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Abstract.

We present the first recorded description of females of the species Dinorhax rostrumpsittaci (Simon, 1877) from

solifugae specimens obtained from southern Vietnam. As a result of DNA barcoding using males identified as D.
rostrumpsittaci and unidentified females, these female specimens made a highly supported cluster with male D.
rostrumpsittaci. Hereby, we describe the female D. rostrumpsittaci and its natural habitats.

Keywords:

While most solifuges are restricted to arid ecosystems
(Harvey 2003), Dinorhax rostrumpsittaci (Simon, 1877) is
unusual for its occurrence in tropical Southeast Asia. In
addition to D. rostrumpsittaci, a fossil species considered to be
closely related to Dinorhax has recently been recorded from
Cretaceous Myanmar amber (Dunlop et al. 2015; Bartel et al.
2016). Dinorhax rostrumpsittaci was originally described by
Simon (1877) in the genus Rhax Hermann, 1804, possibly on
the basis of a single specimen from Gilolo, which is now
known as Halmahera, in Indonesia. Simon (1879a) transferred
it to the new genus Dinorhax, and mentioned southern
Vietnam as an additional location. Subsequently, several
arachnologists who examined the Solifugae collection in the
Muséum National d’Histoire Naturelle (Paris) noted two male
specimens from Cochinchina and Bachieu (Kraepelin 1899,
1901, 1908; Roewer 1932, 1933). Cochinchina was a large
region in southern Vietnam during the French colonization
period, whereas Bachieu [Ba Chieu] is located in Ho Chi Minh
City (Vietnam). Roewer (1941) noted that two male specimens
from Nha Trang (Vietnam) are deposited at a museum in
Leningrad. In addition, Bird et al. (2015) examined a male
from Ba Ria-Vung Tau province and another male from
Khanh Hoa province; these specimens are currently deposited
at the American Museum of Natural History (New York) and
Musée Royal de I’Afrique Central (Tervuren), respectively.
Although the males of this species are moderately well
characterized, females have not been described.

We gathered information about Solifugae from a natural
history group in Vietnam via a social networking service and
obtained specimens collected by local collaborators (Fig. 1).
Among these specimens, we found two females which we
confirmed were conspecific to male specimens identified as D.
rostrumpsittaci using the mitochondrial barcoding gene
cytochrome ¢ oxidase I. Herein, we describe the female D.
rostrumpsittaci for the first time and provide additional data
on males and their natural habitats.

METHODS

The material examined for the present study is lodged in the
Institute of Ecology and Biological Resources, Vietnam
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Academy of Science and Technology, Hanoi (IEBR). The
specimens were examined using a Nikon SMZ1270 sterco-
scope. Images were captured using a Cannon D60 digital
camera attached to a Nikon SMZ1270, and focal planes of
single image series were combined using Helicon focus 4.2.9.
In addition, habitus images were captured using an Olympus
TG-4 digital camera.

Molecular analysis.—The specimens used in the present
study are shown in Table 1. DNA was extracted from the legs
of the specimens using the Chelex-TE extraction protocol
(Phung et al. 2016). A fragment of approximately 630 bp of
the mitochondrial COI region was amplified using the primer
set LCO1490/HCO2198 (Folmer et al. 1994). Each PCR
contained 5 pL of 2X PCR buffer (TOYOBO), 2 uL of
dNTPs (final concentration, 0.4 mM), 0.3 pL of 10 pmol/uL
forward and reverse primers (final concentration, 0.3 pM),
0.2 pL of 1.0 U/uL DNA polymerase KOD FX Neo
(TOYOBO KFX-2015), and 0.5 pL. of DNA template. The
final volume of PCR reaction was adjusted to 10uL by DEPC
treated water. The PCR thermal regime comprised one cycle
of 2 min at 94°C and 5 cycles of 10 s at 98°C, 30 s at 45°C, and
45 s at 68°C; 35 cycles of 10 s at 98°C, 30 s at 52°C, and 45 s at
68°C; and a final cycle of 7 min at 68°C. The amplified
products were incubated at 37°C for 30 min and at 80°C for
20 min with an Ilustra™ ExoStar (GE Healthcare, Buck-
inghamshire, UK) to remove any excess primers and
nucleotides. The cycle sequencing reactions were run with
an ABI PRISM BigDye Terminator Cycle Sequencing Kit
v.3.1 (Applied Biosystems). The sequencing reaction prod-
ucts were purified and concentrated by ethanol precipitation
with sodium acetate, and their nucleotide sequences were
determined using an automated sequencer (ABI PRISM
3100, Applied Biosystems). The sequences obtained were
assembled using ChromasPro 1.7.6 (Technelysium Pty Ltd.,
Australia). Further, these sequences were aligned using
MUSCLE (Edgar 2004) built in MEGA 6.06 (Tamura et al.
2013). The genetic divergence in the K2P model (Kimura
1980) was calculated by the pairwise comparison method.
The mitochondrial COI sequences obtained in the present
study are deposited in the DNA Data Bank of Japan, and
thus will also be available through GenBank.
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Figure 1.—Distribution of Dinorhax rostrumpsittaci in southern Vietnam. Black stars represent the localities of the specimens used in the
present study; white stars represent the localities where local collaborators observed specimens (habitat photos shown in Figs. 30-33); and white
circles represent the localities of the specimens recorded by Kraepelin (1899) and Bird et al. (2015).

Morphology description.—All measurements are provided in
millimeters. Cheliceral terminology, measurements, and dental
formulae follow the descriptions by Bird et al. (2015) and Bird
& Wharton (2015). Abbreviations used in the present study are
as follows: FD, distal tooth on fixed finger; FM, medial tooth
on the fixed finger; FP, proximal tooth on the fixed finger;
MM, medial tooth on the movable finger; MP, proximal tooth
on the movable finger; PF, profondal tooth; RF, retrofondal
tooth; MPL, prolateral tooth on the movable finger; MRLC,
retrolateral carina on movable finger.

RESULTS

In this study, we obtained approximately 630 bp fragment
of the mitochondrial COI fragment from each specimen. The
genetic divergence among the specimens is shown in Table 2.
Notably, there was no genetic divergence among two

unidentified females (SLOS5, SL06) and two males (SLO3,
SL04) identified as D. rostrumpsittaci, strongly suggesting that
the two females are conspecific with D. rostrumpsittaci. For
our discussion on the high divergence between one male
(SL02) and the other specimens, please see Remarks of the
species below.

TAXONOMY

Family Melanoblossiidae Roewer, 1933
Subfamily Dinorhaxinae Roewer, 1933
Genus Dinorhax Simon, 1879

Dinorhax Simon 1879a: 125; Simon 1879b: 78; Kraepelin 1901:
41; Roewer 1933: 341.

Remarks.—The sole species of this genus, D. rostrumpsitta-
ci, was originally described as a member of the genus Rhax,

Table 1.—Specimens used in the present study.

Accession
Species Sex Code Locality No.
D. rostrumpsittaci Male SL02 Long Khanh, Dong Nai province LC328806
Male SLO03 Xuyen Moc district, Ba Ria Vung Tau province LC328807
Male SL04 Xuyen Moc district, Ba Ria Vung Tau province LC328808
Female SLO0S Xuyen Moc district, Ba Ria Vung Tau province LC328809
Female SL06 Xuyen Moc district, Ba Ria Vung Tau province LC328810




500

\}
\
Figures 2-8.—Dinorhax rostrumpsittaci, male (IEBR_SLO03): 2. Habitus, dorsal view. 3. Prosoma, dorsal view. 4. Abdomen, ventral view. 5.

Eyespots, lateral view. 6. Malleoli, ventral view. 7. Left pedipalp, prolateral view. 8 Left pedipalp, ventral view. Scale bars = 10 mm (Fig. 2); 5
mm (Figs. 3, 4); 1 mm (Figs. 5, 7, 8); 2 mm (Fig. 6).
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Table 2.—Pairwise distances in K2P model are shown below the

diagonal. Standard errors are shown above the diagonal.

Specimen SLO02 SLO03 SL04 SLOS SL06
SL02 0.009 0.009 0.009 0.009
SL03 0.047 0.000 0.000 0.000
SL04 0.047 0.000 0.000 0.000
SLO5 0.047 0.000 0.000 0.000
SL06 0.047 0.000 0.000 0.000
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Figures 9-11.—Dinorhax rostrumpsittaci, male (IEBR_SLO03): 9.
Left chelicera, retrolateral view. 10. Left chelicera, prolateral view. 11.
Flagellum. Scale bars = 5 mm (Figs. 9, 10); 1 mm (Fig. 11).

but was transferred to the monotypic genus Dinorhax by
Simon (1879a) due to the absence of the tarsal claw on tibia I.
Currently, this genus is placed in the family Melanoblossiidae
(Roewer 1933). However, Bird et al. (2015) suggest that “the
inclusion of Dinorhax in Melanoblossiidae probably renders
this family polyphyletic.”

Dinorhax rostrumpsittaci (Simon, 1877)
(Figs. 2-27)

Rhax rostrumpsittaci Simon, 1877: 225 (as Rhax rostrum-
psittact).

Dinorhax rostrumpsittaci (Simon): Simon, 1879a: 126, fig. 16
(as Dinorhax rostrum-psittaci); Simon, 1879b: 78 (as
Dinorhax rostrum-psittaci); Kraepelin, 1899: 377 (as
Dinorhax rostrum psittaci); Kraepelin, 1901: 41, fig. 12
(as Dinorhax rostrum-psittaci); Kraepelin, 1908: fig. 56;
Roewer, 1932: fig. 142 (as Dinorhax rostrumpsittaci);
Roewer, 1933: 341, fig. 248 (as Dinorhax rostrum psittaci);
Roewer, 1941: 123 (as Dinorhax rostrum psittaci); Harvey,
2003: 287; Bird et al., 2015: 188, pls. 23d, 25A, 30E, 31C,
41A, 46B, 56A-B, 57A-B.

Material examined.—VIETNAM: Dong Nai province: 1 &
(IEBR_SLO02), Long Khanh district (10°56'41.4"N
107°13'14.9”E), 24 May 2017, Phung Thi Hong Luong leg.
(IBER); Ba Ria Vung Tau province: 2 & (IEBR_SLO3,
IEBR_SL04), 2 ¢ (IEBR_SLO05, IEBR_SL06), pepper garden,
Xuyen Moc district (10°42'21.1"N 107°30"56.7"E), April 2017,
Phan Quoc Anh leg. (IBER).

Diagnosis.—Dinorhax rostrumpsittaci is distinguishable
from other species by having two or three eyespots on each
anterolateral propeltidium lobe, a slit-like anus on the venter
of terminal segment of abdomen, three dorsal spiniform setae
on metatarsus II and III, and one-segmented tarsi II, I, and
IV. In males, the cheliceral fixed finger possesses one sessile-
form flagellum extending ventrally.

Description.—Measurements (3 & /2 @; means in parenthe-
ses): Propeltidium length 60.0-68.2 (63.7)/50.0-55.0 (52.5);
width 90.0-112.6 (101.6)/89.0 (89.0). Ocular tubercle length
1.00-1.16 (1.05)/0.73-0.75 (0.74); width 1.36-1.40 (1.38)/1.03—
1.13 (1.08). Ocellus diameter 0.50-0.63 (0.59)/0.40-0.43 (0.41).
Chelicera length 134.9-153.9 (144.0)/109.5-111.1 (110.3);
width 38.0-50.7 (43.1)/35.0-37.0 (36.0); height 62.0-77.7
(69.9)/56.0 (56.0). Pedipalp 260.3-287.2 (272.6)/176.9 (176.9);
leg 1T 195.0-217.1 (206.1)/147.0 (147.0); leg 1V 222.2-262.0
(241.5)/164.0-168.0 (166.0).

Male (Figs. 2—11, 24): Propeltidium much wider than long
(Figs. 2, 3); median eyes separated by less than one diameter
(Fig. 3); two or three small eyespots located near lateral
margin of each anterolateral propeltidium lobe (Fig. ).
Abdomen tapering posteriorly, with ventral anus (Fig. 4).
Dental formulation of fixed finger: FD-(1)-FM-(1)-FP (3RF
or 4RF)(4PF or 5PF); FD minute (Figs. 9, 10, 24). Dental
formulation of movable finger: MM-(3)-MP with MRLC;
MP accompanying serrated teeth posteriorly (Figs. 9, 10, 24).
Flagellum sessile form, directly projecting from basal part of
terminal tooth in prolateral view (Fig. 10); shaft bearing
longitudinal row of small denticles (Fig. 11). Pedipalp with
one apical claw on tarsus (Figs. 7, 8). Leg I without claw.
Legs I & III with two apical claws on each tarsus; one dorsal
spiniform seta on apex of each postfemur; three dorsal
spiniform setae on each metatarsus. Leg IV with two apical
claws on tarsus; dorsum without spines; two malleoli on
venter of coxa, two on trochanter 1 and one on trochanter 2
(Fig. 6).

Coloration and setation in alcohol preservation (Figs. 2-4).
Propeltidium yellowish brown, densely covered with short
black setae and sparsely with long black setae. Abdomen
densely covered with dark grey setae dorsally, except for
cream abdominal sclerites, and ventrally cream. Chelicera
yellowish brown, covered with long brownish setae; each
terminal tooth of fixed finger and movable finger black, and
prolateral margin of fixed finger dentition densely fringed with
plumose setae. Pedipalp and legs yellowish brown, covered
with brownish setae.

Male variation: Three males were examined for varia-
tion. Notably, the number of eyespots and RF in males
varies among specimens. Eyespots: Male SLO02 has two
eyespots on both lateral sides; males SLO3 and SL04 have
three eyespots on the left side but two on the right side.
RF: Males SL02 and SL04 have three RFs, whereas male
SL03 has four RFs. The FD is minute among SL02, SL03,
and SLO04. The sharpness of serration behind MP varies
and is relatively blunt in SL02, but it is sharp in SL0O3 and
SL04.

Female (Figs. 12-23, 25-28): Propeltidium almost same as in
male (Figs. 12, 13); three small eyespots located at near lateral
margin of each anterolateral propeltidium lobe (Fig. 15).
Dental formulation of fixed finger: FD-(1)-FM-(1)-FP
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Figures 12-19.—Dinorhax rostrumpsittaci, female (SL05): 12. Habitus, dorsal view. 13. Prosoma, dorsal view. 14. Abdomen, ventral view. 15.
Eyespots, lateral view. 16. Genital operculum, ventral view. 17. Malleoli, ventral view. 18. Pedipalp, prolateral view. 19. Pedipalp, ventral view.
Scale bars. 10 mm (Fig. 12); 5 mm (Figs. 13, 14); I mm (Fig. 15); 2 mm (Figs. 16, 17); 1 mm (Figs. 18, 19).

(3RF)(3PF), with one or two small teeth located between RF
and PF teeth rows (Figs. 20-23, 25, 27). Dental formulation of
movable finger: MM-(3)-MP, with 1 MPL (Figs. 20-23, 26,
28). Abdomen almost as in male (Fig. 14); genital operculum
shown in Figure 16. Pedipalp without tarsal claw (Figs. 18,
19). Leg spines and tarsal claws almost same as in male.
Malleoli small (Fig. 17).

Coloration and setation almost same as in male (Figs. 12—
14).

Female variation: Two females were examined for variation.
Female SLO5 has one tooth between the RF and PF teeth
rows, whereas SL06 has two small teeth. The size of MM
occasionally varies between SLO5 and SL06 (Figs. 20, 21, 26
vs. Figs. 22, 23, 28).

Distribution.—Dinorhax rostrumpsittaci has been recorded
from Halmahera, Indonesia (type locality) and Khanh Hoa,

Lam Dong, Dong Nai, and Ba Ria-Vung Tau provinces in
southern Vietnam. Although Simon (1877) clearly stated the
type locality as Iles Moluques: Gilolo [nowadays Moluccas:
Halmahera (or Jilolo, Gilolo)] in the original description, all
subsequent specimens are from southern Vietnam (Fig. 1),
and there are no recorded specimens from Indonesia. Thus,
Roewer (1933, 1941) suggested that the record from
Halmahera is suspicious, and there is a possibility that the
type specimen was somehow mislabeled. However, terrestrial
biodiversity inventories in the Malay Archipelago are
insufficient to conclude that solifuges do not occur in the
Moluccas.

Habitats.—The specimens included in the present study
were collected in artificial forest environments such as a
pepper garden (Fig. 29). According to the collectors, the
specimens were walking on the ground in the daytime after
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Figures 20-23.—Dinorhax rostrumpsittaci, chelicerae, female (SLO5, SL06): 20. Right chelicera (SL05), retrolateral view. 21. same (SL05),
prolateral view. 22. Left chelicera (SL06), retrolateral view. 23. same (SL06), prolateral view. Scale bars = 5 mm.

rain during the rainy season (May—September in southern
Vietnam). In addition, the species has been found in a teak
plantation (11°15’01.7"N, 107°24’19.2”E) in Dong Nai prov-
ince (Figs. 1, 30, 31) and a roadside in a montane area
(11°19705.2"N, 108°05'28.7"E) in Lam Dong province (Figs. 1,
32, 33). These habitats indicate that D. rostrumpsittaci may
prefer relatively open environments rather than primary
forests, although surveys in forest preserves are needed to
establish whether this is correct.

Remarks.—The male/female combination was confirmed
by DNA barcoding (Table 2), and not unexpected as they
were collected from the same location and share various
diagnostic features of the genus. Although four specimens
(SL03-SL06) collected in the same habitat in Xuyen Moc
showed no genetic divergence among them, a male (SLO02)
specimen collected from Long Khanh has a genetic diver-
gence of 4.70% = 0.90% from the former specimens in the
K2P model (Table 2), without distinct morphological
differences. In a study by Maddabhi et al. (2016), the average
K2P genetic distance varied from 0% to 7.92% within the
solifuge species Galeodes caspius (Birula, 1890). Therefore,
we considered the relatively high divergence value between
SL02 and other specimens as merely intraspecific divergence.
Although we examined a limited number of specimens, the
high mitochondrial divergence between the male from Long
Khanh and the others from Xuyen Moc suggests low
dispersal ability of D. rostrumpsittaci. The fossorial habits
and high genetic divergence among the Vietnamese popula-

tions of D. rostrumpsittaci imply low dispersal ability and it
may be possible in the future to use this species to examine
the geographical factors affecting the present distribution of
this species.

Although Dinorhax was placed in the family Melano-
blossiidae by Roewer (1933), Wharton (1981) doubted its
placement and indicated that the insertion point of the
flagellum in Dinorhax resembles that in Karschiidae. Bird et
al. (2015) noted that Dinorhax resembles Rhagodidae and
Hexisopodidae in terms of cheliceral morphology, Eremo-
batidae in terms of the dentition on the chelicera, and the
genus Karschia Walter, 1889 (Karschiidae) in terms of
flagellum morphology. As all other melanoblossiids occur in
southern Africa (Harvey 2003), the presence of Dinorhax in
southeast Asia represents a remarkable disjunct distribu-
tion. However, as previously mentioned, the monophyly of
Melanoblossiidae has been considered uncertain, and the re-
evaluation of the morphological characteristics of Dinorhax
and further molecular analysis of several gene markers are
necessary to conclude the appropriate classification of
Dinorhax.

Dunlop et al. (2015) draws several hypotheses regarding a
potential ancestor of southeast Asian Solifugae on the basis of
a Burmese amber specimen, although their discussion relies on
an assumption that the amber specimen is closely related to D.
rostrumpsittaci. Based on the current classification with D.
rostrumpsittaci as a member of the Melanoblossiidae, some
hypotheses by Dunlop et al. (2015) pursue the ancestor of
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Figures 24-28.—Dinorhax rostrumpsittaci, chelicerae: 24. Left chelicera (SL03), retrolateral view. 25. Right chelicera (SLO05), retrolateral view.
26. Left chelicera (SLO06), retrolateral view. 27. Movable finger (SLO5), right chelicera, prolateral view. 28. Movable finger (SL06), left chelicera,
prolateral view. Scale bars =5 mm.
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Figures 29-33.—Habitats of Dinorhax rostrumpsittaci. 29. Pepper garden, Xuyen Moc district, Ba Ria Vung Tau province; specimens SL03-06
were collected here. 30. Teak plantation, Dong Nai province (the locality is indicated in Fig. 1 as a white star). A local collaborator observed a D.
rostrumpsittaci walking across the floor. 31. D. rostrumpsittaci, same locality. 32. Di Linh district, Lam Dong province. One of the authors
observed a D. rostrumpsittaci walking on the side of the road (the locality is indicated in Fig. 1 as a white star). 33. D. rostrumpsittaci, same
locality. Photo credits: Mr. Phan Quoc Anh (Fig. 29); Mr. Truong Ba Vuong (Figs. 30, 31); and Mr. Quang Duy Hoang (Figs. 32, 33).

African Melanoblossiidae. However, the monophyly of
Melanoblossiidae is still controversial considering morphology
and molecular phylogeny.
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