
Introduction
The genus Agorius Thorell 1877 comprises of twelve 

named species, which are distributed mainly in Southeast 
Asia. With their constricted abdomen and ant-like behavior 
(antennae-like movement of leg I) they are considered to be 
an example of ant-mimicry (Murphy & Murphy 2000; Mad-
dison 2015). Even though a study of the evolution of this 
ant-mimic genus would be of much interest, such a study 
would be difficult. The fact that seven Agorius species have 
each been described on the basis only of one sex implies the 
imperfect situation of the taxonomy of this genus. At the 
higher taxonomic level, Agorius is part of the tribe Agoriini 
Simon, 1901, together with the genus Synagelides Strand, 
1906 (Maddison et al. 2014; Maddison 2015). 

From 2004 to 2014, we investigated the relationship 
between ant-mimicking spiders and ants in several sites in 
Borneo, and discovered an undescribed Agorius species. 
In Borneo, two Agorius species have been recorded: A. 
borneensis Edmund & Prószyński 2001, and A. saaristoi 
Prószyński 2009. These two species are known only on the 
basis of male specimens. The undescribed species from 
Lambir Hills National Park differs from the two Bornean 
species in several morphological characters and we there-
fore describe the species here, on the basis of both male and 
female specimens. 

Materials and Methods
Spiders were collected from low vegetation and the forest 

floor in the Lambir Hills National Park, Sarawak, Borneo. 

For specimens collected in 2014, right legs were removed 
from the body and preserved in 99 % ethanol for DNA anal-
ysis, and the remaining body in 75 % ethanol for morpho-
logical studies. The specimens were examined using a Nikon 
SMZ1270 stereoscope. Female genitalia were removed from 
the bodies, and cleared by immersing 10 % KOH solution 
for 12–24 hours. Cleared genitalia were observed in glycer-
in on temporary cavity slides using a Nikon Eclipse E600. 
Images were captured using a Canon 60D digital camera 
attached to a Nikon SMZ1270 or Nikon Eclipse E600, and 
focal planes of single image series were combined using 
Helicon focus 4.2.9. Habitus images of living specimens 
were obtained using a Canon 60D digital camera with a 
macro lens (Canon MP-E 65mm F2.8 1-5x).

Specimens used for sequencing analysis are shown in 
Table 1. For the methodology of molecular analysis, we 
followed Yamasaki et al. (2018), with a primer combination 
of C1-J-1718 (Simon et al. 1994) and C1-N-2776 (Hedin 
& Maddison 2001). The assembled sequences were aligned 
using MUSCLE (Edgar 2004) built in MEGA 7.0.26 (Kumar 
et al. 2016). The genetic divergence between specimens in 
the K2P model (Kimura 1980) was calculated by the pair-
wise comparison method. The mitochondrial COI sequences 
obtained in the present study are deposited in the DNA Data 
Bank of Japan (DDBJ), and accordingly will also be avail-
able through GenBank.

All measurements are provided in millimeters. Descrip-
tions of coloration are based on specimens preserved in 75 
% ethanol. The abbreviations used for morphological de-
scriptions are as follows; ALE, anterior lateral eye; AME, 
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anterior median eye; PLE, posterior lateral eye; PME, pos-
terior median eye; pv, pro-ventral; RTA, retrolateral tibial 
apophysis; rv, retro-ventral. The holotype and one paratype 
are deposited at Forest Research Centre, Sarawak, Malaysia 
(FRSC), and other paratypes at the Museum of Nature and 
Human Activities, Hyogo, Japan (HNHAH). The specimen 
codes beginning from “LAg” and “LMy” have been inserted 
and used by the authors to assist them with the ecological 
studies, they have not been provided by the depositories.

The DNA analysis and descriptions have been carried out 
by the first author; all authors participated in obtaining the 
specimens.

Results
We obtained 954 bp fragments of the mitochondrial COI 

region from each specimen. There was no genetic diver-
gence between a male (LAg20140331-E3: designated as the 
holotype) and a female (LAg20140331-E5: designated as 
one of paratypes). 

Taxonomy
Genus Agorius Thorell 1877

Agorius hyodoi Yamasaki sp. nov.
(Figs. 1A–B, 2A–F, 3A–H)

Type material. Holotype male (DDBJ Accession No.: 
LC431808; LAg20140331-E3; FRCS), Sungai Liku, Lambir 
Hills National Park, Sarawak, Borneo, 31.III.2014, T. Endo leg. 

Paratypes: 1 female (DDBJ Accession No.: LC431809; 
LAg20140331-E5; FRCS), same data as holotype; 1 male 
(LAg20070822-AMS1), 22.VIII.2007, Y. Hashimoto & T. 
Endo leg.; 1 female (LAg20071221-I3), 21.XII.2007, T. Itio-
ka leg.; 1 male (LAg20121207-Kata), around Tamiji house, 
7.XII.2012, M. Katayama leg.; 1 male (LAg20121203-
AMS2), 3.XII.2012, Y. Hashimoto & T. Endo leg.; 1 male 
(LAg20121018-Kata), around Tamiji house, 18.X.2012, M. 
Katayama leg.; 1 male (LAg20140328-Ag2) and 1 female 
(LAg20140328-Ag1), Sungai Liku, 28.III.2014, T. Yamasaki 
leg.; 1 male (LMy20140329-Ag3), same loc., 29.III.2014, T. 
Yamasaki leg.; 1 male (LAg20140331-TY2), same data as 
in holotype, T. Yamasaki leg.; 1 female (LAg20140331-E4), 
same data as in holotype.

Etymology. The specific name is given in honor of Dr. 
Fujio Hyodo (Okayama University, Japan), who, through his 
stable isotope analyses, has contributed to our understanding 
of the ecology of ant-mimicry.

Diagnosis. The male palpal structure of A. hyodoi sp. 
nov. is similar to those of A. borneensis, A. saaristoi and 
A. tortilis Cao & Li in Cao, Li and Żabka 2016. However, 
A. hyodoi sp. nov. can be distinguished from A. borneensis 
and A. saaritoi by the shape of the RTA: the RTA apex in A. 
borneensis and A. saaristoi is slightly bifurcated, whereas 
the RTA apex of A. hyodoi sp. nov. is without a bifurcation 
(Figs. 2E–F). A. hyodoi sp. nov. can be distinguished from 
A. tortilis by the degree of coiling of the embolus: in A. tor-
tilis the embolic coiling is tighter than in A. hyodoi sp. nov. 

In the female, A. hyodoi sp. nov. can be distinguished from 
other Agorius species by the unique copulatory atrium: this 
copulatory atrium is longitudinally slender, with pear-shaped 
margin (Figs. 3D–E).

Measurements (Male/Female). Total length 7.9–8.5/ 
7.3–9.1. Carapace length 2.80–2.83/ 3.05–3.35, width 1.68–
1.75/ 1.90–1.97. Width of eye row I 1.80–1.93/ 1.98–2.05; II 
1.35–1.37/ 1.48–1.55; III 1.73–1.75/ 1.93–2.03. ALE–PLE 
1.40–1.45/ 1.53–1.60; ALE–PME 0.65–0.70/ 0.73. Eye size: 
AME 0.58–0.60/ 0.65–0.73; ALE 0.35–0.37/ 0.40; PME 
0.08–0.12/ 0.09–0.10; PLE 0.33–0.35/ 0.36–0.38. Abdomen 
5.2–5.5/ 4.4–5.6.

Male (Figs. 1A, 2A–F). Carapace almost parallel-sided. 
Chelicera small, with one prolateral and one retrolateral 
tooth on the fang furrow. Abdomen longer than carapace, 
constricted at middle part; entire surface, except for posteri-
or end, sclerotized. 

Male palp (Figs. 2D–F). Embolus long, coiled in a hori-
zonal plane; a sclerotised and laterally flattened structure on 
the anterior bulbus (Fig. 2D). In ventral view, the prolateral 
corner of the posterior part of bulbus well-developed, pro-
jecting; retrolateral surface of bulbus weakly sclerotized. 
(Fig. 2D). Anterior margin of tibia well-developed and, in 
retrolateral view, strongly projecting (Fig. 2F). RTA long, 
thick, curved, and with a very slender structure visible with-
in (Figs. 2D–F). In dorsal view, mid-posterior part of cymbi-
um bears a distinct projection (Figs. 2E–F).

Leg macrosetae. Tibia I pv 5, rv 5; metatarsus I pv 2, rv 0. 
No macrosetae on the other segments.

Coloration and setation (Figs. 2A–C). Carapace amber 
color, sparsely covered with fine setae; surroundings of eyes 
black, with sparse long setae. Chelicera, labium, maxilla 
yellowish brown. Sternum light amber color. Legs amber 
color to yellowish brown. Abdomen dark brown, covered 
with long setae. Coloration of living specimen shown in Fig. 
1A.

Female (Figs. 1B, 3A–H). Carapace almost same as in 
male (Figs. 3A–B). Chelicera small, with two prolateral and 
one retrolateral teeth on fang furrow. Abdomen elongated 
oval, not sclerotized (Figs. 3A–B).

Female genitalia (Figs. 3D–H). Copulatory atrium slen-
der, longitudinally extending, with pear-shaped margin; cop-
ulatory duct extending laterally from atrium, visible through 
sclerotized surface. Copulatory duct connected to oval sper-
matheca.

Leg macrosetae. Tibia I pv 5, rv 5; metatarsus I pv 2, rv 0. 
No macrosetae on the other segments.

Coloration and setation (Figs. A–C). Carapace almost 
same as in male; posterior triangular area covered with short 
white setae. Chelicera, maxilla, labium and sternum almost 
same as in male. Abdomen grey, covered with black setae. 
Coloration in living condition shown in Fig. 1B.

Distribution. Borneo: the species is known only from the 
forest floor in the Lambir Hills National Park, Sarawak.

Remarks. Conspecificity of the male and female of 
Agorius hyodoi sp. nov. was confirmed by DNA anal-
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Fig. 1.  Agorius hyodoi sp. nov. A, paratype male (LMy20140329-Ag3), dorsal view; B, paratype female (LAg20140328-Ag1), dorsal view. 
Scales A–B = 4 mm.

Fig. 2.  Agorius hyodoi sp. nov., holotype male (LAg20140331-E3), Sarawak, Borneo. A, habitus, dorsal view; B, same, lateral view; C, same, 
ventral view; D, left palp, ventral view; E, same, dorsal view; F, same, retrolateral view. Scales A–C = 1 mm; D–F = 0.25 mm. 
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Fig. 3.  Agorius hyodoi sp. nov., female paratype (LAg20140331-E5), Sarawak, Borneo. A, habitus, dorsal view; B, same, lateral view; C, 
same, ventral view; D, epigyne, ventral view; E, G, copulatory organs, ventral view; F, F, copulatory organs, dorsal view. Scales A–C = 1 mm; 
D–H = 0.2 mm.
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ysis. There was no genetic difference between a male 
(holotype, LAg20140331-E3) and a female (paratype, 
LAg20140331-E5). 

On the forest floor, A. hyodoi sp. nov. occurs sympatri-
cally with ants belonging to the genus Leptogenys Roger, 
whose members are suitable for models in Batesian mim-
icry because they have a strong and painful sting. While A. 
hyodoi sp. nov. is moving around forest floor, their appear-
ance is very similar to Leptogenys ants. Some spider species 
mimic ants in morphology or in chemical components on 
the body to feed on ants (Cushing 2012). Hyodo et al. (2018) 
shows a result that δ15N values of A. hyodoi sp. nov. (as 
Agorius sp. 5) is lower than that of sympatric Leptogenys 
species, and it means A. hyodoi sp. nov. does not feed on 
Leptogenys ants. 
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