): Hebardia pellucida Werner, 1921: 128, described from 
West Sumatra.  There are no other known species.  The genus has not been recorded from 
Borneo and I have not examined any specimens. 
 
Hebardiella Werner, 1924 
Hebardiella Werner, 1924: 262. 
 

Type species (by monotypy): Hebardiella karnyi Werner, 1924: 262, described from 
Sumatra.   
 

The only known species are the type species and Hebardiella rehni Werner, 1927, from 
Mentawai Islands, West Sumatra.  Werner’s (1924: 262) description of Herbardiella is very 
brief, he just says “Closely related to Hebardia, but mid and hind tibiae finely ciliated but not 
toothed, pronotum strongly keeled.”, he does not specifically state the number of ventro-
external spines on the anterior tibia.  However, in his description of the type species 
Hebardiella karnyi Werner, 1924 specifies nine internal tibial spines [“Innere Tibialdornen 9, 
gegen den Apex der Tibia an Lange zunehmend”] and in his description of Herbardiella rehni 
he also clearly states “anterior tibiae with 9 outer and 12 inner spines” (Werner, 1927: 417).  
Ehrmann (2002: 169) gave a diagnosis of Herbardiella but incorrectly states the tibia has 6 
ventro-external spines [“Vordertibiae mit 6 Außendornen”].  The genus has not been recorded 
from Borneo and I have not examined any specimens. 
 
 

SUMMARY 
 

Of the four genera of Leptomantellidae, only Aetaella and Leptomantella occur in 
Borneo.  Each genus is represented by one species: Aetaella fragilis (Westwood, 1889) and 
Leptomantella bilineata (Westwood, 1889).  Both species are found to have a wide 
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distribution in Sabah and Sarawak.  Records for Kalimantan are limited, probably because 
access is more difficult and there has been less collecting in recent years.  The two Bornean 
species can be distinguished by either the spination of the fore tibia, or the spination of the 
fore femur.  Black markings on the lateral margins of the pronotum are indicative of L. 
bilineata, and yellow ocelli are indicative of A. fragilis; however, colouration alone is not 
completely reliable and should only be used if examination of the spines is not possible.  
Leptomantella sumatrana (Giglio-Tos 1915) is clearly a junior synonym of L. bilineata.  It is 
quite likely that L. albella (Burmeister 1938) and L. lactea (Saussure 1870) are also 
synonyms of L. bilineata but examination of the type material of Burmeister’s and Saussure’s 
species is needed to confirm this. 
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Abstract. An avifaunal survey was carried out in two small forest reserves in the Tambunan 
District of Sabah, Malaysia, namely, the Sg. Tindikon and Sg. Tikolod Forest Reserves. The 
MacKinnon List method was used to assess species diversity. The four-day survey recorded a 
total of 17 MacKinnon lists with 328 individuals detected. A total of 79 species from 36 
families were recorded, with H=3.67 and EH=0.63. Species richness was estimated (using 
SuperDuplicates® online calculator) to be approximately 109 species, with about 30 species 
not detected. There were 6 species of Bornean endemics, all of which are as Least Concern 
by IUCN 2022. The Straw-headed Bulbul was the sole species listed as Critically Endangered 
(CR) and 17 species were listed as Near Threatened (NT). Pycnonotidae was the most 
speciose family with 7 species. The top five most speciose families contributed 76% of the 
total number of species detected. Hirundinidae and Pycnonotidae had the highest number of 
individuals at 66 and 26 respectively. The top five most detected species made up 42.2 % of 
all individuals. The most detected species was the Pacific Swallow (Hirundinidae). The 
majority of the species detected (71) were forest-dependent, of which 50 were strictly forest 
birds. Insectivores made up the most dominant dietary guild, i.e., 40 species from 22 families. 
Frugivores ranked second with 25 species from 10 families. 
 
Keywords: avifaunal survey, MacKinnon List method, Sungai Tindikon, Sungai Tikolod, 
Tambunan district, feeding guilds 

 
 

INTRODUCTION 
 

Birds are believed to have a high potential to act as biological indicators of forest 
health (McLaren et al. 1998).  Although there were studies suggesting otherwise (Taper et al. 
1995), many believed it was the selection of bird species and their respective ecological roles 
in forests that determined their potential as effective bio-indicators. Species with strong 
symbiotic relationships, such as flower-pollinators, make effective bioindicators of negative 
impacts on forest biodiversity due to natural and man-made disturbances (Karr et. al. 1990). 
Additionally, their conspicuous nature and relative ease of detection and study make birds 
effective indicators of forest health. 

In the past four years, the Forest Research Centre of the Sabah Forestry Department 
has been conducting a series of avifaunal surveys in selected forest reserves. It aims to 
develop a rapid assessment programme using a modified MacKinnon List (ML) method 
(MacKinnon & Phillipps 1993), which will allow the department’s researchers and field staff 
with limited time for fieldwork (three to four days) to collect data rapidly. In addition, it also 
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aims to come up with a list of bird species that could be used as general indicators of forest 
ecosystem health. 

This paper documents the outcome of a brief avifaunal survey conducted during the 
second session of the Sg. Tindikon and Sg. Tikolod Forest Reserves Scientific Expedition, 
26th-29th October 2021, with the expedition base camp situated at Kg. Nambayan, Tambunan. 
The expedition was organised by the Forest Research Centre, Sabah Forestry Department, 
under the auspices of the Heart of Borneo Initiative. The main objective of this survey was to 
provide a brief description of the bird community and ecology in the forest reserve, including 
information for future forest management initiatives. Surveys using the ML method were 
conducted at three sites within the forest reserve.  

The survey of Sg. Tindikon and Sg. Tikolod Forest Reserves was part of a series of 
these ongoing field trials.  

 
 

MATERIALS & METHODS 
Site description 

 
Sg. Tindikon and Sg. Tikolod Forest Reserves are both Class I protection forest 

reserves gazetted on 8th December 2016 and are administered by the Tambunan district 
forestry office. They are approximately 1,972 ha and 688 ha in size, respectively, and are 
situated between 4 to 18 km from the town of Tambunan (see Map 1). Both reserves share 
their north-western boundaries with Crocker Range Park. Unlike other forest reserves, there 
were pockets of alienated land within both reserves. Access to Sg. Tindikon Forest Reserve is 
through Jalan Kg. Tikolod and Jalan Bundu further south. Access to the smaller reserve was 
through Jalan Tanaki and Jalan Kiawayan. From the above-mentioned roads, there were 
numerous earth roads leading to various parts of the reserves.  
 

 
Map 1. Location of Sg. Tindikon and Sg. Tikolod Forest Reserves in Tambunan and their 
locations in Sabah (inset). 
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The original vegetation of both forest reserves was mainly upland mixed dipterocarp 

forests over the Crocker soil association, with the northwestern portion of Sg. Tindikon 
Forest Reserve being lower montane forests (614 ha) over the Trus Madi association (see 
Map 2). Both reserves have hills with amplitudes over 300 m and slopes were normally 
greater than 25° (Bower et al. 1975). Very little of Sg. Tindikon Forest Reserve’s natural 
forests remained. Sg. Tikolod Forest Reserve fared better with its forested north-central 
portion but its lower slopes were a mixture of agricultural lands and secondary vegetation. 
With earth roads and alienated land within the reserves, both reserves were likely to be in a 
similar state when they were gazetted in 2012 and not the result of recent encroachment 
activities. 
 

 
Map 2. Soil association map of Sg. Tindikon and Sg. Tikolod Forest Reserves. 
 
Survey methods 
 

The MacKinnon Lists (ML) method is a time-efficient and cost-effective sampling 
approach developed for studying avian tropical biodiversity, in which a series of lists of 
species recorded are collected from a single survey site (MacKinnon & Phillipps 1993). The 
method required lists of consecutive species recorded to be compiled. Each list comprised 15 
species. A species accumulation curve was produced by adding the number of species not 
recorded on the previous lists to the total species number, which was then plotted as a 
function of the list number. Unlike the conventional ML method, the number of individuals in 
each species observed within each list was also recorded. This was to provide more accurate 
species abundance indices within a brief survey period and decrease the chances of double-
counting of individuals. 

 
Surveys were conducted over four days (26th-29th October 2021), beginning at 8.30 

am and ending after 4 hours. The late commencing time was due to the muddy road 
conditions leading uphill to the forest reserves. Two days of survey were allocated to each 
reserve. The team conducted surveys close to the centre of the reserves, which are both quite 
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small. Night surveys to detect nocturnal birds were not conducted due to the rainy condition 
during the evenings which made the steep earth road extremely slippery. 
 
Observation methods 
 

Every observer had a pair of Nikon binoculars (8 x 42s). The reference field guide of 
choice was based on Phillipps & Phillipps (2014). The latest taxonomic changes were 
determined from online sources (www.worldbirdnames.com and https://birdsoftheworld.org) 
and published papers. For example, Ochraceous Bulbul (Alophoixus ochraceus) is currently 
known as Penan Bulbul (Alophoixus ruficrissus) as per del Hoyo et.al. (2021). A Nikon 
P1000 mega-zoom camera (3000 mm equivalent) was used to photograph birds to confirm 
their identities. 

 
All observations were recorded by a single person. Precautions were taken to prevent 

intra-list and inter-list double-counting of individuals, especially when entering abundance 
data within a list. The following criteria were used to differentiate individuals from the same 
species: 

a) Their calls originated from different directions; 
b) There were two or more calls heard subsequently from a similar 

direction of a previously recorded individual; 
c) The distance from a previously recorded individual was deemed 

sufficient for a call to be considered as from a separate 
individual. 

d) For species flying in flocks, photographs were taken and then 
immediately viewed to estimate the number of individuals. Care 
was taken not to double-count the same flock. 

e) When trails were not looped, only bird species not observed 
earlier were recorded on the return leg of the trails. 

 

Data analyses 

From the survey data, diversity information on species richness, a diversity index (H), 
relative abundance (EH), species family, endemicity, etc. were extracted. A species 
accumulation curve was generated. To estimate species richness, the SuperDuplicates® 
online calculator developed by Chao et al. (2017) was used. The calculator only required the 
total number of species observed and the number of species observed only once 
(uniques/singletons). The relative abundance indices of species observed were calculated. 
The most common families and species, and several Bornean endemics, were also 
determined. 
 

We also categorised the species into their respective feeding guilds to understand how 
communities of species use different forest resources (fruits, insects, arthropods, seeds, etc.). 
We hope that this will also contribute to the understanding of the condition or health of the 
forest ecosystem. Species were categorised according to six feeding guilds based on their 
preferred diet. These were carnivores (Car), frugivores (Fru), insectivores (Ins), nectarivores 
(Nec), granivores (Gra) and omnivores (Omn). Species were considered omnivores if they are 
known to consume roughly similar amounts of animal- and plant-based food resources. Guild 
information was determined mainly from Phillipps & Phillipps (2014) and Wells (1999 & 
2007). Feeding guilds were then described according to habitat types (e.g., forest, forest edge 
and open areas) to examine the importance of various habitats to different guilds. 
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RESULTS 
 
Avifaunal composition and species richness 
 

The four-day survey yielded 17 lists with 328 individuals, of which 208 (63.4%) were 
detected by their calls/vocalisations. A total of 79 species belonging to 36 families were 
recorded (see Appendix I for the complete species list). The Shannon Diversity Index (H) 
value was 3.67, with an Evenness Index (EH) of 0.63. The survey also yielded six species that 
were endemic to Borneo (Table 1). All of these species are listed as Least Concern (LC) by 
the IUCN (2022). The Bornean and Mountain Barbets, the Bornean Treepie and the 
Chestnut-crested Yuhina are all birds of montane forests. 

 
Table 1. The Bornean endemic birds and their respective categories by IUCN (2022). 
 

No. Species Family Category 

1 Bornean Barbet Megalaimidae LC 

2 Mountain Barbet Megalaimidae LC 

3 White-crowned Shama Muscicapidae LC 

4 Bornean Treepie Corvidae LC 

5 Chestnut-crested Yuhina Zosteropidae LC 

6 Dusky Munia  Estrildidae LC 

 

Table 2 provides species that are listed as Critical (CR), Near Threatened (NT) and 
Vulnerable (VU), respectively, by IUCN (2022). All species categorized as NT are lowland 
mixed dipterocarp forest species. Only the Rhinoceros Hornbill and the Roulroul are listed as 
VU. 

Table 2. Species listed as Near Threatened (NT) and Vulnerable (VU) by IUCN (2022). 
 
No. Species Category No. Species Category 
1 Straw-headed Bulbul CR 11 Chestnut-rumped Babbler NT 
2 Crested Jay  NT 12 Fiery Minivet  NT 
3 Dark-throated Oriole  NT 13 Malaysian Honeyguide NT 
4 Great Argus  NT 14 Red-naped Trogon NT 
5 Green Broadbill  NT 15 Rufous-crowned Babbler NT 
6 Puff-backed Bulbul  NT 16 Scarlet-rumped Trogon NT 
7 Red-throated Barbet  NT 17 Sooty-capped Babbler  NT 
8 Black-and-yellow Broadbill  NT 18 Banded Broadbill  NT 
9 Brown Fulvetta NT 19 Rhinoceros Hornbill VU 
10 Buff-necked Woodpecker NT 20 Roulroul VU 

 
Table 3 shows that Pycnonotidae (bulbuls) was the most speciose family (7 species). 

The 17 families in the table contributed 60 species or approximately 76% of the total number 
of species detected. 
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Table 3. Top five most speciose families (with shared rankings). 
 

Rank Family No. of 
species Rank Family No. of 

species 
1 Pycnonotidae 7 4 Dicaeidae 3 
2 Accipitridae 5 4 Pellorneidae 3 
2 Columbidae 5 5 Eurylaimidae 2 
2 Megalaimidae 5 5 Hirundinidae  2 
2 Muscicapidae 5 5 Meropidae 2 
3 Cuculidae 4 5 Phasianidae 2 
3 Nectariniidae 4 5 Picidae 2 
3 Timaliidae 4 5 Trogonidae 2 
4 Cisticolidae 3  

 

Table 4 shows the top eight families with the highest number of individuals detected. 
The most visible and easily seen species were the Pacific Swallow and the Plume-toed 
Swiftlet. The former caused the Hirundinidae to be the most commonly detected family with 
66 individuals detected. Similarly, Apodidae (3rd rank) was represented by only one species, 
the Plume-toed Swiftlet. The second-ranked Pycnonotidae (bulbuls) had 26 individuals, but 
15 of these were the Yellow-vented Bulbul. Bulbuls were mostly observed at the forest edges. 
The most common barbet was the Gold-whiskered Barbet (13 individuals). Almost all barbets 
were detected aurally. 

 
Table 4. Top eight families with the highest number of detected individuals  
(note shared rankings). 
 

Rank Family No. of individuals % out of total individuals 
detected 

1 Hirundinidae  66 20.1 

2 Pycnonotidae 26 7.9 

3 Apodidae 24 7.3 

4 Megalaimidae 22 6.7 

5 Columbidae 17 5.2 

5 Timaliidae 17 5.2 

6 Nectariniidae 15 4.6 

6 Estrildidae 15 4.6 

7 Cisticolidae 13 4.0 

8 Passeridae 10 3.0 

 
Table 5. Top 5 most detected species (note shared rankings). 
 

Rank Species Family No. of individuals 
detected 

Percentage 
detected 
visually 

Relative 
abundance Index 

1 Pacific Swallow Hirundinidae 61 100.0 0.186 
2 Plume-toed Swiftlet Apodidae 24 95.8 0.073 
3 Dusky Munia Estrildidae 15 93.3 0.046 
3 Yellow-vented Bulbul Pycnonotidae 15 46.6 0.046 
4 Gold-whiskered Barbet Megalaimidae 13 7.7 0.040 
5 Eurasian Tree Sparrow Passeridae 10 100.0 0.030 
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Table 5 shows the top five most detected species (with shared rankings). These 
species made up approximately 42.2 % of all individuals detected. The Pacific Swallow was 
the most detected species with 61 individuals. Four species were almost exclusively detected 
visually. Being a vocally active species, the Gold-whiskered Barbet was detected mainly by 
its calls with only one individual being detected visually. The Eurasian Tree Sparrow was 
spotted only once but the flock consisted of 10 individuals. 

 
 

 

Figure 1. Species accumulation curve and linear regression line of bird species in  
Sg. Tindikon and Sg. Tikolod Forest Reserves. 
 

As expected for the ML rapid assessment method, and with the 4-day duration of the 
survey, the species accumulation curve (Figure 1) did not achieve an asymptote. To estimate 
the probable species richness, the SuperDuplicates® online calculator was used (Chao et al. 
2017). Only the total number of species detected and the number of singletons (species 
detected only once) were needed to input into the calculator. Table 6 displays the summary of 
the results. It estimated Chao1 (species richness using abundance data) to be approximately 
109 species, with an upper and lower threshold of approximately 132 and 96 species, 
respectively, in the 95% confidence interval. The number of doubletons was estimated to be 
13.88, which was very close to the actual number of 14. The calculator also estimated that 
approximately 30 species were undetected, i.e., the survey detected approximately 72.3 % of 
the total species in the area. Based on the linear regression line in Figure 1, it is estimated that 
the survey team would have detected 109 species between List 16 and List 17. 
 
Table 6. Results from SuperDuplicates®. 
 

Estimated 
number of 
doubletons 

Estimated 
species 

richness 

Standard 
error 

95% C.I. 
lower 

95% C.I. 
upper 

Number of 
undetected 

species 

Undetected 
percentage 

(%) 
13.88 109.26 8.74 96.38 131.7 30.26 27.7 
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Habitat types and feeding guilds  
 

Species were categorised according to their preferred habitats (e.g., forests, forest 
edges, open areas) and feeding guilds (Figure 2). Of the 71 forest-dependent species, 50 
species were strictly-forest birds. The high number of forest-dependent species—and the low 
number of open area specialists (8 species)—may be a positive indication of the overall 
ecological health of the two forest reserves. However, the team reckoned that it might not be 
as straightforward as that.  

 

 
Figure 2. The number of species according to habitat types and feeding guilds in  
Sg. Tindikon and Sg. Tikolod Forest Reserves. 
 

In terms of feeding guilds, insectivores and frugivores comprised 83.8 % of the total 
individuals detected, with the former being the most abundant at 190 individuals. Of the 40 
species (representing 22 families) of insectivores, 28 were strictly forest species. The second 
most dominant guild was the frugivores with 84 individuals (from 25 species, 10 families) 
detected. With 26 individuals from 7 species, the bulbuls (Pycnonotidae) were the most 
detected amongst the frugivores. From their conspicuous calls, 22 individuals of 
Megalaimidae (5 species in total) were the most detected, with the Gold-whiskered Barbet 
accounting for 13 individuals.  

 
As in our previous surveys, the number of insectivorous and frugivorous species (28 

& 17 respectively) were significantly higher in the forest habitat compared to other habitats 
(Petol & Rudolf 2019, Petol et al. 2021a, Petol et al. 2021b, Joeman et al. 2020a & 2020b). 
Their dominance in the forest reserves may indicate the constant availability of their primary 
food sources.  

 
 

DISCUSSION 
 

The survey team was rather surprised with the results of the survey, given the forest 
conditions at Sg. Tindikon and Sg. Tikolod Forest Reserves. Although both reserves were 
relatively degraded and were bordered in the south, east, and west by farmlands and villages, 
the avifaunal diversity (79 species from 36 families) was rather representative of upland 
mixed dipterocarp forests. Except for kingfishers, most of the families common in 
lowland/upland mixed dipterocarp forests were present. These included the hornbills, raptors, 
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leafbirds, tailorbirds, pigeons/doves, cuckoos, broadbills, barbets, woodpeckers, trogons, 
flowerpeckers, and bulbuls. However, only a few lower montane species were represented; 
these included the Bornean Treepie, Ashy Drongo, Bornean Barbet, Mountain Barbet, and 
Chestnut-crested Yuhina. The Ruddy Cuckoo Dove, Bornean Green Magpie, Bornean 
Bulbul, and Penan Bulbul—normally detected easily in montane forests due to their active 
nature or conspicuous calls—were not seen nor heard despite being located adjacent to the 
Crocker Range Park (CRP). 
 

To explain the relatively high number of forest-dependent species (71 species) in the 
results, the team posits the following assumption. With both forest reserves sharing their 
northern boundaries with the larger CRP, it is highly possible that most birds—at least, 
strictly-forest species (50 species) — in the reserves were merely transient foragers from the 
park. Forest species may use the ridge spurs from the park to get the intact forests within the 
reserves. Other forest-dependent species forage on secondary vegetation found along forest 
edges and other open areas.  
 

The absence of pittas during the survey may support this simple assumption. Being 
highly territorial, ground-dwelling, forest birds with small home ranges, pittas would not 
move into the degraded reserves. Thus, pittas were not detected (aurally and visually) during 
the survey because they were most likely absent. The presence of other ground birds like the 
Roulroul and the Great Argus would not negate this assumption. This was due to the fact that 
roulrouls thrive in grassy, open lands, and that the far-reaching calls of the Great Argus were 
always heard coming from the direction of CRP, although it was possible that they might 
have been within the forest reserves. 
 

 
CONCLUSION 

 
The survey team obtained preliminary insights into the avian diversity and ecology of 

Sg. Tindikon and Sg. Tikolod Forest Reserves. The avifaunal diversity of 79 species from 36 
families was quite representative of upland mixed dipterocarp forest. The team posits that 
most bird species were using the reserves as foraging areas, thus, increasing the bird species 
count in the reserves. However, given the agricultural history of both forest reserves, we do 
not feel the need for further bird surveys to prove this statement. 

 
 

ACKNOWLEDGEMENTS 
 

This survey was part of the Heart of Borneo Initiative project which was funded by 
the Ministry of Energy and Natural Resources, Malaysia. Our appreciation also goes to the 
research officers and staff of the Forest Research Centre who organised the Sg. Tindikon and 
Sg. Tikolod Forest Reserves Scientific Expedition.  

 
 
 

  



Sepilok Bulletin 31: 50-63 (2022)  G.H. Petol et al. 

59 
 

REFERENCES 
 
Bower, R.P., Burrough, P.A., Kalsi, M.S. & Thomas, P. (1975). The soils of Sabah. Land 
Resource Study 20, Ministry of Overseas Development, Surrey, England. Pp 76-77. 
 
Chao, A., Chiu, C.-H., Colwell, R.K., Magnago, L.F.S, Chazdon, R.L. & Gotelli, N.J. (2017). 
Deciphering the enigma of undetected species, phylogenetic, and functional diversity based 
on Good-Turing theory. Ecology 98 (11): 2914-2929. doi: 10. 1002/ecy.2000 PMID: 
28869780. 
 
Chao, A., Colwell, R.K., Chiu, C.-H. & Townsend, D. (2017). Seen once or more than once: 
applying Good-Turing theory to estimate species richness using only unique observations and 
a species list. Methods in Ecology and Evolution British Ecological Society 8(10): 1221-
1232. 
(http://chao.stat.nthu.edu.tw/wordpress/paper/122.pdf) doi: 10.1111/2041-210X.12768 
 
Gill, F., Donsker, D. & Rasmussen, P. (eds). (2022). IOC World Bird List (v12.1). doi:  
10.14344/IOC.ML.12.1. 
 
del Hoyo, J., L. Fishpool, N. Collar, J. Tobias, G. M. Kirwan & Boesman, P.F.D. 
(2021). Penan Bulbul (Alophoixus ruficrissus), version 1.0. (In), Rasmussen, P.C. (ed.), Birds 
of the World. Cornell Lab of Ornithology, Ithaca, NY, USA.  
https://doi.org/10.2173/bow.ochbul3.01 
 
IUCN. (2022). The IUCN Red List of Threatened Species. Version 2021-3. 
https://www.iucnredlist.org 
 
Joeman, B.J., Petol, G.H., Lolin, L., Rudolf, V. & Tingkoi, L. (2020a). An avifaunal survey 
of Mt Silam and surrounding areas in the district of Lahad Datu, Sabah, Malaysia. 
Compilation of papers – Mount Silam Scientific Expedition, Lahad Datu, Sabah: 87-95. 
Sabah Forestry Department, Sandakan, Sabah. 
 
Joeman, B.J., Petol, G.H., Lolin, L., & Rudolf, V. (2020b). Avifaunal survey of Mensalong 
Forest Reserve, Ranau, Sabah, Malaysia. Sepilok Bulletin 29:1-10.  
 
Karr, J.R., Robinson, S., Blake, J.G. & Bierregaard Jr., R.O. (1990). Birds of four neotropical 
forests. (In) Gentry, A.H. (ed.), Four tropical rainforests. New Haven, Yale University Press. 
Pp. 69-237. 
 
McLaren, M.A., Thompson, I.D. & Baker, J.A. (1998). Selection of vertebrate wildlife 
indicators for monitoring sustainable forest management in Ontario. Forestry Chronicle 74: 
241-248. 
 
MacKinnon, S. & Phillipps, K. (1993). A field guide to the birds of Borneo, Sumatra, Java 
and Bali. Oxford University Press. 
 
Petol, G.H. & Rudolf, V. (2019). An avifaunal survey of Sungai Rawog, Conservation Area, 
Segaliud Lokan Forest Reserve. In Proceedings of the Seminar of Sungai Rawog 
Conservation Area, Scientific Expedition, Segaliud Lokan Forest Reserve (FMU 19B). Sabah 
Forestry Department & KTS Plantation Sdn. Bhd. Pp. 191-202. 

https://doi.org/10.2173/bow.ochbul3.01


Sepilok Bulletin 31: 50-63 (2022)  G.H. Petol et al. 

60 
 

 
Petol, G.H., Lolin, L., Rudolf, V. & Ardianshah, Y.B.B. (2021a). An avifaunal survey of 
Mengilan Forest Reserve and its surrounding areas in Pensiangan, Sabah, Malaysia. Journal 
of Tropical Biology & Conservation 18: 215-228. 
 
Petol, G.H., Lolin, L., Rudolf, V. & Chin, T.T. (2021b). Avifaunal survey of the lower 
montane forest of Bukit Hampuan Forest Reserve, Ranau, Sabah, Malaysia. Sepilok Bulletin 
30: 19-31.  
 
Phillipps, Q. & Phillipps, K. (2014). Phillipps’ field guide to the birds of Borneo, 3rd Edition. 
John Beaufoy Publishing Ltd., Oxford, England. 
 
Taper, M.L., Bohning-Gaese, K. & Brown, J.H. (1995). Individualistic responses of bird 
species to environmental change. Oecologia 101: 478-486. 
 
Wells, D.R. (1999). Birds of the Thai-Malay Peninsula: Volume I: Non-Passerines. Academic 
Press London, UK. 
 
Wells, D.R. (2007). The birds of the Thai-Malay Peninsula. Volume II: Passerines. 
Christopher Helm, London. 
  



Sepilok Bulletin 31: 50-63 (2022)  G.H. Petol et al. 

61 
 

Appendix 1. List of bird species detected at Sg. Tindikon and Sg. Tikolod Forest Reserves. 
Common names in bold denote Bornean endemics. Bird names are according to the 
classification in Gill, Donsker & Rasmussen (2022).  

 
Common name Species Family 
Golden-bellied Gerygone Gerygone sulphurea Acantizidae 
Changeable Hawk-eagle Spizaetus cirrhatus Accipitridae 
Crested Serpent Eagle  Spilornis cheela Accipitridae 
Blyth's Hawk-eagle Nisaetus alboniger Accipitridae 
Black Eagle Ictinaetus malaiensis Accipitridae 
Brahminy Kite  Haliastur indus Accipitridae 
Common Iora Aegithina tiphia  Aegithinidae 
Brown Fulvetta Alcippe brunneicauda  Alcippeidae 
Plume-toed Swiftlet Collocalia affinis cyanoptila Apodidae 
Rhinoceros Hornbill Buceros rhinoceros Bucerotidae 
Green Broadbill  Calyptomena viridis Calyptomenidae 
Fiery Minivet  Pericrocotus igneus Campephagidae 
Rufous-tailed Tailorbird  Orthotomus sericeus Cisticolidae 
Red-headed Tailorbird Orthotomus ruficeps Cisticolidae 
Yellow-bellied Prinia Prinia flaviventris  Cisticolidae 
Spotted Dove Streptopelia chinensis Columbidae 
Zebra Dove Geopelia striata  Columbidae 
Green Imperial Pigeon Ducula aenea Columbidae 
Emerald Dove  Chalcophaps indica  Columbidae 
Little Cuckoo Dove Macropygia ruficeps  Columbidae 
Bornean Treepie Dendrocitta cinerascens Corvidae 

Gould's Bronze-Cuckoo Chrysococcyx minutillus 
aheneus Cuculidae 

Red-billed Malkoha  Phaenicophaeus javanicus Cuculidae 
Chestnut-breasted Malkoha Phaenicophaeus curvirostris Cuculidae 
Raffles's Malkoha  Phaenicophaeus chlorophaeus Cuculidae 
Plain Flowerpecker Dicaeum minullum borneanum Dicaeidae 
Yellow-breasted Flowerpecker  Prionochilus maculatus Dicaeidae 
Orange-bellied Flowerpecker  Dicaeum trigonostigma Dicaeidae 
Ashy Drongo Dicrurus leucophaeus Dicruridae 
Dusky Munia  Lonchura fuscans Estrildidae 
Black-and-yellow Broadbill  Eurylaimus ochromalus Eurylaimidae 
Banded Broadbill  Eurylaimus javanicus Eurylaimidae 
Grey-rumped Treeswift Hemiprocne longipennis  Hemiprocnidae 
Pacific Swallow Hirundo tahitica Hirundinidae  
Barn Swallow Hirundo rustica Hirundinidae  
Malaysian Honeyguide Indicator archipelagicus Indicatoridae 
Red-throated Barbet  Psilopogon mystacophanos Megalaimidae 
Mountain Barbet Psilopogon monticola Megalaimidae 
Bornean Barbet Psilopogon eximius Megalaimidae 
Blue-eared Barbet  Psilopogon cyanotis Megalaimidae 
Gold-whiskered Barbet Psilopogon chrysopogon Megalaimidae 
Red-bearded Bee-eater  Nyctyornis amictus Meropidae 
Black-naped Monarch Hypothymis azurea Monarchidae 
Narcissus Flycatcher Ficedula narcissina Muscicapidae 
White-crowned Shama Copsychus stricklandi Muscicapidae 
Oriental Magpie Robin Copsychus saularis adamsi Muscicapidae 
Dark-sided Flycatcher Muscicapa sibirica Muscicapidae 
Asian Brown Flycatcher Muscicapa dauurica dauurica Muscicapidae 
Plain Sunbird  Anthreptes simplex  Nectariniidae 
Temminck's Sunbird Aethopyga temminckii Nectariniidae 
Long-billed Spiderhunter  Arachnothera robusta Nectariniidae 
Little Spiderhunter Arachnothera longirostra Nectariniidae 
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Dark-throated Oriole  Oriolus xanthonotus Oriolidae 
Eurasian Tree-sparrow Passer montanus Passeridae 
Black-capped Babbler  Pellorneum capistratum Pellorneidae 
Rufous-crowned Babbler Malacopteron magnum Pellorneidae 
Sooty-capped Babbler  Malacopteron affine Pellorneidae 
Great Argus  Argusianus argus Phasianidae 
Roulroul Rollulus rouloul Phasianidae 
Arctic Warbler Phylloscopus borealis Phylloscopidae 
Rufous Piculet  Sasia abnormis Picidae 
Buff-necked Woodpecker Meiglyptes tukki Picidae 
Crested Jay  Platylophus galericulatus Platylophidae 
Blue-crowned Hanging Parrot  Loriculus galgulus Psittaculidae 
Red-eyed Bulbul Pycnonotus brunneus Pycnonotidae 
Puff-backed Bulbul  Euptilotus eutilotus Pycnonotidae 
Black-headed Bulbul  Brachypodius melanocephalos Pycnonotidae 
Grey-cheeked Bulbul  Alophoixus tephrogenys Pycnonotidae 
Straw-headed Bulbul Pycnonotus zeylanicus Pycnonotidae 
Cream-vented Bulbul Pycnonotus simplex Pycnonotidae 
Yellow-vented Bulbul Pycnonotus goiavier Pycnonotidae 
Pied Fantail Rhipidura javanica Rhipiduridae 
Chestnut-rumped Babbler Stachyris maculata Timaliidae 
Chestnut-backed Scimitar Babbler Pomatorhinus mantanus Timaliidae 
Chestnut-winged Babbler Cyanoderma erythropterum Timaliidae 
Bold-striped Tit-babbler  Mixornis bornensis Timaliidae 
Red-naped Trogon Harpactes kasumba Trogonidae 
Scarlet-rumped Trogon Harpactes duvaucelii Trogonidae 
Chestnut-crested Yuhina Staphida everetti Zosteropidae 
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Appendix 2. Photos of birds commonly seen at Sg. Tindikon and Sg. Tikolod  
Forest Reserves. 
 

  
Black and Yellow Broadbill  
(Eurylaimus ochromalus).  
Photo by A. Loinsang. 
 

Rhinoceros Hornbill (Buceros rhinoceros).  
Photo by A. Loinsang. 

  
Dark-throated Oriole (Oriolus xanthonotus). 
Photo by YC Lee. 

Malaysian Honeyguide  
(Indicator archipelagicus).  
Photo by YC Lee. 
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the Bornean Peacock-pheasant (Polyplectron schleiermacheri) 
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INTRODUCTION 
 
In early April 2022, photographs and videos of the Bornean Peacock-pheasant (BPP) 

emerged on social media in Sabah, sparking massive interest in the species amongst local 
birders. Days later, photographs showing a family of pheasants—a male, female and a 
chick—went viral and that interest soon transformed into an inferno that swept through 
Sabah’s birders and their friends worldwide. 

 
Aspiring to be among the first to see one of Borneo’s rarest and most elusive endemic 

birds, many birders inquired about the location of the site and the guides. However, true to 
local birding ethics, information from those who have seen the species was very general. 
Accurate information was only shared among trustworthy birder friends. This reaction 
stemmed from the desire to protect the three individuals and their habitat. 

 
A birding team from the Sabah Forestry Department’s Forest Research Centre (FRC) 

went to visit the site in the Telupid district from 29th June to 1st July 2022. The team consisted 
of seven FRC staff and six ex-Sepilok Junior Rangers (SJRs). Incidentally, one of the FRC 
team members was the person who rediscovered the BPP. The FRC staff saw the BPP on the 
first day while the ex-SJRs managed to see it on the third day. Besides the prized BPP, the 
team also saw the Bornean Banded Pitta and the Bornean Crested Fireback, both Bornean 
endemics.  
 
Description 

 
The endemic Bornean Peacock-pheasant (Polyplectron schleiermacheri) is a medium-

sized pheasant, up to 50 cm in length. The male has an iridescent pale blue crest, bright 
orange facial skin patch, luminous blue ocelli (ornamental eye-spots) along its wings and a 
broad, 22-feathered, fan-shaped tail. The breast sides are metallic blue-green, and the throat 
and upper breast are white. The smaller-sized female is less attention-grabbing in colour, 
being duller brown all over with smaller, darker ocelli. Unlike the male, the female does not 
have spurs on its feet. The BPP is a primary forest specialist, inhabiting primary lowland and 
hill mixed dipterocarp forests, preferring ridgetops and spurs. Due to ongoing habitat loss, 
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small population size, and limited range, it is evaluated as Endangered by the IUCN (2022). It 
is listed in Appendix II of CITES. 

 
There is very little information on the BPP's behaviour and ecology. Most are 

inferences based on knowledge of the closely-related Malayan Peacock-pheasant 
(Polyplectron malacense) and the Palawan Peacock-pheasant (Polyplectron napoleonis) 
(MacGowan 1994 & Kimball et al. 2001). 

 
Previous sightings 

 
Being endemic to Borneo, the BPP has only been sighted in several locations in 

Indonesian Borneo (O’Brien et al. 1999), Sarawak and Sabah. It has not been recorded or 
documented in Brunei Darussalam (Phillipps & Phillipps 2014). 

 
According to Phillipps & Phillipps (2014), it is still widespread in Kalimantan Ulu.  

However, the only place the BPP was regularly seen was in Sg. Wain Protection Forest, East 
Kalimantan. Fredriksson & Nijman (2004) reported that the BPP was encountered 19 times 
over 44 months. Bird call site Xeno-canto (xeno-canto.org) has three calls recorded from 
Pinang Jatus, Gunung Lumut Protection Forest, about 90 km southwest of Sg. Wain. 

 
According to Sheldon et al. (2001 & 2015), the first records of the BPP in Sabah were 

three specimens collected by A.H. Everett in the Paitan region in July 1892. About 104 years 
later, the Sabah Museum managed to trap a male in the Ulu Tongod Forest Reserve (250 m 
a.s.l.) on 18th January 1996. Subsequently, they were unconfirmed records of the species in 
Sukau, Kinabatangan and at the Borneo Rainforest Lodge, Danum Valley in 1997 and August 
1998 respectively (Mohamed et al. 2017). Credible sightings of the BPP were seriously 
lacking, resulting in the species being regarded as locally extinct in Sabah (Eaton et al. 2016). 
However, in 2016, three individuals were camera-trapped in northern Kuamut Forest 
Reserve, located between the Imbak Canyon and Danum Valley forest reserves (Mohamed et 
al. 2017). 
 
Rediscovery in early 2020  

 
In Sabah, the BPP was rediscovered by the first author RAR in the Ulu Telupid Forest 

Reserve in the Telupid District. He currently works as a research assistant at FRC. In 
December 2019, he set up camera traps along a ridge after he had a close encounter with what 
he thought was the Great Argus. In January 2020, a female bird and its chick (see Plate 1) 
were caught on camera. 
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Plate 1. First camera trap picture of a female BPP with its chick. 

 
He sought confirmation of the species from colleagues, co-authors VR and LT. Seeing 

the blue ocelli on the tail tips, both colleagues confirmed that the picture was indeed that of a 
female BPP with her chick. Realising the importance of his discovery, RAR requested 
assistance from the co-author KM to locate the birds and, if possible, habituate them. 
 
Habituation 

 
After January 2020, both RAR and KM installed camera traps in the vicinity of 

RAR’s first camera trap site to determine where the BBP’s main route was. The global 
Covid-19 pandemic and the ensuing lockdowns beginning March 2020 enabled RAR and KM 
to focus on their weekly trips to the site. After many weeks of camera-trapping in various 
locations, they finally determined the BPP’s main route. They proceeded to conduct 
supplementary feeding of corn feed so that the final site was within the BPP’s home range or 
territory. Care was taken to prevent the birds from being over-reliant on corn feed as their 
main source of food. 

 
Soon, both a male and female BPP were visiting the site more frequently, although at 

random times of the day. There were no sightings of the female with a chick from the first 
photo, leading them to assume that they were different individuals. After a year or so, with 
weekly supplementary feeding, RAR and KM realised that the route the BPP traversed had 
become part of its daily routine. They later constructed a small bird hide at a vantage point, 
about 30 m from where the birds were commonly seen. The hide was intentionally made to 
accommodate only six to seven persons. 

 
Most importantly, the process of habituation mainly involved getting the birds 

accustomed to the presence of the corn feed, bird hide, and, possibly, the odours of humans. 
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The birds remained very shy and would dart off immediately into the dense vegetation when 
they sensed danger. It is not confirmed whether the feeding resulted in the birds returning to 
the site or if the site was well within the birds’ home ranges. Studying a similar species in 
Peninsular Malaysia, McGowan (2004) showed that the Malayan Peacock-pheasant home 
ranges were between 7.3–42.3 ha and only shifted slightly over time. 
 

On 22nd April 2022, after more than two years since its rediscovery, the first clear 
images of a pair of BPP were shared by the first birders who went to the bird-hide. A few 
days later, the pair was photographed with a chick. Plates 2 and 3, taken in early June 2022, 
show the male and female/juvenile respectively. The FRC team was the 34th group to visit the 
site. 
 

 
Plate 2. The magnificently-coloured male BPP. Photo by A. Loinsang. 

 
 
Probability of sightings 

 
Due to the 2-year habituation process, the probability of BPP sightings at Ulu Telupid 

was understandably high. From April to June 2022, all 34 groups were able to observe the 
BPP (singly, in pairs or all three individuals) within a typical 2-day visit. In Sg. Wain, the 
median encounter rate was one bird per month (Fredriksson & Nijman 2004). With the major 
bias of supplementary feedings and with only 3 months of rudimentary data, it is imprudent 
to compare the probability of sightings in Ulu Telupid with that of Sg. Wain. 

 
However, two noteworthy differences warrant further studies on Ulu Telupid’s BPP. 

Firstly, in Sg. Wain, not more than one BPP was vocalising at any one time over the 44-
month study period. In contrast, RAR has heard a maximum of three vocalisations on many 
occasions; the nearest being the BPP closest to the bird hide, and the other two from further 
away in opposite directions. That seemed to suggest that there was more than one male in Ulu 
Telupid and possibly more family units. Secondly, Sg. Wain sighting records were mostly of 
individual birds. In Ulu Telupid, the BPP were almost always seen in a family unit although 
separated temporally by not more than two hours. 
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Plate 3. A female (L) and a juvenile BPP (R). Photo by A. Loinsang. 

 
Supplementary feeding 

 
During the months of habituating the BPP, both RAR and KM decided that only a 

cupful of corn feed for each feeding was sufficient to induce the birds to return to the site. 
The limited amount of feed was only to supplement the birds’ highly invertivorous diet. RAR 
and KM will dispense the corn feed only after a group visit. No feeding was necessary if the 
next visit was within four days. However, if it was more than five days away, they would 
dispense the feed on the fourth day. This was due to other animals, such as the Bornean 
Crested Fireback, porcupines, tree shrews, and mouse deer, also consuming the corn feed. 

 
Research opportunities 

 
The rediscovery of the BBP is of great scientific significance. Similar to the little-

known Malayan and Palawan peacock-pheasants, very few studies have been conducted on 
the BPP. The most detailed study of the BPP to date was conducted by Fredriksson & Nijman 
(2004) in East Kalimantan. Suffice to say, none has ever been conducted in Sabah. Thus, the 
habituated BPP in Telupid presents an enormous opportunity to study the species in terms of 
its behaviour and ecology. Almost any study about this species will be new to science. The 
current bird hide is an excellent place for non-invasive and observational studies to be carried 
out. Short studies can be conducted to determine if there are variations in individual/group 
responses to habituation. Additionally, it is also worthwhile to document the local knowledge 
of this species, if any, in villages surrounding nearby forest reserves, similar to the studies 
conducted by O’Brien et al. (2004) in East Kalimantan.  

 
However, for invasive forms of research (i.e., satellite or radio tracking and DNA 

collection), we strongly recommended that other individuals and/or family units in other parts 
of the forest reserve be identified and studied so that the tourism potential of the first site will 
not be disrupted. 
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RECOMMENDATIONS 
 
The BBP and its location in the Telupid district will attract birders from all over the 

world. The district is poised to experience increased engagement in the tourism sector. The 
Ulu Telupid Forest Reserve lies between the internationally well-known birding tour sites of 
Kinabalu Park and the greater Kinabatangan-Sandakan-Lahad Datu area. Its high probability 
of BPP sightings will undoubtedly result in Ulu Telupid being included in future birding tour 
packages. An increase of two nights in the duration of birding tours will benefit the tourism 
industry in Sabah.  

 
Concurrently, tour operators can work together with nearby village communities so 

both will derive economic benefits from tourism. With the BPP as a direct or indirect source 
of additional income, it is hoped that these communities will actively participate in the 
conservation and protection of the species and its habitat. Hence, cooperation between both 
tour operators and local communities is vital to ensure that the welfare and safety of the BPP 
in Ulu Telupid are safeguarded in the long term. 
 
 

CONCLUSION 
 
The rediscovery of the BPP was exciting news for birders, ornithologists, tour 

operators and conservationists alike. We hope that the current site (and future sites) will be 
managed well and be the focal point for BPP sightings in Sabah. Lastly, we hope that easier 
access to the BPP will lead to a huge increase in knowledge of the species. 
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Rafflesia keithii Meijer is one of three species of Rafflesia in the Rafflesiaceae family found 
in Sabah.  Rafflesias are parasitic plants that depend on lianas of the genus Tetrastigma 
(Vitaceae) as host.  Apart from the absence of chlorophyll, it has no vegetative parts such as 
leaves, stems and roots. The flower emerges directly from the stem or roots of the host, where 
it receives food and water.  R. keithii was named after Harry G. Keith, the former Conservator 
of Forests in British North Borneo (now Sabah, Malaysia), where it is locally known as 
Wusak tombuakar.  It is usually found in primary and secondary lowland, hill forests and 
frequently near streams or rivers, at an altitudinal range from 250 m to 940 m (Nais 2001).  
Rafflesia is a fully protected plant under the Wildlife Conservation Enactment (1997).  The 
conservation status of R. keithii has been assessed as Vulnerable (VU) (IUCN 1997) and also 
under the new IUCN criteria (Nais 2001). While on a forest inventory field work in the 
Silabukan Forest Reserve in June 2022, a team from the Sabah Forestry Department stumbled 
upon two Rafflesia blooms.  The flowers were located on a rocky area, near a steep cliff, at 
about 630 m in altitude. They were growing next to a buttress root of a Diospyros discocalyx 
tree and under a liana stem. Based on the soil map, the species was found on rather blackish 
soil of Kennedy Bay association and is of volcanic origins (Figure 1). 

According to Nais (2001), the species delimitation of Rafflesia is based entirely on the 
form and structure of the flower with emphasis on the outer appearance.  The morphological 
characteristics that are important to differentiate species include i) open flower size, ii) warts 
on the perigone lobes, iii) pattern and size of diaphragm, iv) pattern of window, v) the size of 
aperture, vi) number of processes, vii) characters of ramenta, and viii) number of anthers 
(Norhazili et al. 2021).  The better state Rafflesia flower observed in Silabukan Forest 
Reserve was a spectacular bloom which has five petals or perigone lobes, and the open flower 
measured up to about 47 cm in diameter (this measurement is smaller than what has been 
recorded for Rafflesia keithii by Nais (2001), i.e., 80−94 cm across).  The perigone lobe 
length is 17−23 cm and 13−16 cm in width. The pattern of warts on the perigone lobes was 
used as one of the diagnostic characteristics to differentiate the species.  The larger white 
warts were interspaced with numerous smaller, white ones on the perigone lobes.  There were 
more than 10 white warts across the perigone lobes.  The diaphragm had circular warts, 
which were contrasting, isolated and with a broad dark brown margin, and its width was c. 5 
cm across.   
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Figure 1.  Map showing the location of Rafflesia keithii in Silabukan Forest Reserve. 
 

The diaphragm opening or aperture was 14 cm across; this feature was not reported 
for R. keithii in Nais (2001).  The diaphragm opening is almost three times the diameter of 
the diaphragm itself.  A total of about 41 processes on the disk were recorded in the flower 
which matched R. keithii.  Although characteristics on the ramenta, window and anthers of 
the Rafflesia flowers were highlighted as important, these were not recorded.  Nonetheless, 
most features that were observed, especially the ornamentation on the perigone lobes and 
diaphragm matched with R. keithii. 

 
There were two flower buds observed adjacent to the blooming flowers.  One of these 

mature buds had a diameter of 8.5 cm.  Another larger bud was encountered about 40 m away 
within the ecological plot.  The host plant of this species was identified as Tetrastigma 
diepenhorstii which has also been mentioned by Nais (2001) in the past.  The other more 
common host is T. leucostaphylum. 

 
Nais (2001) reported that R. keithii is endemic to Borneo, occurring mostly in the west 

coast of Sabah, in the Crocker Range, Keningau, Tambunan, Kimanis, Tenom, Kota Marudu 
(Serinsim), Kota Belud (Melangkap and Sayap), Ranau (Poring, Nalumad, Tekutan, and 
Singgaron, Kinapulidun).  On the east coast of Sabah, there is a record in Danum Valley 
Conservation Area (DVCA), Lahad Datu. However, Nais also mentioned that the species 
probably exist in the Hose Mountains in Sarawak and north-eastern Kalimantan.  Bibian et al. 
(2022) reported that the population near Hose Mountain is not R. keithii but more similar to 
Rafflesia tuan-mudae.  Bibian, et al. (2022) also highlights the similarity between Rafflesia 
keithii and R. tuan-mudae.  The occurrence of R. keithii in Kalimantan is possible as there 
have been citations of this species in the North and East of Kalimantan (Randi pers. comm.).  
In fact, Nais (2001) had pointed out the similarities amongst R. keithii, R. tuan-mudae and R. 
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arnoldii whereby R. arnoldii in its widest sense may include the other two species and 
another two known varieties of R. arnoldii.  There are also two incompletely known species 
from Kalimantan, Rafflesia witkampii (only known from a female bud) and R. ciliata (type 
specimen not found) which have long been associated with R. keithii and R. arnoldii.  
However, as of now, those species mentioned are thus treated as distinct species until proven 
otherwise.  Hence, R. keithii, as we now know, occurs in Sabah and Kalimantan.  Data on the 
ramenta, anthers and windows of R. keithii in Silabukan Forest Reserve need to be taken in 
the future to confirm the species. Furthermore, phylogenetic analysis will be beneficial in 
resolving the complex group of Rafflesia keithii.  

 
The species reported in Silabukan Forest Reserve marks the extension of species 

distribution to the easternmost area in Sabah. It forms a new distribution record for Sabah.   
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Figure 2. Mr Jeisin Jumian 
photographed next to the Rafflesia 
keithii in Silabukan Forest Reserve. 
Photo by Willdey Pontius. 

Figure 3. The flower of Rafflesia keithii 
in Silabukan Forest Reserve.  
Photo by Joel Dawat. 

 

 
Figure 4. The survey team who witnessed the flowers of Rafflesia keithii in 

Silabukan Forest Reserve, Lahad Datu. Photo by Willdey Pontius. 
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Abstract. The seeds and seedlings of Shorea leprosula and Dryobalanops lanceolata were 
routinely collected for forest rehabilitation and replanting programmes. However, flowering 
and fruiting behaviour of these species are variable and irregular, which necessitates serial 
monitoring. This paper reports the morphological, flowering and fruiting characteristics of S. 
leprosula (n = 25) and D. lanceolata (n = 25) mother trees and candidate plus trees during a 
year with a dry spell in Segaliud Lokan Forest Reserve, Sandakan. The trees were assessed 
from April to September 2019. Scores were given for 19 traits related to tree form, 
commercial traits, health, flowering, and fruiting characteristics. Dryobalanops lanceolata 
and S. leprosula produced flower buds in March and April 2019, and flowered copiously by 
April and May 2019, respectively. Initial young fruit sets were recorded in June 2019 and 
matured by August 2019. The fallen seeds germinated from August to September 2019. The 
Dryobalanops lanceolata trees proceeded S. leprosula by four weeks in the flowering and 
fruiting progress. Sixteen D. lanceolata trees and twenty-two S. leprosula trees had the best 
total scores for all traits and were recommended to supplement future seed collection and 
forestry operations. 

 
Keywords: candidate plus trees, Dipterocarpaceae, flowering, fruiting, mother trees 
 

INTRODUCTION 

Shorea leprosula Miq. and Dryobalanops lanceolata Burck of the Dipterocarpaceae 
family are native commercial timber species. Both species have relatively good growth; thus, 
seeds and seedlings are routinely collected for active forest restoration, such as enrichment 
planting of degraded forests. Shorea leprosula was planted in a line planting system in 
Penajam Paser Utara East Kalimantan, Indonesia (Tirkaamiana et al. 2019) Gunung Dahu 
Research Forest Bogor, Indonesia (Rachmat et al. 2021), and in Bintulu Sarawak, Malaysia 
(Azani et al. 2001), and in a man-made Dipterocarp forest in swampy peat land and hilly 
semi-open area in P.T. Arara Abadi Riau, Indonesia (Subiakto et al. 2016). In Malaysia, D. 
lanceolata was planted in SLFR (Lapongan & Kelvin 2009), in Ulu Segama Forest Reserve 
(Moura-Costa et al. 1994), and Danum Valley Conservation Area (DVCA) (Hayward et al. 
2021). In Indonesia, D. lanceolata was planted in KHDTK Haurbenthes Bogor (Mardhatillah 
et al. 2019), in Gunung Dahu Research Forest, Bogor (Rachmat et al. 2021) and East 

mailto:mandy21@ums.edu.my


Sepilok Bulletin 31: 75-88 (2022)  M. Maid et al. 

76 
 

Kalimantan, Indonesia (Tirkaamiana et al. 2019). Dryobalanops lanceolata was identified as 
an indicator species of actively restored forest in DVCA, Sabah (Hayward et al. 2021).  

 
Active intervention in the degraded forest is necessary because the natural recruitment 

of Dipterocarp species showed spatial aggregation in small-diameter trees, probably due to a 
limited capacity for seed dispersal (Ng et al. 2006). Shorea leprosula reportedly had 
relatively low natural regeneration capacity that necessitated intervention to stimulate the 
growth of its offspring (Rachmat et al. 2021). The collection of viable seeds and seedlings is 
vital for forest restoration endeavours. Efficient production of Dipterocarp planting material 
in forestry nurseries is generally challenging due to the lack of basic information on seed and 
seedling biology, shortage of planting material because of intermittent flowering, low quality 
planting material, poor tending and silviculture treatment, and the rapid infestation of insect 
and fungal disease as reviewed by Maid et al. (2019). 

 
 A series of phenological observations are required to successfully determine seed 

production events as the flowering and fruiting Dipterocarp is known to be unpredictable. 
Generally, a large-scale and synchronous flowering event occurs at irregular intervals of 
several years and depends on a drought period after several years with no flowering (Sakai et 
al. 2006). For example, Winarni et al. (2016) reported major flowering events in 
Dipterocarps in 2002, 2006, 2008 and 2011 at Bukit Barisan Selatan National Park Sumatra 
Indonesia, which correlates with maximum temperatures and were preceded by a month total 
rainfall of less than 100 mm. Reports show that the synergistic effect of cool temperature and 
drought based on cumulative precipitation data drives the flowering events for most Shorea 
species (Chen et al. 2017, Satake et al. 2018).  

Dipterocarp seeds are recalcitrant and cannot be stored for long periods without 
damaging the seeds. They are susceptible to chilling and desiccation damages (Bewley et al. 
2013). Alternative storage technology such as in vitro culture, cryopreservation, 
encapsulation-dehydration and vitrification (e.g. Berjak & Pammenter 2013, Krishnapillay & 
Engelmann 1996) that can prolong the life of tree seeds are costly to establish and maintain in 
remote forest areas and require trained personnel. Desiccation sensitivity in the recalcitrant 
seeds results in the incapability of seed storage under low temperature and water content 
conditions. This is a long-term germplasm conservation limitation (Berjak & Pammenter 
2013). Thus, timely seed collection, propagation, and field planting is the most viable option 
to circumvent issues with preserving Dipterocarp seeds for forestry operations.  

Selective logging activities in the past could reduce the number of reproductive trees 
for seed production and collection (Degen & Sebbenn 2014). Furthermore, the best trees were   
selected for logging, and lower quality trees were left to be used for current seed collection. 
The selection of a minimal number of designated mother trees for seed collection and 
planting material production could negatively impact the intraspecific genetic variability of 
poorly stocked stands throughout the forest in the long run. Tree populations require high 
genetic variation to enable them to adapt to extreme environmental changes brought about by 
climate change and resistance against pests and phytopathogens. Population genetic 
processes, which include the mating system, gene flow, selection, and migration, shape a tree 
population's genetic composition (Degen & Sebbenn 2014) and may become affected by the 
transplantation of seeds of only a handful of mother trees. Therefore, other than improving 
the quality of planting stocks for their genetic diversity, increasing the number of mother 
trees may also ensure that the quantity of viable seeds is adequate. 
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Expanding the number of good quality seed trees for seed collection is essential for 
the long-term resilience and productivity of the restored forest. Selection of seed trees based 
on plus tree criteria will ensure good quality mother trees (Clark & Wilson 2005) and serve as 
in situ genetic conservation. The candidate plus tree (CPTs) selection is also the basis for tree 
breeding and improvement programmes (Clark & Wilson 2005, Nor Fadilah et al. 2021). 
This study identified and assessed the morphology, flowering and fruiting characteristics of S. 
leprosula and D. lanceolata as CPTs for future seed collection along the High Production 
Corridor (HPC) zone at the Segaliud Lokan Forest Reserve (SLFR).   

 

 
MATERIALS & METHODS 

 
Study Site 
 

The Segaliud Lokan Forest Reserve (SLFR), also known as Forest Management Unit 
19B (117˚ '23' - 117˚ '39' E, 5˚ '20' - 5˚ '38' N) managed by KTS Plantation Sdn. Bhd. is 
located in Sandakan district, Sabah (Figure 1). It is a Class II Commercial Forest Reserve 
with 57,247 ha. The area is compartmentalised into a natural forest management (NFM), 
industrial tree plantation (ITP), conservation, and research zones. Since 1998, conventional 
logging has been replaced by reduced impact logging (RIL) and mosaic planting system 
practices. In the mosaic planting, patches of natural forest are retained together with the 
establishment of artificial forest. The natural forest contains young commercial trees with dbh 
below the prescribed cutting limit (Ahmad & Albert 2015). RIL is a collection of forest 
harvesting techniques with minimal damage effects on a residual stand so that the productive 
capacity of forest stand stocking, soil and water and the diversity of forest life function can be 
maintained (Sabah Forestry Department 2009). Enrichment planting is conducted in forest 
areas along the secondary roads, feeder roads and skid trails. The harvesting and replanting 
activities are conducted in the NFM and ITP zones. The allowable harvest is a minimum of 
60 cm diameter at breast height (dbh) in the NFM zone and 50 cm dbh in the ITP zone for all 
tree species (KTSP 2015). The study site is influenced by the two monsoon seasons in Sabah, 
i.e. the southwest monsoon from May to October and the northeast monsoon from November 
to April (Bidin & Chappell 2003). 

 
Candidate tree selection and mother trees 
 

A rapid survey was conducted to locate and mark the S. leprosula and D. lanceolata 
CPTs that were accessible along the roads in April 2019 (Figure 1). The CPTs was selected 
among trees with more than 30 cm dbh and located more than 100 m land distance from each 
other. Mother trees previously selected and marked for routine seed collection by KTSP was 
also included in the selection. The survey was conducted because there is no prior 
information on the numbers and location of mature and reproductive S. leprosula and D. 
lanceolata. 

 
Tree assessment 
 

The CPTs assessment and selection method was adapted from FAO (1985) and 
Sheikh Ibrahim (2006). Observations and data on morphological and phenological traits of S. 
leprosula and D. lanceolata trees were recorded. Morphological characteristics include the 
stem, crown, branch, tree form, flower, fruit and leaf. Tree phenological observation includes 



Sepilok Bulletin 31: 75-88 (2022)  M. Maid et al. 

78 
 

the development of flowers, leaves, and fruit. Furthermore, seed germination was also 
observed. The trees were assessed and given scores for 19 quantitative and qualitative traits 
(Table 1). The individual tree method was used to assess the mother and candidate tree 
(Sidhu 1996). The assessment was conducted from April until September 2019.   

 

Figure 1. The locations of Shorea leprosula and Dryobalanops lanceolata trees in SLFR, 
Sandakan Sabah. 
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Data analysis 
 

A timeline was produced for the flowering, fruiting, seed dispersal and seed 
germination of S. leprosula and D. lanceolata. The total raw scores of the quantitative and 
qualitative traits for each tree were tabulated and ranked. The total raw scores were divided 
into three categories: high (40–50), moderate (29–39) and low (0–28). The individual 
candidate tree raw score was compared to each species's average total raw scores (Sheikh 
Ibrahim 2006). Descriptive statistics, linear model (ordinary least squares regression) of the 
traits and trait scores were performed using PAST 4.03 (Paleontological Statistics) software 
(Hammer et al. 2001).  
 
Table 1. Traits and score of morphological and phenological traits. 
 

No 
Trait 
Category Traits Score and description 

1 Morphology Total eight 3:>30 m, 2:21-30 m, 1:11-20 m, 0:<10 m 
2  Bole height 3:>30 m, 2:21-30 m, 1:11-20 m, 0:<10 m 
3  dbh 3:>45 cm, 2:35-44 cm, 1:25-34 cm, 0:<24 cm  
4  Stem quality 3:healthy, very straight, 2:a minor curve, 3:very curvy 

5  

Branching habit 
 
  

4: no branching, 3: top-stem branching, 2: mid-stem 
branching, 1:low-stem branching, 0:basal-stem branching 
(based on the lowest branch on the stem) 

6  Branch angle  
4:<29˚, 3:31-60˚, 2:61-90˚, 1: >90˚ (average value for 5 
lower branches) 

7  Branch position  
3:live branch on a top stem, 2: live branch on mid-stem, 
1:live branch on low-stem 

8  
Branch 
thickness 

3:small (<1/10 dhb), 2:moderate (1/4 -1/10 dbh), 1: large 
(>1/4 dbh) (average value for 5 lower branches) 

9  Buttress 4:no buttress, 3: low <1 m, 2:moderate 1-2 m, 1:high >2 m 

10  Crown  
4:wide spread, balanced, not suppressed, foliage >70% of 
canopy 

   3:moderate spread, balanced, foliage 50-70% of canopy 

   2:suppressed, not balanced, foliage <50% 

11 Damages Defect 

3:no defect, 2:<10% defect, 1:10-30% defect, 0:>30% 
defect 
(on stem and branches e.g. holes, broken branches) 

12  Pest 
3:no pest symptom/sign, 2:<10%, 1:10-30%, 0:>30% pest 
symptom/sign 

13   Disease 
3:no disease symptom/sign, 2:<10%, 1:10-30%, 0:>30% 
disease symptom/sign 

14 Phenology Flowering 1:yes, 2:no  

15  
Flowering 
quality  

3:Flowering on the whole crown, 2: Flowering on most of 
the crown (>50%), 1: Flowering on some parts of the 
crown 

16  
Flowering 
quantity 4:>80%, 3:60-80%, 2:40-60%, 1:20-40%, 0:<20% 

17  Fruiting 1:yes, 2:no  

18  Fruiting quality  
3:Fruiting on the whole crown, 2: Fruiting on most of the 
crown, 1: Fruiting on some of the crown 

19   
Fruiting 
quantity 4:>80%, 3:60-80%, 2:40-60%, 1:20-40%, 0:<20% 
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RESULTS AND DISCUSSION 
 

Morphological Characteristics 
 

The Dryobalanops lanceolata candidate trees were found growing on the slopes and 
shaded areas. The bark is brownish and slightly peeling. The crown is dome-shaped, 
sometimes irregular and densely arranged. The branches are densely arranged. The fruit has 
five wings. The immature fruit is yellowish-green and turns to brown when mature. The leaf 
is shiny, glabrous on the adaxial surface (upper side or adaxis), lanceolate, entire, and the 
veins are pinnate (Figure 2). The morphological descriptions of S. leprosula are similar to 
those of Soepadmo et al. (2004), Soerianegara & Lemmens (1994). 

 
 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

Figure 2. Morphology of Dryobalanops lanceolata. (a) mother tree, (b) stem form,  
(c) crown dome shape, (d) branch arrangement, (e) leaf, (f) mature fruit. 
 

The Shorea leprosula candidate trees have a straight stem; the bark is brown-greyish 
and fissured. The highest buttress was recorded at 1.5 m in height. The crown is irregular and 
open. The fruit has five wings, yellow when immature and turns brown when mature. The 
leaf is elliptic and pubescent, and the veins are reticulate. The domatia are on the leaf's 
abaxial (lower side or abaxis) surface along the midrib and secondary veins (Figure 3). The 
morphological descriptions of D. lanceolata are similar to those of Soepadmo et al. (2004), 
Soerianegara & Lemmens (1994). 
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(a) 

 

(b) 

 
 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

Figure 3. Morphology of Shorea leprosula (a) stem fissured, (b) buttress, (c) crown 
irregular, (d) branching, (e) leaf with domatia, (f) immature fruit. 
 
Phenology 
 

The two last general flowerings (masting) for the Dipterocarps in SLFR occurred in 
2014 and 2019 coinciding with our data collection. The flowering and fruiting timeline of S. 
leprosula and D. lanceolata is presented in Table 2. The flowering and fruiting period of D. 
lanceolata was one month ahead of S. leprosula. It took five months for S. leprosula trees to 
develop from the flower bud in April 2019, fruit maturation in July–August and fruit fall in 
August–September. Since the start of the observation, D. lanceolata had mast flowering 
(April). The D. lanceolata trees probably took six months to develop from flower bud in 
March 2019, flowering in April 2019, fruit maturation in June and fruit-fall in August 2019. 
Aborted fruits were observed for four months after flower bud development but were not 
quantified. Chong et al. (2016) reported that five to thirty-seven percent of fruit fall in Shorea 
macroptera, S. pauciflora, Dipterocarpus kunstleri and D. sublamellatus was not viable in 
the Central Catchment Nature Reserve, Singapore in an observation conducted from May to 
June 2014. The lowest monthly rainfall and rainy days at SLFR were recorded in February 
and April 2019, coinciding with flower development (Figure 4). The monthly mean 
temperature fluctuated slightly, with the highest in April and May 2019 when flowering 
occurred. The differences in flowering and fruit timing indicated that plants in tropical 
regions could detect subtle climate fluctuation as the flowering cue and produce flowers and 
fruits at specific times of the year (Chen et al. 2017 & Satake et al. 2018). Chen et al. (2017) 
reported that S. leprosula requires the lowest temperature to signal the onset of flowering, but 
we did not observe this in our data. At Pasoh, cool temperature and drought likely occurred in 
January and February followed by flowering in April to June, fruit development in July and 
synchronous fruit-fall in August (Chen et al. 2017) which concurred with our observation. 
The ages of S. leprosula and D. lanceolata mother trees and CPTs at SLFR are unknown. 
However, Rachmat et al. (2021) reported that S. leprosula tree first flowering occurred from 
16 to 23 years old on plantation compared to 30 years old in trees in the natural forest 
(Krishnapillay & Tompsett 1998). Shorea leprosula trees that began flowering at ages 19 to 
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23 years older than those that began flowering at younger ages, from 16 to 18 years, had 
lower flowering frequencies (Rachmat et al. 2021 & Subiakto et al. 2016). 

 
Table 2. The flowering, fruiting, fruit-fall and seed germination timeline of Shorea leprosula 
and Dryobalanops lanceolata from April to September 2019 at SLFR, Sandakan. 
 

 Shorea leprosula Dryobalanops lanceolata 

2019 

March 

Flower bud development not observed 
Flower bud development 
Flowering, sporadic 

 
April  
 

Flower bud development 
Flowering, sporadic 
 

Mast flowering 

May Mast flowering 
 

Initial fruiting 

June Initial fruiting 
Young winged fruit development, yellow-
greenish, small-sized seed  
 

Mast-fruiting 
Abort young fruit, yellow-greenish  
 

July Mast-fruiting 
Abortion of immature fruit 
Produce small, yellow mature fruit 
Fruiting on the whole crown  
 

Fruiting-whole canopy 
Fruit maturing, green-yellow 
 

August Maturing fruit, yellow-brown, dispersed on 
the ground 
Large seed, fallen seed germinated 
 

Matured fruit, green-brownish 
Large seed, dispersed  
 

September 
2019 

Matured fruit, brown, large seed 
germinated 
Seedlings near the parent tree 
Canopy full of mature fruit 

Seed dispersed on the ground and 
germinated 
Seedlings near the parent tree 
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Figure 4. Total monthly rainfall, total monthly rainy day, and monthly mean temperature. 
Source: Rainfall and rainy day (Segaliud Lokan Forest Reserve nursery daily record); 
temperature (Sandakan station, Malaysia Meteorological Department). 
 
Score and rank of candidate and mother trees 

 The concession holders assessed the mother trees of S. leprosula (n=5) and D. 
lanceolata (n=4) following their assessment forms for their forest operation. The designated 
mother trees mainly were located near the roads and in nearby compartments. This study 
assessed mother trees and recently selected CPTs using the individual method. The mean 
dbh and total height for all S. leprosula trees are 68.64±17.29 cm and 38.3±13.99 m 
compared to the mean values of mother trees are 77.7±20.67 cm and 44.15±17.9 m (Table 
3). The dbh ranged from 22.4 to 102 cm, and the total height ranged from 17.6 to 66 m in S. 
leprosula trees. The mean dbh and total height for all D. lanceolata trees are 61.41±13.28 
cm and 39.56±12.25 m, compared to the lower mean value for mother trees are 59.72±17.95 
cm and 37.23±8.06 m, respectively. For D. lanceolata, the dbh ranged from 40 to 89 cm, 
and the total height ranged from 20.6 to 71.3 m. Dryobalanops lanceolata in SLFR was 
reported to have the highest survival rate (80%) and the best total height at 18 years old 
(Lapongan & Kelvin 2009) and was recommended for planting. Based on the total raw 
score and individual method, the mother trees are not among the top scoring and best-
ranked trees (Table 3). The mean dbh, mean total height and mean raw score is higher in the 
CPTs than in the mother trees for both species, except the mean dbh is higher for the mother 
trees in S. leprosula. Shorea leprosula mother tree labelled number 41, and D. lanceolata 
mother trees labelled 16 and 22 have a moderate total score. Future seed collection should 
consider high-scoring CPTs as additions or replacements. 

 
Sheikh Ibrahim (2006) recommended a selection intensity of four mother trees per 

ha in the natural forest. But in SLFR, the selection intensity is 1 tree over 2,290 ha (25 trees 
per 57,247 ha). On a provincial scale, Ayson et al. (2017) selected between two to 64 plus 
trees per species in patches of secondary natural forest. The potential plus trees should 
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generally be selected among the dominant and codominant individuals of the stand (Clark & 
Wilson 2005, Sheikh Ibrahim 2006). Due to limited resources and no prior records, 
candidate D. lanceolata and S. leprosula trees were selected based on a minimum dbh of 30 
cm except for tree labelled number 42 (S. leprosula). The tree that was labelled number 42 
(S. leprosula) is also ranked last and not recommended as a seed tree. Linear regression 
between the total height and dbh showed no correlation in D. lanceolata (r2=0.0454, 
p=0.3013) and low correlation in S. leprosula (r2=0.2239, p=0.0144), respectively. The two 
traits are the most important for plus tree selection. 

 
Sixteen D. lanceolata trees (64%) and twenty-two S. leprosula trees (88%) had high 

total scores (40 to 50). In contrast, other trees had a moderate score (29-39). Some of the 
designated mother trees had a moderate score. Future seed collection can utilise the trees 
with high total scores and so increase the number of mother trees. Since mature reproducing 
trees are hard to locate, they should be considered potential mother trees to increase the 
genetic variation of the planted trees in a forestry operation. The high percentage of high 
scores is because of the small sample size of those indicated as very large trees. In contrast, 
Ningrum et al. (2018) used the comparison tree method in S. stenoptera by selecting trees 
above 20 cm dbh, identifying 16 plus trees and 96 trees for comparison from a community 
forest in Indonesia. As part of a national tree improvement and breeding program of 
subtropical evergreen oaks (Querces salina, Q. glauca) in Korea, plus tree selection was 
conducted using the ocular or subjective grading system (Kim et al. 2020). The method was 
used because the evergreen oaks were scattered in the mixed forest with low population 
density, making it difficult to apply the comparison tree method. The visual method is also 
effective for locating superior trees. Korea Forest Service selected 44 and 41 Q. salina and 
Q. glauca CPTs respectively, for future use as an adaptable species, the establishment of 
seed orchards and conservation. Similarly, S. leprosula and D. lanceolata were scattered in 
SLFR and lacked a baseline population for the comparison tree method. The CPTs selection 
can be part of in situ conservation and future utilisation in forestry operations at SLFR. 

 
Table 3. Descriptive statistics, score and rank of candidate and mother trees. 
 

No. dbh 
(cm) 

Total 
height 

(m) 

Total 
score Rank 

 
No. dbh (cm) 

Total 
height 

(m) 

Total 
score Rank 

Dryobalanops lanceolata   Shorea leprosula 

1 50 38.8 37 13  26* 85 46.3 42 6 
2 57 40.93 44 6  27* 75 42 43 5 
3 60 36.11 44 6  28 69 36.02 44 4 
4* 89 45 43 7  29 102 37.3 40 8 
5 74 33.2 38 12  30 65 43.6 45 3 
6 47 20.6 34 16  31 60 17.6 41 7 
7 84 39.6 46 4  32 47.5 24.28 39 9 
8 40 42.6 49 2  33 53 64 44 4 
9 79 69 50 1  34* 100 66 45 3 
10 51 48 49 2  35 77.3 56 46 2 
11 60 71.3 46 4  36 59 54 46 2 
12 65 43 40 10  37 56 25.24 47 1 
13 70.2 44.7 36 14  38 74.3 40.6 45 3 

14* 61 45.73 43 7  39 67 28.6 45 3 
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15 53.9 37.2 41 9  40 78.4 52 42 6 
16* 54.9 36 37 13  41* 50.8 22.3 37 10 
17 52 30.27 39 11  42 22.4 21.6 35 11 
18 68 31.62 41 9  43 74 26 44 4 
19 60 41.68 45 5  44 52 24.56 42 6 
20 57 54 39 11  45 92.4 33.8 41 7 

21* 53 27.2 35 15  46 65.2 46.3 41 7 
22* 40.7 32.2 42 8  47 70 29.7 41 7 
23 70 29 42 8  48 59.7 30 43 5 
24 85.5 30.3 47 3  49 79.6 57.6 45 3 
25 53.1 21 40 10  50 66.3 32 41 7 

Min. 
40 20.6 34 

   Min. 
22.4 17.6 35 

  
40.7* 27.2* 35.0*  50.8* 22.3* 37.0* 

Max 
89 71.3 50 

   Max 
102 66 47 

  
89.0* 45.73* 43.0*  100.0* 66.0* 45.0* 

Mean 
± s.d. 

61.41 ± 
13.28 

39.56 ± 
12.25 

41.88 ± 
4.48 

   Mean 
± s.d. 

68.64 ± 
17.29 

38.3 ± 
13.99 

42.56 ± 
2.89 

  
59.72 ± 
17.95* 

37.23 ± 
8.06* 

40.0 ± 
3.74* 

 

77.7 ± 
20.67* 

44.15 ± 
17.9* 

41.75 ± 
3.4* 

Note: * indicate mother tree and average values for mother tree, ns indicate p value of t-test 
are not significant at p<0.05. 

 
 

CONCLUSION 
 

Shorea leprosula and D. lanceolata flowered abundantly in May and April 2019, 
respectively. Early fruiting was observed in June 2019 and continued to develop and mature 
in August 2019. Seed germination was observed from August to September 2019. The 
flowering and fruiting development coincide with low monthly mean rainfall and rainy day. 
Sixteen D. lanceolata trees (64%) and twenty-two S. leprosula trees (88%) are recommended 
as mother trees. 
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The stingless bee is a large group of social bees belonging to the tribe Meloponini of 

the Family Apidae, from the Order Hymenoptera (Michener 2013). It can be further classified 
into about 60 genera, with Melipona and Trigona being among the important genera (Heard 
1999, Mohd. Azri et al. 2017 & Norasmah et al. 2018). Despite representing a small portion 
(2.5%) of some 20,000 bee species worldwide, they are among the most ecologically, 
economically, and culturally important group of bees in the tropics and subtropics (Syafrizal 
et al. 2020). Commonly known as lebah kelulut in Malaysia, stingless bees are one of the 
largest groups of eusocial bees, comprising over 500 known species globally (Michener 2013 
& Ng et al. 2021) with 89 species recorded in the Indo-Malayan region. Of these, 
approximately 45 species are found in Malaysia, where 35 species were recorded in 
Peninsular Malaysia and 32 species in Borneo (Rasmussen 2008 & Jaapar et al. 2016). The 
Meliponini tribe is confined to tropical and subtropical regions in the world (Engel & 
Michener 2013) and is abundant in tropical dry and humid forest countries, including 
Malaysia.  

Meliponini is the smallest honey-producing bee (Syafizal et al. 2019 & Vit et al. 
2013), compared to honey bees. The body length of the two most important genera varies 
from 16 mm (genus Trigona) to about 20 mm (genus Melipona). The morphological 
characteristic of Meliponini is essentially the same as other members of the Family Apidae. It 
has a chewing-sucking mouthpart that functions to extract nectar from flowers. Both sides of 
the hind legs contain a corbicular (pollen basket) which is used by the worker bees to collect 
and transport pollen to the nest. One interesting characteristic which makes the stingless bee 
unique from other bees is the non-functional sting structure at the tip of its abdomen which 
becomes the physical feature to distinguish stingless bees from the common honeybee 
species, Apis spp. (Bᶏk-Badowska et al. 2019 & Kwapong et al. 2010). Despite not having a 
stinger and venom, it is able to build a robust and complicated nest structure as a defense 
mechanism. Some species have enlarged mandibular glands that secrete formic acid when 
biting, which can cause severe pain to the intruders (Kazula 2016 & Roubik 2020). 

Stingless bees are generalist foragers that collect nectar and pollen from a wide range 
of flowers (Chakuya et al. 2022, Biesmeijer & Toth 1998, Heard 1999 & Antonini et al. 
2006), making them an important group of pollinators as they can pollinate many kinds of 
flowers, especially small sized flowers due to their tiny figure (Mohd. Azri et al. 2017). In 
addition to nectar and pollen, they are also reported to collect resin, mud, and sawdust that 
are used for nest building (Roubik 2006).  

 A preliminary survey was conducted in August 2020 to identify the stingless bee 
species found in Universiti Malaysia Sabah (UMS) campus in Kota Kinabalu. The survey 
was conducted in ten zones within the UMS campus, namely the Faculty of Tropical Forestry 
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(FPT), Faculty of Science and Natural Resources (FSSA), UMS Mosque, Tun Mustapha 
Residential College (KKTM), Tun Fuad Residential College (KKTF), Tun Pengiran Ahmad 
Raffae Residential College (KKTPAR), Chancellory Hall (DC), Old Student Lecture Hall 
(DKP lama), UMS Peak and Outdoor Development Centre (ODEC), (Figure 1). The nest site 
survey of stingless bees was conducted by walking along existing pedestrian trails within the 
ten zones. A visual search on nesting sites discovered along the paths, which were examined 
from the base up to a height of five meters, was used to locate the nesting sites. For the 
purpose of identifying the species, stingless bee adults were sampled near the nest's entrance 
using a sweep net. Nesting details in terms of height above ground, nest entrance 
measurement, colour and shape were measured and recorded. The aim of this note is to report 
a preliminary checklist of stingless bee species found within the UMS main campus with 
descriptions of their nesting sites.  

 

Figure 1. The stingless bee sampling zones in UMS Campus, Kota Kinabalu, Sabah. 

 Results of this survey recorded 55 nests belonging to five species of three genera. 
Three of the stingless bee species were identified to the species level, while two species were 
identified to the morphospecies level. The three identified species are Heterotrigona itama 
(Plate 1), Tetragonula laeviceps (Plate 3), Tetragonula drescheri (Plate 5), while the two 
morphospecies are Tetragonula sp. 1 (Plate 7) and Tetrigona sp. 1 (Plate 9). Nest of the H. 
itama was most abundant with a total of 30 nests found, followed by T. laeviceps with 20 
nests found. Nests of the three other species were very few, with only three nests for T. 
drescheri, and one nest each for the Tetragonula sp. 1 and Tetrigona sp. 1.  

Nesting preference 

According to Chakuya et al. (2022), stingless bees can nest in man-made and natural 
structures, such as felled trees, earthen banks, rocks and crevices. Stingless bee habitat and 
nesting requirements differ from one species to another and this generally affects their 
distribution. During the survey, the stingless bees were found nesting on man-made 
structures: electric poles, wall crevices and steel stairs, and two natural structures, which were 
dead wood and living trees. Among all the substrates, it was observed that stingless bees 
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nested more frequently on man-made structures with the majority that was found in the hole 
of electric poles (49%), followed by wall crevices (38%), and very few nested in other 
substrates. Interestingly, nesting in electric poles was highly preferred by H. itama, while T. 
laeviceps were mostly found nesting in wall crevices (Table 1).  

Description of nest  
 

In general, most of the nests are made of resin that is mixed with bee wax to produce 
the basic building material cerumen (Roubik 2020). Observations from this survey showed 
that there are differences in nest characteristics among the stingless bee species. The height of 
nest and entrance diameter differed among the species. Nest of the T. drescheri species was 
located at an average height of 143 ±1.45 cm above ground, which was the highest among the 
five species. In terms of nest entrance diameter, the T. drescheri’s nest also recorded the 
widest diameter with an average measurement of 3.6 ± 0.21 cm. The nest of this species was 
black in color, mostly found in the wall of drains, which has a short entrance with a wide 
elliptical shape (Plate 6).  

 
On the other hand, nest of H. itama was light brown in colour which was mostly 

found on the electric pole. The average height of their nest was 119 ± 1.85 cm, ranging 
between 100 cm to 140 cm from the ground with an average entrance opening of 1.0 ± 0.40 
cm. In contrast to the T. drescheri’s nest, the entrance of H. itama nest was long and rounded 
in shape (Plate 2). Interestingly, the workers were always seen guarding the entrance when 
someone approached the nest.  

 
Nest of the T. laeviceps species consisted of a short brownish tube with an elliptical 

shape. Stingless bees of this species were shy and defenseless, where the workers were seen 
hiding immediately inside the nest when intruders approached the nest. Most of the nests 
were built in the wall crevices (Plate 4) and some were found in cemented pole and electric 
poles. The average nest height from ground was 39 ± 3.67 cm with an average entrance width 
of 0.8 ± 0.05 cm. 

 
Nests of Tetragonula sp. 1 (Plate 8) and Tetrigona sp. 1 (Plate 10) were both found 

in wall crevices of cemented poles. The height of their nest from ground level was 41 cm for 
Tetragonula sp. 1, and 21 cm for Tetrigona sp. 1 with narrow nest entrance diameter of 1 – 2 
cm. Among all the species, Tetragonula sp. 1 nest was the only nest that was red in color 
with a short tube. 

 
The difference in nest height location was influenced by the type of substrate where 

the nest was built. Nests that were built on man-made substrates, such as the electric poles 
would result in less height variation compared to the natural substrates, as the man-made 
substrates usually have a standard ‘hole’ placement in it (Vieira et al. 2016). The size of the 
nest entrance is related to the foraging requirement and defensive behaviour of a particular 
species. According to Couvillon et al. (2007), stingless bees with greater foraging traffic 
usually have a wider nest entrance to facilitate the stingless bee movement in and out of the 
nest. Due to the wide entrance, the number of guards at the nest entrance is also increased in 
order to control the potential predator and enemy intrusion into the nest. On the contrary, a 
stingless bee nest with narrow diameter nest entrance will have a limited path activity 
compared to the stingless bee nest with a wider nest entrance. 
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Table 1. Types of nest substrates used by stingless bees. 

Substrate Type of 
substrate 

Number of 
nests 

Percent 
(%) 

Stingless bee species 
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. 1
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Electric 
poles 

Man-
made 27 49 25 2    

Wall 
crevice 

Man-
made 21 38 1 17 1 1 1 

Dead wood Natural 1 2 1     
Drain Man-

made 
4 7 1 1 2   

Living tree Natural 1 2 1     
Steel stair Man-

made 
1 2 2     

        

 

  

     Plate 1. H. itama adult.                                  Plate 2. H. itama nest on an electric pole. 
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  Plate 3. Tetragonula laeviceps adult.                  Plate 4. T. laeviceps nest in a wall crevice. 

 

   Plate 5. Tetragonula drescheri adult.           Plate 6. T. drescheri nest on the wall of a drain. 

   

Plate 7. Tetragonula sp. 1 adult.                   Plate 8. Tetragonula sp. 1 nest on a wall crevice. 
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 Plate 9. Tetrigona sp. 1 adult.                                         Plate 10. Tetrigona sp. 
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A Checklist of Trees of Sabah was compiled by John Baptist 
Sugau and Alviana Damit. Published by Sabah Forestry 
Department, Sabah, 2021. Pp. 154. ISBN 978-967-0180-29-8. 
 
Reviewed by J.J. Lucas 
 

 ‘A Checklist of Trees of Sabah’ has truly comes a 
long way. This book covers a total of 3,173 species including 
122 infraspecies from 592 genera and 125 families occurring 
in Sabah, comprising native and most common introduced 
trees or shrubs from the Angiosperms and Gymnosperms. It 
starts with an informative summary of its contents. It is 
followed by the definitions of terms and abbreviations used 
explicitly in the checklist. 

 
There are two parts to the checklist which play different roles. The first part is a 

numbered tree family checklist that provides the sum (in parentheses) of genera and species 
in each family. For each genus, the total number of species is also provided, including 
numbers of species which are Sabah endemic, introduced and infraspecific. The second part 
is the main checklist of trees alphabetically arranged by species name in tabulated format. 
Each row showcases information on family and vernacular names, tree size, and under 
remarks information such as forest types, endemicity (Sabah or Borneo) as well as the 
conservation status of species with threatened categories. The book ends with three 
appendices that serve as a field guide to identifying plant taxon, namely: (1) field and spot 
characters for tree identification; (2) tree genera with distinctive exudate; and (3) tree genera 
with distinguishing compound leaf types. 

 
Since checklists generally serve as a quick guide to inspect or verify information, 

convenience is one of the main factors in measuring a book’s practicality when brought to the 
field. Comparing this book’s size to a previous book, ‘Checklist of Preferred Sabah Trees’ by 
Dr Lee Ying Fah published in 2003, which is smaller, the latter is more comfortable to carry 
into the forest as it is a pocket guidebook. This newer version might not be pocket-sized, but 
it can still fit in a typical handy bag. In terms of checklist arrangement, the previous book 
provided three types of list arrangements which are individually useful in different situations. 
Whereas this new book arranged its main checklist according to species name which might be 
a challenge for beginners who have a different point of view in searching for a particular 
plant taxon.  

 
Nonetheless, this new-and-improved 154-page book ‘A Checklist of Sabah Trees’ 

definitely serves its purpose of being a conventional reference during fieldwork or training, 
especially when internet connectivity is unavailable. It is remarkable that this book can fit 
comprehensive information on more than 3000 species while being relatively thin. 
Considering that it benefits as a practical checklist, readers can find it easy to the eyes as the 
light font choice and overall spacing between multiple information are just nice and do not 
feel as packed. Furthermore, the choice of paper material is better in quality and durable for 
long-term usage.     

 
This publication is ideal for botanists and plant enthusiasts. I would recommend this 

handy guidebook essentially for researchers, forest surveyors, field plantation managers, as 
well as for forestry staff and students. 
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Panduan Bergambar Likofit dan Paku Pakis di 
Sabah by Markus Gubilil @ Gumbilil. Published by 
Sabah Forestry Department, Sabah 2021. Pp. 166. ISBN 
978-967-0180-27-4. 
 
Reviewed by R.L. Odong 
 

There are always two people in every picture: the 
photographer and the viewer (Ansel Adams); the same 
goes for this fascinating book, written in Bahasa Melayu. 
What captured the most is the images and informative 
description of the richness and uniqueness of the oldest 
group of plants in the world, the Tracheophyta phylum, 
comprising the lycophytes and ferns mainly found in the 
open areas and under the natural forests in Sabah.  
 

This book showcases about 174 plant images, 
including 11 species of lycophytes and 163 species of ferns, captured by the author and his 
colleagues throughout the field survey within the Heart of Borneo project area in the last 
decade. Apart from that, 12 Bornean endemic species were highlighted, which are 3 species 
of lycophytes and 9 species of ferns. Accounts include the descriptions and keys to 
identifying families, genera and species through morphological characteristics, their preferred 
habitat and life cycle. Furthermore, the author shared the known uses and benefits that can 
contribute to the surrounding people and environment. Over half of the listed lycophytes and 
ferns are mainly used as ornamental plants. Meanwhile, various parts of ferns, including the 
stems, rhizomes, leaves, young fronds, and shoots, can be used in some ways as a source of 
edible food, ornaments, herbs and medicinal purposes. 
 

What a great idea, perfect for summing up representative of these plants in a place where 
readers can cross-check the details of the specimens at the Herbarium of the Forest Research 
Centre and the living plants collection at the Plant Discovery Garden of the Rainforest 
Discovery Centre. Thus, this informative book is a supporting reference in guiding researchers, 
forest rangers, students and the communities interested in delving into the world of 
lycophytes and ferns for their personal knowledge gains. 
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Pengenalan kepada Serangga-serangga Perosak Ladang 
Hutan di Sabah by Arthur Y.C Chung, Viviannye Paul, Nurul 
Aqidah Ibrahim, Razy Japir, Kelvin K.N Pang and Anuar 
Muhammad. Published by Sabah Forestry Department, Sabah, 
2021. Pp. 160. ISBN 978-967-0180-26-7. 

Reviewed by S.J. Mianus 

The moment I laid eyes on this book, my attention went 
straight to the pictures on the book cover. The eerie but 
fascinating-looking caterpillars certainly caught my eyes. The 
authors certainly know how to attract readers by incorporating 
such unsightly images of caterpillars that would make your skin 
crawl but, at the same time, invokes your interest to learn more 
about it. It urges you to flip through the pages, searching for 
more of these creepy crawlies. 

This book was written in Bahasa Melayu. It is a photographic identification guide 
covering insect pests of over 65 different species, mainly termites, insect borers, Ambrosia 
beetles and defoliators. The authors also included descriptions of 20 species of trees for forest 
plantations, ranging from native to exotic species. The chapters were divided into segments, 
where every species was described briefly with a non-wordy explanation focusing on the species' 
descriptions, including common and scientific names, morphology, growth, the damages it 
causes, and methods for managing it using chemical, mechanical or biological control. The 
authors included pictures for each species, making it more visually informative. The authors 
pointed out that it is not a comprehensive guide but can be used as a reference for non-
researchers. It will undoubtedly aid forest planters or plantation workers in identifying pest 
species easily. 

I genuinely enjoyed reading this book as I gained insightful knowledge on insect pests 
and their threats to forest plantations. The destruction that these insects cause to forest plantations 
can be lamentable. The damages caused can lead to great financial loss to the plantation 
owners. Thus, this book will provide foresters with solutions to insect pests, mitigating future 
financial loss. As I go through this book, I find some unique species such as the 'blues' caterpillar, 
Arphopala centaurus. I find it interesting that ants protect these caterpillars as they feed on 
tree leaves. Another one that caught my attention is the Nettle caterpillar, Setora spp. These 
caterpillars are colourful but with toxic spines/hairs that cause skin irritation. They feed on tree 
leaves, especially the Nigerian Mahogany tree, Khaya ivorensis, one of the high-value exotic 
tree species introduced into Sabah for plantation purposes. These caterpillars have an exotic 
palate! The social caterpillar, Lebeda intermedia, certainly gives you the hair-raising effect. It 
gives me satisfaction to learn that burning it is a way to control its population. I wonder 
whether the authors will publish volume two. It would be great to have a book on the biological 
control of these pests, highlighting their 'natural enemies'. This book is such a good read. Practical 
for insect pest novice like me. 

Overall, the structure of this book is clear and concise. It gives enough information as a 
reference for forest planters. In addition, the authors communicated the topic engagingly and 
supported the texts with high-resolution photographs of actual specimens. Therefore, I highly 
recommend getting this book, especially for forest planters, students, researchers, or anyone 
interested in entomology. 
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