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Abstract Chemical signaling plays an important role in
spider sexual communication, yet the chemistry of spider
sex pheromones remains poorly understood. Unlike insects
and mammals, the identification of spider pheromones has
seldom been attempted, and no multicomponent pheromones have been found. Empty webs of sexually receptive
females of Pholcus beijingensis were more attractive to
male conspecifics as compared to webs of sexually unreceptive females or to mature males. Coincidently, chemical
analysis revealed that (E,E)-farnesyl acetate, diisobutyl
phthalate, and hexadecyl acetate of the spider webs
exhibited higher relative abundances in sexually receptive
females than in sexually unreceptive females or males,
indicative of possible pheromone components. Two-choice
behavioral assays verified that the blend of (E,E)-farnesyl
acetate and hexadecyl acetate (w/w: 2:1) attracted males at
a dosage equivalent to the amounts of these compounds in
one spider web, whereas neither compound alone aroused
males. In addition, diisobutyl phthalate (a likely contaminant from contact with plastic) alone or in combination with
either of the acetates did not evoke the males’ attraction.
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The behavioral data suggest that (E,E)-farnesyl acetate and
hexadecyl acetate comprise a two-component femaleproduced sex pheromone in P. beijingensis, the first
multicomponent pheromone found in spiders.
Keywords (E,E)-Farnesyl acetate . Hexadecyl acetate .
Sex pheromone . Spider web . Araneae . Pholcidae

Introduction
Spiders generally are aggressive and cannibalistic. They
have evolved elaborate means to communicate with each
other during courtship. The exchange of chemical signals is
probably the first type of communication in spiders that
bring the males and females together (Weygoldt 1977).
Chemical signaling plays an important role in spider sexual
communication, and contact between the emitter and the
receiver is not necessary (Gaskett 2007). Silk-bound
pheromones are important in courtship. For example, in
some species, a mate-searching male rapidly cuts the thread
of a virgin female’s web or packs the silk into a tight mass.
This behavior may hinder evaporation of the sex pheromone thereby reducing the chances of another male reaching the web (Watson 1986; Schulz and Toft 1993). Male
wolf spiders, Schizocosa ocreata, show significantly more
and longer bouts of chemosensory and courtship behaviors
on the silk of adult, unmated female spiders than on any
other stimulus treatment (Roberts and Uetz 2005).
Silk-bound sex pheromones occur in several arachnid
families (Dondale and Hegdekar 1973; Suter and Renkes
1982; Searcy et al. 1999; Michael and Maydianne 2004;
Roberts and Uetz 2004, 2005). However, the chemistry of
these remains poorly understood, especially in comparison
with those of crustaceans and insects, and some mammals,
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reptiles, and fishes. There are only three species of spiders
for which pheromones have been identified. The pheromone compounds (R)-3-hydroxybutyric acid (HBA) and its
dimer, (R)-3-[(R)-3- hydroxybutyryloxy]-butyric acid
(HBBA), occur in a sheet-web spider Linyphia triangularis
(Schulz and Toft 1993). The wandering spider, Cupiennius
salei, and the orb-web spider, Agelenopsis aperta, have two
other sex pheromones: (S)-1,1′-dimethyl citrate (Papke et
al. 2000; Tichy et al. 2001) and 8-methyl-2-nonanone
(Papke et al. 2001). Structurally unrelated to other known
pheromones, both HBA and (S)-1,1′-dimethyl citrate seem
to be unique to spiders. The pheromone 8-methyl-2nonanone resembles a component of insects, that include
the caddisfly, Hesperophylax occidentalis, and the Asian
palm weevil, Rhynchophorus ferrugineus (Hallett et al.
1993; Bjostad et al. 1996). Herein, we explored the
structure, function, and chemical mechanism(s) of sexual
communication in spiders.
Pholcid spiders (Araneae, Pholcidae) often are found in
houses and buildings, especially in basements and cellars.
Pholcus beijingensis is common in various caves in the
vicinity of Beijing. They usually spin untidy webs in
corners or on the stone walls of cave entrances. Sexual
selection occurs in pholcids (Uhl 1998; Uhl et al. 2005).
The species is polygamous, and males and females alike
have multiple mating partners. During the reproductive
season, males abandon their webs to search for potential
mates, while the females wait on their webs for males. The
approach of a mature male rarely triggers predatory or
aggressive behavior in sexually receptive females. In natural
populations, immature and adult spiders overlap during
much of the active breeding season (Chen and Li 2005; Chen
et al. 2008). Selection may favor males that distinguish
conspecific, sexually receptive females during the reproductive season, otherwise they would be eaten. We isolated
chemical signals from the web thread of P. beijingensis, and
identified the sex pheromone components.

Methods and Materials
Subjects
Juvenile and adult P. beijingensis were collected in March
and May of 2007 at the entrance of a bat cave located
southwest of Beijing, China (39º42.350′N, 115º42.825′E).
Each spider was kept in a glass cuvette (4 cm i.d.×12 cm
high) with a small moistened wad of cotton on the bottom to
provide humidity. Cuvettes were put in a climatic chamber
(RXZ-268B, Ningbo Jiangnan Instrument Factory) under a
14:10 h (L/D) photoperiod regime at 25°C (day) and 22°C
(night). About 10–15 fruit flies (Drosophila melanogaster)
were provided to each spider for food once a week.
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Test for Attraction to Silk of Females
We screened the following classes of P. beijingensis: juveniles,
sexually receptive females, egg-holding females, and matesearching males. To determine whether the adults were
reproductively active or not, we paired each male with an
adult female on the female web, and checked for courtship
behavior (Table 1). We removed the male from the web when
it unfolded its pedipalps to the female. These sexually
receptive females and males were chosen for the experiments.
Egg-holding mothers were taken as sexually unreceptive
females because they always held their egg sac with their
chelicerae until the spiderlings hatched; generally, they
remained sedentary and would not copulate with males during
this phase. We randomly paired 30 females with 30 males
until mating occurred. Thus, we also obtained gravid spiders.
We tested the hypotheses that the silk of sexually receptive
females was attractive to mate-searching males by using a
two-choice arena composed of three quadrates consisting of
plastic chambers (upper dimensions: 16.5×11 cm; lower:
14.5×9 cm, height: 5.5 cm), each of which component was
removable (Fig. 1). A hole was cut into one side of each
choice chamber, and in both ends of the release chamber. A
selecting male was released into the central chamber and
could move freely into the left or right choice chamber.
We completed three sets of trials. The silk of sexually
receptive females was presented in all sets, while either silk
from juvenile spiders, silk from mate-searching males, or
silk from egg-holding females was presented as the
alternative choice. Male P. beijingensis were introduced
into the central release chamber and allowed to acclimate to
the surroundings for 1 h before the trials. The silk stimuli
consisted of empty webs (no spider present) woven by test
spiders. The order of treatments in the arena system was
randomized. All male attraction tests were completed at
night (usually from 20:00 to 22:00 h). We observed
movement of the selecting males under infrared light, and
recorded which chamber it first chose during a 2 h
observation period. We deleted trials when a selecting male
was disturbed and escaped into a choice chamber as soon as
the choice arena system was connected. Each selecting
male was used in only one trial of one test. A minimum of
15 males was tested in each trial set.
We also tested the attractiveness of extracts of silk from
females. Pheromone from the silk of sexually receptive
females was extracted with dichloromethane (5 µl for each
web). A piece of filter paper containing the extract was
placed in one of the choice chambers; the other choice
chamber contained a filter-paper with an equal quantity of
dichloromethane only. The choice chambers were occupied
alternatively with the silk extract and the solvent only.
Selecting males were allowed 2 h to discriminate between
the silk extract and the solvent treatments.

J Chem Ecol (2009) 35:769–778
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Table 1 Sequence of courtship behavioral patterns displayed in the spider, Pholcus beijingensis
Behavior pattern

Description

Level 1
Pedipalps waggle
Abdomen vibration
Adjust position
Search
Level 2
Flex

Detection and location (♂)
Shaking pedipalps up and down
Shaking abdomen, usually immediately following pedipalps shaking
Picking up legs and shuffling body within same location
Shoot jerky movements on web with frequent direction shifts and then turn towards the female
Signaling and approaching (♂)
Slow or quick push on web with walking legs while raising body, followed by leg retraction with body lowering
to make vibration of the web
High frequency dithering on the web to cause shoot and rapid quiver of the web during walk
Walk towards female spider with a few interruption for rubbing walking legs with his chelicerae
Short pull on silk threads with one of front legs alternatively in front of the female till she reacts (e.g. plucking back,
adjusting direction) alternately, with rarely touching the female legs
Preparation and mate initiation (♂ & ♀)
Male faces female from a distance of < 2 cm, with femurs of all walking legs spread backward in a line, forming
a right angle with the web
Male unfolds pedipalps up and forwards with abdomen cocked and legs spread backward, keeping this posture
and waiting for approaching female
Female approaches male, both female and male contact each other with front part of cephalothorax or first pair
of walking legs and frequently adjust body position
Male clamps female’s epigynum with his chelicerae and his two pedipalps inserts into the female’s genital pore,
at the same time female raises all her walking legs together to support her abdomen.

Body tremor
Approach
Pluck web
Level 3
Leg spread
Pedipalp unfolding
Contact
Mate initiation

Levels refer to temporal stages within the courtship sequence from transition analysis of Agelenopsis aperta presented by Singer (Singer et al.
2000) and Pholcus beijingensis presented by Chen (Chen and Li 2005).

Silk Sample Collection and Extraction
Sexually receptive females, mate-searching males, and
sexually unreceptive female spiders (egg-holding females)
supplied silk samples. Square boxes made of cardboard
(22 cm l.×22 cm w.×8.5 cm h.) were used for the spiders to
weave webs. A glass Petri dish with cotton soaked in
distilled water was set in each box to supply humidity. All
boxes were cleaned with alcohol (99%) and air-dried before
use. We released the spiders into the boxes individually.

After 48 h, the web silk was curled into a very small ball
and put into a glass capillary (1.8 mm i.d.×3 cm l.), which
had been fused at one end. The capillary containing silk
was then sealed in a screw-cap vial (Agilent Technologies,
USA). Compounds from each silk sample were extracted
with 5 μl dichloromethane (purity > 99.5%, Beijing Fine
Chemical Company, Ltd., Beijing, China) for 48 h. Following extraction, we removed the silk, and stored the
remaining solution at −20°C until analysis by gas
chromatography-mass spectrometry (GC-MS).
GC-MS Analysis

Choice chamber 1

Choice chamber 2

Release chamber

Fig. 1 Two-choice arena system used in assessment of the attraction
of the silk and the potential pheromones. The three chambers were
upended and spliced with a hole on one or two sides. The selecting
male was released in the central chamber and could move freely to the
left or right choice chamber

Analytical GC-MS was performed on an Agilent Technologies Network 6890N GC system coupled with 5973 Mass
Selective Detector with the NIST/EPA/NIH Mass Spectral
Library (2002 version; Agilent Technologies 2002).
Chemstation software (Windows 2000) was used for data
acquisition and processing. The GC was equipped with a
30 m HP5-MS capillary column (0.25 mm i.d.×0.25 μm
film thickness). Helium was used as the carrier gas at a flow
rate of 1.0 ml/min. The temperature of the injector was set
at 280°C. One μl of sample was injected in the splitless
mode. The oven temperature was programmed from 80°C
to 240°C at 5°C/min. Then, the temperature was increased
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by 10°C/min up to 280°C and held for 10 min. Electron
impact ionization used 70 eV, and the scanning mass ranged
from 30 to 450 amu. Compounds were identified tentatively
by matching their gas chromatographic retention times and
mass spectra with authentic analogs of the mass spectral
library. (E,E)-Farnesyl acetate (FA, 95%; Sigma-Aldrich,
Inc., St. Louis, MO, USA), diisobutyl phthalate (DIBP,
99.0%; Laboratories of Dr. Ehrenstorfer GmbH, Germany)
and hexadecyl acetate (HA, 95%; Sigma-Aldrich, Inc., St.
Louis, MO, USA) were used to confirm identification of
unknown products after separation on a non-polar column
(HP5-MS) and a polar column (HP-INNOWax, 30 m long,
0.25 mm i.d. × 0.25 μm film thickness).

analyze differences in the relative abundances of the
compounds, we used Mann–Whitney U test for compound
8 when comparing differences between sexually receptive
females and mate-searching males, and compound 14 in
comparing differences between sexually receptive females
and egg-holding females, which did not have normally
distributed raw data. Other compounds were analyzed with
an independent two-tailed t test when the raw data were
normally distributed. The Chi-square test was used to
analyze observed counts to the expected counts for male
choice data.

Statistical Analysis

We determined the content of each putative pheromone
component on a female’s web. FA, HA, and DIBP each
were diluted sequentially in dichloromethane to concentrations of 0.0001, 0.001, 0.01, 0.1, and 1 μg/μl. We
injected 1 µl of each prepared solution into the GC-MS. GC
detection showed that the peak areas of these compounds in
female silk extract were close to those of the test samples at
0.01 μg/μl. Therefore, we injected 1, 2, 3, 4, and 5 μl of
authentic sample at 0.01 μg/μl in GC to obtain the
calibration regression equation. The quantity of each
putative pheromone component on a female’s web was
calculated by comparing the peak area with that of the
synthetic standard sample.

All statistical analyses were conducted using SPSS for
Windows (version 15.0; SPSS Inc. 1999). We formed two
hypotheses to test statistically. The first stated that no
sexual dimorphism occurred in the relative abundances of
crude extract compounds from webs. The second stated that
there was no difference in the relative abundances of the
compounds in the crude extracts from receptive females
and sexually unreceptive females. To test the hypotheses,
we measured the relative abundance of each compound by
converting the peak area of a particular compound into a
percentage of the sum peak areas from the 14 main GC
peaks. If a given GC peak was too small to display the
diagnostic MS ions, which rarely occurred, its area was
taken as zero. Subsequently, the relative abundances of the
compounds were analyzed by using either parametric tests,
when the data were normally distributed, or non-parametric
tests, when the data were not normally distributed. To

Treatment

First male choice (%)

Bioassay of the potential pheromone components involved
three steps. First, attractiveness of each compound to mate-

Release chamber

*

*

*

Test for Biological Activity of the Potential Pheromone
Components

Control

80
70

Titer Analysis of Putative Pheromone Components

*

60
50
40
30
20
10
0
RF vs MM

RF vs EF

RF vs JS

(N=20)

(N=18)

(N=19)

Fig. 2 Results of male Pholcus beijingensis attraction to sexually
receptive female silk and the silk extract. Trials were completed in the
two-choice arena system (Fig. 1). RF web of the sexually receptive
female; MM web of the mate-searching male; EF web of the eggholding female; JS web of the juvenile spider; RF Extract silk extract
of the sexually receptive female; Solvent an equivalent amount of
dichloromethane to the silk extract. The catalogue ‘treatment’ refers to

RF Extract vs Solvent
(N=15)

sexually receptive female webs in all trials; ‘Control’ refers to webs of
other spiders including mate-researching male, egg-holding female,
and juvenile spider in corresponding trials; ‘Release chamber’ refers
to males that within the 2 h observation period failed to leave the
central arena into which they had been introduced 1 h before the start
of the trial. * indicates P < 0.05
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equivalent amount of dichloromethane was applied as the
solvent control. We observed the movement of the males
under infrared light for 2 h, and recorded which chamber
they chose first.
We also determined whether the pheromone would
elicit male courtship. We placed a filter-paper with the
pheromone (10 μl FA and 5 μl HA at a concentration of
0.01 μg/μl) on an empty egg-holding female web, and
then introduced a male. We observed each male for 2 h
to detect whether the male displayed courtship signaling
or not. We also observed male mate-searching behavior
on empty webs produced by sexually receptive females.

searching males was tested in the two-choice arena.
Second, attractiveness of the tertiary blend involving FA,
HA, and DIBP was tested. Third, we tested binary blends to
check whether attractiveness to males was retained as
follows: FA and DIBP; FA and HA; and HA and DIBP. The
relative quantity of each component in all trials was
equivalent to that naturally contained in a female’s web.
Because the blend of FA and HA was significantly
attractive to males, we diluted FA and HA in dichloromethane to concentrations of 0.001, 0.01, 0.1, and 1 μg/μl,
and we used 10 μl FA and 5 μl HA of the series to
determine the attractiveness of differing concentrations. An
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Fig. 3 Representative gas chromatograms of the crude extract of
sexually receptive female silk a, mate-searching male silk b and eggholding female c. The numbers that label the GC peaks correspond to
peak numbers in Table 2. * denotes the Si-containing compounds that

are regularly presented in the chromatograms. These silaceous
compounds were not considered as potential pheromone components
but contaminants from the GC column
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Results
Male Attraction to Sexually Receptive Females’ Silk
and Silk Extract
The results of the two-choice arena trials are presented in
Fig. 2. Adult male P. beijingensis were significantly
attracted to webs produced by sexually receptive females
(Chi-square test: Χ12 =6.250, P<0.05; Χ12 =4.000, P<0.05;
Χ12 =5.556, P<0.05, respectively; Fig. 2). Dichloromethane
extract of the silk from sexually receptive females also
attracted mate-searching males (Χ12 = 5.333, P < 0.05;
Fig. 2). The selecting males moved from the release
chamber directly into the chamber previously occupied by
sexually receptive females, and most males would stay on
the empty females’ webs until the next morning.
Identification of Potential Pheromone Components
More than 20 different compounds were regularly detected
(some in low quantities) in silk samples of P. beijingensis,
including some silaceous compounds. These were present in
all samples and are considered most likely to be contaminants
from the column; therefore, they were dismissed (Fig. 3).

We tentatively identified 14 compounds detected in the
silk samples by matching GC retention times and mass
spectra with analogs in the mass spectral library (Table 2).
No qualitative differences were observed in chromatograph
peaks among the silk extracts of the sexually receptive and
egg-holding females and the mate-searching males. Eggholding females usually spun less silk than sexually
receptive females and mate-searching males. The total peak
area detected from the silk extract of egg-holding females
was less than those obtained from the other sample groups.
Quantitative analyses of relative abundances of the
relevant compounds are presented in Table 2. Relative
areas of peaks 5, 6, and 9 occurred in significantly greater
proportions in silk extracts of the sexually receptive females
than those of mate-searching males. These compounds also
displayed significant differences between receptive females
and egg-holding females, and they were less abundant in
the silk extract of egg-holding females (Table 2). Therefore,
they were considered as putative pheromone components of
P. beijingensis. The mass spectra (Fig. 4) matched those of
synthetic standards following separation with non-polar and
polar columns. Thus, compounds 5, 6, and 9 were (E,E)farnesyl acetate (FA), diisobutyl phthalate (DIBP), and
hexadecyl acetate (HA), respectively.

Table 2 Comparison of relative abundance of compounds in silk extract of the spider Pholcus beijingensis (Mean ± SD)
Peak No.

Retention Time (min)

Compounds

1
2
3
4
5c
6c
7
8
9c
10
11
12
13

12.06
14.31
18.23
18.58
19.08
19.60
20.28
21.43
22.36
25.46
28.48
31.34
33.42

Butylated hydroxytoluene
Tetradecanal
Octadecane
Hexadecanal
E,E-farnesyl acetate a
Diisobutyl phthalate a
2-heptadecanone
Dibutyl phthalate
Hexadecyl acetate a
Hexadecanamide
Oleyl amide
Diisooctyl phthalate
Unidentified

14

34.78

Squalene

Relative Abundance (%)

Statistical Significance (P)

RF (N=8)

MM (N=8)

EF (N=9)

RF vs MM

RF vs EF

0.44±0.25
3.30±1.99
0.98±0.33
9.11±4.77
11.28±2.91
44.65±11.66
1.85±0.89
1.68±0.20
4.89±1.10
1.19±0.96
7.02±5.13
5.48±0.81
0.86±0.61

2.01±0.92
4.58±1.13
0.91±0.27
12.25±2.88
8.02±1.11
32.73±3.74
2.89±0.67
1.54±0.21
3.48±0.34
6.46±2.83
9.64±2.90
5.40±0.47
2.11±1.09

0.72±0.71
5.98±1.51
1.25±0.39
16.20±4.72
1.74±1.36
10.56±6.12
4.93±1.58
1.77±0.66
1.30±1.22
5.53±3.47
15.86±5.72
5.75±1.89
3.23±2.85

0.002
0.136
0.633
0.133
0.010
0.024
0.020
0.065
0.004
0.001
0.230
0.809
0.014

0.301
0.007
0.140
0.008
0.000
0.000
0.000
0.718
0.000
0.005
0.005
0.703
0.039

7.25±4.06

7.96±2.93

25.19±13.51

0.693

b

0.002

b

RF Sexually receptive female; MM Mate-searching male; EF Egg-holding female
a

Compounds were verified with synthetic standard samples after separation with a non-polar column and a polar column; other components were
identified tentatively by comparison with spectra listed in the NIST (Agilent Technologies 2002) mass spectral library and analogous data except
for the unidentified compounds, whose mass spectra has low matching degree with those suggested by the MS library (NIST 2002)

b
c

P values were tested by using Mann–Whitney U test; others were tested by using independent T test

Relative abundances of these components in silk extract of sexually receptive females was significantly more than those in silk extracts of matesearching males and egg-holding females
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Fig. 4 Mass spectra of a compound 5, b compound 6, and c compound 9 of the silk sample. They were identified as (E,E)-farnesyl acetate,
diisobutyl phthalate, and hexadecyl acetate, respectively, by comparing retention times and mass spectra with those of the authentic standards

Titer Analysis of the Putative Pheromone Components
The quantities of FA and HA on female webs (N=8) was
determined by external regression analysis of concentration
ranges for synthetic standards of these compounds. Sexually
receptive females produce about 0.052 and 0.025 μg/web of
FA and HA, respectively.
Biological Activity of the Potential Pheromones
Bioassay results showed that male P. beijingensis displayed
no choice for a particular chamber in the trials involving the
single compounds FA, DIBP, or HA (Χ12 =0.529, P>0.05;
Χ12 =0.222, P>0.05; Χ12 =0.474, P>0.05, respectively;
Fig. 5). However, when we combined the three compounds,
the tertiary blend of FA, HA, and DIBP was attractive to
selecting males (Χ12 =4.263, P<0.05; Fig. 5). The binary
blend of FA and HA also showed significant attraction to
males (Χ12 =4.000, P<0.05; Fig. 5), while the other two
binary blends did not attract males (Χ12 =0.053, P>0.05;
Χ12 =0.818, P>0.05) ; Fig. 5). Whereas FA and HA were
required to attract males, DIBP was not, even if it occurred
in a large amount in the silk. As the silk samples were
collected from the cardboard boxes with a slice of plastic

paper filmed in the inner wall, we cut down a small chip of
the plastic paper (3×3 mm) and extracted it with dichloromethane. GC-MS detection result showed that the phthalate
compounds including diisobutyl phthalate, dibutyl phthalate, and diisooctyl phthalate were presented in the
extraction. Therefore, the phthalates must be contaminants
introduced on the webs by the spiders coming in contact
with the plastic.
Attractiveness of the binary blend of FA and HA in
different concentrations was tested (Fig. 6). Male P.
beijingensis significantly preferred the chamber containing
FA and HA at concentrations of 0.01 and 0.1 μg/μl (Χ12 =
4.571, P<0.05; Χ12 =7.118, P<0.05, respectively; Fig. 6).
Males showed no significant choice between the treatment
chamber and control chamber in the trials involving the
binary blend at concentration of 0.001 μg/μl and the highest
concentration of 1 μg/μl (Χ12 =1.143, P>0.05; Χ12 =2.579,
P>0.05; Fig. 6).
Most males displayed exploratory behavior (Table 1, Level
1) but no males displayed courtship signaling (Table 1, Levels
2 and 3) when presented with pheromone solutions on filterpaper on the webs made by egg-holding females. Likewise,
only searching behavior, and no courtship signaling, was
exhibited by males on the webs produced by sexually
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FA&HA
(N=18)

HA&DIBP
(N=20)

FA&DIBP
(N=16)

Fig. 5 Results of the attractiveness for male Pholcus beijingensis to
single putative pheromone component and the blends. Trials were
completed in the two-choice arena system (Fig. 1). Dosage of the
chemicals applied in the treatments was equal to those obtained from
one female web. ‘Control’ means equal quantity dichloromethane to

corresponding applied chemicals. ‘Release chamber’ refers to males
that within the 2 h observation period failed to leave the central
chamber into which they had been introduced 1 h before the start of
the trial. * indicates P < 0.05

receptive females. Male P. beijingensis initiated signaling
only when a sexually receptive female was on the web.

to attract selecting males. Thus, male P. beijingensis have
an ‘olfactory detection threshold’ for finding potential
mates. Pheromone in a slightly higher concentration than
that generally found on the web of a sexually receptive
female attracted males and stimulated mate-searching
behavior (Fig. 6). However, males were not attracted when
the pheromone dosage was much higher than that of a
sexually receptive female’s web.
In other species of spiders, however, single pheromone
compounds bound to the silk act as sex attractants (Papke et
al. 2000, 2001; Tichy et al. 2001). The first reported spider
sex pheromone, that of Linyphia triangularis, comprised
two compounds, (R)-3-hydroxybutyric acid (HBA) and (R)3-[(R)-3-hydroxybutyryloxy]-butyric acid (HBBA), and
either compound alone could trigger the web reduction
behavior of males. The dimer (HBBA) and the monomer
(HBA) are relatively unstable compounds, such that HBBA
slowly disintegrates into the monomer, HBA. Thus, HBBA

Discussion
The sex pheromone of P. beijingensis consists of a 2:1 ratio
of (E,E)-farnesyl acetate (FA) and hexadecyl acetate (HA),
deposited on the web by sexually receptive females. By
triggering male searching behavior, the pheromone plays an
important role in guiding males to females’ webs. Male
P. beijingensis showed no attraction response to either FA
or HA alone. Although both females and males of
P. beijingensis can emit the pheromone, sexually receptive
females release much more than males. FA is relatively
abundant on the female’s silk, averaging 0.052 μg per web,
while HA averages 0.025 μg per web. Mixtures of FA and
HA at or below 0.01 μg and 0.005 μg, respectively, failed
Treatment

Control

80

*

70
First male choice (%)

Release chamber

**

60
50
40
30
20
10
0
FA&HA(0.001µg/µl)
(N=17)

FA&HA (0.01µg/µl)
(N=16)

Fig. 6 Results of the attractiveness for male Pholcus beijingensis to
four concentrations of the two-component blend and each component
of the blend. Trials were completed in the two-choice arena system.
FA is (E,E)-farnesyl acetate and HA is hexadecyl acetate. The
category ‘treatment’ refers to one of the stepwise concentrations of

FA&HA (0.1µg/µl)
(N=18)

FA&HA(1µg/µl)
(N=21)

the binary blend. ‘Control’ refers to equivalent dichloromethane to
treatment. ‘Release chamber’ refers to males that within the 2 h
observation period failed to leave the central arena into which they
had been introduced 1 h prior to the start of the trial. * indicates
P < 0.05. ** indicates P < 0.01
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may be the precursor of HBA (Schulz and Toft 1993). (R)HBA occurs in three closely related genera of spiders:
Linyphia, Microlinyphia, and Neriene (Schulz and Toft
1993).
The major pheromone component of P. beijingensis
(FA), was identified previously as a sex pheromone
component of the click beetle, Agriotes proximus (Coleoptera: Elateridae) (Yatsynin et al. 1980, 1996). This
compound also was reported from male Scandinavian
bumblebees, Bombus pratorum (Bergman and Bergström
1997), the rock honeybee Apis dorsata (Blum et al. 2000),
and the stingless bee Melipona beecheii (Cruz-López et al.
2005). Recently, FA was described as a sex pheromone
component in the preputial gland of male Brandt’s voles,
Lasiopodomys brandtii, where it attracts females (Zhang et
al. 2007b). HA also was described as a pheromone
component in voles (Brinck and Hoffmeyer 1984; Welsh
et al. 1988; Zhang et al. 2007a). Straight-chain acetates
usually containing 12–18 carbons are common pheromone
components in other insects (Roelofs 1995; Byers 2002).
Most insect sex pheromones are blends of chemicals that
consist of a number of different components, and they
function only when combined in a particular ratio (Wyatt
2003). Multicomponent pheromones also occur in vertebrates, such as goldfish, mice and other mammals; here too,
individual components of the blend usually are inactive
(Novotny et al. 1999; Sorensen and Stacey 1999). It is not
uncommon that some pheromone components are used by
several, distantly related species. The Asian elephant,
Elephas maximus, shares its female sex pheromone with
140 species of moth (Rasmussen et al. 1996). Zhang et al.
(2007b) reported that most of the castration-suppressed
compounds in preputial gland secretions of male Brandt’s
voles were described previously as pheromone components
of insects. The sex pheromone compounds from the spider
L. triangularis (HBA and its dimer HBBA) also have been
found in an ascomycete fungus, Hypoxylon truncatum
(Quang et al. 2003). The coincidence of pheromone
components among different species illustrates not only
the ubiquity of pheromones, but also their biochemical
convergence (Wyatt 2003).
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a b s t r a c t
Several anuran groups of Laurasian origin are each co-distributed in four isolated regions of the Northern
Hemisphere: central/southern Europe and adjacent areas, Korean Peninsula and adjacent areas, IndoMalaya, and southern North America. Similar distribution patterns have been observed in diverse animal
and plant groups. Savage [Savage, J.M., 1973. The geographic distribution of frogs: patterns and predictions. In: Vial, J.L. (Ed.), Evolutionary Biology of the Anurans. University of Missouri Press, Columbia,
pp. 351–445] hypothesized that the Miocene global cooling and increasing aridities in interiors of Eurasia
and North America caused a southward displacement and range contraction of Laurasian frogs (and other
groups). We use the frog genus Bombina to test Savage’s biogeographical hypothesis. A phylogeny of Bombina is reconstructed based on three mitochondrial and two nuclear gene fragments. The genus is divided
into three major clades: an Indo-Malaya clade includes B. fortinuptialis, B. lichuanensis, B. maxima, and B.
microdeladigitora; a European clade includes B. bombina, B. pachypus, and B. variegata; and a Korean clade
contains B. orientalis. The European and Korean clades form sister-group relationship. Molecular dating of
the phylogenetic tree using the penalized likelihood and Bayesian analyses suggests that the divergence
between the Indo-Malaya clade and other Bombina species occurred 5.9–28.6 million years ago. The split
time between the European clade and the Korean clade is estimated at 5.1–20.9 million years ago. The
divergence times of these clades are not signiﬁcantly later than the timing of Miocene cooling and drying,
and therefore can not reject Savage’s hypothesis. Some other aspects of biogeography of Bombina also are
discussed. The Korean Peninsula and the Shandong Peninsula might have supplied distinct southern refugia for B. orientalis during the Pleistocene glacial maxima. In the Indo-Malaya clade, the uplift of the Tibetan Plateau might have promoted the split between B. maxima and the other species.
Ó 2009 Published by Elsevier Inc.

1. Introduction
Many animal and plant groups share a similar disjunct distribution pattern, of which members of a group occur in all or part of the
following four isolated regions of the Northern Hemisphere: central/southern Europe and adjacent areas, Korean Peninsula and
adjacent areas, Indo-Malaya, and southern North America (e.g.,
Gould and Donoghue, 2000; Soltis et al., 2001; Choi, 2007; Wang
et al., 2008). Anuran groups of Laurasian origin, including Ascaphus,
Alytidae, Bombinatoridae, Pelobatoidea, and Rhinophrynidae, typically display this pattern (Duellman and Trueb, 1994; AmphibiaWeb, 2009). Savage (1973) proposed a hypothesis that explains
this common distribution pattern among anurans. In early Cenozoic, many groups of Laurasian origin had widespread northern
distribution and some probably even had a circumpolar distribution. In Miocene (23.8–5.3 million years ago), the global cooling
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trend and the increasing aridities in interiors of Eurasia and North
America caused a southward displacement and range contraction
that led to the current disjunct distribution of these frogs (Savage,
1973). Consequently, as the result of geographic isolation, diverged
Laurasian frogs lineages formed within each aforementioned isolated region after these climatic change events. Although this
hypothesis initially was proposed for anurans, it can be applied
to other organisms as well. So far, the hypothesis has not been rigorously tested.
The divergence time is the key to test Savage’s hypothesis,
which predicts that divergence between Laurasian frog lineages
from different isolated regions occurred no later than the Miocene
climatic changes. If one such divergence time is signiﬁcantly later
than the time of the corresponding climatic change, the hypothesis
must be rejected. Diversiﬁcation of some Laurasian anurans almost
certainly existed prior to the climatic change in Miocene (Roelants
et al., 2007). For example, breaking and connecting of two land
bridges between North America and Eurasia might cause divergence between these frogs in North America and their sister group

Y. Zheng et al. / Molecular Phylogenetics and Evolution 52 (2009) 70–83

in Eurasia. The Greenland Land Bridge broke at the end of the Eocene; the Bering Land Bridge connected North America and Eurasia
since the early Oligocene (Cox and Moore, 2005). Both events occurred much earlier than the cooling and drying events employed
in Savage’s hypothesis (e.g., Zachos et al., 2001; An et al., 2006),
and likely had caused divergence in frogs, which have limited dispersal ability (e.g., Berven and Grudzien, 1990; Nyström et al.,
2002). Therefore, dating of these divergence events provides no
evidence of rejecting Savage’s hypothesis. For this reason, recently
diverged Laurasian frog groups would be the best study organisms
to test Savage’s hypothesis, because split dates estimated between
lineages from different isolated regions would have high possibility
to be later than Miocene.
The Laurasian frog genus Bombina (Bombinatoridae) is perhaps
the best model system for testing Savage’s (1973) hypothesis. Presently the genus Bombina includes eight species (AmphibiaWeb,
2009; but see Yu et al., 2007), and its fragmented distribution includes western Eurasia, Korean Peninsula and adjacent areas, and
southern China and adjacent Vietnam. The western Eurasian group
includes three species, B. bombina, B. pachypus, and B. variegata,
which are distributed in Europe, Turkey, and western Russia. Hofman et al. (2007) recovered ﬁve major mitochondrial clades within
this group. Like other temperate and boreal species, the intraspeciﬁc diversiﬁcations of these European Bombina species were notably linked to the Pleistocene climatic oscillations (e.g., Avise, 2000;
Hewitt, 2004; Canestrelli et al., 2006; Hofman et al., 2007). The
Korean Peninsular group includes another temperate and boreal
species, B. orientalis. It is distributed in two isolated areas—one is
the Korean Peninsula and adjacent northeastern China and southern Russian Far East, and the other is the Shandong Peninsula of
China. The Indo-Malaya group harbors the other four species, B.
fortinuptialis, B. lichuanensis, B. maxima, and B. microdeladigitora.
Their distribution includes southern China and adjacent northern
Vietnam. The uplift of the Tibetan Plateau may have promoted speciation in this group (Tian and Hu, 1985; Liu and Yang, 1994). Previous studies suggest that major split events between extant
Bombina species did not occur much earlier than Miocene (e.g.,
Fromhage et al., 2004; Roelants et al., 2007). However, Bombina
only occurs in three of the four regions (minus North America),
and therefore will only permits a test of Savage’s hypothesis for a
subset of the areas that Savage originally addressed. Other anuran
groups of Laurasian origin are either very old and therefore include
many divergence that occurred earlier than Miocene (i.e. Pelobatoidea), or are limited to only one region possibly due to extinction
events (e.g., Duellman and Trueb, 1994) (i.e. Ascaphus, Alytidae,
and Rhinophrynidae).
We used a phylogenetic with molecular clock approach to test
the Savage (1973) hypothesis. We formulated one simple prediction and tested it with a new molecular dataset derived from all
species of the Laurasian genus Bombina. We predicted that divergence dates between lineages from different regions would be
not later than the hypothesized periods of Miocene cooling and
drying. If the estimated dates are statistically later than those periods, we would consider it as a rejection of the Savage’s (1973)
hypothesis.

2. Materials and methods
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B. maxima, B. microdeladigitora, and B. orientalis, are shown in Fig. 1.
For the European species, representatives of each of the ﬁve major
mitochondrial clades (Hofman et al., 2007) were included.
Six species from the genera Alytes and Discoglossus, a total of six
specimens, were selected as outgroups based on the current understanding of their phylogenetic relationships (e.g., San Mauro et al.,
2004; Roelants and Bossuyt, 2005; Frost et al., 2006). All specimen
information is presented in Appendix A.
2.2. Laboratory protocols
For phylogenetic reconstruction, three fragments from the mitochondrial genome and two fragments from the nuclear genome
were selected for sequencing. The ﬁrst mitochondrial fragment is
part of the COI gene, and was 1066 base pairs in length. The second
mitochondrial fragment is part of the cyt b gene, and was 966 base
pairs in length. The third mitochondrial fragment includes part of
the 12S and 16S genes and the tRNAVal gene between them, and
was approximately 1950 base pairs before alignment. The ﬁrst nuclear fragment is part of the RAG-2 gene, and was 668 base pairs in
length. The second nuclear fragment includes part of Exons 1 and 2
of the Rhodopsin gene and the Intron 1 between them, and, in the
ingroup, was approximately 1000–1360 base pairs before alignment. For the 12S-16S, RAG-2, and Rhodopsin fragments, only parts
of samples were sequenced as representatives. The Rhodopsin fragment is mainly composed of intron sequence, because its exon regions contained only 151 base pairs. Although this fragment has
not been used (to the best of our knowledge) for phylogenetic
reconstruction in anurans, nuclear introns are commonly used as
phylogenetic markers (e.g., Creer et al., 2006; Di Candia and Routman, 2007). The other four fragments have been used previously
for phylogenetic reconstruction in anurans (e.g., Hoegg et al.,
2004; Frost et al., 2006; Hofman et al., 2007).
The COI and cyt b fragments were initially sequenced for all
specimens. Then the 12S-16S fragment was sequenced for a subset
of samples that represent the major lineages identiﬁed from the
phylogenetic reconstruction of the COI and cyt b data. The data
from the 12S-16S fragment were employed to estimate deeper
divergences than those revealed by COI and cyt b fragments. For
slowly evolving nuclear genes, only a few individuals from each
species were selected for sequencing.
DNA was extracted from tissues preserved in 95% ethanol using
the genomic DNA extraction protocols of the Qiagen QIAamp DNA
Mini Kit. A standard polymerase chain reaction (PCR) was used to
amplify the genomic DNA. For the mitochondrial and RAG-2 genes,
PCR products were puriﬁed and directly sequenced with BigDyelabeled terminator sequencing protocols in conjunction with an
ABI 3700 automatic sequencer (Applied Biosystems). For the Rhodopsin gene, in the ingroup, PCR products were cloned and multiple clones were sequenced using universal M13 forward and
reverse primers. For the Rhodopsin gene of the outgroup specimen,
PCR products were directly sequenced. All primers, except the universal ones, used in PCR and sequencing are listed in Appendix B.
Sequence editing was conducted with BioEdit (Version 7.0.5;
Hall, 1998). Alignment was conducted with ClustalX (Version
1.83; Thompson et al., 1997) and checked by eye. The rRNA secondary structures of Xenopus laevis (Cannone et al., 2002) and
the amino acid sequences for coding regions were used for
checking.

2.1. Taxon sampling
2.3. Phylogenetic analysis
All eight described species of Bombina, a total of 88 specimens,
were sampled, of which 85 specimens were from 40 collecting sites
and the other three individuals did not have locality data. Sampling
effort was particularly concentrated in the Asian species. Sampling
localities for the ﬁve Asian species, B. fortinuptialis, B. lichuanensis,

The mitochondrial data set, the RAG-2 data set, and the Rhodopsin data set were analyzed independently and in combination. Two
mitochondrial data sets were analyzed separately. The ﬁrst one included the COI and cyt b fragments of all the ingroup samples ex-
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Fig. 1. Sampling sites of ﬁve Bombina species. Site names and coordinates are listed in Appendix A.

cept a specimen of Bombina microdeladigitora from Vi Xuyen of
Vietnam. The second one included all the three mitochondrial fragments of only a subset of ingroup samples. The specimen from Vi
Xuyen was included in the second data set. Because this specimen
was obtained from previous study, only the 12S-16S sequence was
available. Also obtained from previous study, one specimen of B.
orientalis (MNCN/ADN4314) was not included in the data set containing all the ﬁve fragments, because only the short and slowly
evolving RAG-2 sequence was available. Each nucleotide site was
treated as a character. Both maximum parsimony (MP) and Bayesian approaches were conducted on all data sets.

For the parsimony analysis, all characters were unordered and
equally weighted. A heuristic search was conducted using
PAUP*4.0b10 (Swofford, 2002) with TBR branch-swapping and
10,000 (the second mitochondrial data set) or 1000 (the other data
sets) random step-wise addition replicates. For estimating nodal
support, bootstrap proportions (Felsenstein, 1985) with 1000 replicates were used.
For the Bayesian analysis, the hierarchical likelihood ratio test
was ﬁrst conducted using MrModeltest (Version 2.2; Nylander,
2004) to select an evolutionary model that best ﬁt the observed
data. The GTR + I + G model was selected for the COI fragment,
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the cyt b fragment, and the 12S-16S fragment. The HKY + G model
was selected for the RAG-2 fragment. And the GTR + G model was
chosen for the Rhodopsin gene data. The Bayesian analysis was
conducted using MrBayes (Version 3.1.2; Ronquist and Huelsenbeck, 2003). Four Markov chains were used and the data set was
run for 12 million generations to allow adequate time for convergence. Trees were sampled every 100 generations and the last
10,000 sample trees were used to estimate the consensus tree
and the Bayesian posterior probabilities. All the early sample trees
were treated as ‘‘burn-in.”
Templeton’s test (Templeton, 1983) within the parsimony
framework and the Shimodaira–Hasegawa test (Shimodaira and
Hasegawa, 1999) within the likelihood framework were used to
evaluate alternate tree topologies.
2.4. Estimates of divergence dates
Divergence dates were estimated based on the three mitochondrial fragments data. The hypothesis that our data evolved according to a strict molecular clock was rejected by a likelihood ratio test
(lnLnoclock = 17,634.4, lnLclock = 17,671.7, df = 30, P < 0.001). Consequently, dating analysis was performed using both penalized
likelihood (Sanderson, 2002) and Thorne and Kishino’s Bayesian
(Thorne et al., 1998; Kishino et al., 2001) approaches. These relaxed
molecular clock methods have been widely used and have complementary advantages and limitations (e.g., Rutschmann, 2006; Roelants et al., 2007).
The split between Bombina variegata and B. bombina was assigned age constraints. In several European localities, the oldest
B. bombina and B. bombina-like fossils were found in MN15 (4.2–
3.4 million years ago, MYA) and MN16 (3.4–2.6 MYA) (Rage and
Roček, 2003, Supplementary material). Morphological, ecological,
and behavioral data suggest that B. bombina has more derived
characteristics than B. variegata (Szymura, 1983, 1993). So, the B.
variegata-B. bombina split should have occurred no later than the
ages of these fossils. Consequently, the upper boundary of MN15,
3.4 MYA, was used as the lower constraint. The upper constraint
was inferred from rates of protein evolution, the protein clock
(Feng et al., 1997). In amphibians, protein evolution rates between
1 DNei accumulated every 8–10 million years (MY) and 1 DNei every
14 MY have been reported (e.g., Maxson and Maxson, 1979; Beerli
et al., 1996). Based on 29 protein-coding loci, the genetic distance
between B. variegata and B. bombina was estimated as 0.360–0.614
DNei (Szymura, 1983). So, based on protein evolution rates, the
maximum dating of split between these two species is
14  0.614 = 8.6 MYA, which was used as the upper constraint.
This constraint is supported by an independent piece of evidence.
The end of the Messinian Salinity Crisis (5.3 MYA, Krijgsman
et al., 1999) was proposed to have caused vicariance in different
frog lineages (e.g., Vences et al., 2003). In the genus Alytes which
is closely related to Bombina, the A. dickhilleni–A. maurus–A. muletensis split might also result from this event (Arntzen and GarcíaParís, 1995, 1997). Employed as the calibration of a molecular
clock, this scenario was in complete accordance with paleogeographic data (Fromhage et al., 2004). Based on this scenario, the
date of the B. variegata-B. bombina split was estimated at
5.89 ± 2.75 (1.96 SD) MYA, of which the upper limit is also
8.6 MYA (Fromhage et al., 2004). To explore the extremes of the
ranges of the estimated dates, two constraints were used
independently.
The penalized likelihood analysis was performed with r8s (Version 1.71; Sanderson, 2003). The TN algorithm was used. In an initial analysis, a cross-validation test was used to select the
appropriate value (between 0.1 and 10,000) of the smoothing
parameter (cvstart = 1, cvinc = 0.2, cvnum = 26). Results from this
initial analysis indicated an optimal value 6300, which was speci-
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ﬁed in a second analysis to determine divergence dates. To assess
error levels in age estimates, a bootstrap approach was conducted
(Sanderson and Doyle, 2001). One hundred bootstrap replicates of
the data set were obtained using the SEQBOOT program in PHYLIP
3.66 package (Felsenstein, 1993). Then the penalized likelihood
analysis was repeated with 100 replicates and means and standard
deviations of estimated dates were calculated with the help of Torsten Eriksson’s r8s-bootkit, which is available at http://www.bergianska.se/index_forskning_soft.html.
The Thorne and Kishino’s Bayesian analysis was performed, following a step-by-step manual (Rutschmann, 2005), with PAML
(Version 4; Yang, 1997) and Multidivtime (Thorne and Kishino,
2002). The data set was divided into three partitions corresponding
to the three mitochondrial fragments. The following settings were
used: (1) number of samples, cycles between samples, and cycles
before the ﬁrst sample were set to values of 20,000, 100, and
200,000, respectively; (2) the priors for root date and the standard
deviation (SD) of the date were both set to 15 MY; (3) the priors for
rate of evolution at the root branch and the SD of the rate were
both set to 0.11 substitutions/site/10 MY, which is close to the
median of distances from the ingroup root to different tips divided
by 15 MY; (4) the priors for the Brownian motion constant and the
SD of the constant were both set to 1; (5) the beta prior on proportional branch depth was set to 1; (6) the absolute upper bound on
the divergence date of the root was set to 50 MY; and (7) calibrations were assigned small age intervals because in the program
Multidivtime calibrations can not be ﬁxed. The analysis was run
twice, and the results were compared to ensure that the Markov
chain reached stationarity.
2.5. Coalescence time
The coalescence time of mitochondrial haplotypes of Bombina
orientalis was inferred assuming they came from a single panmictic
population with constant population size. First, an estimate of the
mutation rate was obtained from comparisons of the focal species
and an outgroup species. Bombina bombina was chosen as the outgroup based on the phylogenetic trees reconstructed in this work.
The average Kimura 2-parameter distance between the B. orientalis
and B. bombina sequences (d) was estimated using software MEGA
(Version 4.0.2; Tamura et al., 2007). The split date (T) between
them was estimated in this study. Then the number of nucleotide
substitutions per site per year (k) was estimated by k = d/2T. Therefore, if tg is the generation time measured in years, the number of
mutations per sequence per generation is given by v = mktg, where
^) was estim is the sequence length. Once this mutation rate (v
mated, the coalescence time in generations (^t) would be obtained
^ (Rogers and Harpending, 1992; Harpending et al.,
^ /2v
by ^t = s
1993). In DnaSP (Version 4.50.2; Rozas et al., 2003), the parameter
s was estimated from the data (Rogers, 1995). Finally, a coalescence time estimate in years was obtained by multiplying ^t by
the generation time. The generation time will not affect the coalescence time calculation because it cancels out in the calculation
(Rooney et al., 2001).

3. Results
3.1. Sequences
A total of 82 specimens was successfully sequenced in this
study for the COI and cyt b fragments. Among them, 25 specimens
were sequenced for the 12S-16S fragment. For nuclear genes, in
this study, a totals of 32 specimens and 25 specimens were sequenced for the RAG-2 and the Rhodopsin fragments, respectively.
In some RAG-2 sequences, dimorphic sites resulting from hetero-
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zygosity were detected. Then the dimorphic site which was most
close to the 50 of the sequence was resolved to distinguish two haplotypes. All sequences are deposited in GenBank and the accession
numbers are provided in Appendix A. Additionally, we obtained seven related mitochondrial and four nuclear sequences from previous studies (AY323781, AY323783, AY323785; Hoegg et al., 2004;
AY458591; Zhang et al., 2005; AY585337, AY585338, AY585339;
San Mauro et al., 2004; AY957562; Jung et al., 2006; AY971143;
Hofman et al., 2007; DQ019517; van der Meijden et al., 2005;
DQ283408; Frost et al., 2006).
3.2. Phylogenetic analysis
The results of the separate analyses based on different data partitions were mostly mutually compatible. The alignment for the
COI and cyt b fragments was straightforward, but aligning the
12S-16S fragment proved to be challenging. The alignment of several loop regions of the rRNA genes was ambiguous, and therefore,
23 segments of a total of 87 sites with questionable homology
were excluded from the rest of the analysis.
The ﬁrst mitochondrial data set combining the COI and cyt b
fragments had 63 haplotypes and 2032 nucleotide sites. Of them,
625 sites were variable and 585 were phylogenetically informative
among the ingroup members. The parsimony analysis produced
2955 equally most parsimonious trees with 1801 steps, a consistency index of 0.572 (excluding the uninformative characters),
and a retention index of 0.924. The Bayesian analysis produced a
consistent and nearly identical topology. Both MP and Bayesian approaches divided the genus Bombina into three well-supported major clades, W, E, and S. Clade W was composed of all the three
European species in the western part of the range. As the sister
group of Clade W, Clade E contained one Asian species B. orientalis
from the eastern part of the range. Clade S contained all the other
Asian species, which are distributed at the south end of the range.
All nominal species, except B. variegata and B. lichuanensis, formed
monophyletic groups. Three haplotypes of B. variegata formed the
sister group of the only B. pachypus haplotype. The clade comprising these four haplotypes was recognized as the sister group of the
other two B. variegata haplotypes. In Clade E, all B. orientalis haplotypes from the Korean Peninsula and adjacent northeastern China
and southern Russian Far East formed Clade E(a), and all haplotypes from the Shandong Peninsula and Beijing City of China
formed Clade E(b). In Clade S, B. maxima was the sister group of
the other three species, in which B. microdeladigitora was the sister
group of the clade composed of B. fortinuptialis and B. lichuanensis.
After excluding sites with questionable homology, the second
mitochondrial data set combining the COI, cyt b, and 12S-16S fragments had 32 haplotypes and 3955 nucleotide sites. Of them,
among the ingroup members, 889 sites were variable and 749 were
phylogenetically informative. The parsimony analysis produced
three equally most parsimonious trees with 2639 steps, a consistency index of 0.617 (excluding the uninformative characters),
and a retention index of 0.865. The Bayesian analysis produced a
consistent and nearly identical topology. Furthermore, the plylogenetic relationships among haplotypes inferred from both mitochondrial data sets were also consistent and nearly identical to
each other, and most recovered nodes were strongly supported
by the data.
For the RAG-2 data set, the alignment was straightforward and
produced 27 haplotypes and a total of 668 nucleotide sites. Among
the sites, 29 were variable and 19 were phylogenetically informative among the ingroup members. The parsimony analysis produced 25,199 equally most parsimonious trees with 265 steps, a
consistency index of 0.960 (excluding the uninformative characters), and a retention index of 0.974. The topology of the strict consensus tree was completely compatible with the Bayesian 50%

majority consensus tree. As a basal branch of the ingroup, a wellsupported Clade S was recovered by both MP and Bayesian approaches. The composition of this clade was identical to the mitochondrial gene tree. However, differing from the mitochondrial
gene tree, most of the inter- and intra-speciﬁc relationships were
unresolved. Furthermore, all Bombina species failed to form their
respective monophyletic groups, and four haplotypes were shared
by different species, B. variegata and B. pachypus (EU531324–5, 7),
B. bombina and B. variegata (EU531329–30), B. lichuanensis and B.
microdeladigitora (EU531292–4, 313–4), and B. maxima and B. fortinuptialis (EU531295–6, 8, 318).
For the Rhodopsin fragment, the alignment for the two exons
was straightforward, but aligning the intron between them required gaps of various lengths. All gap sites were coded as missing.
For gaps longer than ten nucleotide sites with unambiguous
homology and shared by different haplotypes, each gap was coded
as a nucleotide site. Consequently, seven artiﬁcial sites were created and added to the alignment. On the other hand, ﬁve segments
of a total of 25 sites with questionable homology were excluded
from the rest of the analysis. The intron sequence of the outgroup
(Discoglossus pictus, EU531388, 9) was much shorter than the others. It was difﬁcult to align it with other sequences, and therefore, a
segment of 175 sites from the intron sequence of D. pictus was excluded. In addition, a segment of 28 sites was reversed in the intron
sequence of one ingroup member (Bombina variegata, EU531379).
So this segment of the related sequence was also excluded. The ﬁnal Rhodopsin data set had 24 haplotypes and 1492 nucleotide
sites. Of them, 173 sites were variable and 105 were phylogenetically informative among the ingroup members. The parsimony
analysis produced one most parsimonious tree with 248 steps, a
consistency index of 0.814 (excluding the uninformative characters), and a retention index of 0.952. The Bayesian analysis produced a nearly identical topology. Both MP and Bayesian
approaches recovered three major clades, W, E, and S. The composition of these clades was identical to the mitochondrial gene tree.
Furthermore, like the mitochondrial tree, Clade W was the sister
group of Clade E. However, only B. orientalis and B. pachypus
formed their respective monophyletic groups.
The results of the analyses based on data including all fragments were generally compatible with the separate analyses. For
each individual, different haplotypes were combined into a single
sequence by using degenerate codes. For each outgroup genus, sequences of different fragments from different species were connected to form a single mosaic sequence. The combined data set
contained 89 sequences (Appendix A) and a total of 6115 nucleotide sites. Among the sites, 1062 were variable and 940 were phylogenetically informative among the ingroup members. The
parsimony analysis produced 602,604 equally most parsimonious
trees with 3197 steps, a consistency index of 0.632 (excluding
the uninformative characters), and a retention index of 0.941.
The topology of the strict consensus tree was largely compatible
with the Bayesian 50% majority consensus tree. Both trees are presented in Fig. 2 as the overall results with conﬂicts with the separate analyses being highlighted. Three well-supported major
clades, W, E, and S were recognized on both trees. The composition
of these clades was identical to the separate analyses. Bombina
maxima was the sister group of the other species in Clade S. All
nominal species, except B. variegata and B. lichuanensis, formed
well supported monophyletic groups. However, the mitochondrial
Clades E(a) and E(b) were recovered by different approaches separately (Fig. 2). Trees reconstructed in the separate analyses are presented in Appendix C as online supplementary materials.
Templeton’s test and the Shimodaira–Hasegawa test were conducted on the data set combining all mitochondrial and nuclear
fragments to evaluate alternate tree topologies. Forcing samples
from Bombina variegata to form a monophyletic group produced
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Fig. 2. The 50% majority consensus tree from the Bayesian analysis (left) and the strict consensus tree from the parsimony analysis (right) based on the combined data
containing the COI, cyt b, 12S-16S, RAG-2 and Rhodopsin fragments. Vertical bars indicate species designation or the clade assignment. For clades recovered only by the
Bayesian analysis or by the parsimony analysis but identiﬁed on all mitochondrial trees, clade names are marked by underlines. For the Bayesian tree, numbers beside nodes
are Bayesian posterior probabilities P90 but <95; values >95 are shown as asterisks. For the parsimony tree, numbers beside nodes are bootstrap proportions P70 but <95;
values >95 are shown as asterisks.

76

Y. Zheng et al. / Molecular Phylogenetics and Evolution 52 (2009) 70–83

a signiﬁcantly less optimal tree topology (P < 0.05 in both tests). On
the other hand, neither Templeton’s nor SH test rejected the topology when the two B. lichuanensis populations were forced together
(P > 0.05 in both tests), or when samples from the mitochondrial
Clade E(a) and Clade E(b) were forced to form their respective
monophyletic groups (P > 0.05 in both tests).
3.3. Estimates of divergence dates
Divergence dates were estimated based on the Bayesian tree derived from the mitochondrial data set including all the three fragments. We did not use the RAG-2 and Rhodopsin fragments
because the lack of resolution of the nuclear data. To avoid extremely low sequence variation that would cause problems during
estimating divergence dates (Sanderson, 2004), 17 haplotypes
were selected as representatives with the following criteria: (1)
Haplotypes selected should be representative; and (2) sequences
of selected haplotypes should be relatively complete. Table 1
shows divergence dates estimated based on this tree using both
penalized likelihood and Bayesian methods. Similar results were
obtained by both methods. The split between Clade (W + E) and
Clade S was estimated at 5.9–28.6 MYA by the penalized likelihood
analysis; Bayesian method dated this divergence at 6.2–24.2 MYA
(Table 1 and Fig. 2). The split between Clade W and Clade E was dated at 5.2–20.9 and 5.1–18.5 MYA by the penalized likelihood and
Bayesian analyses, respectively. The basal split within B. orientalis
was estimated at 0.8–4.0 and 0.5–4.5 MYA by the penalized likelihood and Bayesian analyses, respectively. And, in Clade S, the split
between B. maxima and the other species was estimated at 1.2–
10.2 and 1.4–9.5 MYA by these two methods, respectively.
3.4. Coalescence time
With more sequences (25 for Bombina orientalis) and haplotypes
(17 for B. orientalis), the mitochondrial data set combining the COI
and cyt b fragments was used for the coalescence time estimation.
The average number of nucleotide substitutions per site between
the B. orientalis and B. bombina sequences was estimated as
0.156 ± 0.010 (SE). Assuming all the B. orientalis haplotypes came
from a single panmictic population with constant population size
^ = 8.173, the coalescence time of these
and using an estimate of s
haplotypes ranged from 0.1 to 0.6 MY (Table 1).
4. Discussion
4.1. Testing Savage’s hypothesis
Bombina lineages within each isolated region are more closely
related to each other than to lineages from other regions. Three
well-supported major clades, W, E, and S were identiﬁed on both

the combined-data and mitochondrial trees (Fig. 2). Clade W included all three European species (Fig. 3). Our phylogenetic reconstructions conﬁrmed a previous ﬁnding that B. pachypus was
nested within the B. variegata lineages (Hofman et al., 2007), and
therefore, supported the claim that B. pachypus was not a distinct
species (e.g., Arnold, 2003; Hofman et al., 2007). The northeastern
Asian species B. orientalis formed Clade E, which was the sister
group of Clade W. Clade S included all four Indo-Malaya species.
The relationships among clades W, E, and S were also supported
by the nuclear Rhodopsin data, but the RAG-2 gene data only identiﬁed the Indo-Malaya clade. The relatively little phylogenetic
information and incomplete lineage sorting of the RAG-2 gene
may contribute to the lack of resolution. Compared with mitochondrial genes, a nuclear gene takes longer time to achieve coalescence due to its larger effective population size (Funk and
Omland, 2003). Incomplete lineage sorting might also contribute
to the observation that only B. orientalis and B. pachypus formed
their respective monophyletic groups on trees inferred from the
nuclear Rhodopsin intron fragment which evolved more rapidly
than RAG-2.
The estimated divergence times between Bombina lineages
from isolated regions completely overlap the timing of Miocene
cooling and drying. In Miocene, a signiﬁcant global cooling transition occurred at approximately 15–10 MYA (e.g., Douglas and
Woodruff, 1981; Haq et al., 1987; Zachos et al., 2001). This cooling
event was proposed to cause southward invasions and displacements of Laurasian frogs (Savage, 1973). As a result, four Bombina
species are distributed today in southern China and adjacent Vietnam (Fig. 3). Clade S composed of these species is the sister group
of Clade (W + E), which contains all the other Bombina species from
Europe and northeastern Asia. The divergence date between S and
(W + E) was estimated at 5.9–28.6 and 6.2–24.2 MYA by different
methods, respectively (Table 1). Another Miocene climate change
emphasized by Savage (1973) was enhanced aridity at middle latitudes of the Northern Hemisphere. In the interior of Eurasia, a drying event occurred at about 9–8 MYA (e.g., An et al., 2001, 2006;
Fortelius et al., 2006). It was proposed to cause isolation between
the Laurasian frogs in eastern and western Eurasia. On the gene
trees, B. orientalis (E) from eastern Eurasia is the sister group of
the three European species (W). In this study, the divergence date
between W and E is estimated at 5.2–20.9 and 5.1–18.5 MYA by
different methods. This date, between B. orientalis and B. variegata,
has been estimated at 3.8–16.6 MYA in previous study (Roelants
et al., 2007, Supplementary material). Savage’s hypothesis predicts
the divergence times between Laurasian frog lineages from different regions should be not later than the timing of climate changes.
As a result of our conservative strategy in choosing calibrations,
particularly the upper constraint, divergence dates were estimated
with broad ranges. This, however, does not necessarily mean the
test conducted fails to reject Savage’s hypothesis. Using the lower

Table 1
Estimated divergence times and estimated coalescence time of mitochondrial haplotypes of
Bombina orientalis.
Phylogenetic split

Penalized likelihood (bootstrap mean ±1.96 SD) (MYA)

Bayesian (95% credibility interval) (MYA)

3.4a

3.39–3.41a

8.6a

8.59–8.61a

Clade (W + E) – Clade S

7.6 (5.9–9.8)

19.2 (14.3–28.6)

7.9 (6.2–10.0)

18.8 (14.4–24.2)

Clade W – Clade E

6.1 (5.2–7.1b)

15.5 (12.9–20.9b)

6.2 (5.1–7.6b)

15.1 (12.3–18.5b)

Clade E(a) – Clade E(b)

1.0 (0.8–1.3)
0.1–.2c

2.5 (1.7–4.0)
0.4–0.6c

0.8 (0.5–1.3)
0.1–0.2c

2.3 (1.3–4.5)
0.3–0.6c

B. maxima – other species in Clade S

2.1 (1.2–3.2)

5.2 (2.4–10.2)

2.2 (1.4–3.4)

5.6 (3.4–9.5)

a
b

Possible divergence times between B. bombina and B. variegata used as calibrations.
Divergence times used in estimating coalescence time.
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Fig. 3. Distributions of Bombina. For B. orientalis, the mitochondrial clade E(a) was composed of haplotypes from Korean Peninsula and adjacent northeastern China and
southern Russian Far East, the mitochondrial clade E(b) was composed of haplotypes from Shandong Peninsula of China.

constraint inferred from fossil records, which rarely reﬂect the actual split date, divergence dates estimated by both approaches
were signiﬁcantly later than times of the climatic changes. But,
the upper bound of the conﬁdence intervals of these estimated
dates is also very close to the times of the climatic changes (Table
1). The average dates estimated based on calibration a little older
than the current lower constraint would overlap with times of
the climate events, and molecular dating based on the majority
of all possible dates of the B. variegata-B. bombina split will not reject the hypothesis. We therefore consider our test can not reject
the Savage (1973) hypothesis.
The prediction tested here, that splits between lineages from
isolated regions occurred no later than the timing of climate
changes, will likely not be rejected by molecular dating of other
Laurasian frogs. On the basis of both phylogenetic reconstructions
and molecular datings relevant to Laurasian frogs (e.g., Frost et al.,
2006; Clarke, 2007; Roelants et al., 2007; Wiens, 2007), divergence
dates between extant Laurasian frogs from isolated regions estimated in this study should be the latest ones. These dates, however, are not signiﬁcantly later than the timing of Miocene
cooling and drying.
4.2. Glacial refugia of Bombina orientalis
Data from B. orientalis suggest the Shandong Peninsula as another potential refugium during Pleistocene glacials. The Korean
Peninsula has long been suggested as a glacial refugium for diverse
animals and plants (e.g., Kong, 2000; Serizawa et al., 2002; Zhang
et al., 2008). Both refugia might have served B. orientalis during
the glacial maxima. The intraspeciﬁc diversiﬁcation pattern corresponded to the two refugia pattern. On the mitochondrial gene
trees, B. orientalis was divided into two clades, E(a) and E(b). Clade
E(a) was composed of all haplotypes from the eastern populations
(Sites 10, 11, 25, 29, 30, 47), and all haplotypes of the western populations (Sites 8, 9, 18–21) formed clade E(b) (Figs. 1–3). Based on
the combined-data, E(a) and E(b) were recovered by different approaches separately. This was probably resulted from the lack of

resolution of the nuclear data. As such, the mitochondrial topology
probably best reﬂected the history of the species. The split date between E(a) and E(b) was estimated between 1.0 (0.8–1.3, bootstrap
mean ±1.96 SD) and 2.5 (1.7–4.0) MYA or between 0.8 (0.5–1.3
with 95% conﬁdence) and 2.3 (1.3–4.5) MYA using different methods; both dates were approximately concordant with the Pleistocene glacial periods (2–0.01 MYA with intervals). The 0.5–4.5 MY
between E(a) and E(b) was unlikely the consequence of a simple
coalescence process. The estimated coalescence time of a single
panmictic population with constant population size was much
too recent (Table 1). The 0.5–4.5 MY divergence time between
E(a) and E(b) can be best explained by a split between the eastern
populations and the western populations before, or during, the
early Pleistocene. After that, genetic exchange between these two
regions might be barriered by lowland during glacials and by sea
during interglacials (Fig. 3). Bombina orientalis is primarily a mountain species (Fei, 1999). Although the Korean Peninsula was likely
connected to the Shandong Peninsula during Pleistocene glaciations as a result of sea-level fall (Lambeck and Chappell, 2001),
the mountain regions isolated from each other by the North China
Plain. This hypothesis can be evaluated in future studies. For instance, this hypothesis would be supported if the east B. orientalis
population with a general north-south distribution exhibits a
‘‘southern richness and northern purity” pattern of diversity (e.g.,
Hewitt, 2000; Canestrelli et al., 2006).
On the combined-data parsimony tree and mitochondrial trees,
samples from Beijing (Site 18) were nested within Clade E(b). This
is in accordance with the record that B. orientalis was introduced to
Beijing from the Shandong Peninsula in 1927 (Liu and Hu, 1961).
4.3. The Indo-Malaya clade
The uplift of the Tibetan Plateau might have played an important role in the speciation in the Indo-Malaya clade of Bombina,
which includes B. fortinuptialis, B. lichuanensis, B. maxima, and B.
microdeladigitora. This clade is distributed in southern China and
adjacent northern Vietnam (Fig. 3). To the west, B. maxima is pri-
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marily distributed in the Hengduan Mountains and is found at a
higher elevation than the other three species (Fei, 1999). Liu and
Yang (1994) suggested that the uplift of the Tibetan Plateau and
the formation of the Hengduan Mountains have caused the divergence between B. maxima and its relatives. During the uplift, newly
created high altitude environments and strengthening geographic
barriers might be favorable for speciation. Caused mainly by the India-Asia collision, a rapid and dramatic uplift of the Tibetan Plateau
and Hengduan Mountains occurred about 3.6–2.6 MYA (e.g., Rea
et al., 1998; Li et al., 2001, 2002; Wang et al., 2004; An et al.,
2006). On the combined-data and mitochondrial trees, B. maxima
is recovered as the sister group of all the other species of Clade S
(Fig. 2), and the split date between B. maxima and its sister group
is estimated between 2.1 (1.2–3.2, bootstrap mean ±1.96 SD) and
5.2 (2.4–10.2) MYA or between 2.2 (1.4–3.4 with 95% conﬁdence)
and 5.6 (3.4–9.5) MYA by different molecular dating methods (Table 1). This is compatible with the time of uplift and can be considered as evidence supporting the proposal of Liu and Yang (1994)
that the diversiﬁcation between B. maxima and its relatives was
promoted by the rapid uplift of the Hengduan Mountains.
Bombina microdeladigitora is a distinct species. Based on morphological data, Stugren (1986) considered it as a synonym and a
color variant of B. maxima. However, most authors continue to
treat it as a valid species (e.g., Herrmann et al., 1997; Clarke,

2007; but see Yu et al., 2007). In this study, samples of B. microdeladigitora are from four distant localities (7, 12, 31, 43), including
the type locality Huang-tsiao-ling in Mt. Wuliang (31) (Fig. 1).
On the combined-data and mitochondrial trees, all samples of this
species form a well supported clade. And it is most closely related
to B. fortinuptialis and B. lichuanensis. This relationship conﬁrms the
validity of B. microdeladigitora.
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Appendix A
Sample information and haplotype designation. Note: Coordinates with minutes are GPS readings, and others were obtained from maps.
Location numbers correspond with numbers in Fig. 1. Sequences A and D are mosaic sequences. Voucher specimens are deposited in the
herpetological collections of the Institute of Zoology (IZCAS; Beijing), the Chengdu Institute of Biology (CIB; Chengdu), the Sichuan University Museum (SCUM; Chengdu), the Royal Ontario Museum (ROM; Toronto), the Zoological Institute (ZISP; St. Petersburg), the Kunming
Institute of Zoology (KIZ; Kunming), the University of Guelph (UG; Guelph), the Tuscia University (TU; Viterbo), the Jagiellonian University
(JU; Kraków), and the Museum of Vertebrate Zoology (MVZ; Berkeley)
Species

Specimen
Catalogue No.

Locality

Bombina bombina

UG-JPB10939

B. bombina

UG-JPB10936

B. bombina

UG-JPB10941

(15) Hohenan,
Germany
(15) Hohenan,
Germany
(15) Hohenan,
Germany
(37)
Markowice,
Poland
(38)
Spytkowice,
Poland
—
(1) Jinxiu
County, China
(1) Jinxiu
County, China
(1) Jinxiu
County, China
(1) Jinxiu
County, China
(2) Mt.
Hanchishan,
China
(2) Mt.
Hanchishan,
China
(2) Mt.
Hanchishan,
China
(16) Mabian
County, China

B. bombina

JU-6

B. bombina

JU-7

B. fortinuptialis
B. fortinuptialis

—
IZCASH30050

B. fortinuptialis

IZCASH30051

B. fortinuptialis

IZCASH30052

B. fortinuptialis

IZCASH30099

B. lichuanensis

IZCASH30053

B. lichuanensis

IZCASH30054

B. lichuanensis

IZCASH30055

B. lichuanensis

IZCASH30065

Coordinates Sequence mtDNA
(ﬁve
Haplotype
fragments)
(two
fragments)

Haplotype
(three
fragments)

GenBank
Accession
Nos.

Haplotype

GenBank
Accession
Nos.

Haplotype GenBank
Accession
Nos.

—

Bb-15a

15A

—

—

—

—

—

—

Bb-15b

15A

15

—

—

—

—

Bb-15c

15B

—

—

—

—

—

N49°51 ,
E22°420

Bb-37

(37/38)

—

EU531158,
240
EU531159,
241, 340
EU531160,
242
EU531207,
89

(36/37)

EU531330

(37/38)

EU531386

—

Bb-38

(37/38)

38

EU531208,
90, 356

38

EU531331

(37/38)

EU531387

—
N24°070 ,
E110°140
N24°070 ,
E110°140
N24°070 ,
E110°140
N24°070 ,
E110°140
N30°310 ,
E109°060

Bf
Bf-1a

Bf
1A

Bf
1

—
—

—
—

—
1

—
EU531359

Bf-1b

1B

—

—

—

—

—

Bf-1c

1C

—

—

—

—

—

Bf-1d

1D

—

EU531376

2A

2

(1A/3/46),
1B
(2/12)

EU531318, 9 1

Bl-2a

AY458591
EU531128,
210, 333
EU531129,
211
EU531130,
212
EU531197,
279
EU531131,
213, 334

EU531292

—

—

N30°310 ,
E109°060

Bl-2b

2B

—

EU531132,
214

(2/12)

EU531293

2A

EU531360

N30°310 ,
E109°060

Bl-2c

2B

—

EU531133,
215

(2/12)

EU531294

2A, 2B

EU531361, 2

N28°410 ,
E103°220

Bl-16a

16A

16

EU531161,
243, 341

16

EU531317

16A, 16B

EU531366, 7

—
0

RAG-2

Rhodopsin

(continued on next page)
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Species

B. lichuanensis
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. maxima
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora
B. microdeladigitora

Specimen
Catalogue No.

IZCASH30066

Locality

(16) Mabian
County, China
IZCASH30056
(3) Dayao
County, China
IZCASH30057
(3) Dayao
County, China
CIB-XM1006
(4) Yuexi
County, China
CIB-XM1005
(4) Yuexi
County, China
IZCASH30086
(4) Yuexi
County, China
IZCASH30087
(4) Yuexi
County, China
IZCASH30058
(46) Yuexi
County, China
CIB-XM991
(5) Zhaojue
County, China
CIB-XM990
(5) Zhaojue
County, China
IZCASH30081
(5) Zhaojue
County, China
IZCASH30082
(5) Zhaojue
County, China
IZCASH30083
(5) Zhaojue
County, China
SCUM04052001CJ (5) Zhaojue
County, China
SCUM04052002CJ (5) Zhaojue
County, China
CIB-XM1007
(6) Mt. Luoji,
China
CIB-XM1008
(6) Mt. Luoji,
China
CIB-XM1429
(13) Huili
County, China
IZCASH30067
(17) Meigu
County, China
IZCASH30068
(17) Meigu
County, China
IZCASH30079
(22) Yanyuan
County, China
IZCASH30080
(22) Yanyuan
County, China
IZCASH30090
(24) Mt.
Yulong, China
IZCASH30091
(24) Mt.
Yulong, China
IZCASH30092
(24) Mt.
Yulong, China
IZCASH30093
(24) Mt.
Yulong, China
IZCASH30094
(28) Mt.
Yulong, China
IZCASH30095
(28) Mt.
Yulong, China
CIB-DQ0017
(27) Yanbian
County, China
IZCASH30059
(7) Mt. Ailao,
China
IZCASH30060
(7) Mt. Ailao,
China
IZCASH30061
(7) Mt. Ailao,
China
IZCASH30096
(7) Mt. Ailao,
China
ROM38061
(12) Sa Pa,
Vietnam
ROM38063
(12) Sa Pa,
Vietnam
ROM38069
(12) Sa Pa,
Vietnam
IZCASH30100
(31) Mt.
Wuliang, China
IZCASH30101
(31) Mt.
Wuliang, China
AMNHA163789
(43) Vi Xuyen,
Vietnam

Coordinates Sequence mtDNA
(ﬁve
Haplotype
fragments)
(two
fragments)
N28°410 ,
E103°220
N26°070 ,
E101°070
N26°070 ,
E101°070
N28°320 ,
E102°440
N28°320 ,
E102°440
N28°310 ,
E102°440
N28°310 ,
E102°440
N28°380 ,
E102°470
N27°520 ,
E102°310
N27°520 ,
E102°310
N27°530 ,
E102°330
N27°530 ,
E102°330
N27°540 ,
E102°360
N27.9°,
E102.6°
N27.9°,
E102.6°
N27°420 ,
E102°220
N27°420 ,
E102°220
N26°500 ,
E102°260
N28°350 ,
E103°080
N28°350 ,
E103°080
N27°220 ,
E101°420
N27°220 ,
E101°420
N27°000 ,
E100°100
N27°000 ,
E100°100
N27°000 ,
E100°110
N27°000 ,
E100°110
N26°490 ,
E100°110
N26°490 ,
E100°110
N27°100 ,
E101°110
N24°330 ,
E101°020
N24°330 ,
E101°020
N24°330 ,
E101°020
N24°330 ,
E101°020
N22°210 ,
E103°460
N22°210 ,
E103°460
N22°210 ,
E103°460
N24°230 ,
E100°460
N24°230 ,
E100°460
N22.8°,
E104.9°

RAG-2

Rhodopsin

Haplotype
(three
fragments)

GenBank
Accession
Nos.

Haplotype

GenBank
Accession
Nos.

Haplotype GenBank
Accession
Nos.

EU531162,
244
EU531134,
216
EU531135,
217, 335
EU531136,
218, 336
EU531137,
219
EU531182,
264
EU531183,
265
EU531138,
220
EU531139,
221
EU531140,
222
EU531177,
259, 345
EU531178,
260
EU531179,
261, 346
EU531185,
267
EU531186,
268
EU531141,
223
EU531142,
224
EU531156,
238, 339
EU531163,
245, 342
EU531164,
246
EU531175,
257, 344
EU531176,
258
EU531187,
269
EU531188,
270
EU531189,
271, 348
EU531190,
272
EU531191,
273, 349
EU531192,
274
EU531184,
266
EU531143,
225
EU531144,
226
EU531145,
227
EU531193,
275, 350
EU531153,
235, 338
EU531154,
236
EU531155,
237
EU531198,
280, 352
EU531199,
281
DQ283408

—

—

16B

EU531368

(1A/3/46)

EU531295

—

—

(1A/3/46)

EU531296

—

—

4

EU531297

—

—

—

—

—

—

—

—

—

—

—

—

—

—

(1A/3/46)

EU531298

—

—

—

—

—

—

—

—

5

EU531363

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

(6/13B)

EU531299

—

—

—

—

—

—

13A, (6/
13B)
—

EU531315, 6 13

EU531365

—

17

EU531369

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

28A, 28B

EU531374, 5

—

—

—

—

7A

EU531300

(7/31)

EU531364

—

—

—

—

7B

EU531301

—

—

—

—

—

—

(2/12)

EU531313

—

—

(2/12)

EU531314

—

—

—

—

—

—

—

—

(7/31)

EU531377

—

—

—

—

—

—

—

—

Bl-16b

16B

—

Bma-3a

3A

—

Bma-3b

3B

3

Bma-4a

(4A/6B)

4

Bma-4b

(4A/6B)

—

Bma-4c

4B

—

Bma-4d

4B

—

Bma-46

(5B/46)

—

Bma-5a

5A

—

Bma-5b

(5B/46)

—

Bma-5c

5C

5A

Bma-5d

5D

—

Bma-5e

5E

5B

Bma-5f

5F

—

Bma-5g

5F

—

Bma-6a

6A

—

Bma-6b

(4A/6B)

—

Bma-13

13

13

Bma-17a

17

17

Bma-17b

17

—

Bma-22a

22A

22

Bma-22b

22B

—

Bma-24a

(24A/28)

—

Bma-24b

(24A/28)

—

Bma-24c

24B

24

Bma-24d

(24A/28)

—

Bma-28a

(24A/28)

28

Bma-28b

(24A/28)

—

Bma-27

27

—

Bmi-7a

7A

—

Bmi-7b

7B

—

Bmi-7c

7A

—

Bmi-7d

7C

7

Bmi-12a

12A

12

Bmi-12b

12B

—

Bmi-12c

12C

—

Bmi-31a

31

31

Bmi-31b

31

—

Bmi-43

—

43

(continued on next page)
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Appendix A (continued)
Species

B. orientalis
B. orientalis

Specimen
Catalogue No.

Locality

B. pachypus

MNCN/ADN4314 —
—
(47) Mt.
Myoungji,
Korea
SIH-01
—
IZCASH30049
(8) Mt. Kunyu,
China
IZCASH30062
(8) Mt. Kunyu,
China
IZCASH30077
(8) Mt. Kunyu,
China
IZCASH30078
(8) Mt. Kunyu,
China
IZCASH30063
(9) Mt. Kunyu,
China
IZCASH30064
(9) Mt. Kunyu,
China
CIB-XM013
(10) Mt.
Qianshan,
China
CIB-XM075
(10) Mt.
Qianshan,
China
CIB-XM081
(10) Mt.
Qianshan,
China
CIB-XM082
(11) Mt.
Buyunshan,
China
IZCASH30069
(18) Beijing
City, China
IZCASH30070
(18) Beijing
City, China
IZCASH30071
(19) Yantai
City, China
IZCASH30072
(19) Yantai
City, China
IZCASH30073
(19) Yantai
City, China
IZCASH30074
(20) Penglai
City, China
IZCASH30075
(20) Penglai
City, China
IZCASH30076
(21) Jimo City,
China
IZCASH30084
(25) Harbin
City, China
IZCASH30085
(25) Harbin
City, China
ZISPN5306
(29)
Ussuriysky,
Russia
KIZ-CJ0418
(30) Youyan
County, China
KIZ-CJ0421
(30) Youyan
County, China
TU-ST13
(32) Stilo, Italy

B. pachypus

TU-ST16

B. pachypus

JU-3

B. variegata

UG-JPB7237

B. variegata

JU-1

B. variegata

JU-2

B. variegata

JU-4

B. variegata

JU-5

B. variegata

—

Alytes dickhilleni

—

B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis

B. orientalis

B. orientalis

B. orientalis

B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis
B. orientalis

B. orientalis
B. orientalis

Coordinates Sequence mtDNA
(ﬁve
Haplotype
fragments)
(two
fragments)

RAG-2

Rhodopsin

Haplotype
(three
fragments)

GenBank
Accession
Nos.

Haplotype

GenBank
Accession
Nos.

Haplotype GenBank
Accession
Nos.

—
N37.9°,
E127.4°

Bo
Bo-47

(25B/Boa)
47

Boa
47

AY585338
AY957562

—
—

—
—

—
—

—
—

—
N37°180 ,
E121°440
N37°180 ,
E121°440
N37°180 ,
E121°440
N37°180 ,
E121°440
N37.1°,
E121.8°
N37.1°,
E121.8°
N41°010 ,
E123°080

—
Bo-8a

—
(8A/9)

—
8

Bo
(8/9C)

AY323783
EU531291

—
8A, 8B

—
EU531357, 8

Bo-8b

8B

—

(8/9C)

EU531302

—

—

Bo-8c

8C

—

—

—

—

—

Bo-8d

(8D/18B)

—

—

—

—

—

Bo-9a

(8A/9)

9

9A, 9B

EU531303, 4 —

—

Bo-9b

(8A/9)

—

(8/9C)

EU531305

—

—

Bo-10a

10A

—

—
EU531127,
209, 332
EU531146,
228
EU531173,
255
EU531174,
256
EU531147,
229, 337
EU531148,
230
EU531149,
231

(10A/11A),
(10B/11B)

EU531306, 7 —

—

N41°010 ,
E123°080

Bo-10b

10B

—

EU531150,
232

10C, 10D

EU531308, 9 —

—

N41°010 ,
E123°080

Bo-10c

10A

—

EU531151,
233

10C

EU531310

—

—

N39°550 ,
E122°370

Bo-11

11

—

EU531152,
234

(10A/11A),
(10B/11B)

EU531311, 2 —

—

N40°000 ,
E116°120
N40°000 ,
E116°120
N37°360 ,
E121°240
N37°360 ,
E121°240
N37°360 ,
E121°240
N37°440 ,
E120°460
N37°440 ,
E120°460
N36°210 ,
E120°290
N45.8°,
E126.6°
N45.8°,
E126.6°
N43.7°,
E132.5°

Bo-18a

18A

—

—

—

—

—

Bo-18b

(8D/18B)

—

—

—

—

—

Bo-19a

19

19

—

—

—

—

Bo-19b

19

—

—

—

—

—

Bo-19c

19

—

—

—

—

—

Bo-20a

20A

—

—

—

20

EU531370

Bo-20b

20B

—

—

—

—

—

Bo-21

21

—

—

—

—

—

Bo-25a

25A

25

—

—

25A, 25B

EU531371, 2

Bo-25b

(25B/Boa)

—

—

—

25A

EU531373

Bo-29

29

—

EU531165,
247
EU531166,
248
EU531167,
249, 343
EU531168,
250
EU531169,
251
EU531170,
252
EU531171,
253
EU531172,
254
EU531180,
262, 347
EU531181,
263
EU531194,
276

—

—

—

—

N40°460 ,
E123°270
N40°460 ,
E123°270
N38°300 ,
E16°250
(32) Stilo, Italy N38°300 ,
E16°250
(32) Stilo, Italy —

Bo-30a

30A

30

—

—

—

—

Bo-30b

30B

—

—

—

—

—

Bp-32a

32

—

32C, 32D

EU531320, 1 32A

EU531378

Bp-32b

32

32

32C, 32D

EU531322, 3 —

—

Bp-32c

32

—

EU531382, 3

Bv-14

14

—

32A, (32B/
33/34)
—

EU531326, 7 32A, 32B

(14) Galicica,
Macedonia
(33) Dabeto,
Bulgaria
(34) Bachkovo,
Bulgaria
(35) Skawce,
Poland
(36) Jurkow,
Poland
(42)
Radziszow,
Poland
(44) Parejo,
Spain

—

—

—

Bv-33

33

33

(32B/33/34) EU531324

33

EU531379

Bv-34

34

34

(32B/33/34) EU531325

34A, 34B

EU531380, 1

Bv-35

35

—

35

EU531328

(35/36)

EU531384

Bv-36

(36/42)

—

(36/37)

EU531329

(35/36)

EU531385

—

Bv-42

(36/42)

42

EU531195,
277, 351
EU531196,
278
EU531200,
82
EU531201,
83, 353
EU531204,
86
EU531157,
239
EU531202,
84, 354
EU531203,
85, 355
EU531205,
87
EU531206,
88
AY971143

—

—

—

—

—

—

—

—

—

44

DQ019517

—

—

N41.0°,
E20.9°
N41°340 ,
E23°260
N41°570 ,
E24°510
N49°480 ,
E19°340
—

(continued on next page)
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Appendix A (continued)
Species

A. muletensis
A. obstetricans
Discoglossus galganoi
D. pictus
D. sardus

Specimen
Catalogue No.

Locality

ZFMK

(45) Mallorca,
Spain
MNCN/ADN4313 (41) Tielmes,
Spain
MNCN/ADN4315 (40) Reliegos,
Spain
MVZHerp235687 (39) Jendouba,
Tunisia
—
—

Coordinates Sequence mtDNA
(ﬁve
Haplotype
fragments)
(two
fragments)

Haplotype
(three
fragments)

GenBank
Accession
Nos.

Haplotype

GenBank
Accession
Nos.

Haplotype GenBank
Accession
Nos.

—

A

—

—

—

45

AY323781

—

—

—

A

41

41

AY585337

—

—

—

—

D

40

40

AY585339

—

—

—

—

D

—

—

—

—

—

39

EU531388, 9

D

—

—

—

Ds

AY323785

—

—

—
0

N36°40 ,
E8°420
—

Appendix B
Primers used in PCR and sequencing
Fragment

Primer Sequence (50 ? 30 )

Reference

12S, tRNA-Val, 16S

12S-1 CAAACTGGGATTAGATACCCCACTAT

Kocher
et al. (1989)
This study
This study
This study

12S-5
12S-7
16S1b
16S-2

GGGATTAGATACCCCACTATGC
ATACCGGAAGGTGTGCTTG
TCGCCTGCTTACCAAAAACAT

CCGGATCCCCGGCCGGTCTGAACTCAGATCACG Palumbi
(1996)
This study
Fu et al.
(2007)

16S-4 CGGTCTGAACTCAGATCACGTAG
2571H TACCTTCGCACGGTCAGAATACCGC
COI

COI-1
COI-2
COI-4
COI-5
COI-6
COI-7

CAAATCACAAAGACATTGGCACCCT
GATACGACATAGTGGAAGTGGGCTAC
GACAGAACATAGTGGAAGTGAGCTAC
CCAGCAATGTCACAATACCAAAC
TGGTAATTCCTGCAGCAAGAAC
GCAGGGGTGTCCTCAATTCTAG

This
This
This
This
This
This

study
study
study
study
study
study

cyt b

cytb-1
cytb-2
cytb-4
cytb-6
cytb-8
cytb10

GTATGTCACCCAACCTCCGAAAATC
CAACTGGTTGTCCTCCAATTCATG
ATGACAAATGGAAGAAGGAAGTG
CTGGTTGTCCTCCAATTCATGTT
GTTGTTTGATCCTGTTTCGTG
TCCTCAGAATGATATTTGACCTCA

This
This
This
This
This
This

study
study
study
study
study
study

RAG-2

rag2-1
rag2-2
rag2-4
rag211

TTCTTGTTACCTCCCTCCACTGAGAT
CGATTTCTGAATGTCAATGGTGTCT
GGTGTCTCGGATTTCTGAATGTCAAT
TTACCTCCCTCCACTGAGATAC

This
This
This
This

study
study
study
study

Rhodopsin exon 1,
intron 1, exon 2

rho4b
rho-7
rho7D
rho-9

GAAGTTGCTCATGGGCTTACAGAC

This study

CATTTGCCAATCATTTCATGGTCCT
CATTTGCCAATCACTTCATGGTCCT

This study
This study

TTCACAATTACCATGTACAGCTCAATGC

This study

Appendix C. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ympev.2009.03.026.
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Abstract
Five new species of the spider family Symphytognathidae (Araneae) are described and illustrated from southern China:
Patu bicorniventris spec. nov., P. nigeri spec. nov., P. quadriventris spec. nov., P. shiluensis spec. nov. and P.
spinathoraxi spec. nov. These spiders were collected in the leaf litter and tree canopy of tropical rainforests by sieving
and fogging. The genus Patu Marples, 1951, known from Colombia, Hispaniola, Oceania, and African Seychelles
Islands, except that web structure and web-building behavior of undescribed Patu species were reported before, is
described from Asia for the first time.
Key words: Taxonomy, Symphytognathids, new species, tropical rainforest, China

Introduction
Symphytognathids are subminiature in body size (about 1 mm or less), three-clawed, entelegyne and lungless
spiders with four or six eyes in diads or triads. They are cryptozoic spiders usually found in the litter layer of
forests and some species inhabit dark caves. The family Symphytognathidae contains the smallest spiders in
the world. The males of Patu digua, described from Colombia (Forster & Platnick, 1977), have a length of
0.37 mm. Baert & Jocqué (1993) described a tiny Symphytognathid spider from Ivory Coast, Anapistula
caecula, which is known only from females and is even smaller than P. digua.
The family Symphytognathidae was established by Hickman (1931). Forster and Platnick (1977)
redefined the family and suggested that numerous species remain to be discovered. According to Platnick
(2009) and Hormiga et al. (2007), the family Symphytognathidae includes 6 genera and 45 species, mostly
occur in the tropics of Central and South America, Oceania and Africa. Three symphytognathids species were
reported from Asia: Anapistula ishikawai Ono, 2002 from Japan, A. appendix Tong & Li, 2006 from southern
China, and A. jerai Harvey, 1998 from Malaysia. Patu occurs in Colombia, Oceania and Seychelles Islands of
Africa. An undescribed Patu species was reported from Japan on its web structure and web-building behavior
(Hiramatsu & Shinkai, 1993; Ono, 1996). The egg-guarding behavior of another Patu species was reported
from the Gaoligongshan montane forests of western Yunnan, China (Griswold & Yan, 2003).
Although the distribution range of Symphytognathidae covers the tropics of the northern and southern
hemisphere, the genus Patu has not been described from Asian region. In the present paper we provided the
description of five Asian species of the genus Patu based on specimens recently collected in the tropics of
southern China.

Materials and methods
Specimens were examined using a Leica M205 C stereomicroscope. Further details were studied under an
Olympus BX51 compound microscope. All drawings were made using a drawing apparatus attached to
Accepted by G. Hormiga: 30 May 2009; published: 10 Jul. 2009
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Olympus BX51 compound microscope, and then inked on ink jet plotter paper. Color photos of these
preserved type specimens were taken with a digital camera Olympus C7070 mounted on a stereomicroscope
Olympus BX40. Male palpi and female genitalia were examined and illustrated after they were dissected from
the spiders’ bodies. Vulvae of female were removed and treated in lactic acid before illustration. All palpi,
palpal elements and vulva were illustrated after being embed in Hoyer’s Solution by incident light against a
white background. All type specimens are preserved in 80% ethanol.
All measurements were taken using a Leica M205 C stereomicroscope and given in millimeters. Leg
measurements are shown as: total length (femur, patella, tibia, metatarsus, tarsus). The studied specimens
come mostly from our own field work. All the type specimens deposited in the Institute of Zoology, Chinese
Academy of Sciences in Beijing (IZCAS). More type specimen photos can be viewed at http://
www.ChineseSpecies.com (Li & Wang 2009).
Abbreviations used in text and figures are: ALE — anterior lateral eyes; C — conductor; CA — cymbial
apophysis; CD — copulatory duct; CO — copulatory opening; CS — cymbial spur; E — embolus; ED —
ejaculatory duct; FD — fertilization duct; PER — posterior eye row; PLE — posterior lateral eyes; PME —
posterior median eyes; S — spermatheca; SC — scapus; TS — tibial spur.

FIGURE 1. Patu bicorniventris spec. nov. A. Female, dorsal view. Scale bar: 0.10.

Taxonomy
Symphytognathidae Hickman, 1931
Patu Marples, 1951
Patu Marples, 1951, p. 47 (type species by original designation Patu vitiensis Marples)

Diagnosis. The members of genus Patu may be recognized by the following characters: the chelicerae fused
only near their base, the distinctly elevated cephalic pars, six eyes in three diads and the absence of female
palp.
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FIGURE 2. Patu bicorniventris spec. nov. A. Epigynum, ventral view; B. Ditto, dorsal view; C. Female chelicerae,
anterior view; D. Ditto, posterior view. Scale bars: 0.05.
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Description. See Forster and Platnick (1977).
Distribution. Colombia, southern China, Fiji, New Guinea and Samoa, Seychelles.
The new species described here are placed in the genus Patu as they share an elevated pars cephalica,
fused chelicerae near their base, six eyes arranged in diads and the absence of palp in females.

Patu bicorniventris spec. nov.
Figs. 1–2; 18
Type material. Holotype female, 1 female paratype from Mt. Bawangling Nature Reserve (19°02´N,
109°06´E; Alt.: 698 m), Qicha Town, Changjiang Lizu Autonomous County, Hainan Province, China, 29 July
2007, S. Q. Li and C. X. Wang leg. (IZCAS).
Etymology. The specific name derives from Latin bicornus (bicorn) and venter (abdomen), in reference to
the posterior region of the female abdomen.
Diagnosis. This new species resembles Patu samoensis Marples, 1951 from Samoa, but can be
distinguished by the presence of a short scapus, the distinct course of copulatory ducts and the posteriorly
quadrate-shaped abdomen (Fig. 2 A, B).
Description. Holotype female. Total length 0.90. Carapace 0.38 long, 0.34 wide. Clypeus 0.05 high.
Sternum 0.23 long, 0.22 wide. Abdomen 0.58 long, 0.60 wide. Carapace yellow and smooth in the middle,
with darkish margin, without modified pattern. Six eyes in three diads, subequal in size, round and white,
ocular base black. PER straight, ALE and PLE adjacent. Clypeus with short setae. Palp absent. Chelicerae
slender, with two sharp adnate teeth, covered with long setae and modified pits at frontal surface, fused in the
middle. Cheliceral fang with modified denticles. Sternum almost round, fused to the labium. Legs yellow,
with a dorsal spine on patella, a dorsal spine and three trichobothria on tibia. Leg measurements: I 1.13 (0.37,
0.12, 0.26, 0.17, 0.21); II 1.03 (0.31, 0.11, 0.22, 0.14, 0.25); III 0.80 (0.24, 0.10, 0.16, 0.11, 0.19); IV 1.04
(0.33, 0.11, 0.22, 0.10, 0.28). Leg formula: I-IV-II-III. Abdomen iron-gray, anteriorly round and posteriorly
quadrate, covered with long setae dorsally, slightly wider than long (length/width 0.97), posteriorly expanded
beyond spinnerets, with a pair of posterolateral corners. Anterior and posterior spinnerets same size; median
spinnerets smallest; colulus absent. Two spiracles located at posterolateral margin of the epigynal plate.
Epigynum weakly sclerotized, spermathecae relatively large, visible through the pale cuticle. Epigynal
surface smooth, covered with sparse long hairs. Vulva relatively simple. Spermathecae near round, strongly
sclerotized. Copulatory ducts long, starting at ventral spermathecae, turning four times before fusing to a “Y”shaped atrium. Copulatory opening small, located at basal scapus. Scapus slightly projected at posterior
margin. Fertilization ducts short, weakly sclerotized, derived from inboard spermathecae, end dissociative
(Fig. 2 A, B).
Male. Unknown.
Distribution. Known only from the type locality (Hainan) (Fig. 18).
Patu nigeri spec. nov.
Figs. 3–6;18
Type material. Holotype male (IZCAS), 2 males and 6 females paratypes from Xishuangbanna Tropical
Botanical Garden (21°55´N, 101°16´E; Alt.: 556 m), Menglun Town, Mengla County, Yunnan Province,
China, 19–26 March 2007, G. Zheng leg. (IZCAS).
Etymology. The specific name derives from Latin niger (black), in reference to the somatic coloration in
both sexes.
Diagnosis. Patu nigeri is similar to Patu saladito Forster & Platnick, 1977 from Colombia, but may be
easy distinguished by the kidney-shaped spermathecae in contact, the presence of a large copulatory opening
and the detailed structure of male palp.
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FIGURE 3. Patu nigeri spec. nov. A. Male, dorsal view; B. Female, dorsal view. Scale bars: 0.10.

Description. Holotype male. Total length 0.54. Carapace 0.26 long, 0.24 wide. Clypeus 0.09 high.
Sternum 0.18 long, 0.17 wide. Abdomen 0.39 long, 0.35 wide. Somatic coloration black. Carapace pearshaped, surface rough. Cephalic pars elevated, with setae anteriorly. Six eyes in three diads, ALE > PME >
PLE, lateral eyes in contact, ocular region wider than fore of carapace. Chelicerae with a furcate tooth, fused
in middle, covered long setae on anterior surface, cheliceral fang with modified tiny denticles. Sternum
plump, fused to labium, surface smooth, with setae. Legs covered with setae and bristles, a dorsal spine on
patella; tibia II with a ventral spur; a dorsal spine and three trichobothria on tibia; a trichobothrium on
metatarsus. Leg measurements: I 0.69 (0.21, 0.10, 0.13, 0.10, 0.15); II 0.61 (0.17, 0.10, 0.11, 0.08, 0.15); III
0.50 (0.13, 0.09, 0.09, 0.08, 0.11); IV 0.60 (0.18, 0.09, 0.12, 0.08, 0.13). Leg formula: I-II-IV-III. Abdomen
nearly globose in dorsal view, bears disperse long setae, posteriorly expanded beyond spinnerets. Spinnerets
region without annular sclerotized plate, spinnerets small; colulus absent.
Palp relatively large. Femur swollen, patella and tibia without process. One seta located at tibial end.
Cymbium membranous, triangular, with four prolateral distal long setae; paracymbium absent; the structure of
bulb strange; tegulum large, sclerotized; terminal apophysis bluntly trigonal; embolus short, membranous
fingerlike; conductor larger, membranous, located at apex of bulb; entire ejaculatory duct embedded in the
radix haematodocha (Figs. 4 A, B; 5 A, B).
Female. Total length 0.63. Carapace 0.27 long, 0.25 wide. Clypeus 0.04 high. Sternum 0.20 long, 0.18
wide. Abdomen 0.47 long, 0.44 wide. Somatic coloration darker than in male. Palp absent. Clypeal height
equal to half of in male. Legs measurements: I 0.67 (0.21, 0.09, 0.13, 0.10, 0.14); II 0.62 (0.18, 0.09, 0.12,
0.09, 0.14); III 0.52 (0.14, 0.09, 0.09, 0.07, 0.13); IV 0.64 (0.20, 0.09, 0.13, 0.07, 0.15). Leg formula: I-IV-IIIII. Abdomen nearly globose, covered long hairs, without sclerotized plate. Posteriorly expanded beyond
spinnerets. A pair of spiracles located at posterolateral margin of epigynal plate. Colulus absent.
Epigynal area bears three pair of central setae, another paired long setae apart from epigynum, closed to
anterior pedicel. Scapus present. Vulva structure relatively simple. Sclerotized spermathecae in contact,
kidney-shaped; copulatory ducts straight, arising from anterior corner of spermathecae; fertilization ducts
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arising out of spermathecae posterolaterally, straight, slightly shorter and thinner than copulatory ducts;
copulatory opening specially large, located at scapus anteriorly. (Fig. 6 A, B).
Distribution. Known only from the type locality (Yunnan) (Fig. 18).

FIGURE 4. Patu nigeri spec. nov. A. Left palp and endite, prolateral view; B. Ditto, retrolateral view. Scale bar: 0.05.
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FIGURE 5. Patu nigeri spec. nov. A. Embolic division, retrolateral-ventral view; B. Course of ejaculatory duct in bulb,
prolateral view; C. Male chelicerae, posterior view; D. Ditto, anterior view; E. Male leg I, and F. Leg II, prolateral view.
Scale bars: 0.05 for A–D; 0.10 for E and F.
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FIGURE 6. Patu nigeri spec. nov. A. Epigynum, ventral view; B. Ditto, dorsal view. Scale bar: 0.05.
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Patu quadriventris spec. nov.
Figs. 7–10; 18
Type material. Holotype male (IZCAS), 2 males and 2 females paratypes from Mt. Wuzhishan Nature
Reserve (18°54´N, 109°39´E), Wuzhishan City, Hainan Province, 9 August 2007, S. Q. Li and C. X. Wang
leg. (IZCAS); 1 male paratype from Limushan Nature Reserve (19°11´N, 109°44´E; Alt.: 655 m),
Qiongzhong County, Hainan Province, 12 August 2007, S. Q. Li and C. X. Wang leg. (IZCAS).
Etymology. The specific epithet derives from Latin quadrum (square) and venter (abdomen), in reference
to the shape of abdomen in both sexes.
Diagnosis. Patu quadriventris is similar to Patu digua Forster & Platnick, 1977 from Colombia, but may
be distinguished by the presence of two ventral spurs on tibia II, the short and non-coiled embolus, the
presence of a large sclerotized scapus, the convoluted course of copulatory ducts and the widely spaced
spermathecae.

FIGURE 7. Patu quadriventris spec. nov. A. Male, dorsal view; B. Female, dorsal view. Scale bars: 0.10.

Description. Holotype male. Total length 0.68. Carapace 0.37 long, 0.34 wide. Clypeus 0.10 high.
Sternum 0.26 long, 0.24 wide. Abdomen 0.43 long, 0.43 wide. Carapace nearly round, margin black, brown
yellow in the middle, with modified granules. Cephalic pars elevated, a pair of setae near median of thoracic
furrow. Six eyes in three diads, round, ALE, PLE and PME same size, lateral eyes adjacent, ocular base black,
PER slightly recurved. Chelicerae fused in middle, covered long setae on anterior surface, with sole teeth,
fang with tiny denticles. Sternum brown and plump, fused to labium, surface smooth. Legs yellow, covered
setae and bristles, a long distally dorsal spine on patella; two long dorsal spines on tibia I and II respectively,
one on tibia III and IV; on distal end of tibia II with two large ventral spurs, three trichobothria on each tibia,
one on each metatarsus. Legs measurements: I 1.18 (0.38, 0.12, 0.29, 0.18, 0.21); II 1.00 (0.30, 0.12, 0.23,
0.15, 0.20); III 0.77 (0.23, 0.09 0.15, 0.12, 0.18); IV 0.90 (0.29, 0.10, 0.20, 0.13, 0.18). Leg formula: I-II-IVIII. Abdomen pale yellow on dorsal middle, darkish on bilateral and posterior area, anteriorly round,
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FIGURE 8. Patu quadriventris spec. nov. A. Left palp, prolateral view; B. Ditto, retrolateral view. Scale bar: 0.05.
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FIGURE 9. Patu quadriventris spec. nov. A. Course of ejaculatory duct in bulb, prolateral view; B. Embolic division,
ventral view; C. palpal cymbium, prolateral view; D. Male chelicerae, anterior view; E. Male leg II, prolateral view.
Scale bars: 0.05 for A–D; 0.10 for E.
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FIGURE 10. Patu quadriventris spec. nov. A. Epigynum, ventral view; B. Ditto, dorsal view. Scale bar: 0.05.
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posteriorly nearly quadrate, covered sparse long setae, posteriorly expanded beyond spinnerets. Spinnerets
closed in an annular sclerotized plate, anterior spinnerets larger than posteriors, median spinnerets smallest,
hardly visible; colulus absent.
Palp relatively large. Tibia bears two prolaterally distal short setae. Cymbium membranous, with short
setae and a large sclerotized spur at apex. Paracymbium absent. Tegulum with a sclerotized apophysis.
Embolus short, strongly sclerotized. Conductor membranous. Ejaculatory duct long, a half embedded in the
radix haematodocha, other half sclerotized and several turns. Terminal apophysis absent, embolus starting at
underside of conductor (Figs. 8 A, B; 9 A–C).
Female. Total length 0.75. Carapace 0.37 long, 0.33 wide. Clypeus 0.06 high. Sternum 0.25 long, 0.23
wide. Abdomen 0.51 long, 0.48 wide. Somatic coloration and shape same as in male. Palp absent. Clypeus
lower than in male. Leg measurements: I 1.23 (0.41, 0.13, 0.29, 0.18, 0.22); II 1.04 (0.32, 0.12, 0.24, 0.15,
0.21); III 0.80 (0.24, 0.10, 0.15, 0.13, 0.18); IV 0.98 (0.32, 0.11, 0.21, 0.15, 0.19). Leg formula: I-II-IV-III.
Abdominal dorsum flesh-colored, pigmentation pattern as in male. Posteriorly expanded beyond spinnerets.
Spiracles invisible. Colulus absent.
Epigynum large, surface smooth, with a strongly sclerotized scape. Epigynal plate weakly sclerotized.
Vulva relatively complex. Spermathecae widely spaced, globose, strongly sclerotized. Copulatory opening
large, located at terminal of scape; copulatory ducts long, starting at dorsally center of spermathecae, turning
five times before curving down. Fertilization ducts short, deriving at inboard margin of spermathecae (Fig. 10
A, B).
Distribution. Known only from the type locality (Hainan) (Fig. 18).

Patu shiluensis spec. nov.
Figs. 11–13; 18
Type material. Holotype male (IZCAS), 4 males and 9 females paratypes from leaves litter in rainforest
(19°12´N, 109°04´E), Shilu Town, Changjiang Lizu Autonomous County, Hainan Province, China, 22 March
2005, Y. F. Tong, Y. J. Song and X. Han leg. (IZCAS).
Etymology. The species epithet is derived from the name of type locality.
Diagnosis. Patu shiluensis seems similar to Patu silho Saaristo, 1996 from Seychelles, but it can be
distinguished by the long embolus, the presence of fingerlike cymbial process, the coiled copulatory ducts and
the smaller body size.
Description. Holotype male. Total length 0.54. Carapace 0.20 long, 0.21 wide. Clypeus 0.08 high.
Sternum 0.17 long, 0.16 wide. Abdomen 0.36 long, 0.29 wide. Carapace nearly round, smooth, black on
bilateral and anterior margin, pale yellow on middle. Cephalic pars elevated. Six eyes in three diads, PME
larger than PLE and ALE, lateral eyes in contact, ocular base black, PRE slightly recurved. Chelicerae fused
at middle, covered long setae on anterior surface, with two sharply adnate teeth, cheliceral fang with tiny
denticles. Sternum yellow, plump, fused to labium, surface smooth. Legs pale yellow proximally, darkish
distally, each patella with a long distally dorsal spine; each tibia with two long dorsal spines and three
trichobothria, a ventral spur on tibia II; metatarsus without trichobothria. Leg measurements: I 0.65 (0.20,
0.09, 0.14, 0.11, 0.11); II 0.54 (0.16, 0.08, 0.11, 0.07, 0.13); III 0.46 (0.13, 0.07, 0.08, 0.07, 0.11); IV 0.53
(0.17, 0.07, 0.11, 0.07, 0.12). Leg formula: I-II-IV-III. Abdomen egg-shaped, with three pale spots, darkish on
dorsum, pale yellow on venter, posteriorly expanded beyond spinnerets. Spinnerets region without annular
sclerotized plate, spinnerets small; colulus absent.
Palp large. Femur, patella and tibia subequal in length, without setae and hairs. Cymbium membranous,
three spines on apex, with a prolaterally-mesal process, a spine at distal end of process. Bulb complex.
Tegulum smooth; conductor fingerlike; embolus long, strongly sclerotized, coiled to two rings. Mostly
ejaculatory duct embedded in the radix haematodocha. Terminal apophysis absent, embolic base located at
underside of tegulum (Fig. 12 A, B).
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FIGURE 11. Patu shiluensis spec. nov. A. Male, dorsal view; B. Female, dorsal view. Scale bars: 0.10.

Female. Total length 0.62. Carapace 0.26 long, 0.22 wide. Clypeus 0.07 high. Sternum 0.11 long, 0.10
wide. Abdomen 0.39 long, 0.35 wide. Somatic coloration and modified patterns same as in male. Palp absent.
Clypeus lower than in male. Leg measurements: I 0.64 (0.19, 0.08, 0.14, 0.11, 0.12); II 0.57 (0.17, 0.07, 0.13,
0.08, 0.12); III 0.47 (0.13, 0.08, 0.08, 0.08, 0.10); IV 0.56 (0.18, 0.08, 0.11, 0.09, 0.10). Leg formula: I-II-IVIII. Abdomen ovoid, wide anteriorly and narrow posteriorly, darkish dorsally and yellow ventrally, without
sclerotized plate. Posteriorly expanded beyond spinnerets. Spiracles and colulus absent.
Epigynal surface smooth, two pair of long setae at posterior margin, posteriorly median margin slightly
projecting. Vulva structure complex. Paired spermathecae globose, strongly sclerotized; copulatory ducts
long, sclerotized, deriving from anterolateral corner of spermathecae, twist a knot before coiled into three
rings; copulatory opening fused at translucent atrium; compared with copulatory ducts, fertilization ducts
shorter and thinner, starting at posterolateral corner of spermathecae (Fig. 13 A, B).
Distribution. Known only from the type locality (Hainan) (Fig. 18).

Patu spinathoraxi spec. nov.
Figs. 14–18
Type material. Holotype male, 15 males and 19 females paratypes from Rubber Plantation (21°54´N,
101°16´E; Alt.: 569 m) near Menglun Nature Reserve, Menglun Town, Mengla County, Yunnan, China, 1–15
May 2007, G. Zheng leg. (IZCAS);, 2 males and 2 females paratypes from Rubber-Tea Plantation (21°55´N,
101°16´E; Alt.: 572 m), Menglun Nature Reserve, Menglun Town, Mengla County, Yunnan Province, China,
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FIGURE 12. Patu shiluensis spec. nov. A. Left palp, prolateral view; B. Ditto, retrolateral view. Scale bar: 0.05.
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FIGURE 13. Patu shiluensis spec. nov. A. Epigynum, ventral view; B. Ditto, dorsal view; C. Male chelicerae, anterior
view; D. Male leg II, retrolateral view. Scale bars: 0.05 for A–C; 0.10 for D.
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FIGURE 14. Patu spinathoraxi spec. nov. A. Male, dorsal view; B. Female, dorsal view. Scale bars: 0.10.

5–12 January 2007, G. Zheng leg. (IZCAS); 3 females paratypes from Secondary seasonal tropical rainforest
(21°54´N, 101°17´E; Alt.: 612 m), Menglun Nature Reserve, Menglun Town, Mengla County, Yunnan
Province, China, 10 August 2007, G. Zheng leg. (IZCAS).
Etymology. The species epithet is derived from the Latin spinosus (thorny), in reference to the densely
modified cuticular thorns on the carapace in both sexes.
Diagnosis. Patu spinathoraxi is similar to Patu woodwardi Forster, 1959 from New Guinea, but it can be
easily distinguished by the finely modified carapace and the presence of mesally split dorsal scutum in male.
Description. Holotype male. Total length 0.63. Carapace 0.32 long, 0.31 wide. Clypeus 0.11 high.
Sternum 0.21 long, 0.19 wide. Abdomen 0.40 long, 0.38 wide. Carapace nearly round, brown, covered with
modified thorns and pits on surface. Cephalic pars elevated, with three pair of long setae. Six eyes in three
diads, subequal in size, lateral eyes in contact, ocular base black. Chelicerae fused at middle, covered long
setae on anterior surface, with two adnate teeth, cheliceral fang with tiny denticles. Sternum brown, plump,
fused to labium, with pits on surface. Legs yellow, covered with setae and bristles, a long dorsal spine on
patella distally; two long dorsal spines on tibia I and II, one on tibia III and IV; tibia II with one large ventral
spurs, three trichobothria on tibia and one on metatarsus respectively. Leg measurements: I 0.92 (0.28, 0.11,
0.22, 0.14, 0.17); II 0.78 (0.23, 0.11, 0.17, 0.11, 0.16); III 0.66 (0.19, 0.09, 0.13, 0.10, 0.15); IV 0.78 (0.24,
0.10, 0.18, 0.11, 0.15). Leg formula: I-II-IV-III. Abdomen round in dorsal view, bears disperse long setae,
with paired sclerotized plate on posterolaterals, posteriorly expanded beyond spinnerets. Spinnerets closed in
an annular sclerotized plate, anterior spinnerets larger than posteriors, median spinnerets smallest, hardly
visible; colulus absent.
Palp relatively large. Femur and patella without process. Tibia bears four retrolaterally distal short setae.
Cymbium with a trigonal apophysis and five short setae on prolaterally distal-margin. Tegulum present, nearly
rectangular. Embolus long, highly curved, strongly sclerotized. Conductor membranous. Most of ejaculatory
duct embedded in the bulb. Terminal apophysis fingerlike, smooth and sclerotized. Embolic base starting at
underside of tegulum (Figs. 15 A, B; 16 A–C).
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FIGURE 15. Patu spinathoraxi spec. nov. A. Left palp, prolateral view; B. Ditto, retrolateral view. Scale bar: 0.05.
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FIGURE 16. Patu spinathoraxi spec. nov. A. Course of ejaculatory duct in bulb, prolateral view; B. Embolic division,
prolateral view; C. palpal cymbium, prolateral view; D. Male chelicerae, anterior view; E. Male leg II, prolateral view.
Scale bars: 0.05 for A–D; 0.10 for E.
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FIGURE 17. Patu spinathoraxi spec. nov. A. Epigynum, dorsal view; B. Ditto, ventral view. Scale bar: 0.05.
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Female. Total length 0.75. Carapace 0.33 long, 0.33 wide. Clypeus 0.09 high. Sternum 0.21 long, 0.21
wide. Abdomen 0.49 long, 0.48 wide. Somatic coloration and modification same as in male. Palp absent.
Clypeus lower than in male. Leg measurements: I 0.99 (0.31, 0.12, 0.22, 0.15, 0.19); II 0.87 (0.25, 0.11, 0.20,
0.13, 0.18); III 0.71 (0.21, 0.09, 0.15, 0.11, 0.15); IV 0.86 (0.26, 0.11, 0.20, 0.13, 0.16). Leg formula: I-II-IVIII. Abdomen globose, covered with long setae, without sclerotized plate. Posteriorly expanded beyond
spinnerets. A pair of spiracles located at posterolateral margin of epigynal plate. Colulus absent.
Epigynal surface smooth, bears three pairs of long setae, with an unconspicuous projection on the middle
of posterior margin. Vulva relatively complex. Spermathecae widely spaced, globose, strongly sclerotized.
Paired copulatory openings adjacent, located at basal scape; copulatory ducts long, originating dorsally from
spermathecae, coiling around the spermathecae into a ring before curving down. Fertilization ducts short,
straight, deriving at posterolateral corners of spermathecae, ending at bilateral corners of scape (Fig. 17 A, B).
Distribution. Known only from the type locality (Yunnan) (Fig. 18).

FIGURE 18. Locality records of Patu spp. in Southern China.

Discussion
Patu was established by Marples (1951) for Patu vitiensis from Fiji. The known species of Patu were
restricted to the equatorial regions worldwide. Because of their minute size and the difficulties in collecting
them, Patu species may often go unnoticed. The known Patu species might represent only the tip of the
iceberg of species diversity. The distribution range of Patu should be larger than originally hypothesized.
Litter sifting and fogging have proven to be efficient techniques to collect these tiny spiders. In fact, Patu had
already been recorded in Asia (Hiramatsu & Shinkai, 1993; Griswold & Yan, 2003), but those species had not
been described and illustrated. The species described here indicate that Patu species are found beyond
equatorial regions. It seems that there are many more interesting tiny spiders in the Asian tropics waiting to be
studied.

Acknowledgements
The manuscript benefited greatly from comments by Gustavo Hormiga (The George Washington University,
USA), Xinping Wang (University of Florida, USA) and an anonymous reviewer. This study was supported by
PATU SPIDERS (SYMPHYTOGNATHIDAE) FROM ASIA

Zootaxa 2154 © 2009 Magnolia Press ·

67

the National Natural Sciences Foundation of China (NSFC-30499341/30670239/30870271 /30770268/
30870473), by the National Science Fund for Fostering Talents in Basic Research (Special Subjects in Animal
Taxonomy, NSFC-J0630964/J0109), by the Knowledge Innovation Program of the Chinese Academy of
Sciences (KSCX2-YW-Z-008/KSCX3-IOZ-0811), by the Ministry of Science and Technology of the People’s
Republic of China (MOST grant no. 2006FY120100/2006FY110500), and partly also by the Beijing Natural
Science Foundation (5082013).

References
Baert, L. & Jocqué, R. (1993) Anapistula caecula n. sp., the smallest known female spider (Araneae,
Symphytognathidae). Journal of African Zoology, 107, 187–189.
Forster, R.R. (1959) The spiders of the family Symphytognathidae. Transactions and Proceedings of the Royal Society of
New Zealand, 86, 269–329.
Forster, R.R. & Platnick, N.I. (1977) A review of the spider family Symphytognathidae (Arachnida, Araneae). American
Museum Novitates, 2619, 1–29.
Gertsch, W.J. (1941) Report on some arachnids from Barro Colorado Island, Canal Zone. American Museum Novitates,
1146, 1–14.
Griswold, C.E. & Yan H.M. (2003) On the egg-guarding behavior of a Chinese symphytognathid spider of the genus
Patu marples, 1951 (Araneae, Araneoidea, Symphytognathidae). Proceedings of the California Academy of
Sciences, 54 (19), 356–360.
Harvey, M.S. (1998) A review of the Australasian species of Anapistula Gertsch (Araneae: Symphytognathidae).
Records of the Western Australian Museum, 19, 111–120.
Hickman, V.V. (1931) A new family of spiders. Proceedings of the Zoological Society of London (B), 1931, 1321–1328.
Hiramatsu, T. & Shinkai, A. (1993) Web structure and web-building behavior of Patu sp. (Araneae:
Symphytognathidae). Acta Arachnologica, 42, 181–185.
Hormiga, G., Alvarez-Padilla, F. & Benjamin, S.P. (2007) First records of extant Hispaniolan spiders of the families
Mysmenidae, Symphytognathidae and Ochyroceratidae (Araneae), including a new species of Ochyrocera.
American Museum Novitates, 3577, 1–21.
Li, S.Q. & Wang, X.P. (2009) Endemic spiders in China. Available from: http://www.ChineseSpecies.com (accessed 15
April 2009).
Marples, B.J. (1951) Pacific symphytognathid spiders. Pacific Science, 5, 47–51.
Ono, H. (1996) A list of spider families of Japan. In Ishii, M., T. Ohtani & Y. Johki (eds.), The Encyclopaedia of Animals
of Japan, 8 (Insects I), 25–27. Heibonsha, Tokyo. (In Japanese)
Ono, H. (2002) First record of the genus Anapistula (Araneae, Symphytognathidae) from Asia. Bulletin of the National
Science Museum, Tokyo (A), 28, 61–64.
Platnick, N.I. (2009) The world spider catalog, version 9.5. American Museum of Natural History, online at http://
research.amnh.org/entomology/spiders/catalog/index.html (accessed 26 April 2009).
Saaristo, M.I. (1996) Symphytognathidae (Arachnida, Araneae), a new spider family for the granitic islands of
Seychelles. Phelsuma, 4, 53–56.
Tong, Y.F. & Li, S.Q. (2006) Symphytognathidae (Araneae), a spider family newly recorded from China. Zootaxa, 1259,
33–38.

68

· Zootaxa 2154 © 2009 Magnolia Press

LIN & LI

THE RAFFLES BULLETIN OF ZOOLOGY 2009
THE RAFFLES BULLETIN OF ZOOLOGY 2009 57(2): 323 –342
Date of Publication: 31 Aug.2009
© National University of Singapore

SIX NEW SPIDERS FROM CAVES OF NORTHERN VIETNAM
(ARANEAE: TETRABLEMMIDAE: OCHYROCERATIDAE:
TELEMIDAE: SYMPHYTOGNATHIDAE)
Yucheng Lin
Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, P. R. China
Graduate University of Chinese Academy of Sciences, Beijing 100039, P. R. China

Dinh-Sac Pham
Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, P. R. China
Graduate University of Chinese Academy of Sciences, Beijing 100039, P. R. China

Shuqiang Li
Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, P. R. China
Email: lisq@ioz.ac.cn (Corresponding author)

ABSTRACT. – Six new species, collected from caves of Cuc Phuong and Cat Ba National Parks, Northern
Vietnam, are diagnosed, described and illustrated: Lehtinenia bisulcus (male, female) (Tetrablemmidae),
Speocera bulbiformis (male, female) (Ochyroceratidae), Telema cucphongensis (male, female), T.
exiloculata (male, female) (Telemidae), Anapistula orbisterna (female) and Patu bispina (male, female)
(Symphytognathidae). The families Ochyroceratidae, Telemidae and Symphytignathidae are reported from
Vietnam for the first time. All type specimens are deposited in the Institute of Zoology, Chinese Academy
of Sciences in Beijing (IZCAS).
KEY WORDS. – Taxonomy, troglobiont, cosmotropical regions, diagnosis, description.

INTRODUCTION

species live under leaf litter or beneath stones in caves.
A total of 30 genera and 133 species have been described
(Brignoli, 1972-1980; Shear, 1978, 1979; Bourne, 1980,
1981; Deeleman-Reinhold, 1980, 1993; Lehtinen, 1981;
Schwendinger, 1989, 1994; Wunderlich, 1995; Burger,
2005; Tong & Li, 2008a; Platnick, 2009). Two subfamilies
are recognized, the Pacullinae (medium sized species) and
Tetrablemminae (minute to small species). Three species
were reported from Vietnam by Lehtinen (1981), i.e.
Singaporemma adjacens, S. halongense and Tetrablemma
vietnamense.

Early studies on the spiders of Vietnam were undertaken
by Simon (1886, 1903, 1904, 1909) and Hogg (1922), who
described species of the families Agelenidae, Araneidae,
Ctenidae, Deinopidae, Hexathelidae, Liocranidae, Lycosidae,
Mimetidae, Oonopidae, Philodromidae, Pholcidae, Pisauridae,
Salticidae, Scytodidae, Sparassidae, Tetragnathidae,
Theridiidae, Thomisidae, Uloboridae and Zodariidae. Later,
Lehtinen (1981) described three new tetrablemmids and
Zabka (1985) reported 100 Salticidae species, including 8
new genera and 51 new species. Recent work on spiders
of Vietnam were done by Grismado & Ramírez (2004),
Jäger (2003), Jäger & Vedel (2005), Tu & Li (2004, 2006),
Wang, Li & Xu (2008), Wang & Jäger (2008) on families
Amaurobiidae, Zodariidae, Sparassidae, and Linyphiidae. A
total of 32 spider families, 159 genera and 320 species are
recorded from Vietnam (Pham, Xu & Li, 2007).

The family Ochyroceratidae was erected by Fage in
1912 and is distributed mostly in cosmotropical regions.
Ochyroceratids are very small (total length 0.6-3.0 mm) and
web-spinning haplogyne spiders. Most of species are found
in leave litter from the tropics or living as troglobites in the
caves (Saaristo, 1998; Baptista, 2003). Deeleman-Reinhold
(1995) studied ochyroceratids from the Indo-Pacific region.
Dumitrescu and Georgescu (1992) reported three species
from Cuba. Tong and Li (2007) described one new genus
and eight species of ochyroceratids from tropical Hainan
Island, China. As far, a total of 14 genera and 156 species
are recorded worldwide (Platnick, 2009).

The family Tetrablemmidae, erected by O. PickardCambridge in 1873 and distributed mostly in tropical
or subtropical regions, is known as “armoured spiders”
because of the presence of abdominal scutum. Most of
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The family Telemidae, erected by Fage in 1913, is
distributed from tropical Africa, Europe, East and South
East Asia to North and Central America (Brignoli, 1977).
Telemids are cryptozoa and live in moist and dark habitats,
such as in leaf litter, under stones and especially abundant
in caves. In recent years, several telemid species were
described from Yunnan-Guizhou Plateau (Song & Zhu,
1994; Wang & Ran, 1998; Zhu & Chen, 2002; Tong & Li,
2008b) and tropical regions in southern China (Tong & Li,
2008c; Lin & Li, 2008). The family Telemidae contains 7
genera and 31 species worldwide (Platnick, 2009).

measurements are shown as: total length (femur, patella,
tibia, metatarsus, tarsus). The following abbreviations are
used in the text and figures: ALE-anterior lateral eye; AMEanterior median eye; AP-apical process; CA-copulatory
antrum; CB-cymbium; CD-copulatory duct; E-embolus;
ED-ejaculatory duct; EF-epiginal fold; EP-epiginal pit; FDfertilization duct; IVP-inner vulval plate; LH-lateral horn;
PA-preanal plate; PLE-posterior lateral eye; PME-posterior
median eye; POG-postgenital plate; S-spermatheca; SRseminal receptaculum; TS-tracheal spiracle; VP-ventral
plate; VS-vulval stem.

The family Symphytognathidae was established by
Hickman in 1931 and redefined by Forster and Platnick
in 1977. Symphytognathids mostly occur in the tropics of
Central and South America, the Oceania and the Africa.
Symphytonathids are the smallest spiders in the world.
Male Patu digua from Colombia has a length of only 0.37
mm (Forster & Platnick, 1977). Baert and Jocqué (1993)
described a smallest female symphytonathid from Ivory
Coast, i.e. Anapistula caecula. If it was found, male of A.
caecula may be smaller than male of P. digua. According to
Platnick (2009), the Symphytognathidae includes 6 genera
and 45 species. Three Anapistula species are reported from
Asia (Ono, 2002; Tong & Li, 2006; Harvey, 1998). Patu
occurs in Colombia, Oceania and Seychelles Islands of
Africa. An undescribed species of the genus Patu is found
in Japan with report on its web structure and web-building
behavior (Hiramatsu & Shinkai, 1993; Ono, 1996).

TAXONOMY
Tetrablemmidae O. Pickard-Cambridge 1873
Lehtinenia Tong & Li 2008
Lehtinenia bisulcus new species
(Figs. 1A−B; 2A−F)
Material examined. – Holotype - Male (IZCAS), Prehistoric Man
Cave (20°18'N, 105°40'E; Alt: 256 m), Cuc Phuong National Park,
Vietnam, coll. S. Li, 19 July 2008.
Paratypes – 4 females (IZCAS), same data as holotype.

Diagnosis. – The new specie is similar to L. bicornis
from Hainan Island, China (Tong & Li, 2008), but can be
distinguished by the proximally wider and distally narrower
palpal bulb, the distally furcate embolus, the swollen palpal
femur, and the elevated ocular area in males; and the arcuate
epiginal pit, the short and broad inner vulval plate, and the
presence of translucent center process in frontal of inner
vulval plate in females.

Spiders from subterraneous habitats in Vietnam are poorly
studied. During an exploration of four caves in Cuc Phuong
and Cat Ba National Parks, some tiny spiders were collected
and six new species are recognized. They belong to the
families Tetrablemmidae, Ochyroceratidae, Telemidae and
Symphytognathidae, and the last three families are newly
recorded from Vietnam.

Etymology. – The specific name comes from Latin bisulcus
= forked, in reference to the shape of the distal end of
embolus.

MATERIALS AND METHODS

Description. – Holotype male. Body orange. Total length
1.14. Carapace 0.50 long, 0.40 wide; Carapace 0.32 high.
Abdomen 0.72 wide, 0.52 long. Clypeus 0.23 high. Sternum
0.32 long, 0.30 wide. Carapace diamond-shaped, highest
anteriorly at the eye group, slightly sloping backwards and
sharply down forwards, with finely reticulate modification.
Six eyes in one group, with black ring, and a blunt, short
process behind them. Ocular and cephalic areas bear hairs.
ALE>PLE>PME. Posterior eyes row recurved. Cheliceral
promargin with a large tooth and lamina, frontal-middle
with a condyle, another in inside base, fang short and
strong, basal boss large. Sternum with reticular ornaments,
marginally rugose. Femora, tibiae, metatarsi and tarsi
with obviously modified granula and serrate hairs. Tibia
bears three trichobothria, and one on metatarsus. Leg
measurements: I 1.23 (0.42, 0.08, 0.31, 0.20, 0.22); II 1.09
(0.36, 0.08, 0.26, 0.19, 0.20); III 0.96 (0.30, 0.07, 0.21, 0.19,
0.19); IV 1.33 (0.41, 0.11, 0.34, 0.24, 0.23). Leg formula:
4 1 2 3. Abdominal dorsal scutum long, oval, with smooth

Specimens were examined using a Leica M250 C
stereomicroscope. Further details were studied under an
Olympus BX51 compound microscope. All drawings were
made using a drawing apparatus attached to the compound
microscope. Male palpi and female genitalia were examined
and illustrated after dissection. Vulvae of females were
removed and treated in lactic acid before illustration.
Male palpi and female vulva were illustrated after being
embedded in Hoyer’s Solution and illuminated with incident
light against a white background. All type specimens are
preserved in 80% ethanol solution and deposited in the
Institute of Zoology, Chinese Academy of Sciences in
Beijing (IZCAS). Type specimen photos of the species
included in this paper can be viewed from website “Endemic
Spiders in China” which was created and maintained by
Shu-Qiang Li and Xin-Ping Wang (Li & Wang, 2009).
All measurements were made under an Olympus BX51
compound microscope and given in millimeters. Leg

324

THE RAFFLES BULLETIN OF ZOOLOGY 2009

Fig. 1. Lehtinenia bisulcus new species: A. Male left palp, retrolateral view; B. Male left palp, prolateral view. Scale bars: 0.1 mm.
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Fig. 2. Lehtinenia bisulcus new species: A. Female epiginal area and cleared vulva, ventral view; B. Female carapace, dorsal view; C. Ditto, lateral view;
D. Female abdomen, ventral view; E. Male carapace and right palp, lateral view; F. Male chelicerae, frontal view. Scale bars: 0.1 mm.
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surface. Lateral scutum I long, reaching the posterior margin
of pulmonary plate. One pair of perigenital plates.
Male palpal bulbus proximally swollen, pear-shaped,
distally continued by a narrow extension; embolus relatively
wide, strongly sclerotized, with distal end forming an
asymmetric furcation; tibia longer than femur, swollen,
nearly two times larger than femur, with one dorsal
trichobothrium on distal tibia (Fig. 1 A, B).

Etymology. – The specific name comes from Latin
bulbiformis = globose, in reference to the shape of male
palpal bulb.
Description. – Holotype male. Total length 1.12. Carapace
0.49 long, 0.41 wide; abdomen 0.57 long, 0.44 wide;
clypeus 0.09 high; sternum 0.30 long, 0.30 wide. Carapace
pear-shaped, smooth, pale yellow, with modified pigmental
spots on thoracic margins. Ocular area dark. Six eye in
a group, with black rings, anterior eyes row straight,
PLE>ALE=AME. Chelicerae pale yellow, with broad
lamina, six promarginal and two retromarginal teeth.
Chelicerae laterally slightly excavated, modified with veins.
Sternum pale yellow, smooth, without markings. Legs
measurements: I 1.98 (0.63, 0.13, 0.60, 0.36, 0.26); II 1.76
(0.54, 0.12, 0.51, 0.34, 0.25); III 1.46 (0.45, 0.12, 0.37, 0.32,
0.20); IV 2.11 (0.62, 0.14, 0.58, 0.47, 0.30). Leg formula:
4 1 2 3. Palp measurements: 0.71 (0.22, 0.10, 0.18, 0.21),
bulb 0.14 long, 0.18 wide. Abdomen pale, ovoid. Booklung
invisible. One spiracle located ventrally at one third position
to spinnerets.

Female. Color as in male. Total length 1.24. Carapace 0.54
long, 0.42 wide. Carapace 0.27 high. Abdomen 0.82 long,
0.63 long. Clypeus 0.12 high. Sternum 0.31 long, 0.31
wide. Carapace and sternum reticular ornaments same as in
male. Ocular area unmodified. Six eyes in one group, eyes
smaller than corresponding eyes of male. ALE>PLE>PME.
Cheliceral surface without modified process. Legs with
granules. Ttrichobothria on legs same as in male. Leg
measurements: I 1.19 (0.40, 0.08, 0.29, 0.20, 0.22); II 1.11
(0.37, 0.08, 0.26, 0.19, 0.21); III 0.98 (0.30, 0.07, 0.21, 0.20,
0.20); IV 1.37 (0.42, 0.13, 0.34, 0.24, 0.24). Leg formula: 4
1 2 3. Preanal plate larger than that of male, with a pair of
sclerotized flakes on the posterolateral corners. Postgenital
plate subequal to preanal plate in width, postgenital plate
scale-shaped.

Palpal femur narrower and longer than tibia and tarsus;
tibia slightly swollen, shorter than tarsus, with three dorsal
trichobothria. Tarsus obtuse. Bulb compressed, globose,
with a small hooked appendage (Fig. 3 A-C).

Epiginal pit transversely crescent, with vulval stem
connected via a pair of long, laterally extending, strongly
sclerotized horns; lateral horns with procurved distal tip
connected to the spermathecae; center process with length
subequal to the inner vulval plate, rugose membrane; inner
vulval plate weakly sclerotized, with a broad base. Epiginal
fold distinct, almost reaching the margin of epiginal shield
(Fig. 2 A).

Female. Total length 1.14. Carapace 0.53 long, 0.43 wide;
abdomen 0.64 long, 0.43 wide. clypeus 0.07 high; sternum
0.32 long, 0.32 wide. Pattern of carapace same as in male.
Sternum with modified pigmental markins. Chelicerae as
in male. Leg measurements: I 1.76 (0.52, 0.14, 0.50, 0.37,
0.23); II 1.64 (0.50, 0.14, 0.46, 0.33, 0.21); III 1.36 (0.44,
0.12, 0.31, 0.29, 0.20); IV 1.90 (0.55, 0.15, 0.54, 0.40, 0.26).
Leg formula: 4 1 2 3. Palp measurements: 0.54 (0.18, 0.09,
0.13, 0.14).

Distribution. – Known only from the type locality (Fig.
13).

Vulval structure simple, a pair of asymmetrical spermathecae
connected with “L”-shaped copulatory ducts, copulatory
opening widely spaced with spermathecae, locating at
bilateral genital area, chitinous ducts relatively short,
converged on the median line (Fig. 4 E).

Ochyroceratidae Fage 1912
Speocera Berland 1914
Speocera bulbiformis new species
(Figs. 3A−C, 4A−E)

Distribution. – Known only from the type locality (Fig.
13).

Material examined. – Holotype – Male (IZCAS), Palace Cave
(Dong Thien Cung) (20°18'N, 105°40'E; Alt: 256 m), Cuc Phuong
National Park, Vietnam, coll. S. Li, 21 July 2008.

Telemidae Fage 1913

Paratypes – 4 males and 10 females (IZCAS), same data as
holotype.

Telema Simon 1882
Telema cucphongensis new species
(Figs. 5A−E, 6A−I)

Diagnosis. – The new species is similar to S. transleuser
from Sumatra (Deeleman-Reinhold, 1995), but can be
distinguished by the spiral course of ejaculatory duct in
bulb, the detailed structure of apical appendage on bulb,
the absence of modified process on cheliceral surface and
the asymmetrical “L” shape of paired chitinous ducts that
connected to the spermathecae.

Material examined. – Holotype - Male (IZCAS), Prehistoric Man
Cave (20°18'N, 105°40'E; Alt: 256 m), Cuc Phuong National Park,
Vietnam, coll. S. Li, 19 July 2008.
Paratypes – 19 males and 28 females (IZCAS), same data as
holotype.
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Fig. 3. Speocera bulbiformis new species: A. Male left palp, prolateral view; B. Ditto, retrolateral view; C. Ditto, ventral view. Scale bars: 0.1 mm.
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Diagnosis. – The new species is similar to T. oculata (Tong
& Li, 2008), but can be distinguished by the large and
elliptical palpal bulb (male unknown in T. oculata), the
presence of four plumose setae at distal palpal tarsus, the
annular and sclerotized pedicel in male, the short, distally
swollen spermatheca in female. Both sexes of this new
species have the modified pattern on carapace and purpleblue abdomen.

0.30 wide; abdomen 0.82 long, 0.68 wide. Carapace, legs,
labium, endites and chelicerae brown-yellow. Sternum
dark. Carapace pear-shaped, with a pair of setae on clypeus
behind eyes, with a large dark spot at middle thoracic area,
margin dark and middle light brown, with distinctly radial
stripes. Ocular area dark. Six eyes with black rings, anterior
eye row nearly straight, separated from each by about ½
of AME diameter, lateral eyes contiguous. Chelicerae with
a pigmental strip in the frontal midline area. Promargin
of fang furrow with two large teeth, three small granular
teeth and eleven plumose hairs, retromargin with four
barely visible denticles. Legs with a dorsal spine at the
distal patella and middle tibia. Leg measurements: I 3.14
(0.94, 0.18, 0.92, 0.60, 0.50); II 2.60 (0.82, 0.16, 0.74, 0.50,

Etymology. – The specific epithet derives from the name
of the type locality.
Description. – Holotype male. Total length 1.32. Carapace
0.50 long, 0.48 wide; clypeus 0.14 high; sternum 0.30 long,

Fig. 4. Speocera bulbiformis new species: A. Male carapace, dorsal view; B. Female abdomen, ventral view; C. Ditto, lateral view; D. Male chelicerae,
frontal view; E. Female vulva, dorsal view. Scale bars: 0.1 mm for A-D; 0.05 mm for E.

329

Lin & Li: Cave spiders from Vietnam

Fig. 5. Telema cucphongensis new species: A. Male left palp, prolateral view; B. Ditto, retrolateral view; C. Ditto (treated in lactic acid), retrolateral view;
D. Male palpal bulb, apical view. Scale bars: 0.1 mm.
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Fig. 6. Telema cucphongensis new species: A. Male chelicerae, frontal view; B. Female colulus and spinnerets, ventral view; C. Epiginal area, ventral
view; D-F. Cleared spermatheca, anterior (D), posterior (E) and lateral view (F); G-I. Male abdominal pedicel, anterior (G), dorsal (H) and lateral view
(I). Scale bars: 0.1 mm.
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0.42); III 1.95 (0.60, 0.15, 0.52, 0.36, 0.32); IV 2.58 (0.82,
0.16, 0.72, 0.50, 0.38). Leg formula: I-II-IV-III. Abdominal
dorsum blue, venter darkish. Pedicel with a trianglular and a
rhombic anterodorsal sclerotized plates. Colulus pentagonal
and dark. Spinnerets pale.

fovea. Reduced six eyes remaining in white eyespots, almost
same size, anterior eye row slightly recurved, separated
from each other by about 1.5 times their diameter, lateral
eyes contiguous. Cheliceral fang furrow with three large
teeth, three barely visible granulous denticles and eleven
plumose hairs on promargin, three barely visible denticles
on retromargin. Legs with a dorsal spine at distal patella,
three row of short spines on prolateral femur I. Tibia I-IV
bear spines. Leg measurements: I 2.76 (0.85, 0.11, 0.86,
0.59, 0.35); II 2.33 (0.73, 0.11, 0.70, 0.48, 0.31); III 1.70
(0.56, 0.09, 0.49, 0.32, 0.24); IV 2.08 (0.70, 0.10, 0.61,
0.41, 0.26). Leg formula: I-II-IV-III. Abdomen pale yellow,
almost globose, with sparse long hairs. Colulus pale and
pentagonal, spinnerets pale, the anterior largest, the middle
smallest.

Palp with a prolateral cymbial apophysis and a trichobothrium
near distal 1/3 position of tibia. Femur, patella, tibia and
tarsus modified by pigmental speckles. Distal tarsus with
three prolateral plumose spines. Palpal bulb oval, apex with
one broad embolus. The course of bulbous inner ejaculatory
duct relatively complex (Fig. 5 A-D).
Female. Total length 1.22. Carapace 0.52 long, 0.48 wide;
clypeus 0.14 high; sternum 0.32 long, 0.30 wide; abdomen
0.78 long, 0.66 wide. Coloration and modified pattern of
body and legs same as in male. Leg measurements: I 2.82
(0.86, 0.16, 0.82, 0.52, 0.46); II 2.51 (0.80, 0.15, 0.72, 0.48,
0.36); III 1.94 (0.58, 0.14, 0.58, 0.34, 0.30); IV.2.46 (0.76,
0.16, 0.68, 0.46, 0.40). Leg formula: I-II-IV-III.

Palp with a prolateral cymbial apophysis, elliptic bulb with
a simple trigonal embolus that basally broad and distally
bent (Fig. 7 A-C).
Female. Total length 1.56. Carapace 0.66 long, 0.58 wide;
clypeus 0.16 high; sternum 0.38 long, 0.34 wide; abdomen
1.04 long, 0.94 wide. Eyes and chelicerae as in male. Leg
measurements: I 2.66 (0.82, 0.11, 0.83, 0.55, 0.35); II 2.23
(0.70, 0.10, 0.68, 0.45, 0.30); III 1.67 (0.54, 0.09, 0.49, 0.31,
0.24); IV 2.07 (0.69, 0.10, 0.61, 0.41, 0.26). Leg formula:
I-II-IV-III.

Genital area with one row of hairs, postmargin recurved.
Vulval structure simple, spermatheca basally narrowed and
distally swollen (Fig. 6 C-F).
Distribution. – Known only from the type locality (Fig.
13).
Telema exiloculata new species
(Figs. 7A−F, 8A−G)

Genital area covered with long hairs on genital plate. A
row of short spines present posterior epigastric furrow.
Posterior margin of genital area straight, bilaterally slightly
sclerotized. Spermatheca relatively large, with distinct
shape, distorted two times medially, swollen distally,
attaching to a distal-lateral vesicle (Fig. 8 C-G).

Material examined. – Holotype - Male (IZCAS), Trung Trang
Cave (20°48'N, 106°59'E; Alt: 256 m), Cat Ba National Park,
Vietnam, coll. S. Li, G. Zheng & D.S. Pham, 16 July 2008.
Paratypes – 15 males and 43 females (IZCAS), same data as
holotype.

Distribution. – Known only from the type locality (Fig.
13).

Diagnosis. – The new species resembles to T. spina from
China (Tong & Li, 2008) in having the similar palp, but can
be distinguished by the underdeveloped eyespot, the lack of
modified pigmentation in both sexes, the small and elliptic
palpal bulb, the presence of seven plumose setae at distal
palpal tarsus in male, the asymmetrical, distally swollen
and basally narrowed spermatheca (female unknown in T.
spina). T. exiloculata is similar to T. cucphongensis in the
body size and the shape of palp, but different by the reduced
eyespot, the narrower embolus, the longer and asymmetrical
spermatheca.

Symphytognathidae Hickman 1931
Patu Marples 1951
Patu bispina new species
(Figs. 9A−E, 10A−F and 11A−F)
Material examined. – Holotype - Male (IZCAS), Mat Cave
(20°21´N, 105°42´E; Alt: 18 m), Cuc Phuong National Park,
Vietnam, coll. S. Li, 22 July 2008.

Etymology. – The specific name is from Latin exil- = tiny,
small and oculata = ocular, in reference to the vestigial
eyespots on carapace of both sexes.

Paratypes – 13 males and 20 females (IZCAS), same data as
holotype.

Diagnosis. – This new species is similar to Patu silho from
Seychelles (Saaristo, 1996) and Patu vitiensis from Fiji
(Marples, 1951), but can be distinguished by the presence of
two large spurs on distal-ventral tibia II in male, the absence
of a posterior protuberance on the globular abdomen, the
modified spines and different shapes of palpal cymbium, the
short and robust of embolus, the coiled copulatory ducts,

Description. – Holotype male. Total length 1.30. Carapace
0.60 long, 0.54 wide; clypeus 0.16 high; sternum 0.38 long,
0.34 wide; abdomen 0.76 long, 0.66 wide. Carapace, legs,
sternum, labium, endites and chelicerae yellow. Abdomen
pale yellow. Carapace smooth, without unmodified pattern,
with paired of setae at clypeus, behind eyes and at thoracic
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Fig. 7. Telema exiloculata new species: A. Male left palp, prolateral view; B. Ditto, retrolateral view; C. Ditto (treated in lactic acid), retrolateral view; D.
Male carapace, dorsal view; E. Male abdominal pedicel, dorsal view; F. Ditto, lateral view. Scale bars: 0.1 mm.view; C-F. Male leg I-IV, prolateral view.
Scale bars: 0.05 mm for A, B; 0.2 mm for C-F.
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Fig. 8. Telema exiloculata new species: A. Male chelicerae, frontal view; B. Female colulus and spinnerets, ventral view; C. Female epiginal area, ventral
view; D-G. Cleared spermatheca, ventral (D), anterior (E); posterior (F) and lateral view (G). Scale bars: 0.1 mm.
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Fig. 9. Patu bispina new species: A. Male left palp, prolateral view; B. Palpal bulb, prolateral view; C. Palpal cymbium, dorsal view; D. Male body,
dorsal view; E. Ditto, lateral view. Scale bars: 0.05 mm for A-C; 0.1 mm for D, E.view; C-F. Male leg I-IV, prolateral view. Scale bars: 0.05 mm for A,
B; 0.2 mm for C-F.

335

Lin & Li: Cave spiders from Vietnam

Fig. 10. Patu bispina new species: A. Male left palp, retrolateral view; B. Palpal bulb, retrolateral view; C-F. Male leg I-IV, prolateral view. Scale bars:
0.05 mm for A, B; 0.2 mm for C-F.
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Fig. 11. Patu bispina new species: A. Female epigine, ventral view; B. Cleared vulva, ventral view; C. Ditto, dorsal view; D. Female body, dorsal view;
E. Ditto, lateral view; F. Male chelicerae, frontal view. Scale bars: 0.05 mm for A, B, C and F; 0.1 mm for D and E.
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the presence of a ventral plate, and the epigine with a wide
lobe on posterior margin.

Epigine surface smooth, bears three pairs of long hairs,
with a broad, short lobe. Vulva complex. Fertilization
ducts straight, short and thin, spermathecae widely spaced,
globose, strongly sclerotized. Copulatory ducts long,
coiled, with broad distal ends. Ventral plate rhombic,
smooth, membranous, covered partially fertilization ducts
and end of copulatory ducts (Fig. 11 A-C).

Etymology. – The specific epithet of the new species
derives from Latin bi- = two, spina = spine, in reference
to the presence of two strong spines on ventrally tibia II
of male.
Description. – Holotype male. Total length 0.67. Carapace
0.30 long, 0.30 wide, 0.21 high. Sternum 0.22 long, 0.23
wide. Abdomen 0.44 long, 0.44 wide, 0.55 high. body pale
yellow, without markings. Carapace bears two setae at
the ocular area and thoracic area separately, with smooth
margin. Six eyes in three diads; ALE diameter subequal
to PLE’s, smaller than PME’s. Posterior eye row slightly
recurved. Ocular area distinctly elevated. Clypeus width
equal to three times ALE diameter. Chelicerae slender,
fused at midline pars, shorter than endites, promargin with
a pair of adnate teeth. Labium wider than long (length/
width 0.29). Sternum wider than long (length/width 0.96),
plump, bears tenuous hairs. Legs pale yellow, clothed with
setae and bristles. Tibia II bears two strongly ventral spurs
at distal end. Each tibia with three dorsal trichobothria.
Legs measurement: I 1.31 (0.41, 0.12, 0.32, 0.19, 0.27);
II 1.09 (0.33, 0.12, 0.25, 0.15, 0.24); III 0.87 (0.25, 0.10,
0.18, 0.13, 0.21); IV 1.01 (0.33, 0.11, 0.23, 0.13, 0.21).
Leg formula: I-II-IV-III. Abdomen high (height/length
1.25), sparsely covered with long hairs, globular in dorsal
view, posterior rear extended beyond spinnerets. Book
lung absent. Anterior spinnerets larger than posterior ones,
median spinnerets smallest; colulus absent.

Distribution. – Known only from the type locality (Fig.
13).

Anapistula Gertsch 1941
Anapistula orbisterna new species
(Figs. 12A−F)
Holotype. – Female (IZCAS), Mat Cave (20°21'N, 105°42'E;
Alt: 18 m), Cuc Phuong National Park, Vietnam, coll. S. Li, 22
July 2008.

Diagnosis. – This new species resembles Anapistula secreta
from Panama (Gertsch, 1941), but can be distinguished
by the globose spermathecae, the broad median epiginal
median ducts and the long fertilization ducts.
Etymology. – The specific name derives from Greek orbi- =
orbicular and stern- = sternum, referring to the nearly round
sternum in female.
Description. – Holotype female. Total length 0.66.
Carapace 0.28 long, 0.27 wide, 0.21 high. Sternum 0.21
long, 0.21 wide. Abdomen 0.36 long, 0.32 wide, 0.40
high. Carapace pale yellow, flat, smooth, with paired long
hairs at ocular and thoracic areas respectively, without
pigmental pattern. Four eyes in two diads, subequal in
size, ovoid and white. Anterior margin of clypeus without
short setae. Clypeus width subequal to 2.5 times ALE
diameter. Palp absent. Chelicerae yellow, fused at midline
pars, each with two sharp adnate teeth. Labium wider
than long (length/width 0.45). Sternum length and width
subeuqal (length/width 1.00). Legs clothed with setae and
bristles. Each tibia bears a mesial-dorsal spine and three
proximal trichobothria. Legs measurement: I 1.10 (0.34,
0.12, 0.24, 0.14, 0.26); II 1.02 (0.32, 0.12, 0.22, 0.14, 0.22);
III 0.79 (0.24, 0.10, 0.14, 0.11, 0.20); IV 0.95 (0.29, 0.11,
0.19, 0.12, 0.24). Leg formula: I-II-IV-III. Abdomen pale,
covered with long hairs, globular, slightly longer than wide
(length/width 1.13), relatively high (height/length 1.11),
and posterior rear expanded beyond spinnerets. Anterior
spinnerets slightly larger than posterior ones; median
spinnerets smallest; colulus absent. Book lung absent. Two
pairs of spiracles.

Palp large. Femur, patella and tibia without any process.
Tibia bears four short spines. Thin sclerotized cymbium
with two outspread processes, two long hairs present on
apex of a large process. Palpal bulb large, almost ovate.
Radix haematodocha swollen with rugous membrane.
Tegulum nearly rectangular and distinctly sclerotized.
Embolus long, coiled and strongly sclerotized, intertwisted
with conductor. Proximal conductor and most of embolus
embedded in the radix haematodocha. Terminal apophysis
large, smooth and sclerotized. Embolus arising from
bottom of terminal apophysis (Fig. 9 A-C; 10 A, B).
Female. Total length 0.75. Carapace 0.32 long, 0.31 wide,
0.16 high. Sternum 0.23 long, 0.24 wide. Abdomen 0.45
long, 0.46 wide, 0.58 high. Coloration and modification
of body and legs same as in male. Palp absent. Ocular
area upheaved. Posterior median eye smaller than in male.
Posterior eyes row straight. Clypeus lower than in male.
Legs measurement: I 1.24 (0.39, 0.12, 0.31, 0.17, 0.25);
II 1.05 (0.33, 0.12, 0.23, 0.14, 0.23); III 0.90 (0.26, 0.10,
0.19, 0.13, 0.22); IV 1.01 (0.32, 0.11, 0.22, 0.13, 0.23).
Leg formula: I-II-IV-III. Abdomen covered with long
hairs, globular, slightly longer than wide (length/width
0.98), very high (height/length 1.29) and posterior rear
extending beyond spinnerets. Book lung absent. A pair of
spiracles near epiginal furrow. Colulus absent.

Epigine relatively small, unsclerotized, surface smooth, bears
sparse long hairs. Vulva relatively simple. Spermathecae
widely spaced, globose, distinctly sclerotized. Fertilization
ducts long, thin, derived from ventral spermathecae.
Epiginal median ducts wide, with broad base and cupped
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Fig. 12. Anapistula orbisterna new species: A. Female body, dorsal view; B. Sternum, coax, labium and maxillae, ventral view; C. Female chelicerae,
frontal view; D. Epigine, ventral view; E. Cleared vulva, dorsal view; F. Cleared vulva and tracheal system, ventral view. Scale bars: 0.1 mm for A and
B; 0.05 mm for C, D and F; 0.025 mm for E.
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top. Bilateral branches short, directly connected to the
spermathecae. Ventral plate absent (Fig. 12 D-F).

Bourne, J. D., 1981. Two new armoured spiders of the genus
Paculla Simon, 1887 from Sarawak (Araneae: Pacullidae).
Bulletin of the British Arachnological Society, 5: 217-220.

Male. Unknown.

Brignoli, P. M., 1972a. Some cavernicolous spiders from Mexico
(Araneae), in “Subterranean fauna of Mexico, Part I”.
Quaderna Accademia Nazionale dei Lincei, 171: 129–155.

Distribution. – Known only from the type locality (Fig.
13).

Brignoli, P. M., 1972b. Spinnen aus Nepal, I. Paculla martensi
n. sp. (Arachnida: Araneae: Pacullidae). Senckenbergiana
biologica, 53: 95-100.
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Jie Liu and Shu-Qiang Li (2009) New cave-dwelling coelotine spiders from the Yunnan-Guizhou Plateau,
China (Araneae: Amaurobiidae) Zoological Studies 48(5): 665-681. Three new Coelotes species and 4 new
Draconarius species from caves of the Yunnan-Guizhou Plateau of China are described: C. degeneratus
sp. nov., C. laohuanglongensis sp. nov., C. uncatus sp. nov., D. cochleariformis sp. nov., D. lini sp. nov., D.
parallelus sp. nov., and D. semicircularis sp. nov. Detailed morphological descriptions and illustrations of all 7
species are given. The type specimens are deposited in the Institute of Zoology, Chinese Academy of Sciences
in Beijing. http://zoolstud.sinica.edu.tw/Journals/48.5/665.pdf
Key words: Coelotinae, Taxonomy, Cave-dwelling, New species, Fauna.

C

aves are found world-wide, and are natural
laboratories for the study of evolution, with the
deep-cave environment being characterized by
the absence of light. There is intense competition
between animals because of the absence of
primary producers. This strong selection pressure
may yield some rare species which provide
important information for studies of evolution and
ecology. It has been shown that damage to some
caves may likely cause the extinction of numerous
cave species. Due to the rapid growth of cave
tourism, surveys of Chinese cave spiders are
becoming more and more urgent.
An extensive faunal survey of cave-dwelling
spiders of China over a period of 5 yrs (2003-2008)
was made by members of the Chinese Academy
of Sciences in more than 500 caves. Recent
fieldwork on the Yunnan-Guizhou Plateau yielded
3 new species of the genus Coelotes and 4 new
species of the genus Draconarious which are
described in this paper.
Coelotes and Draconarious are the 2 most
diverse coelotine spider genera. At present, 140

Coelotes species are known worldwide, among
which 44 are recorded from China. Of the 145
Draconarious species known worldwide, 105 are
recorded from China (Platnick 2009).
MATERIALS AND METHODS
Specimens were examined with an Olympus
SZ11 stereomicroscope (Tokyo, Japan); details
were studied with an Olympus BX41 compound
microscope. All illustrations were made using an
Olympus drawing tube. Male palps and female
genitalia were examined and illustrated after being
dissected from the spider bodies.
All measurements were obtained using an
Olympus SZ11 stereomicroscope and are given in
millimeters. All scale lines are 0.2 mm long except
where indicated otherwise. Eye diameters were
taken at the widest point. The total body length
does not include the length of the chelicerae or
spinnerets. Leg measurements are given as:
total length (femur, patella + tibia, metatarsus,

*To whom correspondence and reprint requests should be addressed. Fax: 86-10-64807099. E-mail:lisq@ioz.ac.cn
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tarsus). The terminology used in the text and
figure legends follows Wang (2002): A, atrium;
ALE, anterior lateral eye; AME, anterior median
eye; AME-ALE, distance between AME and ALE;
AME-AME, distance between AME and AME;
ALE-PLE, distance between ALE and PLE; C,
conductor; CDA, conductor dorsal apophysis; CD,
copulatory duct; CF, cymbial furrow; E, embolus;
EB, embolic base; Elev, elevation; ET, epigynal
tooth; FD, fertilization duct; H, epigynal hood; LTA,
lateral tibial apophysis; PA, patellar apophysis;
PLE, posterior lateral eye; PME, posterior median
eye; PME-PLE, distance between PME and PLE;
PME-PME, distance between PME and PME; RH,
relative humidity; RTA, retrolateral tibial apophysis;
S, spermatheca; SH, spermathecal head; ST,
subtegulum; T, tegulum; Temp, temperature; TS,
tegulum sclerite.
All type specimens are deposited in the
Institute of Zoology, Chinese Academy of Sciences,
Beijing. Type specimen photos of the species
included in this paper can be viewed at http://www.
ChineseSpecies.com which was created and is
maintained by Shu-Qiang Li and Xin-Ping Wang (Li
and Wang 2008).
TAXONOMY
Family Amaurobiidae Thorell, 1870
Subfamily Coelotinae F.O. Pickard-Cambridge,
1893
Coelotes Blackwall, 1841
Coelotes degeneratus sp. nov.
(Figs. 1-6, 37)
Holotype male: Yanzi Cave (23°38.220'N,
103°03.200'E; Elev, 1080 m; Temp, 18°C; RH,
90%) (location closest to cave opening about 200 m
from cave entrance), Mawang Village, Miandian
Town, Jianshui County (Co.), Yunnan Province
(Prov.), China, 29 Mar. 2007, Jie Liu and Yucheng
Lin coll.
Paratypes: 1 ♂ , 5 ♀♀, same data as for
holotype.
Etymology : The specific epithet is taken from
the Latin adjective degeneratus and refers to the
degenerated traits as adaptations to the cave
environment in this new species.
Diagnosis: The new species is similar to C.
uncatus sp. nov., but can be distinguished from
it by the following differences: 1, the embolus

originates prolaterally in C. degeneratus sp.
nov., but proximally in C. uncatus sp. nov.; 2, the
spermathecal heads are visible in dorsal view in C.
degeneratus sp. nov., but not visible in C. uncatus
sp. nov.; and 3, the epigynal teeth are broad in C.
degeneratus sp. nov., but slender in C. uncatus
sp. nov. These 2 new species can be easily
distinguished from other Coelotes by the unique
conductor dorsal apophysis, sword-shaped patellar
apophysis, and large, simple, global spermathecae
which are closed together (Figs. 2-5, 11-14).
Male (holotype): Total length 4.11. Prosoma
length 2.10, width 1.74; opisthosoma length 2.10,
width 1.52. Eye measurements: AME 0.06; ALE
0.11; PME 0.10; PLE 0.10; AME-AME 0; AME-ALE
0; ALE-PLE 0; PME-PME 0.05; PME-PLE 0.05.
Eyes pale, AME slightly reduced, tubercles of eyes
not reduced. Clypeus height 0.15. Leg formula:
IV, I, II, III; leg measurements: I: 10.85 (2.55, 3.80,
2.80, 1.70); II: 9.75 (2.40, 3.20, 2.60, 1.55); III:
8.85 (2.30, 2.70, 2.60, 1.25); IV: 11.90 (2.85, 3.65,
3.65, 1.75). Abdomen pale, without a pattern on
dorsum. Chelicerae with 3 promarginal and 2
retromarginal teeth (Fig. 6).
Male palp: Patellar apophysis long, slightly
shorter than tibia, sword-shaped; distal end of
RTA slightly extending beyond tibia; lateral tibial
apophysis distinct but small; cymbial furrow less
than 1/2 of cymbial length; conductor simple, short,
with a sharp distal end, conductor dorsal apophysis
moderately large; median apophysis broad, spoonshaped; embolic base almost square-shaped;
embolus moderately long, originating prolaterally
(Figs. 1-3).
Female: Measurements: Total length 4.51.
Prosoma length 2.01, width 1.60; opisthosoma
length 2.52, width 2.03. Eye measurements:
AME 0.03; ALE 0.07; PME 0.07; PLE 0.07; AMEAME 0.03; AME-ALE 0.03; ALE-PLE 0.03; PMEPME 0.08; PME-PLE 0.08. Eyes white, AME
slightly reduced, tubercles of eyes slightly reduced.
Clypeus height 0.13. Leg formula: IV, I, II, III; leg
measurements: I: 5.70 (1.50, 2.00, 1.25, 0.95);
II: 4.45 (1.25, 1.50, 1.00, 0.70); III: 4.20 (1.25,
1.25, 1.10, 0.60); IV: 6.05 (0.75, 2.00, 1.55, 0.75).
Abdomen pale, without a pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth.
Female genitalia: Epigynal teeth small,
extremely wide and short, situated anteriorly and
laterally, widely separated; atrium small, shallow;
copulatory ducts not visible from dorsal view;
spermathecal heads short, situated anteriorly,
slightly close together; spermathecae simple,
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large, global and closed together (Figs. 4, 5).
Distribution: China (Yunnan) (Fig. 37).
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20 m from cave entrance), Duoge Village, Aziying
Town, Haoming Co., Yunnan Prov., China, 3 Apr.
2007, Jie Liu and Yucheng Lin coll.
Paratypes: 4 ♀♀, same data as for holotype.
Etymology: The specific name is an adjective,
referring to the type locality, Laohuanglong Cave.
Diagnosis: The new species is similar to
Coelotes okinawensis Shimojana, 1989 in having
distinct copulatory openings, long copulatory
ducts, and simple spermathecae which are

Coelotes laohuanglongensis sp. nov.
(Figs. 7-9, 37)
Holotype female: Laohuanglong Cave (25°
25.711'N, 102°55.462'E, Elev, 2383 m; Temp, 12°C;
RH, 98%) (location closest to cave opening about
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Figs. 1, 2. Coelotes degeneratus sp. nov. 1. Left palp, prolateral view. 2. Same, retrolateral view.
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close together, but it can be distinguished from
C. okinawensis by its distinct epigynal hood,
the location of the epigynal teeth and the spiral
copulatory ducts (Figs. 7, 8).
F e m a l e ( h o l o t y p e ) : To t a l l e n g t h 8 . 2 5 .
Prosoma length 3.75, width 2.60; opisthosoma

length 4.50, width 2.75. Eye measurements: AME
0.11; ALE 0.18; PME 0.15; PLE 0.18; AME-AME 0;
AME-ALE 0.04; ALE-PLE 0; PME-PME 0.13; PMEPLE 0.10. Clypeus height 0.18. Leg formula: IV, I,
II, III; leg measurements: I: 10.90 (3.00, 3.75, 2.50,
1.65); II: 9.80 (2.80, 3.25, 2.25, 1.50); III: 9.40 (2.50,
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Figs. 3-6. Coelotes degeneratus sp. nov. 3. Left palp, ventral view. 4. Epigynum, ventral view. 5. Vulva, dorsal view. 6. Male
cheliceral teeth, ventral view.
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2.85, 2.45, 1.60); IV: 12.60 (3.10, 4.00, 3.60, 1.90).
Abdomen pale, without a pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth (Fig. 9).
Female genitalia: Epigynal teeth small,
situated medially close to lateral atrial margin and
widely separated; epigynal hoods distinct, situated
posteriorly; atrium small, with a broad septum,
atrium extending into epigynum, forming 2 small,
round copulatory duct openings; copulatory ducts
long and spiral, forming 3 or 4 loops, originating
medially; spermathecal heads small, situated
anteriorly, widely separated; spermathecae simple
and close together (Figs. 7, 8).
Male: Unknown.
Distribution: China (Yunnan) (Fig. 37).
Coelotes uncatus sp. nov.
(Figs. 10-15, 37)
Holotype male: Laobie Cave (24°50.511'N,
104°16.066'E; Elev, 1840 m; Temp, 10°C; RH,
90%) (location closest to cave opening about 5 m
from cave entrance), Pingtian Village, Luoxiong
Town, Luoping Co., Yunnan Prov., China, 20 May
2007, Jie Liu and Yucheng Lin coll.
Paratypes: 8 ♀♀, same data as for holotype.
Etymology : The specific epithet is taken from
the Latin adjective uncatus and refers to the hookshaped conductor dorsal apophysis of this species.
Diagnosis: See the diagnosis under C.
degeneratus sp. nov.
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Male (holotype): Total length 3.30. Prosoma
length 1.65, width 1.40; opisthosoma length 1.65,
width 1.25. Eye measurements: AME 0.05; ALE
0.13; PME 0.13; PLE 0.13; AME-AME 0; AMEALE 0; ALE-PLE 0; PME-PME 0.03; PME-PLE
0. Clypeus height 0.08. Leg formula: IV, I, II,
III; leg measurements: I: 7.35 (1.90, 2.45, 1.80,
1.20); II: 6.20 (1.65, 2.00, 1.50, 1.05); III: 5.45
(1.50, 1.50, 1.50, 0.95); IV: 7.80 (2.00, 2.50, 2.15,
1.15). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth (Fig. 15).
Male palp: Patellar apophysis long, almost
extending to embolic base in retrolateral view,
sword-shaped; distal end of RTA slightly extending
beyond tibia; lateral tibial apophysis large; cymbial
furrow more than 1/2 cymbial length; conductor
simple, with a sharp distal end, dorsal apophysis
moderately large, hook-shaped in retrolateral view;
median apophysis broad, spoon-shaped; embolic
base almost rectangular; embolus long, originating
proximally (Figs. 10-12).
Female: Total length 3.60. Prosoma length
1.45, width 1.25; opisthosoma length 2.15,
width 1.65. Eye measurements: AME 0.05; ALE
0.13; PME 0.10; PLE 0.10; AME-AME 0; AMEALE 0; ALE-PLE 0; PME-PME 0.05; PME-PLE
0. Clypeus height 0.08. Leg formula: IV, I, II,
III; leg measurements: I: 5.40 (1.50, 1.95, 1.00,
0.95); II: 4.95 (1.35, 1.60, 1.15, 0.85); III: 4.35
(1.25, 1.35, 1.05, 0.70); IV: 5.80 (1.55, 1.85, 1.60,
0.80). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
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Figs. 7-9. Coelotes laohuanglongensis sp. nov. 7. Epigynum, ventral view. 8. Vulva, dorsal view. 9. Female cheliceral teeth, ventral view.
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Draconarius Ovtchinnikov, 1999

teeth.
Female genitalia: Epigynal teeth small, with
a sharp end, situated medially and laterally, widely
separated; atrium small, shallow; copulatory ducts
not visible in dorsal view; spermathecal heads not
visible in dorsal view; spermathecae simple, large,
global and close together (Figs. 13, 14).
Distribution: China (Yunnan) (Fig. 37).

Draconarius cochleariformis sp. nov.
(Figs. 16-21, 37)
Holotype male: Majia Cave (26°49.611'N,
105°19.874'E; Elev, 1465 m; Temp, 19°C; RH,
92%) (location closest to cave opening about 1 m
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Figs. 10, 11. Coelotes uncatus sp. nov. 10. Left palp, prolateral view. 11. Same, retrolateral view.
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from cave entrance), Dapo Village, Zhaile Town,
Nayong Co., Guizhou Prov., China, 6 Apr. 2007,
Jie Liu and Yucheng Lin coll.
Paratypes: 2 ♂♂ and 4 ♀♀, same data as
for holotype; 5 ♀♀, Daxiao Cave (27°05.549'N,
105°33.306'E; Elev, 1186 m; Temp, 15°C; RH,

671

88%) (1st specimen location about 1 m from cave
entrance), Shiqiang Village, Xiaotun Town, Dafang
Co., Guizhou Prov., China, 4 May 2007, Jie Liu
and Yucheng Lin coll.; 2 ♀♀, Luoshui Cave (27°
08.403'N, 105°35.829'E; Elev, 1565 m; Temp, 11°C;
RH, 90%) (1st specimen location about 1 m from
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Figs. 12-15. Coelotes uncatus sp. nov. 12. Left palp, ventral view. 13. Epigynum, ventral view. 14. Vulva, dorsal view. 15. Male
cheliceral teeth, ventral view.
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cave entrance), Chengguan Town, Dafang Co.,
Guizhou Prov., China, 4 May 2007, Jie Liu and
Yucheng Lin coll.; 4 ♀♀, Qingwa Cave (26°
50.309'N, 105°30.325'E; Elev, 1420 m; Temp, 10°C;
RH, 90%) (1st specimen location < 1 m from
cave entrance), Chengguan Town, Nayong Co.,
Guizhou Prov., China, 27 Apr. 2007, Jie Liu and
Yucheng Lin coll.; 2 ♂♂ and 1 ♀, Bailong Cave
(26°50.166'N, 105°31.222'E; Elev, 1468 m; Temp,
12°C; RH, 90%) (1st specimen location < 1 m
from cave entrance), Laowaba Town, Nayong

Co., Guizhou Prov., China, 27 Apr. 2007, Jie
Liu and Yucheng Lin coll.; 1 ♂ , Gao Cave (27°
35.042'N, 106°14.119'E; Elev, 1123 m; Temp, 19°C;
RH, 94%) (specimen location < 1 m from cave
entrance), Lianming Village, Yankong Town, Jinsha
Co., Guizhou Prov., China, 6 May 2007, Jie Liu
and Yucheng Lin coll.
Etymology : The species epithet is derived
from the Latin cochleariformis, meaning spoonshaped, and refers to the shape of the distal
conductor in ventral view.
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Figs. 16, 17. Draconarius cochleariformis sp. nov. 16. Left palp, prolateral view. 17. Same, retrolateral view.
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Diagnosis: The male of this new species can
be distinguished from other Draconarius species
by the unique spoon-shaped distal conductor.
The female is similar to D. lini sp. nov. in having a
posteriorly situated atrium and widely separated
spermathecal bases, but can be distinguished from
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the latter by the anteriorly situated epigynal teeth,
the relatively large copulatory ducts, and the large
spermathecal heads (Figs. 17-20, 25, 26).
Male (holotype): Total length 8.65. Prosoma
length 4.65, width 3.35; opisthosoma length 4.05,
width 2.50. Eye measurements: AME 0.28; ALE
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Figs. 18-21. Draconarius cochleariformis sp. nov. 18. Left palp, ventral view. 19. Epigynum, ventral view. 20. Vulva, dorsal view. 21.
Male cheliceral teeth, ventral view.
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0.20; PME 0.30; PLE 0.25; AME-AME 0.025; AMEALE 0.025; ALE-PLE 0; PME-PME 0.10; PME-PLE
0.10. Clypeus height 0.08. Leg formula: IV, I, II,
III; leg measurements: I: 16.70 (4. 25, 5.70, 4.50,
2.25); II: 15.20 (4.00, 5.10, 4.05, 2.05); III: 14.15
(3.75, 4.50, 4.05, 1.85); IV: 17.95 (4.50, 5.80, 5.30,
2.35). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth (Fig. 21).
Male palp: Patellar apophysis relatively long
(its length subequal to patellar width in retrolateral
view), wide, and blunt; distal end of RTA not
extending beyond tibia; lateral tibial apophysis
large, situated close together with RTA; cymbial
furrow about 1/2 cymbial length; conductor long,
with a tube-shaped and spoon-shaped apex in
ventral view; conductor dorsal apophysis large;
median apophysis long, narrow, spoon-shaped,
with a distinct apophysis at its base in retrolateral
view; embolus filiform, moderately long, originating
prolaterally (Figs. 16-18).
Female: Total length 9.75. Prosoma length
4.25, width 3.25; opisthosoma length 5.5, width
3.75. Eye measurements: AME 0.25; ALE 0.25;
PME 0.30; PLE 0.30; AME-AME 0.03; AME-ALE
0.05; ALE-PLE 0; PME-PME 0.13; PME-PLE
0.13. Clypeus height 0.08. Leg formula: IV, I, II,
III; leg measurements: I: 13.75 (3.50, 4.85, 3.50,
1.90); II: 12.60 (3.50, 4.20, 3.10, 1.80); III: 11.75
(3.25, 4.00, 2.85, 1.65); IV: 15.35 (4.00, 5.25, 4.25,
1.85). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth.
Female genitalia: Epigynal teeth small,
situated anteriorly and laterally, widely separated;
atrium small; copulatory ducts moderately
long, originating posteriorly and looping around
spermathecae; spermathecal heads large, situated
anteriorly, almost close together; spermathecal
bases broad, widely separated; spermathecal
stalks broad, anteriorly extending and converging,
close together anteriorly (Figs. 19, 20).
Distribution: China (Guizhou) (Fig. 37).
Draconarius lini sp. nov.
(Figs. 22-27, 37)
Holotype male: Xiaogou Cave (25°03.447'N,
103°22.739'E; Elev, 1667 m; Temp, 12°C; RH,
90%) (1st specimen location < 1 m from cave
entrance), Maitianhe Village, Jiuxiang Town,
Yiliang Co., Yunnan Prov., China, 7 Apr. 2007, Jie
Liu and Yucheng Lin coll.

Paratypes: 4 ♂♂ and 7 ♀♀, same data as
for holotype; 5 ♂♂ and 5 ♀♀, Xiaomoyu Cave
(25°05.396'N, 102°35.697'E; Elev, 2160 m) (1st
specimen location < 1 m from cave entrance),
Tuanjie Town, Kunming City, Yunnan Prov., China,
1 Apr. 2007, Jie Liu and Yucheng Lin coll.; 1 ♂ ,
Liujia Cave (27°12.977'N, 105°16.264'E; Elev,
1520 m; Temp, 14°C; RH, 93%) (specimen location
< 1 m from cave entrance), Hetao Village, Yachi
Town, Bijie City, Guizhou Prov., China, 1 May
2007, Jie Liu and Yucheng Lin coll.
Etymology : The species epithet is dedicated
to Mr. Yucheng Lin for his kind help with cave
collection; noun (family name) in apposition.
Diagnosis: According to the medially situated
spermathecal heads and the short copulatory ducts
that are situated mesad of the spermathecae,
this new species should belong to the venustus
group (Wang 2003). This new species is similar to
D. wudangensis (Chen and Zhao 1997), but can
be distinguished from it by the widely separated
anterior spermathecae, small, laterally extending,
looping copulatory ducts in the female, and by the
broad patellar apophysis, the long RTA (> 1/2 tibial
length), the large lateral tibial apophysis, and the
different conductor (Figs. 23-26).
Male (holotype): Total length 8.80. Prosoma
length 4.15, width 3.35; opisthosoma length 4.65,
width 3.15. Eye measurements: AME 0.25; ALE
0.20; PME 0.28; PLE 0.25; AME-AME 0.05; AMEALE 0.03; ALE-PLE 0; PME-PME 0.10; PME-PLE
0.11. Clypeus height 0.15. Leg formula: IV, I, II,
III; leg measurements: I: 18.10 (4.60, 6.25, 4.75,
2.50); II: 16.25 (4.25, 5.65, 4.10, 2.25); III: 14.50
(4.00, 4.50, 4.25, 1.75); IV: 18.85 (4.85, 6.00, 5.65,
2.35). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth (Fig. 27).
Male palp: Patellar apophysis long, wide
(its length slightly more than 1/2 patellar width in
retrolateral view, width of its base subequal to its
length), and blunt apex; distal end of RTA slightly
extending beyond tibia, more than 1/2 tibial length;
lateral tibial apophysis large (about 1/3 of RTA in
lateral view), and situated close to RTA; cymbial
furrow about 1/2 cymbial length; conductor short,
with large basal lamella; dorsal apophysis present;
median apophysis spoon-like, elongated; embolus
filiform, long, originating prolaterally (Figs. 22-24).
Female: Total length 10.75. Prosoma length
4.35, width 3.35; opisthosoma length 6.40, width
4.25. Eye measurements: AME 0.28; ALE 0.20;
PME 0.28; PLE 0.20; AME-AME 0.05; AME-ALE
0.08; ALE-PLE 0; PME-PME 0.13; PME-PLE
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0.15. Clypeus height 0.20. Leg formula: IV, I, II,
III; leg measurements: I: 14.35 (4.00, 5.25, 3.70,
1.40); II: 13.45 (3.75, 4.50, 3.40, 1.80); III: 11.80
(3.25, 3.75, 3.20, 1.60); IV: 16.25 (4.25, 5.50, 4.50,
2.00). Abdomen with chevron pattern on dorsum.
Chelicerae with 3 promarginal and 2 retromarginal
teeth.
Female genitalia: Epigynal teeth small,
with sharp distal end, widely separated; atrium
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small, situated posteriorly near epigastric furrow;
copulatory ducts small, originating posteriorly;
spermathecal heads short, situated anteriorly;
spermathecal bases widely separated, broad;
spermathecal stalks broad, anteriorly extending
and converging (Figs. 25, 26).
Distribution: China (Yunnan, Guizhou) (Fig.
37).
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Figs. 22, 23. Draconarius lini sp. nov. 22. Left palp, prolateral view. 23. Same, retrolateral view.
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Draconarius parallelus sp. nov.

RH, 92%) (1st specimen location about 30 m from
cave entrance), Jiaojiehe Village, Dewang Town,
Jiangkou Co., Guizhou Prov., China, 17 May 2007,
Jie Liu and Yucheng Lin coll.
Paratypes: 3 juveniles, same data as for

(Figs. 28-30, 37)
Holotype female: Xiangshui Cave (27°
45.076'N, 108°35.218'E; Elev, 578 m; Temp, 16°C;
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Figs. 24-27. Draconarius lini sp. nov. 24. Left palp, ventral view. 25. Epigynum, ventral view. 26. Vulva, dorsal view. 27. Male
cheliceral teeth, ventral view.
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Draconarius semicircularis sp. nov.

holotype.
Etymology : The species epithet is derived
from the Latin parallelus, meaning parallel,
and refers to the copulatory line paralleling the
posterior margin of the atrium.
Diagnosis: This new species is similar to D.
semicircularis sp. nov. in having simple and widely
separated spermathecae, but can be distinguished
from the latter by the short, mesially extended
spermathecal heads and the absence of triangular
copulatory ducts (Figs. 28, 29).
F e m a l e ( h o l o t y p e ) : To t a l l e n g t h 7 . 7 5 .
Prosoma length 3.25, width 2.25; opisthosoma
length 4.50, width 2.90. Eye measurements: AME
0; ALE 0.11; PME 0.11; PLE 0.11; AME-AME 0.08;
AME-ALE 0.11; ALE-PLE 0.04; PME-PME 0.18;
PME-PLE 0.08. Eyes white, AME not evident,
tubercles of other 6 eyes reduced. Clypeus height
0.23. Leg formula: IV, I, II, III; leg measurements:
I: 11.75 (3.15, 4.10, 2.65, 1.85); II: 11.10 (3.00,
3.50, 2.75, 1.85); III: 10.20 (2.70, 3.00, 2.85, 1.65);
IV: 14.20 (3.60, 4.40, 4.10, 2.10). Abdomen pale,
with small pattern on dorsum. Chelicerae with 3
promarginal and 2 retromarginal teeth (Fig. 30).
Female genitalia: Epigynal teeth small,
with sharp end distally, widely separated, slightly
anteriorly close to epigastric furrow; epigynal hoods
indistinct; atrium small, occupying < 1/4 epigynum,
situated posteriorly close to epigastric furrow;
copulatory ducts moderately large, originating
posteriorly; spermathecal heads short, situated
anteriorly and extending mesially; spermathecae
simple, widely separated (Figs. 28, 29).
Distribution: China (Guizhou) (Fig. 37).

(Figs. 31-37)
Holotype male: Dayu Cave (26°28.384'N,
106°25.542'E; Elev, 1270 m; Temp, 16°C; RH,
92%) (1st specimen location about 10 m from cave
entrance), Jiangjunwan Village, Hongfeng Lake
Scenic Spot, Qingzhen City, Guizhou Prov., China,
21 Apr. 2007, Jie Liu and Yucheng Lin coll.
Paratypes : 12 ♀♀, same data as for
holotype; 20 ♀♀, Guanyin Cave (26°28.184'N,
106°25.527'E; Elev, 1253 m; Temp, 15°C; RH,
90%) (1st specimen location about 10 m from cave
entrance), Jiangjunwan Village, Hongfenghu Lake,
Qingzhen City, Guizhou Prov., China, 21 Apr. 2007,
Jie Liu and Yucheng Lin coll.
Etymology : The species epithet is derived
from the Latin semicircularis, meaning semicircular,
and refers to the semicircular shape of the
conductor in ventral view.
Diagnosis: This new species can be distinguished from other Draconarius species by the
uniquely long and semicircular conductor, the
absence of a lateral tibial apophysis in the male, by
the long reduced slit-shaped atrium, thin and long
spermathecal heads, and 2 triangular copulatory
ducts in the female (Figs. 32-35).
Male (holotype): Total length 6.00. Prosoma
length 3.00, width 2.00; opisthosoma length 3.00,
width 1.85. Eye measurements: AME 0.05; ALE
0.10; PME 0.10; PLE 0.10; AME-AME 0.03; AMEALE 0.09; ALE-PLE 0.04; PME-PME 0.13; PMEPLE 0.14. Eyes white, AME strongly reduced, the
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Figs. 28-30. Draconarius parallelus sp. nov. 28. Epigynum, ventral view. 29. Vulva, dorsal view. 30. Female cheliceral teeth, ventral
view.
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tubercles of other 6 eyes reduced. Clypeus height
0.25. Leg formula: IV, I, II, III; leg measurements:
I: 13.45 (3.50, 4.40, 3.40, 2.15); II: 12.30 (3.25,
3.95, 3.10, 2.00); III: 11.65 (3.05, 3.50, 3.25, 1.85);
IV: 15.40 (3.90, 4.75, 4.50, 2.25). Abdomen pale,
without a pattern on dorsum. Chelicerae with 3
promarginal and 2 retromarginal teeth (Fig. 36).
Male palp: Patellar apophysis relatively
short (its length < 1/2 patellar width in retrolateral
view), and blunt distally; distal end of RTA slightly
extending beyond tibia, longer than 1/2 tibial
length; lateral tibial apophysis absent; cymbial

furrow about 1/3 cymbial length; conductor long,
distal end extending over and covering median
apophysis, semicircular in ventral view; dorsal
apophysis present, with a sharp distal end; median
apophysis spoon-like, elongated; embolus filiform,
long, originating prolaterally (Figs. 31-33).
Female: Total length 8.40. Prosoma length
3.65, width 2.50; opisthosoma length 4.75, width
3.25. Eye measurements: AME 0.06; ALE 0.09;
PME 0.11; PLE 0.14; AME-AME 0.01; AME-ALE
0.05; ALE-PLE 0.03; PME-PME 0.09; PME-PLE
0.10. Eyes white, AME strongly reduced, tubercles
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Figs. 31, 32. Draconarius semicircularis sp. nov. 31. Left palp, prolateral view. 32. Same, retrolateral view.
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of other 6 eyes reduced. Clypeus height 0.13. Leg
formula: IV, I, II, III; leg measurements: I: 13.55
(3.65, 4.60, 3.20, 2.10); II: 12.45 (3.45, 4.00, 3.00,
2.00); III: 11.95 (3.20, 3.70, 3.25, 1.80); IV: 15.80
(4.00, 5.00, 4.65, 2.15). Abdomen pale, without
pattern on dorsum. Chelicerae with 3 promarginal

679

and 2 retromarginal teeth (Fig. 36).
Female genitalia: Epigynal teeth small, with
sharp distal end, widely separated, mesially close
to epigastric furrow; epigynal hoods distinct,
situated laterally and slightly anteriorly close to
epigastric furrow; atrium reduced to a long slit,
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Figs. 33-36. Draconarius semicircularis sp. nov. 33. Left palp, ventral view. 34. Epigynum, ventral view. 35. Vulva, dorsal view. 36.
Male cheliceral teeth, ventral view.
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situated posteriorly close to epigastric furrow;
copulatory ducts large, like 2 triangles, originating
posteriorly; spermathecal heads long, most parts
covered by copulatory ducts, situated anteriorly
on spermathecae and extending oppositely;
spermathecae simple, widely separated (Figs. 34,
35).
Distribution: China (Guizhou) (Fig. 37).
DISCUSSION
Based on classifications by Vandel (1965)
and Howarth (1983), cave fauna (cavernicoles)
include 1) troglobites, which are obligate cave
species strictly adapted to subterranean habitats
and unable to survive outside them; 2) troglophiles,
which are facultative cavernicoles that commonly
live and reproduce in caves, but are not totally
confined to them; 3) trogloxenes, or occasional
cavernicoles that regularly inhabit caves, but need

100°

105°

to return to the surface for part of their lifecycle
(e.g., to feed or breed); and 4) accidentals, or
surface animals that wander, fall or are washed
into caves, but can not survive there over the long
term.
Coelotine spiders are among the dominant
spider species in most caves in China, but only
some of them are troglobitic and have reduced or
absent eyes and reduced pigmentation. At present,
6 coelotine spiders collected from the YunnanGuizhou Plateau are known to be true troglobites,
including D. yosiianus (Nishikawa 1999), D.
auriformis Xu and Li, 2007; D. brachialis Xu and
Li, 2007; D. tongi Xu and Li, 2007; D. ovillus Xu
and Li, 2007; D. spirallus Xu and Li, 2007 (Xu
and Li 2007), as well as C. degeneratus sp. nov.,
D. parallelus sp. nov., and D. semicircularis sp.
nov. Given the small sizes of the populations of
troglobitic spiders, the relatively isolated habitats,
and the difficulty in observing the ethology of these
species, little is known of their ecology, preferred

110°

115°

30°

25°

D. cochleariformis sp. nov.
D. lini sp. nov

C. degeneratus sp. nov.

D. parallelus sp. nov.

C. laohuanglongensis sp. nov.

D. semicircularis sp. nov.

C. uncatus sp. nov.

Fig. 37. Collection localities of 7 new coelotine spiders.
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habitats, breeding, and ontogeny.
The Yunnan-Guizhou Plateau is located in
the center of the East-Asian Karst area, one of
the 3 largest karst areas in the world, where the
karst topography has developed most completely
and typically. Many caves, underground rivers,
stone roots, stalagmites, and other odd topography
formations are found in this area, but the study on
cave biota is still limited. However, the study on
cave biota is particularly important because of the
development pressures which these caves face.
More surveys should be carried out before these
caves are destroyed. It is expected that more
troglobitic coelotine spiders will be found in the
near future.
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FLEXIBLE OMNIVORY IN DIKEROGAMMARUS VILLOSUS (SOWINSKY,
1894) (AMPHIPODA) — AMPHIPOD PILOT SPECIES PROJECT (AMPIS)
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ABSTRACT
Feeding in Dikerogammarus villosus (Sowinsky, 1894) males was observed in the field and
recorded on video in the laboratory. The following feeding modes were recognized: detritus feeding,
grazing, particle feeding, coprophagy, predation on benthic and free swimming invertebrates,
predation on fish eggs and larvae, as well as feeding on byssus threads of the zebra mussel, Dreissena
polymorpha (Pallas, 1771). The feeding methods are described and illustrated with screenshots
of video recordings. The very flexible feeding modes of D. villosus, which make diet switches
possible, form a trait that must be an important factor in the invasion success of this Ponto-Caspian
gammaridean species, and may thus explain for a great deal its high ecosystem impact.

RÉSUMÉ
L’alimentation des mâles de Dikerogammarus villosus (Sowinsky, 1894) a été observée dans la
nature et enregistrée par vidéo au laboratoire. Les différents modes d’alimentation suivants ont été
reconnus: détritivore, broutage, particulaire, coprophage, prédation sur des invertébrés benthiques et
nageurs, prédation d’œufs et de larves de poissons, et aussi alimentation sur les amas de la moule
rayée Dreissena polymorpha (Pallas, 1771).
Les méthodes d’alimentation sont décrites et illustrées avec des photos provenant d’enregistrements vidéos. Le mode d’alimentation très flexible de D. villosus, qui permet des changements de
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régime, est un trait qui est peut-être un facteur important dans le succès d’invasion de cette espèce de
gammaridé Ponto-Caspien et qui peut expliquer en grande partie son fort impact sur l’écosystème.

INTRODUCTION

Gammaridean amphipods have long been considered purely as shredders of
organic material. In a growing number of publications, however, the role of these
amphipods in food-webs is put in a different perspective by Gledhill et al. (1993)
and Monakov (2003, and literature therein). In Irish river systems, 95% of the
macroinvertebrate biomass can consist of Gammarus p. pulex (Linnaeus, 1758), an
invasive alien species in Ireland (MacNeil et al., 2000). Assuming that the absence
of other macroinvertebrates in these rivers is the result of interaction with this
species, then a predatory role of this species becomes rational. Intraguild predation
has been recognized as a common phenomenon in gammarideans (Dick et al.,
1993).
Stable isotope data of Dikerogammarus villosus (Sowinsky, 1894) from the
river Rhine indicated that this invasive Ponto-Caspian gammaridean clustered
with zoobenthivorous fish in contrast to Gammarus tigrinus Sexton, 1939, which
species occurred on a lower trophic level (Marguillier, 1998; Marguillier et al.,
1998; Van der Velde et al., 2000; Van Riel et al., 2006b). The appearance of
D. villosus in the river Rhine coincided with the decrease of the North American
gammaridean, G. tigrinus as well as of other macroinvertebrates, in particular on
the stones of groynes and river banks (Van der Velde et al., 2000, 2002; Van
Riel et al., 2006a, b). In a Rhine-fed lake in the Netherlands, the IJsselmeer,
the appearance of D. villosus coincided with the total disappearance of the
native G. duebenii Lilljeborg, 1852 from the stony banks, its only habitat in the
lake, whereas G. tigrinus disappeared also from these stones but maintained its
population in deeper water in the sediment, and in zebra mussel beds (Platvoet,
2007). Predation on a wide range of other invertebrates was first demonstrated
by laboratory experiments (Dick et al., 2002), in which Dikerogammarus villosus
proved to be a formidable predator, preying even on predaceous, hard skinned
insects such as water bugs and damselfly larvae. However, in the absence of prey,
this species is easily able to switch to particle feeding (Platvoet et al., 2006). Being
a food generalist is an important characteristic for an invading species (Van der
Velde et al., 2000). To determine how flexible D. villosus is with respect to feeding,
we studied its feeding-related activities.
We also discuss the position of this species, and of gammaridean species in
general, in the classification of species as belonging to various feeding guilds or
categories.
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MATERIAL AND METHODS

In May 2001, male specimens of Dikerogammarus villosus were collected
from Lake Gouwzee, a Rhine-fed, slightly brackish lake that is part of the
Markermeer/IJsselmeer complex. The specimens were immediately transferred to
the laboratory and stored in a large tank with site water at site temperature (16◦ C).
Four male specimens of D. villosus were involved in the observations (body
length 21-22 mm). In gammaridean amphipods with a pre-copula stage, males are
much larger than females. Therefore, males are far more active food collectors than
females.
Recording on video was done with a JVC digital video camcorder GR-DVL100
on mini DV at the highest resolution. Two types of cuvettes were used: the first
experiments were performed with two bolted-together plexi-glass plates separated
by a plastic hose bent in U-shape, leaving a 9 mm space between the plates with
25 ml of source water, and later a cuvette was developed consisting of a U-shaped
plexi-glass plate of 10 by 10 cm of 9 mm thickness lined with two 2 mm thick
glass plates of 10 × 10 cm, with 16 ml of source water. Both cuvettes were aerated
with a syringe needle connected to a hose and an air pump. Water temperature in
the cuvettes was maintained at 19◦ C during the experiments, the temperture of the
climate room.
The males were individually filmed in a total of 20 recording sessions of one
hour each. In four one-hour experiments, a mix of several food items was offered
to give D. villosus a choice. Most invertebrates offered were collected from a
small inland water body where D. villosus is absent, the Oosterpoel bordering the
Gouwzee, with equal salinity and temperature as the lake. Water fleas (Daphnia
sp.) were obtained from an aquarium shop. A pondweed (Potamogeton pectinatus
L.) was collected from Lake Gouwzee.
In some experiments, the animals were given an abundant supply of vegetation
or invertebrate specimens, in others only a single prey. Generally, potential prey or
plants were already present in the cuvette for 15 minutes, before a male D. villosus
was added. The males of D. villosus were not starved before the experiments.
Coarse sand and gravel served as a substrate in most recordings. Observations
were purely qualitative.

RESULTS

In all experiments a response to the food provided was recorded. It became clear
that the abundance of food led to a continuous feeding activity, only interrupted by
regular cleaning sessions at intervals of, on average, ten minutes. These cleaning
sessions are described below in the particle feeding section.
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During detritus feeding, grazing, and some forms of predation the individuals
actively browsed the substrate, while during predation of free-swimming animals
attacks were made from a steady position, like from an ambush (sit and wait
strategy).
We identified the following feeding-related activities:
1. detritus feeding
2. coprophagy
3. grazing
4. particle feeding
5. predation of free-swimming animals
6. predation on benthic animals
7. predation on fish eggs
8. feeding on byssus threads of zebra mussels
1. Detritus feeding
In four experiments, four different males were given a choice of decaying and
non-decaying parts (ratio 50/50) of pondweed (Potamogeton pectinatus). Only
feeding on decaying parts was observed, and the non-decaying parts were ignored.
The first contact with the plant material was made by the first antennae carefully
touching it. In a quick response, the second antennae pulled the food towards
the outstretched first and second gnathopods. With additional support from the
antennae, the food was brought in line with the mouthparts. Finally, the incisors of
the mandibles cut off parts that were then moved to the molars for grinding. Fluids
and particles were directed towards the oesophagus through a combined action of
the inner rami of the maxilliped, the first maxillae, and of both rami of the second
maxillae. The feathered setae that line these parts assisted in maintaining a directed
flow.
2. Coprophagy
The process of re-digestion of faeces in D. villosus started with bringing the
urosome towards the mouthparts (fig. 1A–D). The third uropods were always in
a horizontal position, ventral side up. The faeces were forced from the rectum in
a quick action, lasting between two and four seconds, and then received by either
the mouthparts directly or by the third uropods, after which the gnathopods led the
faeces to the mouthparts. The inside setae of the inner rami of the third uropods
are lined with long, feathered setae, forming a network. The mouthparts apparently
manipulated the faeces in such a way that digestible and indigestible fractions were
separated, resulting in a cloud of rejected material. The whole process took about
30 seconds at 19◦ C. Coprophagy has been observed at least once in all experiments,
in four experiments twice.
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Fig. 1. Coprophagy by Dikerogammarus villosus (Sowinsky, 1894): A, the urosome is moved
towards the cephalon; B, the faeces are forced from the rectum and received by the third uropods;
C, the gnathopods bring the faeces to the mouthparts; D, the mouthparts check the faeces, which are
partly taken in and partly rejected (white arrows indicate position of faeces).

3. Grazing
In two experiments, amphipods were found grazing the surface of the gravel.
Such gravel may be colonized by bacteria, algae, and protozoans forming a biofilm.
These small gravel stones (diameter 2-5 mm) were first lifted from the substrate by
the second antennae, taken over by the gnathopods and subsequently manipulated
by the mouthparts (fig. 2). To optimize the grazing process, the gravel stone was
turned around. Per gravel particle, the grazing action lasted 11 seconds on average
(S.D. 6.5 sec.; n = 18). On one occasion, the second antennae served as a safety net
for a gravel stone that prematurely fell from the gnathopods and was immediately
caught and returned to the gnathopods, after which grazing continued.
4. Particle Feeding
Particle feeding, i.e., feeding on suspended organic matter including microscopic organisms, was observed throughout all sessions. In a separate study it was
found that specimens of D. villosus removed the microscopic unicellular green
alga, Monoraphidium griffithi (Berkeley) Komárkova-Legnerová offered in containers. Large quantities of these algae were found in the guts of D. villosus (cf.
Platvoet et al., 2006).
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Fig. 2. A gravel particle is turned around by the gnathopods and simultaneously checked for food by
the mouthparts of Dikerogammarus villosus (Sowinsky, 1894).

The highly setose flagellae of the second antennae (distal whip-like parts) were
regularly brought into contact with the mouthparts in a beating action, after which
a raised activity of these mouthparts could be observed.
All feeding sessions were followed by a grooming session, where the body
and especially the pleopods, the gnathopods, and both pairs of antennae were
cleaned of particles by the carpal setation of the gnathopods and by the maxilliped.
Also here, the grooming actions were always followed by a raised activity of the
mouthparts. The body of D. villosus is covered with high numbers of micro-scales
(tens of thousands per mm2 ). Between these scales micro-algae, bacteria, and
other organisms can accumulate. The regularly observed cleaning action by the
gnathopods of the body segments, followed by a raised activity of the mouthparts,
provided the amphipods with a continuous supply of micro-organisms, probably a
welcome addition to their diet.
Predation, general
Several forms of predation were observed: (a) predation on benthic animals;
(b) predation on free-swimming organisms; (c) predation on fish eggs; (d) feeding
on byssus threads of Dreissena polymorpha.
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5. Predation on free-swimming animals
Two free-swimming species were found to be preyed on by D. villosus: Sigara
sp. (Insecta, Heteroptera) and Daphnia sp., each in two one-hour experiments
per species. Both of the two specimens offered of Sigara, fast-swimming water
bugs, were captured when they were getting too close to the second antennae of
D. villosus. They were pulled in by the second antennae and eating started instantly.
In the first one-hour session a Sigara specimen was captured at its posterior end
and brought towards the mouthparts of D. villosus. A sudden strong rejection of
the prey could be observed, possibly the result of a chemical released by Sigara.
Later the specimen was captured again and partly eaten.
In two experiments (with 20 specimens of Daphnia sp. per one-hour experiment), predation on Daphnia sp. was recorded. During the first experiment, eleven
specimens of Daphnia were consumed in the first thirty minutes. After one hour,
only three water fleas were left. In the second one-hour experiment, with a different
male D. villosus, a total of twelve water fleas was eaten within one hour.
The free-swimming water fleas were captured through a high-speed motion of
both antennae. In all cases, when the water fleas touched or came too close to
the first antennae, an extremely rapid response of the antennae of D. villosus was
induced. During the video recording with a frame speed of 20 frames/second it
took four frames (fig. 3A–D) from the first movement of the second antenna till
securing the prey with the gnathopods. Thus, at 19◦ C this action was taking only a
fraction of a second.
After the first contact of one or both of the second antennae the prey was forced
into a space between the outreaching gnathopods, a space lined with the long,
ornamented setae of the inner ventral edge of the propodal articles of both pairs of
gnathopods. These setae form a receptive ‘basket’ for small prey like water fleas.
It was very clear that the dactyls play no role in the initial capturing action. Only
after the prey was secured in the ‘basket’, the subchelae of the gnathopods were
used to bring the prey towards the mouthparts.
On twelve occasions, Daphnia specimens escaped the first attack, after which
a frantic search action of the second antennae followed, in seven cases leading to
capture of the prey. During these search movements the second antennae beat in
turn, which probably increases the success rate by provoking a strong return flow
in the direction of the predator, a flow that may be hard for small animals, like
water fleas, to escape from.
6. Predation on benthic animals
In two experiments, each with one male and one female of Gammarus tigrinus,
the females were preyed on by D. villosus. In one of the experiments D. villosus
was able to pull a female G. tigrinus from the substrate in which she had sought
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Fig. 3. Preying of Dikerogammarus villosus (Sowinsky, 1894) on Daphnia sp. A, Daphnia sp.
detected by D. villosus; B, flagella of the second antennae are moved towards the prey; C, second
antennae bring prey to the gnathopods; D, prey secured by the gnathopods (white arrows indicate
position of Daphnia sp.).

shelter. Presumably, she was discovered by D. villosus using the first antennae
that were inserted in the interstitial spaces of the substrate. After their capture by
the second antennae, the two G. tigrinus females were immediately consumed by
D. villosus (fig. 4A–D). Both G. tigrinus males were ignored.
In a more or less similar way several specimens of Tubifex worms were
collected from the substratum and quickly consumed. After each consumed worm,
a cleaning session by D. villosus took place.
Also larvae of midges, Chironomus sp. (bloodworms), were easy prey and were
removed from the substrate by the digging action of the second antennae.
In three experiments, each with one specimen of Asellus aquaticus (Linnaeus,
1758) (2 males, 1 female, respectively), D. villosus rapidly captured the isopods.
The second antennae of D. villosus pulled these slow moving animals towards the
amphipod’s outreaching gnathopods. D. villosus always started eating that part that
was closest to the mouthparts, thus without any selection with respect to the body
part at issue. In the last of these experiments, a female isopod was eaten till only
one half of the body was left (fig. 5A–D). The head with some anterior somites was
released after four minutes, and walked away to live on for another 15 minutes. At
the end of all three experiments the specimens were almost completely eaten, and
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Fig. 4. Predation on Gammarus tigrinus Sexton, 1939 by Dikerogammarus villosus (Sowinsky,
1894): A, the substrate is checked by the antennae; B, the female G. tigrinus, hiding in the substrate,
is detected; C, the female G. tigrinus is collected by the second antennae from the substrate; D, the
female is immediately eaten by D. villosus.

only some scattered body parts were found on the substrate. In two experiments,
after capturing an isopod, the amphipod took the prey to the corner of the tank,
moving backwards to find shelter.
In a separate study (Dick et al., 2002) the species was found preying on
zygopterans and ephemeropterans as well (fig. 9).
Two freshly hatched fish larvae of the bullhead (Cottus perifretum Freyhof,
Kottelat & Nolte, 2005) were immediately attacked and eaten after adding an adult
male of D. villosus into the cuvette (fig. 8). One fish larva was eaten head-first, the
other tail-first.
7. Predation on fish eggs
Field observation. — In the field, predation on eggs of Cottus perifretum, a
bottom-dwelling fish that deposits yellow clumps of eggs on hard substrate that
are guarded by the male, was indirectly observed. After turning a boulder, a clump
of eggs was found, covered with a number of male D. villosus and twelve empty
eggshells.
Laboratory observation. — Four eggs of Cottus perifretum were taken to the
laboratory and released in a cuvette. It took one minute and twelve seconds before
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Fig. 5. Asellus aquaticus (Linnaeus, 1758) attacked and eaten by Dikerogammarus villosus (Sowinsky, 1894). A, A. aquaticus detected by D. villosus; B, the second antennae of the amphipod pull the
isopod towards the gnathopods; C, the amphipod starts eating the isopod; D, the anterior part of the
isopod body is released four minutes after capture.

D. villosus detected the eggs, probably by their odour: the first antennae were
pointed in the direction of the eggs, and subsequently brought to the mouthparts.
A very rapid approach of the eggs followed and eating the eggs started instantly.
The eggs were first opened by the incisors of the mandible, after which the content
was guided to the oesophagus through a combined action of the mouthparts as
described in the detritus feeding section. Within 17 minutes, all four eggs were
eaten. The shells were only partly eaten, and shell fractions could be recognized
on the substrate at the end of the experiment (fig. 7A–L).
8. Feeding on byssus threads
In one experiment, where two small specimens of Dreissena polymorpha
(Pallas, 1771) were combined with one male D. villosus, it was found that the
amphipod started to consume the byssus threads (fig. 6). These byssus threads
were very translucent, indicating their recent production. For this experiment,
the bivalves were removed from the stock tanks and were in the process of
reattachment when the experiment started and D. villosus was added.
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Fig. 6. Dikerogammarus villosus (Sowinsky, 1894) feeding on freshly produced, translucent byssus
threads of Dreissena polymorpha (Pallas, 1771).
DISCUSSION

The laboratory experiments indicate many aspects of feeding in D. villosus. All
observed feeding methods will be discussed below.
By offering both decaying and living plant material, it became clear that there
is a strong preference for decaying material. Detritus feeding is common amongst
most freshwater gammarideans, and has labelled the members of this family as
pure shredders for a long time. In fact, more and more information is emerging,
indicating that detritus feeding is only one of the feeding methods in gammarids.
In all sessions, single or multiple coprophagy events were observed. It may be
assumed that recycling of the own faeces is very common in amphipods, and in
fact in all animals that have to deal with limited food resources and with food that
is hard to digest, e.g., rabbits produce two types of faecal pellets, one of which
is produced especially for recycling. The short digestive tract of amphipods is
probably not able to break down all ingested food, and recycling is the answer
to the potential loss of nutrition. Re-introduction of digestive agents, vitamin K,
and bacteria into the anterior gut may also play a role (F. R. Schram, pers. comm.).
Coprophagy shows, as no other food-related activity, the efficiency developed in
the exploitation of food, and fits perfectly in an opportunistic feeding behaviour.
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Fig. 7. Male Dikerogammarus villosus (Sowinsky, 1894): A–F, detects; G–I, collects; and J–L, eats
four eggs of Cottus perifretum Freyhof, Kottelat & Nolte, 2005.

Coprophagy is also known for isopods, such as Asellus aquaticus (cf. Lammens &
Van der Velde, 1978).
Grazing by D. villosus has been observed on many occasions and appears a
normal part of the species’ feeding pattern. Being able to scrape periphyton from
the substrate provides the amphipod with a large food stock.
In all sessions, periods of grooming by D. villosus followed feeding. This
grooming is done by especially designed setae on the carpal articles of the
gnathopods that clean the antennae, the pleopods, and the body surface, always
followed by increased activity of the mouthparts. This grooming attributes to the
nutrition of the amphipods (Platvoet et al., 2006). Ponyi (1961) described filtration
feeding for Dikerogammarus haemobaphes (Eichwald, 1841), a species living in
crevices. In the illustration of this process, active participation of the antennae is
suggested. This method probably is common in both Dikerogammarus species and,
perhaps, many other gammarideans with setose antennae from different families.

FLEXIBLE OMNIVORY DIKEROGAMMARUS VILLOSUS — AMPIS 5

715

Fig. 8. Male Dikerogammarus villosus (Sowinsky, 1894): A–E, detects; F–G, collects; and H–I, eats
a juvenile of Cottus perifretum Freyhof, Kottelat & Nolte, 2005.

Grazing must affect the position of other settling organisms as well, and may
form the steppingstone to predation of domicolous animals, like the amphipod,
Chelicorophium curvispinum (G. O. Sars, 1895), or tube building Oligochaeta
and chironomids. In a study on the foodweb of the River Rhine, it was found
that the arrival of D. villosus coincided with a strong decline in Chelicorophium
curvispinum from the surfaces of stones (Van Riel et al., 2006a, b).
Before the occurrence of D. villosus in the Gouwzee in 1996, Dreissena
polymorpha, the zebra mussel, abundantly covered most of the boulders that
form the protection of the shores against wave erosion (D. Platvoet, pers. obs.).
In the years following the invasion of D. villosus, the number of zebra mussels
decreased rapidly, leaving a patchy distribution of these mussels on the rocks.
The decline of zebra mussels was generally assumed to be associated with major
waterworks that took place during the development of a new suburb of the town of
Amsterdam, named IJburg. The raised amount of silt in the water column allegedly
would hinder the respiratory systems of the mussels and diminish chances for
settlement of their larvae. When observing grazing in D. villosus, however, another
explanation emerged: post-veliger larvae may be massively preyed on while
settling to the substrate after their pelagic dispersal stage. Thus, there may be
several factors involved in the decline of the mussels: (a) presence of D. villosus,
which is abundant in the boulder zone; (b) virtually no other potential prey is
present in this zone as a result of the presence of D. villosus; (c) the soft shells
of the settling mussels form no match for the strong mouthparts of D. villosus;
and (d) D. villosus systematically grazes the surface for the presence of attached
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Fig. 9. Several victims of Dikerogammarus villosus (Sowinsky, 1894) with bitewounds: Caenis
robusta Eaton, 1884, Asellus aquaticus (L. 1758), Ischnura elegans (Vander Linden, 1820), and
Sigara sp.

organisms. After about one decade of presence of D. villosus in the lake, zebra
mussels can still be found, but they are not as abundant as before the arrival of
the amphipod (D. Platvoet, pers. obs.). The major waterworks were finished in
2001 and no major recovery of the zebra mussel population has occurred in the
Gouwzee.
During the experiments, almost all benthic animals offered were attacked and
eaten. This may explain the low species diversity in the boulder zone of Lake
Gouwzee in the presence of D. villosus.
During predation on free-swimming animals, the second antennae are actively
involved in food collecting. In contrast to the native gammaridean species, the
second antennae are extremely well developed. The relative diameter of the
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peduncle and the flagellar segments of the second antennae are much higher than
in native species, indicating a strong musculature (Platvoet, 2007). The relative
length of these antennae is also greater, giving the animal a much further reach
during an attack. The rich setation of the flagellae and the similarity of these setae
with Velcro can be considered to be adaptations for a predatory lifestyle.
Cottus perifretum, the bullhead, is a bottom dwelling fish that prefers the same
habitat as D. villosus. This fish species deposits clumps of yellow eggs in crevices
of the substrate. It the laboratory, it was observed that in only a few seconds after
adding D. villosus in a cuvette with a small cluster of eggs, these eggs were located
and immediately eaten. In one field observation a large cluster of eggs of Cottus
perifretum was found under a boulder, mixed with a number of D. villosus. Since
some of the outside eggs at one side of the cluster were empty, the amphipods must
have been feeding on these eggs, regardless of the presence of a guarding male
Cottus, and probably out of its view. Casellato et al. (2007) found in laboratory
experiments in which Chironomus larvae, Asellus aquaticus, Echinogammarus
stammeri (S. Karaman, 1931), and fish eggs of Coregonus lavaretus (Linnaeus,
1758) were offered, that D. villosus had a clear consumption preference for fish
eggs, followed by Chironomus larvae. C. lavaretus lays many eggs on gravelly
bottoms, which are also preferred by D. villosus, and D. villosus was also observed
in abundance at these spawning sites. From these observations it is clear that in
this way D. villosus forms a threat for several fish species and for the aquaculture
of freshwater fish.
The observed consumption of byssal threads of Dreissena polymorpha may
have consequences for the zebra mussel. On a local scale, the mussel shows a
strong mobility (Toomey et al., 2002). Every change of position is followed by
the production of a new set of byssus threads, an energy consuming activity. By
constant feeding on the freshly produced byssus by D. villosus, the mussel may
be hindered in its development. Furthermore, settlement of this mussel could be
prevented totally by the consumption of its spat by D. villosus.
In most highly developed predators, the prey is manipulated into a standard
position before eating starts, (a) to kill it quickly to avoid escape or problems
during transport (e.g., birds of prey), or (b) to accommodate easy ingestion (e.g.,
headfirst as in snakes), or (c) to commence feeding on preferred body parts. No
manipulation of the kind described above was observed in D. villosus. Eating
started immediately after capture and at any part of the body that was close to
the mouthparts.
On several occasions during the predation experiments it was found that the prey
was taken to the corner of the cuvette, where D. villosus obviously sought shelter
against food competitors or predators. During a habitat simulation experiment,
where a grid of holes was offered to several size-classes of D. villosus, it was found
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that there was a very strong correlation between specimen size and crevice size. As
a result of this experiment it became clear that the animals positioned themselves in
a way that both provides protection, and accommodates a quick attack action best
(D. Platvoet, pers. obs.). Even one of the fingers of the first author was attacked
and rejected, after which action the attacker returned to its ‘den’. The combination
of primitive predatory behaviour (no manipulation of prey) and derived behaviour
(attacking from a ‘den’) makes it hard to determine whether the adaptation to the
predatory lifestyle is a (relatively) recent development or not.
Observed morphological adaptation to a predatory lifestyle:
(a) the very well-developed second antennae play a role in virtually all feeding
activities, but especially in predation (see Predation section);
(b) the setae on the flagellar segments of the second antennae are hooked, probably
to increase friction with prey, analogous to Velcro (Platvoet et al., 2006);
(c) the steep allometric growth of the mouthparts allows the species to prey on
intermoult invertebrates (Dick et al., 2002);
(d) the setae on the especially adapted gnathopods form a dense network that,
in combination with the second antennae, facilitates capture of small freeswimming prey;
(e) the very large body-size of the males (up to 29 mm from tip of rostrum to base
of telson) and the very large second gnathopods allow the species to attack
large prey (Dick et al., 2002).
As in Dikerogammarus villosus, gammaridean amphipods in general may have
a much wider range in feeding habits than hitherto presumed, especially when
becoming invasive. The large size of invaders (Stokstadt, 2001) in combination
with specific allometric growth of body parts and selection can change the position
of gammarideans in food webs, and a harmless shredder may (temporarily or
permanently) change into a formidable killer due to this ‘size-effect’.
A virtually uninterrupted feeding activity of D. villosus was found during
all experiments. As mentioned in the method section, the amphipods were not
starved before the experiments, sustaining the assumption that feeding is an almost
continuous process and only limited by food supply and the temperature-dependent
metabolism.
In his paper, Monakov (2003) mentions six categories of feeding according
to food type: (1) phytophagous, (2) phyto-detritophagous, (3) detritophagous,
(4) phyto-zoophagous, (5) zoo-phytophagous, and (6) zoophagous. The feeding
methods and food choice found in Dikerogammarus vilosus demonstrate that this
species fits into all of these six categories, depending on the availability of food
resources. Therefore, we hypothesize that such a classification is only applicable
in stable biotopes, but not in situations where recent invaders form a large portion
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of the biomass. In this situation, shifts in the presence and niche occupation of
species take place, resulting in alterations of the menu for most of the animals in
the ecosystem (MacNeil et al., 2002; Kelly et al., 2002).
The observed feeding-related activities of Dikerogammarus villosus in the
laboratory are indicative for an opportunistic lifestyle, in which virtually all
available food resources contribute to the species’ survival. Our observations
are coherent with the present field distribution of D. villosus in western Europe
and reflect the strong interactions of this invader with indigenous and already
established alien fauna, found in earlier studies. In dynamic ecosystems with recent
invaders, categorizing species according to food choice is not possible, due to
(sometimes forced) shifts in menu.
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VAATE , A., K. JA ŻD ŻEWSKI , H. A. M. K ETELAARS , S. G OLLASCH & G. VAN DER
V ELDE , 2002. Geographical patterns in range extension of Ponto-Caspian macroinvertebrate
species in Europe. Canadian Journal of Fisheries and Aquatic Sciences, 59: 1159-1174.
C ASSELATO , S., A. V ISENTIN & G. L A P IANA , 2007. The predatory impact of Dikerogammarus
villosus on fish. In: F. G HERARDI (ed.), Biological invaders in inland waters: profiles,
distribution and threats: 495-506. (Invading Nature: Springer series in Invasion Biology, 2;
Springer Verlag, Berlin).
D ICK , J. T. A., I. M ONTGOMERY & R. W. E LWOOD , 1993. Replacement of the indigenous
amphipod Gammarus duebeni celticus by the introduced G. pulex: differential cannibalism
and mutual predation. Journal of Animal Ecology, 62: 79-88.
D ICK , J. T. A., D. P LATVOET & D. W. K ELLY, 2002. Predatory impact of the freshwater invader
Dikerogammarus villosus (Crustacea: Amphipoda). Canadian Journal of Fisheries and Aquatic
Sciences, 59: 1078-1084.
G LEDHILL , T., D. W. S UTCLIFFE & W. D. W ILLIAMS , 1993. British freshwater Crustacea
Malacostraca: a key with ecological notes. Freshwater Biological Association Scientific
Publication, 52: 1-173.
K ELLY, D. W., J. T. A. D ICK & W. I. M ONTGOMERY, 2002. The functional role of Gammarus
(Crustacea, Amphipoda): shredders, predators, or both? Hydrobiologia, 485: 199-203.
L AMMENS , E. H. R. R. & G. VAN DER V ELDE , 1978. Observations on the decomposition of
Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae) with special regard to the leaves.
Aquatic Botany, 4: 331-346.
M AC N EIL , C., J. T. A. D ICK & R. E LWOOD , 2002. The trophic ecology of freshwater Gammarus
(Crustacea, Amphipoda): problems and perspectives concerning the functional feeding group
concept. Biological Reviews, 72: 349-364.
B IJ

DE

720

DIRK PLATVOET ET AL.

M AC N EIL , C., R. W. E LWOOD & J. T. A. D ICK , 2000. Factors influencing the importance of
Gammarus spp. (Crustacea: Amphipoda) in riverine salmonid diets. Archiv für Hydrobiologie,
149: 87-107.
M ARGUILLIER , S., 1998. Stable isotope ratios and food web structure of aquatic ecosystems.
(Thesis, Vrije Universiteit Brussel).
M ARGUILLIER , S., F. D EHAIRS , G. VAN DER V ELDE , B. K ELLEHER & S. R AJAGOPAL , 1998.
Initial results on the trophic relationships based on Corophium curvispinum in the Rhine traced
by stable isotopes. In: P. H. N IENHUIS , R. S. E. W. L EUVEN & A. J. M. R AGAS (eds.), New
concepts for sustainable management of river basins: 171-177. (Backhuys Publishers, Leiden).
M ONAKOV, A. B., 2003. Feeding of freshwater invertebrates: 1-373. (Kenobi Productions, Ghent).
P LATVOET, D., 2007. Dikerogammarus villosus (Sowinsky, 1894), an amphipod with a bite. (Thesis,
Universiteit van Amsterdam).
P LATVOET, D., J. T. A. D ICK , N. KONIJNENDIJK & G. VAN DER V ELDE, 2006. Feeding on microalgae in the invasive Ponto-Caspian amphipod Dikerogammarus villosus (Sowinsky, 1894).
Aquatic Ecology, 40: 237-245, 247.
P ONYI , J. E., 1961. Über die Ernährung einiger Amphipoden (Crustacea) in Hungarien. Annales
Instituti Biologici, Tihany, 28: 117-123.
S TOKSTADT, E., 2001. Fossils with lessons for conservation biology. Science, New York, 293: 592593.
T OOMEY, M. B., E. M C C ABE & J. E. M ARSDEN , 2002. Factors affecting the movement of adult
zebra mussels (Dreissena polymorpha). Journal of the North American Benthological Society,
21: 468-475.
VAN DER V ELDE , G., I. NAGELKERKEN , S. R AJAGOPAL & A. BIJ DE VAATE , 2002. Invasions
by alien species in inland freshwater bodies in western Europe: the Rhine delta. In: E. L EP PÄKOSKI , S. G OLLASCH & S. O LENIN (eds.), Invasive aquatic species of Europe. Distribution, impacts and management: 360-372. (Kluwer Academic Publishers, Dordrecht).
VAN DER V ELDE , G., S. R AJAGOPAL , B. K ELLEHER , I. M USKÓ & A. BIJ DE VAATE , 2000.
Ecological impact of crustacean invaders: general considerations and examples from the Rhine
River. In: J. C. VON VAUPEL K LEIN & F. R. S CHRAM (eds.), The biodiversity crisis and
Crustacea. Proc. 4th Int. Crust. Congr., Amsterdam, The Netherlands, 20-24 July 1998, 2.
Crustacean Issues, 12: 3-33. (A. A. Balkema, Rotterdam).
VAN R IEL , M. C., G. VAN DER V ELDE & A. BIJ DE VAATE , 2006 (cf. a). To conquer and persist:
colonization and population development of the Ponto-Caspian amphipods Dikerogammarus
villosus and Chelicorophium curvispinum on bare stone substrate in the main channel of the
River Rhine. Archiv für Hydrobiologie, 166: 23-39.
VAN R IEL , M. C., G. VAN DER V ELDE , S. R AJAGOPAL , S. M ARGUILLIER , F. D EHAIRS & A. BIJ
DE VAATE , 2006 (cf. b). Trophic relationships in the Rhine food web during invasion and after
establishment of the Ponto-Caspian invader Dikerogammarus villosus. Hydrobiologia, 565: 3957.

First received 17 June 2008.
Final version accepted 4 July 2008.

THE PAN-PACIFIC ENTOMOLOGIST
85(2):58–69, (2009)

Two new erigonine species (Araneae: Linyphiidae) from caves in China
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Abstract. Platyspira tanasevitchi gen. nov., sp. nov., is described from two adjacent Karst
caves in Guizhou Province, China. Savignia rostellatra sp. nov. is described from Longxigong
Cave in Henan Province, China. This is the first record of the genus Savignia in China. Besides
morphological descriptions and illustrations of both new species, information about their
habitats is also provided.
Key Words. Platyspira, Savignia, cave, new genus, new species.

INTRODUCTION
The genus Savignia was established by Blackwall in 1833, with S. frontata Blackwall,
1833 as the type species. Savignia is a comparatively small genus with 23 species
currently recognized (Platnick 2008). They occur in a wide variety of habitats (grassland,
leaf-litter, moss, bushes and low herbage) (Roberts 1987). Bosselaers & Henderickx
(2002) reported a new Savignia species collected from Cretan caves. Our efforts to collect
spiders living in caves in China over the past two years have yielded a second Savignia
species. This is the first time the genus Savignia has been reported from China.
In an expedition to Guizhou Province in May 2006, another undescribed species of
erigonine was collected from two adjacent Karst caves. It belongs in the Pelecopsis
group of genera (Millidge 1977) but was sufficiently distinct as to necessitate the
description of a new genus, Platyspira, to accommodate it.
METHODS AND MATERIALS
Specimens were examined using an Olympus-SZ11 stereomicroscope and
illustrated using an Olympus-BX41 compound microscope equipped with a drawing
tube. Left male palps and female epigyna were illustrated after being separated from
the body. Embolic divisions were dissected from the palpal bulb using sharp pins and
forceps. Genital organs were immersed in 75% alcohol and examined under a
compound microscope; embolic divisions and vulvae were mounted in Hoyer’s
Solution and examined in strong transmitted light against a white background. In
addition, the ventral teguments of epigyna were removed with sharp pins and forceps
to study the duct system of the vulvae under a microscope.
Eye diameters were measured at their widest extent. Leg measurements are given
as: Total length (femur, patella, tibia, metatarsus, tarsus). All measurements are in
millimeters. Terminology of genitalic structures follows Hormiga (2000).
The following abbreviations are used in the text and in the figures:
Somatic morphology. ALE, anterior lateral eye; AME, anterior median eye; PLE,
posterior lateral eye; PME, posterior median eye; Tm I, position of trichobothrium
on metatarsus I; Tm IV, trichobothrium on metatarsus IV.
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Male palp. ARP, anterior radical process; C, column; CRG, cymbial retrolateral
groove; DSA, distal suprategular apophysis; E, embolus; EM, embolic membrane;
MSA, marginal suprategular apophysis; PC, paracymbium; PT, protegulum; PTA,
prolateral tibial apophysis; R, radix; RTA, retrolateral tibial apophysis; SPT,
suprategulum; ST, subtegulum; T, tegulum; TP, tailpiece of radix.
Epigynum. CD, copulatory duct; CO, copulatory opening; DP, dorsal plate; F, a
fissure in the center of epigynum; FD, fertilization duct; FO, fertilization opening; S,
spermatheca; VP, ventral plate.
Specimens studied in the current paper are deposited in the Institute of Zoology,
Chinese Academy of Sciences in Beijing (IZCAS).
TAXONOMY
Genus Platyspira gen. nov.
Type species: Platyspira tanasevitchi sp. nov.
Diagnosis. Platyspira belongs to Millidge’s Pelecopsis group (1977) in that it has a
long coiled embolus and the sperm duct enters the embolus on the dorso-mesal side
via a non-sclerotised stalk (column) which is produced anteriorly into a membranous
apophysis (embolic membrane) (Figs. 2, 9).
Females can be easily distinguished from all the genera of Millidge’s Pelecopsis
group by the two strongly sclerotized spirals, extended continuously along the
posterior margins of ventral plate and dorsal plate of epigynum (Fig. 17), and the
shape of capsule where the copulatory ducts are embedded, which is similar to that
of Ummeliata insecticeps (Bösenberg & Strand, 1906) (type species). In Platyspira,
the spermathecae are surrounded by the almost rounded capsule (in anterior view).
Whereas in the genera of Millidge’s Pelecopsis group, the capsule is between (Wiehle
1960: fig. 84) or outside of (Wiehle 1960: fig. 522) the two spermathecae.
The male palpal organ of Platyspira shows a close resemblance to the genera of
Millidge’s Pelecopsis group, but has a unique embolic membrane not present in that
group (Fig. 1). The shape of embolic division and distal suprategular apophysis of
Platyspira is similar to Hypomma bituberculatum (Wider, 1834) (type species),
Hypselistes florens (O. P.-Cambridge, 1875) (type species), Panamomops sulcifrons
(Wider, 1834) (type species) and Pelecopsis elongata (Wider, 1834) (type species), but
more complex, with the duct entry to the embolus direct (without a loop); the tegulum is
not swollen or differently shaped (Fig. 4). The direct duct entry to the embolus of the new
genus corresponds with Baryphyma pratense (Blackwall, 1861) (type species), Dismodicus
bifrons (Blackwall, 1841) (type species), Dresconella nivicola (Simon, 1884) (type species)
and Minyriolus pusillus (Wider, 1834) (type species), but the embolic division bears no
forward-directed apophysis usually present in the above mentioned type species.
Platyspira, Cnephalocotes obscurus (Blackwall, 1834) (type species) and Nematogmus
sanguinolentus (Walckenaer, 1842) (type species) is similar in chaetotaxy (Tm I 0.33–
0.35, Tm IV absent, dorsal spine on tibia of leg IV 1-1-1-1 in Platyspira; Oia 1960 &
Roberts 1987: Tm I 0.33–0.42, Tm IV absent, dorsal spine on tibia of leg IV 1-1-1-1 in
C. obscurus and N. sanguinolentus), but in C. obscurus and N. sanguinolentus, the sperm
duct loops back to enter the embolic division; tegulum has a well developed ventral
apophysis; cymbium has a large outwardly curved apophysis.
Platyspira (Figs. 5–6, details under P. tanasevitchi description) is close to
Abacoproeces saltuum (L. Koch, 1872) (type species, Wiehle 1960: figs. 170–172) in
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Figures 1–4. Platyspira tanasevitchi sp. nov. Figure 1. Left male palp, prolateral view. Figure 2.
Same, ventral view. Figure 3. Tibia of left male palp, dorsal view. Figure 4. Left male palp,
retrolateral view. Scale lines: 0.2 mm.

shape of male carapace, the chaetotaxy is however different from Abacoproeces
(Millidge 1977: Tm I 0.85, Tm IV present, dorsal spine on tibia of leg IV: 2-2-1-1).
Platyspira can be further distinguished from A. saltuum (Millidge 1977: figs. 98;
Wiehle 1960: fig. 169) by the presence of marginal suprategular apophysis, the
unique shape of embolic membrane and vulva (Figs. 7, 15–16).
Description. Since the genus is monotypic, the description is given under P.
tanasevitchi.
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Figures 5–11. Platyspira tanasevitchi sp. nov. Figure 5. Male carapace, lateral view. Figure 6.
Same, frontal view. Figure 7. Patella and tibia of left male leg I, retrolateral view. Figure 8.
Suprategulum and embolic membrane of left male palp, ventral view. Figure 9. Embolic division
(without EM), ventral view. Figure 10. Left male chelicera, posterior view. Figure 11. Suprategulum
and embolic membrane of left male palp, dorsal view. Scale lines: 8–9, 11 0.1 mm; 5–7, 10 0.2 mm.

Etymology. The generic name is taken from the Greek adjective, spira 5 spiral,
combined with prefix platy 5 flat, in reference to the two strongly sclerotized spirals
extended continuously along the posterior margins of ventral plate and dorsal plate
of epigynum. Gender feminine.
Composition. One species, P. tanasevitchi sp. nov.
Distribution. Guizhou Province, China (Fig. 36).
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Figures 12–18. Platyspira tanasevitchi sp. nov. Figure 12. Female carapace, lateral view. Figure
13. Left female chelicera, posterior view. Figure 14. Epigynum, dorsal view. Figure 15. Vulva, dorsal
view. Figure 16. Same, ventral view. Figure 17. Epigynum, posterior view (arrow refers to the
strongly sclerotized spiral). Figure 18. Same, ventral view. Scale lines: 0.2 mm.

Platyspira tanasevitchi sp. nov.
(Figs. 1–18, 36)
Diagnosis. See above, under genus diagnosis.
Description. Male (holotype). Total length 1.67. Carapace 0.84 long, 0.69 wide,
bearing a large cephalic lobe with slightly concave anterior margin and cephalic pits
within the post-ocular sulci (Fig. 5); several long hairs sparsely distributed in a
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transverse line through the ocular area; a patch of short hairs arranged in a rounded
area in the center of clypeus (Fig. 6). Abdomen light grey. Clypeus 0.21 high. AME
diameter 0.03, ALE 0.04, PME 0.06, PLE 0.06, AME interdistance 1.00 times their
diameter, AME-ALE interdistance 1.43 times ALE diameter, PME interdistance
0.78 times their diameter, PME-PLE interdistance 1.44 times PLE diameter. Sternum
0.49 long, 0.51 wide. Coxa IV interdistance 1.27 times their width. Chelicera with 6
promarginal and 5 retromarginal teeth (Fig. 10). Tibia I 8.23 times longer than deep.
Tm I 0.33, Tm IV absent. Dorsal spine on tibia of leg IV: 1-1-1-1; dorsal spine on
patella of leg IV: 1-1-1-1; all the spines are very long (Fig. 7). Leg measurements: I:
2.66 (0.73, 0.23, 0.67, 0.58, 0.45); II: 2.44 (0.67, 0.23, 0.59, 0.54, 0.41); III: 2.04 (0.55,
0.21, 0.44, 0.48, 0.36); IV: 2.63 (0.74, 0.22, 0.68, 0.58, 0.41).
Palp: Tibia short, produced into a trapezoidal prolateral apophysis with the longer
parallel edge thickened and its inner surface scaled (Figs. 3–4). Tibia with 1
retrolateral and 1 prolateral trichobothrium (Fig. 3). Paracymbium with the terminal
part hooked (Fig. 4). Tegulum mesal to subtegulum in unexpanded palp (Fig. 4).
Protegulum short, trapezoidal in ventral view (Fig. 2). Suprategulum with a long
tapered marginal apophysis and a broad distal apophysis, cupped to accommodate
proximal part of long coiled embolus and its lower margin highly sclerotized to
shaped like a folding fan (Figs. 4, 8, 11). Tailpiece long, twisted clockwise in
prolateral view, ended in a hook (Figs. 1, 2). Embolic membrane very unique among
the genera of Millidge’s Pelecopsis group; slender but widened distally abruptly, with
its distal margin dentate (Figs. 4, 8, 11).
Female. Total length 1.68. Carapace 0.83 long, 0.65 wide, without any cephalic
lobe and pits (Fig. 12). Abdomen light grey. Clypeus 0.14 high. AME diameter 0.04,
ALE 0.06, PME 0.06, PLE 0.07, AME interdistance 0.33 times their diameter, AMEALE interdistance 0.45 times ALE diameter, PME interdistance 0.58 times their
diameter, PME-PLE interdistance 0.62 times PLE diameter. Sternum 0.46 long, 0.45
wide. Coxa IV interdistance 1.18 times their width. Chelicera with 6 promarginal and
5 retromarginal teeth (Fig. 13). Tibia I 7.69 times longer than deep. Tm I 0.35, Tm
IV absent. Dorsal spine on tibia of leg IV: 1-1-1-1; dorsal spine on patella of leg IV:
1-1-1-1. Leg measurements: I: 2.61 (0.73, 0.24, 0.63, 0.57, 0.44); II: 2.43 (0.67, 0.23,
0.58, 0.53, 0.42); III: 2.07 (0.57, 0.22, 0.45, 0.47, 0.36); IV: 2.72 (0.76, 0.23, 0.70, 0.63,
0.40).
Epigynum semirounded in ventral view (Fig. 18). Ventral plate fused with dorsal
plate in the center (Fig. 17). Copulatory openings formed at posterior margin of
ventral plate (Fig. 17). Copulatory ducts embeded in a sclerotized capsule, forming
two coils around the spermathcae at the beginning, then extended anteriorly
covering the most of the spermathecae in ventral view (Figs. 15–16). Fertilization
ducts short, mesally oriented (Fig. 15). Spermathecae somewhat reniform, with
terminal parts strongly curved (Fig. 16).
Variation. 5 -- and 20 UU were measured. Total length 1.67–1.70 in males, 1.66–
1.75 in females. Carapace length 0.84–0.86 in males, 0.69–0.72 in females; width
0.81–0.83 in males, 0.63–0.66 in females. Coloration of carapace from lemon yellow
to orange yellow.
Distribution. Only known from Lingguan Cave No. 1 and Lingguan Cave No. 2,
Guizhou Province, China (Fig. 36).
Habitat. Lingguan Cave No. 1 and Linguan Cave No. 2 are situated on the
opposite sides of a beautiful and secluded valley with a 5–10 m wide stream flowing
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through it at the bottom. By walking about a 100 m rough footpath, one arrives at
the 10 m wide entrance of Lingguan Cave No. 1. After entering the cave, walking
straight ahead (about 100 m), a wide, moist, totally dark chamber is reached. It is
said that the noise of running water can be heard below the chamber floor after
rainfall. Spiders were found on the floor hanging under small sheet webs. The
entrance of Linguan Cave No. 2 is about 30 m wide and 20 m high. A short, steep
slope descends into a large, totally dark chamber with a subterranean river to the
right. It was in this moist dark place (about 50 m from the entrance) that the same
species was found. Spiders build small sheet webs over pits on the floor (diameter of
pits approximately 5–15 cm) and would readily drop into the pits when their webs
were disturbed. Webs were observed in the field by Y. Lin and Z. Yang.
Material examined. Holotype - (IZCAS), Lingguan Cave No. 1 (27.87uN,
108.48uE), Huangni’ao Village, Chanxi Town, Yinjiang county, Guizhou Province,
China, 22.V.2006, leg. Y. Lin and Z. Yang. Paratypes: 6 UU and 1 - (IZCAS), same
data as for holotype; 14 UU and 3 -- (IZCAS), Lingguan Cave No. 2 (27.87uN,
108.48uE), Huangni’ao Village, Chanxi Town, Yinjiang county, Guizhou Province,
China, 22.V.2006, leg. Y. Lin and Z. Yang.
Etymology. The species is dedicated to Dr Andrei V. Tanasevitch, for his
contribution to the taxonomy of Linyphiidae.
Savignia rostellatra sp. nov.
(Figs. 19–35, 36)
Diagnosis. Male is readily distinguished by the scimitar-like distal suprategular
apophysis with a tooth and a patch of papillae near the upper margin (Fig. 19), and
by the unique shape of the embolus, which has a groove to accommodate a tapered
anterior radical process arising from the top of the embolic division (Fig. 25).
Female can be easily distinguished by the spiral copulatory ducts, narrower and
longer than other Savignia species (Figs. 33, 35).
Description. Male (holotype). Total length 2.10. Carapace 1.14 long, 0.83 wide,
yellowish brown; strongly raised into a large lobe with posterior median eyes on the
top; cephalic pits situated at the beginning of post-ocular sulci (Fig. 24). Abdomen
grey yellow. Clypeus 0.26 high. AME diameter 0.04, ALE 0.08, PME 0.08, PLE 0.08,
AME interdistance 0.31 times their diameter, AME-ALE interdistance 1.65 times
ALE diameter, PME interdistance 0.93 times their diameter, PME-PLE interdistance
0.96 times PLE diameter. Sternum 0.37 long, 0.32 wide, dusky yellow. Coxa IV
interdistance 0.97 times their width. Chelicera grayish brown, with 6 promarginal
and 5 retromarginal teeth and imbricated stridulatory striae (Figs. 29–30). Legs
dusky yellow. Tibia I 9.43 times longer than deep. Tm I 0.55, Tm IV absent. Dorsal
spine on tibia of leg IV: 1-1-1-1; dorsal spine on patella of leg IV: 1-1-1-1; all spines
very long (Fig. 23). Leg measurements: I: 4.20 (1.14, 0.33, 1.03, 1.06, 0.64); II: 3.85
(1.09, 0.34, 0.91, 0.92, 0.59); III: 3.33 (0.97, 0.31, 0.72, 0.83, 0.50); IV: 4.20 (1.14,
0.31, 1.09, 1.05, 0.61).
Palp: Femur nearly twice as long as patella (Fig. 27). Tibia narrowed and
extended distally to shape a strongly curved prolateral apophysis, partly
membranous subdistally and spicate distally; with 1 prolateral and 2 retrolateral
trichobothria (Fig. 22). Paracymbium C-shaped. Protegulum triangular (Fig. 21).
Suprategulum armed with a short marginal apophysis and a scimitar-like distal
apophysis, with a patch of papillae and a large tooth near the upper margin (Fig. 28).
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Figures 19–22. Savignia rostellatra sp. nov. Figure 19. Left male palp, ventral view. Figure 20.
Same, retrolateral view. Figure 21. Same, prolateral view. Figure 22. Tibia of left male palp, dorsal
view. Scale lines: 0.1 mm.

Embolic division ‘‘7’’-shaped (Figs. 25–26). Tailpiece rostriform (Figs. 25–26).
Embolic membrane short and broad, concave distally to enwrap the anterior part of
the embolus (Figs. 20, 25). Embolus slightly curved and directed backwards, with a Vshaped groove to accommodate a tapered anterior radical process (Figs. 19, 25).
Female. Total length 2.21. Carapace 1.11 long, 0.84 wide, yellowish brown,
without pits or apophysis (Fig. 31). Abdomen grey yellow. Clypeus 0.19 high. AME
interdistance 0.04, ALE 0.08, PME 0.09, PLE 0.07, AME interdistance 0.31 times
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Figures 23–30. Savignia rostellatra sp. nov. Figure 23. Patella and tibia of left male leg I,
retrolateral view. Figure 24. Male carapace, lateral view. Figure 25. Embolic division, ventral view.
Figure 26. Same, dorsal view. Figure 27. Patella and femur of left male palp, retrolateral view.
Figure 28. Suprategulum of left male palp, ventral view. Figure 29. Left male chelicera, posterior
view. Figure 30. Same, lateral view. Scale lines: 23–24 0.2 mm; 25–30 0.1 mm.

their diameter, AME-ALE interdistance 0.22 times ALE diameter, PME interdistance n 0.52 times their diameter, PME-PLE interdistance 0.52 times PLE
diameter. Sternum 0.64 long, 0.65 wide. Coxa IV interdistance 0.97 times their width.
Chelicera with 6 promarginal and 4 retromarginal teeth. Tibia I 8.25 times longer
than deep; Tm I 0.55, Tm IV absent. Dorsal spine on tibia of leg IV: 1-1-1-1; dorsal
spine on patella of leg IV: 1-1-1-1. Leg measurements: I: 4.17 (1.17, 0.36, 1.03, 0.97,
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Figures 31–35. Savignia rostellatra sp. nov. Figure 31. Female carapace, lateral view. Figure 32.
Epigynum, dorsal view. Figure 33. Vulva, dorsal view. Figure 34. Epigynum, ventral view. Figure
35. Vulva, ventral view (arrow refers to the crescent-shaped lamina). Scale lines: 0.2 mm.

0.64); II: 3.94 (1.13, 0.34, 0.94, 0.94, 0.59); III: 3.38 (0.98, 0.33, 0.78, 0.81, 0.48); IV:
4.17 (1.17, 0.34, 1.08, 1.02, 0.56).
Epigynum ellipsoidal, with a longitudinal fissure in the center (Fig. 34). Surface of
epigynum almost transparent. Dorsal plate hexagonal in dorsal view (Fig. 32).
Spermathecae U-shaped, separated by about their width; one arm of ‘‘U’’ is long
oblong while the other is small and almost globular (Fig. 35). Copulatory ducts
embedded in a narrow capsule, with two crescent-shaped laminas originated from
copulatory openings and extended along the copulatory ducts to their first turns
(Figs. 33, 35). Fertilization ducts extremely short, mesally oriented (Fig. 33).
Variation. 2 -- and 5 UU were measured. Total length 2.10–2.39 in males, 2.14–
2.22 in females. Carapace length 1.14–1.22 in males, 0.83–0.86 in females; width
1.09–1.19 in males, 0.81–0.86 in females.
Distribution. Only known from Longxigong Cave, Henan province, China (Fig. 36).
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Figure 36. Collection localities of the two erigonine species in Chinese caves.

Habitat. Longxigong Cave is a natural water-eroded cave, at an altitude of 460 m
on Fuxishan Mountain in Henan Province, China. It used to be a silo with a vertical
drop of at least 90 m. But several year ago an entrance passage featuring 403 steps
was built to lead downwards into a big chamber (Temperature: 18uC, humidity: 88%,
data measured by Q. Wang and Y. Tong on June 29, 2005) where Savignia spiders
were found under their small sheet webs near ground surface. Webs were observed in
the field by Y. Tong.
Specimens examined. Holotype - (IZCAS), Longxigong Cave (34.63uN,
113.29uE), Huancuiyu Beauty Spot, Miaozi County, Xingyang City, Henan
Province, China, 29.VI.2005, leg. Q. Wang and Y. Tong. Paratypes: 5 UU and 1
- (IZCAS), same data as for holotype.
Etymology. The specific name is taken from the Latin adjective rostellatra 5
rostriform, in reference to the shape of tailpiece of embolic division (Fig. 25).
DISCUSSION
Traits generally associated with adaptation to troglobitism in spiders include the
reduction or loss of eyes, reduction or loss of cuticular pigment, increased cuticular
permeability, elongation of the legs, reduction in metabolic rate, reduction in
circadian rhythm, and a tendency to lay a small number of large eggs (Hadley et al.
1981, Howarth 1983, Kuntner et al. 1999, Miller 2005). Even though all collections
of these two species to date are from caves, no obvious cave-adaptation was
observed, except lighter coloration (lemon yellow to yellowish brown in both new
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species; grayish-brown to brown in epigean Savignia species) and somewhat longer
legs (legs 3.3–4.2 long, 2.7–3.8 times carapace in S. rostellatra; legs 2.0–2.8 long, 2.5–
4.4 times carapace in P. tanasevitchi; legs 1.6–2.9 long, 1.7–3.2 times carapace in
epigean Savignia species) (Bosselaers & Henderickx 2002, Eskov 1988). Both new
species have long hairs and spines on their legs (Figs. 7, 23). This characteristic may
give two new species an improved sense of smell and touch, allowing them a more
efficient life in caves.
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Abstract
This study deals with three new crab spiders, Alcimochthes meridionalis sp. nov., Lycopus primus sp. nov. and Oxytate
capitulata sp. nov., all from Xishuangbanna Rainforest, Yunnan, China. The genus Lycopus Thorell, 1895, formerly
described from females only, is reported from China for the first time in both sexes.
Key words: Description, Dietinae, Oriental region, taxonomy

Introduction
Thomisidae, the sixth largest spider family, includes 173 genera and 2085 species, of which 71 genera and
more than 500 species are recorded from Asia (Murphy & Murphy 2000; Platnick 2009). According to the
suprageneric classification proposed by Petrunkevitch (1928) and in wide use until recently (Roewer 1955;
Ono 1988), the species described in this paper would belong to the subfamily Dietinae, characterized by the
presence of tarsal claw tufts formed by tenent hairs. However, Lehtinen (2005) proved that Dietinae, as well
as its nominate tribe Dietini, are polyphyletic. The Dietini sensu Lehtinen (2005) includes only eight Old
World genera, all species have bright green body color, the genus Alcimochthes Simon, 1885 was excluded
from Dietini. Later Benjamin et al. (2008) proved the monophyly of Thomisidae with four major lineages, the
Borboropactus clade, Epidius clade, Stephanopis clade and Thomisus clade. Their conclusion differs from
traditional concepts of phylogenetic relationships within Thomisidae. The genus Oxytate L. Koch, 1878,
considered as a member of Dietini by Lehtinen (2005), was placed at the root of the Thomisus clade in their
cladograms. But Benjamin et al. (2008) included only 25 of the 173 Thomisidae genera in their analysis, thus
the results have to be considered as provisional. A thorough generic revision of Oriental crab spiders is an
urgent desideratum but beyond the scope of the present study. Although the delineation of Dietini sensu
Lehtinen (2005) seems reasonable, we will neither allocate our new species to subfamilies nor provide
diagnoses of genera in this paper.
The genera Alcimochthes and Lycopus Thorell, 1895 are poorly known because of inadequate descriptions
and illustrations in the previous publications. Before this study, the genus Alcimochthes included only two
species, the type species A. limbatus Simon, 1885, and A. melanophthalmus Simon, 1903. Although the type
species was well studied, A. melanophthalmus was poorly described without any illustrations. The genus
Lycopus was created by Thorell (1895) with the type species L. edax Thorell, 1895 from Myanmar. It includes
five species from India, the Moluccas, New Guinea and Southeast Asia, all exclusively described from female
specimens. The genus Oxytate includes 23 species from Australia, Africa and Southeast Asia, eight of them
were recorded from China (Thorell 1895; Song & Zhu 1997; Zhang & Yin 1998; He & Hu 1999; Tang et al.
1999; Benjamin 2001; Ono 2001; Tang et al. 2008; Platnick 2009).
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Material and methods
Specimens were collected from Xishuangbanna Rainforest, which is located at a transitional zone from
tropical Southeast Asia to subtropical East Asia. It is a type of tropical Asian rain forest (Zhu et al. 2006) and
one of the richest regions in biodiversity in China.
Specimens were examined with an Olympus (Tokyo, Japan) SZX12 stereomicroscope; details were
studied with an Olympus BX51 compound microscope. All illustrations were made using an Olympus
drawing tube. All measurements are given in millimeters. Eye diameters are taken at the widest point. The
total body length does not include the length of the chelicerae or spinnerets. Leg measurements are given as:
Total length (femur, patella + tibia, metatarsus, tarsus). The terminology used in text and figure mainly
follows Ono (1988).
Abbreviations used in text and legends: AER = anterior eye row; ALE = anterior lateral eyes; AME =
anterior median eyes; CO = copulatory opening; MOA = median ocular area; PER = posterior eye row; PLE =
posterior lateral eyes; PME = posterior median eyes; RTA = retrolateral tibial apophysis; VTA = ventral tibial
apophysis.
Type material are deposited in the Institute of Zoology, Chinese Academy of Sciences, Beijing (IZCAS).
More type specimen photos can be viewed at http://www.ChineseSpecies.com (Li & Wang 2009).

Taxonomy
Family Thomisidae Sundevall, 1833
Alcimochthes meridionalis sp. nov.
Figs 1–3
Type material: Holotype: male, CHINA: Yunnan: Xishuangbanna, Mengla County, Menglun Town,
Secondary tropical montane evergreen broad-leaved forest (N21º54.813', E101º12.634', alt. 876 m), 5 August
2007, G. Zheng (IZCAS, Zheng_sp1290). Paratypes: 1 female, same data as holotype (IZCAS).
Etymology. The specific epithet is taken from the Latin adjective meridionalis and means southern,
referring to the type localities in Yunnan, Southern China, adjective.
Diagnosis. This new species can be distinguished from Alcimochthes limbatus Simon, 1885 by first, the
length of copulatory duct/spermatheca (1.0 vs. 2.0 in A. limbatus); and second, the simple, spiniform embolus
without a basal dent. It can be distinguished from A. melanophthalmus by the grayish white tubercles of the
lateral eyes (black in A. melanophthalmus).
Description. Male (holotype): Total length 4.00. Prosoma 1.80 long, 1.70 wide; opisthosoma 2.00 long,
1.40 wide. Dorsal shield of prosoma yellowish brown, with sparse long setae. Lateral eyes tubercles large,
continuous. Eye sizes and interdistances: AME 0.08, ALE 0.19, PME 0.07, PLE 0.13, AME−AME 0.20,
AME−ALE 0.17, PME−PME 0.26, PME−PLE 0.40. MOA 0.35 long, front width 0.38, back width 0.42.
Chelicerae brown, gnathocoxae and labium yellow, sternum light yellow. Trochanter with 5−6 setae. Leg
measurements: I: 6.30 (1.80, 2.20, 1.60, 0.70); II: 6.70 (2.00, 2.30, 1.70, 0.70); III: 3.70 (1.10, 1.50, 0.60,
0.50); IV: 4.00 (1.30, 1.50, 0.70, 0.50), formula 2, 1, 4, 3. Legs yellow with spines: Femora: I−IV dorsal 0-11-1, I prolateral 0-0-1-1; II−IV prolateral 0-0-0-1. Patellae: I−II prolateral 1; I−IV dorsal 1 (weak)-1. Tibiae:
I−IV dorsal 1-1, I−II pro- and retrolateral 1-1-1, ventral 2-0-2, III−IV dorsal, pro- and retrolateral 1-1.
Metatarsi: I−II pro- and retrolateral 1-1-1; I−II ventral 2-2-2. Opisthosoma dorsum light yellow with grayish
black marks, anterior edge with a row of setae, venter grayish white with a grayish black marking, margins
grayish white.
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FIGURE 1. Alcimochthes meridionalis sp. nov. A–B male habitus (A dorsal, B frontal); C–D male palp (C ventral, D
retrolateral). Scale bars: A–B = 1.0 mm; C–D = 0.1mm.
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Palp (Figs 1C–D, 3A–B). Palp with ventral, retrolateral tibial apophyses; ventral tibial apophysis
digitiform; retrolateral tibial apophysis bifid proximately, lamella long, curved, bayonet-shaped; bulb without
apophysis; embolus spiniform.

FIGURE 2. Alcimochthes meridionalis sp. nov. A–B habitus (A male lateral, B female dorsal); C Epigynum, ventral
view; D Vulva, dorsal view. Scale bars: A–B = 1.0 mm; C–D = 0.1mm.
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FIGURE 3. Alcimochthes meridionalis sp. nov. A–B left male palp (A ventral, B retrolateral); C. Epigynum, ventral
view; D. Vulva, dorsal view. Scale bar: A–D = 0.1 mm.

Female (paratype): Total length 4.50. Prosoma 2.20 long, 2.10 wide; opisthosoma 2.60 long, 1.80 wide.
With darker body color and weaker spines compared to male. Eye sizes and interdistances: AME 0.12, ALE
THREE NEW CRAB SPIDERS FROM RAINFOREST OF CHINA
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0.18, PME 0.10, PLE 0.14, AME−AME 0.29, AME−ALE 0.22, PME−PME 0.41, PME−PLE 0.51. MOA
0.39 long, front width 0.53, back width 0.61. Chelicerae brown, gnathocoxae and labium yellow, sternum light
yellow. Trochanter with 5−6 setae. Legs yellow with many spines. Leg measurements: I: 5.80 (1.80, 2.30,
1.20, 0.50); II: 6.30 (2.00, 2.50, 1.20, 0.60); III: 4.60 (1.50, 1.70, 0.90, 0.50); IV: 4.70 (1.60, 1.70, 0.90, 0.50),
formula 2143.

FIGURE 4. Lycopus primus sp. nov. A–B male habitus (A dorsal, B lateral); C–E male palp (C ventral, D prolateral, E
retrolateral). Scale bars: A–B = 1.0 mm; C–E = 0.05 mm.
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Epigynum (Figs 2C–D, 3C–D). Epigynum with a large, sclerotized plate; copulatory ducts short, twisted;
spermathecae oval.
Distribution. China (Yunnan).

FIGURE 5. Lycopus primus sp. nov. A female habitus, dorsal ; B epigynum, ventral view; C vulva, dorsal view. Scale
bars: A = 1.0 mm; B–C = 0.05 mm.

Lycopus primus sp. nov.
Figs 4–6
Type material: Holotype: male, CHINA: Yunnan: Xishuangbanna, Mengla County, Menglun Town,
secondary tropical seasonal moist forest (21º54.718'N, 101º16.940'E, alt. 645 m), 27 July 2007, G. Zheng
(IZCAS, Zheng_sp100). Paratypes: 2 males, 4 females, same data as holotype. 2 males, 1 female, secondary
tropical seasonal moist forest (21º54.607'N, 101º17.005'E, alt. 633 m), 28 July 2007, G. Zheng (IZCAS); 1
male, 2 females, primary tropical seasonal rain forest (21º57.445'N, 101º12.997'E, alt. 744 m), 30 July 2007,
G. Zheng (IZCAS); 1 male, secondary tropical montane evergreen broad-leaved forest (21º54.813'N,
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101º12.634'E, alt. 876 m), 5 August 2007, G. Zheng (IZCAS); 1 male, secondary tropical montane evergreen
broad-leaved forest (21º54.767'N, 101º11.431'E, alt. 880 m), 6 August 2007, G. Zheng (IZCAS); 2 females,
primary tropical seasonal rain forest (21º54.725'N, 101º13.261'E, alt. 734 m), 8 August 2007, G. Zheng
(IZCAS).
Etymology. The specific epithet is taken from the Latin adjective primus and means first, referring to the
first description of the male specimen in the genus Lycopus, adjective.
Generic identification. Generic placement is difficult due to the limited taxonomic work on the genus
Lycopus, although the illustrations provided by Workman (1896), Chrysanthus (1964), Simon (1895) and
Murphy and Murphy (2000) are helpful. The examined specimens share similar morphology with Lycopus
edax in having the green habitus when alive, the convex prosoma, the relative large eyes and conspicuous eye
tubercles, and the clypeus that has about the same width as the ocular area. This genus has the bright green
habitus and should belong to Dietini sensu Lehtinen (2005). Lycopus can be separated from Loxobates
Thorell, 1877 by the width of ocular area/head which is 1.0 vs. 0.5 in Loxobates, and the less oval abdomen of
Lycopus with an anterior obtuse edge (sharp in Loxobates, see Simon 1895; Murphy & Murphy 2000).
Diagnosis. The female can be distinguished from Lycopus edax Thorell, 1895 by the larger body size
(male: 3.90–4.50, female: 6.10–6.60) (female L. edax: 4.00) and the absence of markings on abdomen (with a
pattern of darker, transverse marks in L. edax).
Description. Male (measurements of the holotype): Total length 4.50. Prosoma 2.00 long, 1.80 wide;
opisthosoma 2.80 long, 1.30 wide. Prosoma convex, greenish brown, with sparse setae. Tubercle of ALE and
PLE grayish white, large and continuous. Eye measurements: AME 0.08; ALE 0.13; PME 0.07; PLE 0.11;
AME–AME 0.14; AME–ALE 0.12; PME–PME 0.10; PME–PLE 0.36. MOA length 0.40 with front width
0.30 and back width 0.28. Chelicerae, gnathocoxae and labium light brown. Sternum yellow. Legs yellow
with many spines. Leg spination: Femur I prolateral 0-0-1-1-1, dorsal 0-1(weak)-1-1-1, II–IV dorsal 1(weak)1(weak)-1-1-1, I–II retrolateral 1 (apical), II prolateral 1(apical); patella I–IV, pro- and retrolateral 1, dorsal
1(weak)-1; tibia I–II dorsal, pro- and retrolateral 1-1-1, ventral 2-2-2, III–IV dorsal, pro- and retrolateral 1-1;
metatarsus I–II pro- and retrolateral 1-1-1, ventral 2-2, III–IV, pro- and retrolateral 1-1, ventral 2. Leg
formula: 2143; leg measurements: I: 9.90 (2.80, 3.50, 2.40, 1.20); II: 10.00 (2.80, 3.50, 2.50, 1.20); III: 4.40
(1.50, 1.50, 0.80, 0.60); IV: 4.80 (1.60, 1.60, 0.90, 0.70). Opisthosoma tubular, dorsum yellow with silvery
spots and setae, venter with silvery spots.
Palp (Figs 4C–E, 6A–B). Palp with ventral and retrolateral tibial apophyses. VTA wide proximately, long,
beak-shaped; RTA long, bifid apically; bulb flat; embolus slender.
Female (measurements of paratype collected in secondary tropical seasonal moist forest): Total
length 6.00. Prosoma length 2.30, width 2.00. Opisthosoma length 3.70, width 1.90. Prosoma convex,
greenish brown. Eye measurements: AME 0.10; ALE 0.17; PME 0.09; PLE 0.14; AME–AME 0.14;
AME–ALE 0.15; PME–PME 0.16; PME–PLE 0.44. MOA length 0.48 with front width 0.35 and back width
0.31. Spines of legs weaker than those of male. Spination: Femur I prolateral 0-1-1-1, dorsal 1, II–III dorsal 11, IV dorsal 1-1-1; patella I–IV, dorsal 1(apical), I–II pro- and retrolateral 1; tibia I–II dorsal 1-1, pro- and
retrolateral 1-1-1, ventral 2-2-2-2, III–IV dorsal, pro-, and retrolateral 1-1, ventral 1; metatarsus I–II pro- and
retrolateral 1-1-1, ventral 2-2-2-2, III–IV pro- and retrolateral 1-1, ventral 2. Leg formula: 2143; leg
measurements: I: 8.70 (2.60, 3.20, 1.90, 1.00); II: 8.80 (2.70, 3.20, 1.90, 1.00); III: 4.00 (1.40, 1.50, 0.60,
0.50); IV: 4.90 (1.70, 1.70, 0.90, 0.60). Opisthosoma dorsum with broken silvery spots, setae weaker than in
male.
Epigynum (Figs 5B–C, 6C–E). Epigynum with an anterior hood; copulatory opening slit like; copulatory
ducts slender, twisted, complicated; spermathecae globular.
Variation. Total length, male: 3.90–4.50 (n=8). Female: 6.10–6.60 (n=9).
Distribution. China (Yunnan).
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FIGURE 6. Lycopus primus sp. nov. A–B left male palp (A ventral, B retrolateral); C epigynum, ventral view; D–E
vulva (D ventral, E dorsal). Scale bar: A–E = 0.05 mm.
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FIGURE 7. Oxytate capitulata sp. nov. A male habitus, dorsal; B–D male palp (B ventral, C prolateral, D retrolateral).
Scale bars: A = 1.0 mm; B–D = 0.1 mm.
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Oxytate capitulata sp. nov.
Figs 7–9
Type material: Holotype: male, CHINA: Yunnan: Xishuangbanna, Mengla County, Menglun Town,
secondary tropical seasonal moist forest (N21º54.718', E101º16.940', alt. 645 m), 27 July 2007, G. Zheng
(IZCAS, Zheng_sp1106). Paratypes: 7 males, 9 females, same data as holotype. 1 female (IZCAS),
Xishuangbanna, Mengla County, Menglun Town, primary tropical seasonal rain forest (N21º55.035',
E101º16.500', alt. 558 m), 22 July 2007, G. Zheng (IZCAS); 1 male, secondary tropical seasonal moist forest
(N21º54.607', E101º17.005', alt. 633 m), 28 July 2007, G. Zheng (IZCAS); 1 female, primary tropical
seasonal rain forest (N21º57.445', E101º12.997', alt. 744 m), 30 July 2007, G. Zheng (IZCAS); 1 female,
secondary tropical montane evergreen broad-leaved forest (N21º54.767', E101º11.431', alt. 880 m), 6 August
2007, G. Zheng (IZCAS).

FIGURE 8. Oxytate capitulata sp. nov. A female habitus, dorsal; B epigynum, ventral view; C. vulva, dorsal view. Scale
bars: A = 1.0 mm; B–C = 0.1 mm.

Etymology. The specific epithet is taken from the Latin adjective capitulata and means smallheadshaped, refers to the shape of the distal RTA, adjective.
Diagnosis. The female of this new species is similar to Oxytate guangxiensis He & Hu, 1999, but can be
distinguished by the parallel hoods (in 90º angle in O. guangxiensis), the short copulatory duct (copulatory
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duct/spermatheca is 1.2 but 2.0 in O. guangxiensis). The male is similar to O. forcipata Zhang & Yin, 1998,
but can be distinguished by the birdhead-shaped apex of RTA (forcipiform in O. forcipata). This species can
also be easily recognized from O. hoshizuna Ono, 1978 by the distally bifid RTA (curved digitiform without
bifurcaton in O. hoshizuna).

FIGURE 9. Oxytate capitulata sp. nov. A–B left male palp (A ventral, B retrolateral); C epigynum, ventral view; D
vulva, dorsal view. Scale bar: A–D = 0.1 mm.
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Description. Male (measurements of holotype): Total length 5.80. Prosoma length 2.20, width 2.20;
opisthosoma length 3.80, width 1.10. Prosoma flat, yellow. Tubercle grayish white. Eye measurements: AME
0.07; ALE 0.09; PME 0.06; PLE 0.08; AME–AME 0.11; AME–ALE 0.11; PME–PME 0.11; PME–PLE 0.26.
MOA length 0.28 with front width 0.23 and back width 0.23. Chelicerae, gnathocoxae, labium and sternum
light yellow. Legs yellow with many spines. Spination: Femur I prolateral 1-1-1-1, I–II dorsal 1-1-1-1-1,
retrolateral 1 (apical), III–IV dorsal 0-0-1-1-1, prolateral 1(apical); patella I–IV, pro- and retrolateral 1, dorsal
1(weak)-1; tibia I–II dorsal, pro- and retrolateral 1-1, ventral 2-2-2-2, III–IV dorsal, pro- and retrolateral 1-1;
metatarsus I–II pro- and retrolateral 1 (proximal), ventral 2-2-2-2, III–IV, pro- and retrolateral 1-1, ventral 2-0.
Leg formula: I, II, IV, III; leg measurements: I: 11.00 (3.30, 4.30, 2.20, 1.20); II: 10.90 (3.30, 4.20, 2.20, 1.20);
III: 5.20 (1.50, 2.20, 1.10, 0.60); IV: 5.30 (1.80, 1.80, 1.10, 0.60). Opisthosoma cuneiform, dorsum yellow
with broken silvery spots, and with some setae posteriorly, venter yellow.
Palp (Figs 7B–D, 9A–B). VTA short, digitiform; RTA long, the tip birdhead-shaped. Bulb flat, sperm
ducts visible, embolus spiniform.
Female (measurements of paratype). Total length 7.10. Prosoma length 2.30, width 2.30. Opisthosoma
length 4.70, width 1.70. Body color lighter than in male. Eye measurements: AME 0.06; ALE 0.11; PME
0.05; PLE 0.09; AME–AME 0.12; AME–ALE 0.12; PME–PME 0.13; PME–PLE 0.30. MOA length 0.31
with front width 0.25 and back width 0.25. Spination: Femur I prolateral 1-1-1-1 (weak), II prolateral (all
weak) 1-0-1-1; patella I–IV, dorsal 1 (apical); tibia I–II pro- and retrolateral 1-1-0, ventral 2-2-2-2; metatarsus
I–II pro- and retrolateral 1 (proximal), ventral 2-2-2-2. Leg formula: 1234; leg measurements: I: 10.70 (3.20,
4.30, 2.10, 1.10); II: 10.40 (3.10, 4.10, 2.10, 1.10); III: 5.40 (1.40, 2.10, 1.30, 0.60); IV: 5.10 (1.80, 1.70, 1.00,
0.60). Opisthosoma dorsum with broken silvery spots, also with weak setae posteriorly.
Epigynum (Figs 8B–C, 9C–D). Epigynum with an anterior hood paramedially; copulatory openings
located posteriorly; copulatory ducts twisted, hook-shaped, and connectedto the anterior portion of
spermathecae; spermathecae oval.
Variation. Total length, male: 5.70–6.20 (n=9); female: 7.00–7.30 (n=12).
Distribution. China (Yunnan).
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Abstract
Four new and three known crab spider species of the genus Tmarus are reported from the Xishuangbanna Rainforest of
Yunnan, China: T. byssinus sp. nov., T. hastatus sp. nov. male only), T. spicatus sp. nov. (female only), T. undatus sp.
nov. (female only), T. menglae Song and Zhao, 1994, T. songi Han and Zhu, 2008 and T. taiwanus Ono, 1977. The male
of T. menglae is described for the first time. The type specimens are deposited in the Institute of Zoology, Chinese
Academy of Sciences in Beijing.
Key words: Taxonomy, new species, Southeast Asia, tropical rainforest

Introduction
Xishuangbanna is one of the richest regions in biodiversity in China, and a key area in biogeography.
Recently, a fourteen-months spider survey in Xishuangbanna Rainforest (2006–2007) was carried out by the
colleagues of the IZCAS. Three crab spiders were reported from this area already (Tang & Li 2009). Seven
crab spiders of the genus Tmarus from this area (for a map see Fig. 16) are reported in this study.
A recent molecular phylogeny study by Benjamin et al. (2008) confirmed that the genus Tmarus Simon,
1875 belongs to the subfamily Thomisinae. The genus Tmarus has 212 species worldwide, with most species
recorded from South America. Only 37 species were described from Southeast and East Asia, and 17 from
China (Tikader 1970; Ono 1977, 1988; Barrion & Litsinger 1995; Song & Zhu 1997; Wang & Xi, 1998; Yang
et al. 2005; Zhang et al. 2006; Han & Zhu 2008; Platnick 2009). One female (T. tonkinus) and a juvenile (T.
semiroseus) were reported from Vietnam by Simon, 1909 but unfortunately no illustrations were provided.
Crab spiders of the genus Tmarus are characterized by a flat prosoma covered with long setae. The
opisthosoma is elongated, with a prominent hump in the rear (Fig. 7A). These spiders are usually yellow or
brown with white or gray markings. Both sexes usually have similar color patterns, which differs from other
species. They are similar to the genus Monaeses Thorell, 1869 in the general appearance, but can be separated
by the upward rear. They usually inhabit foliage, twigs or trunks, rest in bark with long anterior legs
outstretched forward and posterior legs tucked close to body. Cryptically colored in cream to brown mottled
grays, browns and black, they are perfectly camouflaged on bark (Larson 2009).

Material and methods
Specimens were examined with an Olympus (Tokyo, Japan) SZX12 stereomicroscope; details were studied
with an Olympus BX51 compound microscope. All illustrations were made using an Olympus drawing tube.
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Photos were taken with an Olympus C7070 wide zoom digital camera (7.1 megapixels) mounted on an
Olympus SZX12 stereomicroscope. All measurements are given in millimeters. Eye diameters are taken at the
widest point. The total body length does not include the length of the chelicerae or spinnerets. Leg
measurements are given as: Total length (femur, patella + tibia, metatarsus, tarsus). The terminology used in
text and figure mainly follows Ono (1988).
Abbreviations used in text and legends: AER = anterior eye row; ALE = anterior lateral eyes; AME =
anterior median eyes; CO = copulatory opening; CD = copulatory ducts; E = embolus; ER = epigynal ridge;
EP = epigynal protuberance; ER = epigynal ridge; H = hood; ITA = intermedial tibial apophysis; MOA =
median ocular area; PER = posterior eye row; PLE = posterior lateral eyes; PME = posterior median eyes;
RTA = retrolateral tibial apophysis; S = spermatheca; TA = tegular apophysis; VTA = ventral tibial apophysis.
All types of the new species are deposited in the Institute of Zoology, Chinese Academy of Sciences in
Beijing (IZCAS). More photos of type specimens can be viewed at http://www.ChineseSpecies.com (Li &
Wang 2009).

Taxonomy
Family Thomisidae Sundevall, 1833
Subfamily Thomisinae Sundevall, 1833
Genus Tmarus Simon, 1875
Tmarus byssinus sp. nov.
Figs 1A–D, 2A–C, 3A–D
Type material: (all from CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town, G. Zheng leg.):
Holotype: male, secondary tropical montane evergreen broad-leaved forest (N21º57.784', E101º11.947', alt.
895 m), 6 August 2007 (Zheng_sp329-1). Paratypes: 16 males, 11 females, same data as holotype; 6 males,
rubber plantation (N21º54.463', E101º15.978', alt. 569 m), 21 July 2007; 4 males, 1 female, secondary tropical
seasonal moist forest (N21º54.718', E101º16.940', alt. 645 m), 27 July 2007; 2 males, secondary tropical
seasonal moist forest (N21º54.607', E101º17.005', alt. 633 m), 28 July 2007; 1 male, primary tropical seasonal
rainforest (N21º57.445', E101º12.997', alt. 744 m), 30 July 2007; 3 males, 1 female, secondary tropical
montane evergreen broad-leaved forest (N21º57.809', E101º12.173', alt. 888 m), 4 August 2007; 10 males, 4
females, secondary tropical montane broad-leaved forest (N21º54.813', E101º12.634', alt. 876 m), 5 August
2007; 2 females, 4 juvenile, secondary tropical montane evergreen broad-leaved forest (N21º54.767',
E101º11.431', alt. 880 m), 6 August 2007; 1 female, Paramichelia baillonii plantation (N21º54.200',
E101º16.923', alt. 608 m), 18 August 2007.
Etymology. The specific name comes from the Latin adjective byssinus and means filiform, refers to the
shape of the embolus.
Diagnosis. The male of this new species is similar to T. menglae Song and Zhao, 1994, but can be
separated from the latter by: 1) tegulum without any apophysis vs. with a pair of sharp apophyses in T.
menglae, 2) the ITA shorter than in T. menglae The female of this new species is similar to T. menglae, but can
be separated from the latter by: the epigynum with an epigynal protuberance vs. with a longitudinal ridge in T.
menglae.
Description. Male (holotype measured): Total length 5.60. Prosoma length 2.30, width 2.10; opisthosoma
length 3.30, width 1.70. Prosoma brown with a large grayish brown “M”-shaped marking posteriorly. Eye
tubercles grayish white. Eye measurements: AME 0.06; ALE 0.16; PME 0.09; PLE 0.14; AME–AME 0.26;
AME–ALE 0.20; PME–PME 0.32; PME–PLE 0.40. MOA length 0.42 with front width 0.40 and back width
0.50. Chelicerae, gnathocoxae and sternum yellow, labium gray. Legs yellow. Leg measurements: I: 13.20
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FIGURES 1 A–D. Tmarus byssinus sp. nov. A Male habitus, dorsal view; B–D Male palp (B ventral, C prolateral, D
retrolateral). Scale bars: A = 1.0 mm; B–D = 0.1 mm.
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FIGURES 2 A–C. Tmarus byssinus sp. nov. A Female habitus, dorsal view; B Epigynum, ventral view; C Vulva, dorsal
view. Scale bars: A = 1.0 mm; B–C = 0.1 mm.

(3.80, 4.90, 3.10, 1.40); II: 13.10 (3.70, 4.90, 3.10, 1.40); III: 6.00 (1.90, 2.50, 1.00, 0.60); IV: 6.20 (2.00,
2.50, 1.00, 0.70). Leg formula: 1243. Opisthosoma dorsum grayish white with long setae and gray spots,
venter gray.
Palp (Figs 1B–D, 3A–B). VTA beak-shaped; ITA small and attached to RTA, RTA with a peg like apex,
tegulum flat, embolus slender.
Female (paratype, Zheng_sp329-2, measured): Total length 7.10. Prosoma length 2.80, width 2.70.
Opisthosoma length 4.20, width 2.70. Prosoma grayish white with a large “M”-shaped marking posteriorly,
opisthosoma dorsum markings more obscure than in male. Eye measurements: AME 0.07; ALE 0.16; PME
0.10; PLE 0.14; AME–AME 0.36; AME–ALE 0.24; PME–PME 0.46; PME–PLE 0.50. MOA length 0.42
with front width 0.50 and back width 0.68. Leg formula: 1243; leg measurements: I: 11.50 (3.50, 4.30, 2.50,
1.20); II: 11.40 (3.40, 4.30, 2.50, 1.20); III: 6.10 (2.00, 2.30, 1.00, 0.80); IV: 6.40 (2.20, 2.50, 1.00, 0.70).
Opisthosoma dorsum grayish white with long setae, the posterior with 3 pairs of transversal grayish black
stripes, venter light gray.
Epigynum (Figs 2B–C, 3C–D). Epigynum with a median epigynal protuberance, copulatory openings
bilaterally, copulatory ducts slender and twisted, spermathecae small.
Variation. Total length: male, 4.80–5.80; female, 6.90–7.30. Copulatory ducts vary in shape and size.
Distribution. China (Yunnan).
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FIGURES 3 A–D. Tmarus byssinus sp. nov. A–B Left male palp (A ventral, B retrolateral); C Epigynum, ventral view;
D Vulva, dorsal view. CO = copulatory opening; CD = copulatory ducts; E = embolus; EP = epigynal protuberance; ITA
= intermedial tibial apophysis; RTA = retrolateral tibial apophysis; S = spermatheca; VTA = ventral tibial apophysis.
Scale bars: A–C = 0.1 mm.
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FIGURES 4 A–D. Tmarus hastatus sp. nov. A Male habitus, dorsal view; B–D Male palp (B ventral, C prolateral, D
retrolateral). Scale bars: A = 1.0 mm; B–D = 0.1 mm.
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Tmarus hastatus sp. nov.
Figs 4A–D, 5A–B
Type material: Holotype: male, CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town,
Rubber-Tea Plantation (N21º55.551', E101º16.923', alt. 561 m), 19–26 April 2007, G. Zheng leg.
Etymology. The specific name comes from the Latin adjective hastatus and means hastate (halberdshaped), refers to the shape of the palpal RTA, adjective.
Diagnosis. This new species can be separated from other Tmarus by the unique hastate shape of the RTA.
Description. Male (holotype): Total length 3.50. Prosoma length 1.50, width 1.30; opisthosoma length
2.10, width 0.85. Prosoma brown with short setae, carapace with a triangle grayish white marking. Tubercle
grayish black. Clypeus with 6 long setae. Chelicerae yellow, gnathocoxae, labium and sternum light yellow.
Eye measurements: AME 0.06; ALE 0.11; PME 0.07; PLE 0.11; AME–AME 0.10; AME–ALE 0.12; PME–
PME 0.16; PME–PLE 0.26. MOA length 0.29 with front width 0.20 and back width 0.30, Legs yellow. Leg
formula: 1243; leg measurements: I: 7.00 (2.10, 2.50, 1.50, 0.90); II: 6.40 (2.00, 2.30, 1.30, 0.90); III: 3.10
(0.90, 1.20, 0.50, 0.50); IV: 3.50 (1.30, 1.20, 0.50, 0.50). Opisthosoma dorsum grayish brown with grayish
white markings, venter grayish black.
Palp (Figs 4B–D, 5A–B). Palp VTA short, with sharp apex; RTA halberd-shaped, with wide base, bifid
apex, curved and sharp dorsal branch, tegulum swollen, embolus peg like, with wide base, sharp apex.
Female: Unknown.
Distribution. China (Yunnan).

FIGURES 5 A–B. Tmarus hastatus sp. nov. A–B Male palp (A ventral, B retrolateral). E = embolus; RTA = retrolateral
tibial apophysis; VTA = ventral tibial apophysis. Scale bars: A–B = 0.1 mm.
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FIGURES 6 A–D. Tmarus menglae Song and Zhao, 1994. A Male habitus, dorsal view; B–D Male palp (B ventral, C
prolateral, D retrolateral). Scale bars: A = 1.0 mm; B–D = 0.1 mm.
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FIGURES 7 A–D. Tmarus menglae Song and Zhao, 1994. A–B Female habitus (A lateral view, B dorsal view); C
Epigynum, ventral view; D Vulva, dorsal view. Scale bars: B = 1.0 mm; C–D = 0.1 mm.

56

· Zootaxa 2223 © 2009 Magnolia Press

TANG & LI

FIGURES 8 A–D. Tmarus menglae Song and Zhao, 1994. A–B Left male palp (A ventral, B retrolateral); C Epigynum,
ventral view; D Vulva, dorsal view. CO = copulatory opening; CD = copulatory ducts; E = embolus; ER = epigynal
ridge; ITA = intermedial tibial apophysis; RTA = retrolateral tibial apophysis; S = spermatheca; TA = tegular apophysis;
VTA = ventral tibial apophysis. Scale bars: A–C = 0.1 mm.
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FIGURES 9 A–D. Tmarus songi Han and Zhu, 2008. A Male habitus, dorsal view; B–D Male palp (B ventral, C
prolateral, D retrolateral). Scale bars: A = 1.0 mm; B–D = 0.1 mm.
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Tmarus menglae Song and Zhao, 1994
Figs 6A–D, 7A–D, 8A–D
Tmarus menglae Song and Zhao, 1994: 113, f. 1A–C. Song and Zhu, 1997: 49, f. 26A–C; Song et al., 1999: 500, f. 283H.

Material Examined: (all from CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town, G. Zheng
leg.): 1 male, 8 females, Paramichelia baillonii plantation (N21.54.772, E101.16.043, alt. 556 m), 18, 22 July
2007; 5 females, secondary tropical seasonal moist forest, (N21.54.718, E101.16.940, alt. 645 m), 27–28 July
2007; 1 female, secondary tropical montane evergreen broad-leaved forest (N21.57.809, E101.12.173, alt. 888
m), 4 August 2007; 1 male, 2 females, Menglun, secondary tropical montane broad-leaved forest,
(N21.54.813, E101.12.634, alt. 876 m), 5 August 2007; 1 male, 8 females, secondary tropical montane
evergreen broad-leaved forest (N21.54.767, E101.11.431, alt. 880 m), 6 August 2007; 3 females, Menglun,
primary tropical seasonal rainforest (N21.57.669, E101.11.893, alt. 790 m), 7 August 2007; 1 female, primary
tropical seasonal rainforest (N21.54.725, E101.13.261, alt. 734 m), 8 August 2007; 16 females, Menglun,
secondary tropical seasonal moist forest (N21.54.984, E101.16.982, alt. 656 m), 10 August 2007; 1 male,
Menglun, rubber plantation (N21.54.350, E101.16.461, alt. 614 m), 11 August 2007; 1 male, 1 femle,
Paramichelia baillonii plantation (N21.54.200, E101.16.923, alt. 608 m), 18 August 2007.

FIGURES 10 A–C. Tmarus songi Han and Zhu, 2008. A Female habitus, dorsal view; B Epigynum, ventral view; C
Vulva, dorsal view. Scale bars: A = 1.0 mm, B–C = 0.1 mm.
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FIGURES 11 A–D. Tmarus songi Han and Zhu, 2008. A–B Left male palp (A ventral, B retrolateral); C Epigynum,
ventral view; D Vulva, dorsal view. CD = copulatory ducts; E = embolus; ITA = intermedial tibial apophysis; RTA =
retrolateral tibial apophysis; S = spermatheca; VTA = ventral tibial apophysis. Scale bars: A–C = 0.1 mm.
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FIGURES 12 A–C. Tmarus spicatus sp. nov. A Female habitus, dorsal view; B Epigyne, ventral view; C Vulva, dorsal
view. Scale bars: A = 1.0 mm; B–C = 0.1 mm.

Diagnosis. The female of this species is similar to T. undatus sp. nov. and T. byssinus sp. nov., but can be
separated by the presence of a longitudinal epigynal ridge. The male palp of this species shows a unique forkshaped tegular apophysis which is not found in other congeneric members.
Description. Male (Zheng_sp772-1): Total length 5.20. Prosoma length 2.00, width 1.90; opisthosoma
length 3.20, width 1.60. Prosoma brown with some long setae, the median with some grayish white stripes.
Eye measurements: AME 0.05; ALE 0.15; PME 0.09; PLE 0.12; AME–AME 0.22; AME–ALE 0.18; PME–
PME 0.30; PME–PLE 0.36. MOA length 0.38 with front width 0.34 and back width 0.46. Chelicerae,
gnathocoxae, labium and sternum yellow. Legs yellow. Leg measurements: I: 12.80 (3.70, 4.70, 3.00, 1.40);
II: 12.90 (3.70, 4.80, 3.00, 1.40); III: 5.60 (1.70, 2.20, 1.00, 0.70); IV: 5.70 (2.00, 2.00, 1.00, 0.70). Leg
formula: 2143. Opisthosoma dorsum grayish white with some long setae, dorsum with some grayish black
markings, venter gray.
Palp (Figs 6B–D, 8A–B). VTA digitiform, with curved apex; ITA sharp, spear-shaped; RTA large, welldeveloped, spear-shaped dorsally, with a ventrally translucent lamella and a strongly sclerotized apex;
tegulum with 2 sharp spiniform apophyses; embolus filiform.
Female (Zheng_sp772-2): Total length 6.10. Prosoma length 2.20, width 2.20. Opisthosoma length 3.50,
width 2.30. Body color darker than in male. Eye measurements: AME 0.08; ALE 0.20; PME 0.12; PLE 0.18;
AME–AME 0.22; AME–ALE 0.20; PME–PME 0.30; PME–PLE 0.40. MOA length 0.44 with front width
0.38 and back width 0.56. Leg formula: 2143; leg measurements: I: 10.70 (3.20, 4.00, 2.30, 1.20); II: 10.60
(3.20, 4.00, 2.20, 1.20); III: 5.60 (1.80, 2.20, 0.90, 0.70); IV: 5.70 (2.00, 2.10, 0.90, 0.70). Opisthosoma
dorsum grayish white with grayish black markings, the posterior with 3 pairs of transversal grayish brown
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stripes.
Epigynum (Figs 7C–D, 8C–D). Epigynum with a wide, longitudinal ridge, the anterior of which black;
copulatory openings “W”-shaped; copulatory ducts wide, long, and twisted; spermathecae small.
Variation. Total length: male, 5.00–5.40; female, 6.00–6.40.
Distribution. China (Yunnan).

Tmarus songi Han and Zhu, 2008
Figs 9A–D, 10A–C, 11A–D
Tmarus songi Han and Zhu, 2008: 459–463, figs 1–5

Material examined: (all from CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town, G. Zheng
leg.): 7 males, 3 females, secondary tropical seasonal moist forest (N21º54.607', E101º17.005', alt. 633 m), 28
July 2007 (Zheng_sp913-1); 1 male, 1 female, secondary tropical montane evergreen broad-leaved forest
(N21º54.767', E101º11.431', alt. 880 m), 6 August 2007; 1 male, primary tropical seasonal rainforest
(N21º57.445, E101º12.997, alt. 744 m), 30 July 2007; 3 females, Menglun, primary tropical seasonal
rainforest (N21º57.669', E101º11.893', alt. 790 m), 7 August 2007; 6 females, primary tropical seasonal
rainforest (N21º54.725', E101º13.261', alt. 734 m), 8 August 2007; 2 males, 1 female, Paramichelia baillonii
plantation (N21º54.200', E101º16.923', alt. 608 m), 18 August 2007.
Description. Male: Total length 3.80. Prosoma length 1.60, width 1.60; opisthosoma length 2.00, width
1.20. Prosoma brown with a triangle grayish white marking. Eye tubercles grayish white. Eye measurements:
AME 0.06; ALE 0.14; PME 0.08; PLE 0.14; AME–AME 0.14; AME–ALE 0.14; PME–PME 0.20; PME–
PLE 0.28. MOA length 0.36 with front width 0.24 and back width 0.38. Chelicerae, gnathocoxae, labium and
sternum yellow. Legs yellow. Leg measurements: I: 10.10 (2.90, 3.70, 2.40, 1.10); II: 10.00 (2.90, 3.60, 2.40,
1.10); III: 4.20 (1.40, 1.60, 0.60, 0.60); IV: 4.30 (1.60, 1.50, 0.60, 0.60). Leg formula: 1243. Opisthosoma
dorsum grayish white with some long setae, the posterior with 3 pairs of transversal gray stripes, venter
yellow.
Palp (Figs 9B–D, 11A–B). VTA digitiform; ITA wide and blunt, with a small apophysis laterally, RTA
small digitiform, tegulum flat, sperm ducts visible, embolus spiniform.
Female (measurements of Zheng_sp913-2): Total length 4.80. Prosoma length 1.70, width 1.60.
Opisthosoma length 2.50, width 1.90. Body color shallow than in male. Eye measurements: AME 0.07; ALE
0.15; PME 0.10; PLE 0.14; AME–AME 0.16; AME–ALE 0.16; PME–PME 0.24; PME–PLE 0.36. MOA
length 0.44 with front width 0.28 and back width 0.44. Leg formula: 1243; leg measurements: I: 8.10 (2.50,
3.10, 1.70, 0.80); II: 8.05 (2.50, 3.00, 1.75, 0.80); III: 3.80 (1.20, 1.50, 0.60, 0.50); IV: 4.10 (1.40, 1.60, 0.60,
0.50). Opisthosoma dorsum grayish white, the posterior with 3 pairs of transversal grayish brown spots, the
rear grayish brown.
Epigynum (Figs 10B–C, 11C–D). Epigynum with a median atrium, copulatory openings anteriorly,
copulatory duct globular, spermathecae small.
Variation. Total length: male, 3.60–3.90; female, 4.60–5.00.
Distribution. China (Guangxi, Hainan, Yunnan).

Tmarus spicatus sp. nov.
Figs 12A–C, 13A–B
Type material: Holotype: female, CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town,
primary tropical seasonal rainforest (N21º57.445', E101º12.997', alt. 744 m), 30 July 2007, G. Zheng leg.
(Zheng_sp716).
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FIGURE 13. A–B Tmarus spicatus sp. nov.; C–D. Tmarus taiwanus Ono, 1977 ; E–F. Tmarus undatus sp. nov. A, C, E
Epigyne, ventral view; B, D, F Vulva, dorsal view. CO = copulatory opening, CD = copulatory ducts; ER = epigynal
ridge; H = hood; S = spermatheca. Scale bars: A, C, E = 0.1 mm.
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FIGURES 14 A–C. Tmarus taiwanus Ono, 1977. A Female habitus, dorsal view; B Epigyne, ventral view; C Vulva,
dorsal view. Scale bars: A = 1.0 mm; B–C = 0.1 mm.

Etymology. The specific name comes from the Latin adjective spicatus and means spike like, refers to the
shape of the epigynal ridge.
Diagnosis. This new species is similar to T. taiwanus Ono, 1977, but can be separated from the latter by:
1) the shape of the epigynal ridge, 2) the copulatory ducts long and twisted complicated vs. short and simple
curved in T. taiwanus.
Description. Female (holotype): Total length 5.50. Prosoma length 2.10, width 2.10; opisthosoma length
3.30, width 2.20. Prosoma brown with some grayish white stripes. Chelicerae, gnathocoxae, labium and
sternum yellow. Eye measurements: AME 0.06; ALE 0.13; PME 0.08; PLE 0.11; AME–AME 0.20; AME–
ALE 0.20; PME–PME 0.30; PME–PLE 0.40. MOA length 0.38 with front width 0.32 and back width 0.46,
Legs yellow. Leg formula: 1243; leg measurements: I: 9.00 (2.70, 3.50, 1.80, 1.00); II: 9.10 (2.80, 3.50, 1.80,
1.00); III: 4.90 (1.50, 2.00, 0.80, 0.60); IV: 5.10 (1.70, 2.00, 0.80, 0.60). Opisthosoma dorsum grayish white
with grayish black spots, also with 3 pairs of grayish black stripes posteriorly, venter gray.
Epigynum (Figs 12B–C, 13A–B). Epigynum with a long longitudinal epigynal ridge, copulatory openings
located bilaterally in the posterior of ridge, copulatory ducts long, flat and twisted, spermathecae small.
Male: Unknown.
Distribution. China (Yunnan).
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FIGURES 15 A–C. Tmarus undatus sp. nov. A Female habitus, dorsal view; B Epigyne, ventral view; C Vulva, dorsal
view. Scale bars: A = 1.0 mm; B–C = 0.1 mm.

FIGURE 16 Locality of Xishuangbanna, from which these 7 species crab spiders of the genus Tmarus were collected.
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Tmarus taiwanus Ono, 1977
Figs 13C–D, 14A–C
Tmarus taiwanus Ono, 1977: 75, f. 33–34. Song, 1987: 279, f. 236; Song and Zhu, 1997: 56, f. 33A–B; Song et al., 1999:
500, f. 284G; Han and Zhu, 2008: 460, f. 1–5.

Material examined: (all from CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town, G. Zheng
leg.) 1 female, secondary tropical montane evergreen broad-leaved forest (N21º57.809', E101º12.173', alt. 888
m), 4 August 2007; 1 female, Paramichelia baillonii plantation (N21º54.772', E101º16.043', alt. 556 m), 18
July 2007; 1 female, Paramichelia baillonii plantation (N21º54.200', E101º16.923', alt. 608 m), 18 August
2007.
Diagnosis. This species is similar to T. spicatus sp. nov., the differences are discussed in the “diagnosis”
of T. spicatus.
Description. Female: Total length 7.00. Prosoma length 2.80, width 2.60; opisthosoma length 4.20, width
2.60. Prosoma brown with a grayish white markings posteriorly. Chelicerae, gnathocoxae and sternum yellow,
labium light brown. Eye measurements: AME 0.07; ALE 0.20; PME 0.10; PLE 0.16; AME–AME 0.34;
AME–ALE 0.24; PME–PME 0.42; PME–PLE 0.50. MOA length 0.50 with front width 0.46 and back width
0.66, Legs yellow. Leg formula: 1243; leg measurements: I: 13.20 (4.00, 5.00, 3.00, 1.20); II: 13.00 (4.00,
5.00, 2.80, 1.20); III: 6.90 (2.20, 2.80, 1.10, 0.80); IV: 6.80 (2.40, 2.50, 1.10, 0.80). Opisthosoma widest at 3/
4 position, dorsum grayish with grayish black markings posteriorly, the rear projects digitiform, venter yellow.
Epigynum (Figs 13C–D, 14B–C). Epigynum with an epigynal ridge anteriorly, copulatory ducts short,
spermathecae convoluted.
Male: See Han and Zhu (2008).
Variation. Total length, female: 6.80–7.00.
Distribution. China (Guangxi, Taiwan, Yunnan).

Tmarus undatus sp. nov.
Figs 13E–F, 15A–C
Type material: (all from CHINA, Yunnan: Xishuangbanna, Mengla County, Menglun Town, G. Zheng leg.)
Holotype: male, secondary tropical montane evergreen broad-leaved forest (N21º54.767', E101º11.431', alt.
880 m), 6 August 2007 (Zheng_sp61-1); Paratypes: 1 female, same data as holotype; 1 female, primary
tropical seasonal rainforest (N21º57.669', E101º11.893', alt. 790 m), 7 August 2007; 2 females, primary
tropical seasonal rainforest (N21º54.725', E101º13.261', alt. 734 m), 8 August 2007.
Etymology. The specific name comes from the Latin adjective undatus and means undulate, referring to
the W-shape of the epigynal structure.
Diagnosis. This new species is similar to T. menglae Song and Zhao, 1994. The differences are discussed
in the “diagnosis” of T. menglae.
Description. Female (holotype): Total length 6.00. Prosoma length 2.20, width 2.10; opisthosoma length
3.70, width 2.10. Prosoma yellow with some small white markings. Tubercle grayish black with white rim.
Chelicerae, gnathocoxae, labium and sternum yellow. Eye measurements: AME 0.06; ALE 0.14; PME 0.08;
PLE 0.12; AME–AME 0.22; AME–ALE 0.20; PME–PME 3.40; PME–PLE 0.36. MOA length 0.32 with
front width 0.34 and back width 0.48, Legs yellow. Leg formula: 1243; leg measurements: I: 10.20 (3.00,
4.00, 2.10, 1.10); II: 9.60 (3.00, 3.60, 2.00, 1.00); III: 4.50 (1.30, 1.80, 0.80, 0.60); IV: 4.60 (1.60, 1.80, 0.60,
0.60). Opisthosoma dorsum grayish white with a large black markings medially, venter gray.
Epigynum (Figs 13E–F, 15B–C). Epigynum with a “W”-shaped ridge in the median from ventral view,
under which bear a small hood, copulatory duct thick, fold and twisted, spermathecae small.
Male: Unknown.
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Variation. Total length: female, 5.80–6.20.
Distribution. China (Yunnan).

Discussion
During our study of Tmarus species from Xishangbanna rain forest we found species-specific colour patterns,
especially on cephalothorax. This enabled us to distinguish species and to allocate specimens without
knowledge of both sexes. For example, it was not possible to match T. hastatus (male only) with one of the
two species described from females only, because they differed in cephalothorax markings and they there
collected from different habitats. Generally it is difficult to collect specimens of both sexes together because
the male crab spiders usually reach maturity earlier than females. This study has shown the great proportion of
undiscovered diversity of the genus Tmarus in the rainforest of Xishangbanna, probably being the result of an
adaptive radiation. We expect many more undescribed species in this region.
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Abstract
Three new species and one newly recorded species of the genera Gamasomorpha and Xestaspis collected from Hainan
Island, China, are diagnosed, described and illustrated: Gamasomorpha comosa sp. nov., Gamasomorpha virgulata sp.
nov., Xestaspis loricata (L. Koch, 1873) and Xestaspis rostrata sp. nov. The genus Xestaspis is firstly recorded from
China. The type specimens are deposited in the Institute of Zoology, Chinese Academy of Sciences (IZCAS).
Key words: Taxonomy, Gamasomorpha, Xestaspis, new species, China

Introduction
The Oonopidae or goblin spiders are a worldwide family of minute, haplogyne spiders. They can be found in
most terrestrial environments but are particularly dominant in leaf litter and humus, especially in the tropics
(Harvey & Edward 2007). At present, Oonopidae includes 505 worldwide distributed species of 74 genera
(Platnick 2008). Several lines of evidence suggest that the presently known species represent only a small
fraction of actual oonopid biodiversity (Saaristo 2001, 2006; Fannes & Jocqué 2008). The Chinese oonopids
fauna has been little studied and at present 9 genera and 29 species have been recorded (Tong & li 2007,
2008).
The genus Gamasomorpha is one of the largest genera in the family Oonopidae, with 56 species recorded
worldwide (Platnick 2008). Five species of this genus were reported from China previously (Brignoli 1974;
Hu 2001; Song et al. 1999; Tong & Li 2007), viz. G. anhuiensis Song & Xu, G. barbifera Tong & Li, G.
cataphracta Karsch, G. linzhiensis Hu and G. nigrilineata Xu. The genus Xestaspis is a poorly studied group,
with 11 species from different part of the world (Ott & Harvey 2008). During surveys on Hainan Island, a
province situated at southernmost part of China, some oonopid spiders were collected. We here described
three new species and one newly recorded species belonging to Gamasomorpha and Xestaspis.

Material and methods
Specimens were examined using an Olympus SZX16 stereomicroscope. Further details were studied under an
Olympus BX51 compound microscope. All illustrations were made using a drawing tube and inked on ink jet
plotter paper. Photos were made with an Olympus E-410 zoom digital camera (10 megapixels) mounted on an
Olympus SZX16 dissecting scope. Vulvae of females were cleared in lactic acid. All measurements were
measured using an Olympus BX51 compound microscope and given in millimeters. Leg measurements are
shown as: total length (femur, patella, tibia, metatarsus, tarsus). Legs segments were measured on their dorsal
side.
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The following abbreviations are used in the literatures: asr = anterior scutal ridge; bc = booklung covers;
ept = dorsal extension of pedicel tube; pt = pedicel tube; sr = scutal ridge; used in the text: ALE = anterior
lateral eyes; PLE = posterior lateral eyes; PME = posterior median eyes.

Taxonomy
Family Oonopidae Simon, 1890
Genus Gamasomorpha Karsch, 1881
Gamasomorpha comosa sp. nov.
Figs 1A–C, 2A–C, 3A–E.
Type material: Holotype male, 7 males and 25 females paratypes, CHINA: Hainan Province, Bawangling
National Natural Reserve, 24–29 July 2007, SQ Li & CX Wang leg.; 11 males and 8 females paratypes,
CHINA: Hainan Province, Jianfengling National Natural Reserve, 17–20 July 2007, SQ Li & CX Wang leg.;
2 males and 8 females paratypes, CHINA: Hainan Province, Limushan National Natural Reserve, 12–13
August 2007, SQ Li & CX Wang leg.; 1 male and 3 females paratypes, CHINA: Hainan Province, Sanya City,
Liudao coast (alt. 576 m, 18°10.645´N, 109°33.989´E), 15 July 2007, SQ Li & CX Wang leg.; 6 males and 13
females paratypes, CHINA: Hainan Province, Wuzhishan National Natural Reserve, 4–7 August 2007, SQ Li
& CX Wang leg.; 1 male and 3 females paratypes, CHINA: Hainan Province, Yinggeling National Natural
Reserve, 2 August 2007, SQ Li & CX Wang leg. All type materials are deposited in IZCAS.
Etymology: The specific name comes from a Latin word, comosus, meaning “with long hairs”, referring
to the medially long hairs on dorsal surface of carapace.
Diagnosis: The new species can be easily distinguished from all the other congeners by the shape of
booklung covers, which is rectangular, and strongly chitinized at anterolateral edge (Figs 2B, C), by the
smooth sternum (Fig. 1C), and by the carapace anterior strongly narrowed (Figs 1A, 3A) and with medially
long hairs on dorsal surface.
Description: Male. Body yellowish brown, chelicerae and sternum lighter, legs yellow. Body length
2.42–2.71; carapace 1.14–1.17 length, 0.91–0.97 width; abdomen 1.48–1.66 length, 1.03–1.14 width. Clypeus
with a row of finely hairs at anterior margin; clypeus height about 0.3 times the diameter of anterior eyes. Pars
cephalica slightly elevated in profile (Fig. 1B). Carapace smooth all over, anterior strongly narrowed (Figs
1A, 3A), with a row of finely hairs along margin; its dorsal surface with two rows of short, finely hairs
laterally and several directed long hairs medially, the long hairs about 5–6 times as long as the short lateral
hairs (Fig. 3B). Eyes six, ALE slightly larger, PLE smallest, ALE separated by less than its radius; posterior
eye row nearly straight in dorsal view. Labium with 2 setae at anterior margin. Sternum smooth, with narrow,
transverse palpal groove, covered with thin hairs standing in small pits; without radial furrows (Fig. 1C).
Measurements of legs: I 3.07 (0.91, 0.43, 0.68, 0.63, 0.42); II 3.07 (0.91, 0.43, 0.68, 0.63, 0.42); III 2.65 (0.80,
0.37, 0.54, 0.60, 0.34); IV 3.53 (1.06, 0.48, 0.74, 0.83, 0.42). Leg formula: IV–I–II–III. Dorsal scutum ovoid,
punctate, densely covered with short hairs. Booklung covers nearly rectangular, anterolateral edge with well
developed tubercle. Pedicel tube short, without dorsolateral extension, scuto-pedicel region unmodified (Figs
2B, C). Sperm pore small, slit-like. Colulus represented only by two setae. Cymbium and bulbus of palp
yellowish white, the other segments yellow. Bulbus longer than cymbium, apex conical, acute tipped.
Embolus-conductor complex, mesially bent in dorsal view (Figs 3C, D).
Female. Similar to male in coloration and general features, but body size larger, sternum without palpal
groove. Body length 2.79–3.27; carapace 1.14–1.31 length, 0.96–1.10 width; abdomen 1.75–1.93 length,
1.37–1.45 width. Measurements of legs: I 3.40 (1.03, 0.48, 0.79, 0.69, 0.41); II 3.40 (1.03, 0.48, 0.79, 0.69,
0.41); III 3.16 (0.96, 0.45, 0.65, 0.69, 0.41); IV 3.93 (1.14, 0.52, 0.89, 0.93, 0.45). Epigastric area without any
external specialities (Fig. 2A). Vulva with a large receptaculum and complicated sclerites (Fig. 3E).
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FIGURES 1A–L. A–C. Gamasomorpha comosa sp. nov., male holotype; D–F. Gamasomorpha virgulata sp. nov., male
holotype; G–I. Xestaspis loricata (L. Koch, 1873), male; J–L. Xestaspis rostrata sp. nov., male holotype. A, D, G, J.
Habitus, dorsal view; B, E, H, K. Habitus, lateral view; C, F, I, L. Sternum, ventral view.

Gamasomorpha virgulata sp. nov.
Figs 1D–F, 2D–F, 4A–D.
Type material: Holotype male, 1 male and 7 females paratypes, CHINA: Hainan Province, Bawangling
National Natural Reserve (alt. 825 m, 19°05.753´N, 109°10.557´E), 24 July 2007, SQ Li & CX Wang leg.; 1
male paratype, CHINA: Hainan Province, Diaoluoshan National Natural Reserve (alt. 653 m, 18°43.766´N,
109°51.815´E), 15 August 2007, SQ Li & CX Wang leg.; 3 females paratypes, CHINA: Hainan Province,
Jianfengling National Natural Reserve (alt. 888 m, 18°44.383´N, 108°51.062´E), 19 July 2007, SQ Li & CX
Wang leg.; 2 males paratypes, CHINA: Hainan Province, Limushan National Natural Reserve (alt. 811 m,
19°10.686´N, 109°44.490´E), 12 August 2007, SQ Li & CX Wang leg.; 1 male paratype, CHINA: Hainan
Province, Tongling National Natural Reserve, 17 August 2007, SQ Li & CX Wang leg.; 1 male paratype,
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CHINA: Hainan Province, Wuzhishan National Natural Reserve, 9 August 2007, SQ Li & CX Wang leg. All
type materials are deposited in IZCAS.

FIGURES 2A–L. A–C. Gamasomorpha comosa sp. nov., female paratype; D–F. Gamasomorpha virgulata sp. nov.,
female paratype; G–I. Xestaspis loricata (L. Koch, 1873), female; J–L. Xestaspis rostrata sp. nov., female paratype. A,
D, G, J. Abdomen, ventral view; B, E, H, K. Abdomen, lateral view; C, F, I, L. Abdomen, anteroventral view.

Etymology: The specific name comes from a Latin word, virgulatus, meaning “with stripes”, referring to
the distinctively striated carapace.
Diagnosis: The new species can be distinguished from all the other congeners by the distinctively striated
carapace, the rows of small pits on well developed radial furrows in sternum (Fig. 1F), the smaller eyes size
and the knob-like elevation on proximo-ventral surface of male palpal bulb (Fig. 4B).
Description: Male. Body reddish brown, chelicerae and sternum lighter, legs yellow. Body length
2.77–2.97; carapace 1.20–1.26 length, 0.83–0.88 width; abdomen 1.37–1.57 length, 0.91–1.03 width. Clypeus
with a row of hairs at anterior margin; clypeus height about 1 time the diameter of anterior eyes. Pars
cephalica slightly elevated in profile (Fig. 1E). Carapace smooth on the top and distinctively striated at sides
(Fig. 1D), with a row of finely hairs along margin, its dorsal surface with a row of short, finely hairs laterally
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and several directed hairs medially. Eyes six, nearly equal sized, distinctively smaller than those of the
congeners (compare Figs 1 D and 1A, G, J); ALE separated by about its diameter; posterior eye row slightly
recurved in dorsal view. Labium with 2 setae at anterior margin. Sternum with narrow, transverse palpal
groove, covered with thin hairs standing in medium-sized, round pits; radial furrows well developed,
composing of rows of small pits (Fig. 1F). Measurements of legs: I 2.96 (0.91, 0.51, 0.63, 0.57, 0.34); II 2.82
(0.86, 0.48, 0.57, 0.57, 0.34); III 2.40 (0.80, 0.37, 0.43, 0.46, 0.34); IV 3.26 (1.00, 0.49, 0.71, 0.69, 0.37). Leg
formula: IV–I–II–III. Dorsal scutum ovoid, smooth, densely covered with short hairs. Booklung covers oval,
large. Pedicel tube short, with dorsolateral extension, scuto-pedicel region with paired curved scutal ridges
(Fig. 2E, F). Sperm pore narrow, slit-like. Colulus small, bearing two setae. Cymbium and bulbus of palp
yellow. Bulbus longer than cymbium, bulged proximo-ventrally, apex conical, acute tipped. Embolusconductor complex, mesially bent in dorsal view (Figs 4A, B).
Female. Similar to male in coloration and general features, but body size larger, sternum without palpal
groove. Body length 3.03–3.41; carapace 1.31–1.38 length, 0.96–1.01 width; abdomen 1.48–1.76 length,
1.21–1.31 width. Measurements of legs: I 3.48 (1.08, 0.66, 0.74, 0.66, 0.34); II 3.23 (1.03, 0.57, 0.63, 0.66,
0.34); III 2.76 (0.86, 0.48, 0.51, 0.57, 0.34); IV 3.93 (1.14, 0.66, 0.85, 0.83, 0.45). Epigastric area without any
external specialities (Figs 2D, 4C). Vulva with a large receptaculum and complicated sclerites (Fig. 4D).

Genus Xestaspis Simon, 1884
Xestaspis loricata (L. Koch, 1873)
Figs 1G–I, 2G–I, 5A–D.
Material examined: 4 males, CHINA: Hainan Province, Jianfengling National Natural Reserve (alt. 900 m,
18°45.159´N, 108°54.604´E), 20 July 2007, SQ Li & CX Wang leg.; 3 males and 2 females, CHINA: Hainan
Province, Bawangling National Natural Reserve (alt. 698 m, 19°01.952´N, 109°06.147´E), 31 July 2007, SQ
Li & CX Wang leg.; 1 female, CHINA: Hainan Province, Limushan National Natural Reserve, Binlanghu (alt.
576 m, 19°11.982´N, 109°43.756´E), 13 August 2007, SQ Li & CX Wang leg.; 1 female, CHINA: Hainan
Province, Datian National Natural Reserve (alt. 52 m, 19°06.609´N, 108°47.362´E), 22 July 2007, SQ Li &
CX Wang leg.; 1 male and 1 female, CHINA: Hainan Province, Sanya City, Liudao coast (alt. 576 m,
18°10.645´N, 109°33.989´E), 15 July 2007, SQ Li & CX Wang leg.; 1 male, CHINA: Hainan Province,
Wuzhishan National Natural Reserve, 4 August 2007, SQ Li & CX Wang leg. All materials are deposited in
IZCAS.
Diagnosis: This species is similar to G. insularis Simon, 1907, but can be distinguished by the strongly
elevated carapace (Fig. 1H), the very small booklung covers, the absences of dorsolateral extension in pedicel
tube and couple of strong teeth on scutal ridge of scuto-pedicel region (Fig. 2I).
Description: Male. Body reddish brown except chelicerae and sternum lighter, legs yellow. Body length
2.28–2.54; carapace 1.01–1.07 length, 0.83–0.86 width; abdomen 1.40–1.60 length, 0.94–1.24 width. Clypeus
with a row of strong hairs at anterior margin; clypeus height about 0.5 times the diameter of anterior eyes. Pars
cephalica strongly elevated in profile (Fig. 1H). Carapace strongly granulated at two sides and smooth on top,
with a row of finely hairs along margin, its dorsal surface with irregularly two rows of short, finely hairs
laterally and several directed, adpressed hairs medially (Fig. 1G). Eyes six, ALE slightly larger, PLE and PME
nearly equal sized; ALE separated by less than its diameter; posterior eye row nearly straight in dorsal view.
Labium with 2 setae at anterior margin. Sternum with narrow, transverse palpal groove, covered with thin
hairs standing in relatively large pits, radial furrows well discernible (Fig. 1I). Measurements of legs: I 2.41
(0.74, 0.37, 0.54, 0.48, 0.28); II 2.33 (0.71, 0.37, 0.51, 0.46, 0.28); III 2.03 (0.63, 0.34, 0.40, 0.43, 0.23); IV
2.71 (0.83, 0.43, 0.60, 0.57, 0.28). Leg formula: IV–I–II–III. Dorsal scutum ovoid, punctate, densely covered
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FIGURES 3A–E. Gamasomorpha comosa sp. nov. A–B. Female carapace, dorsal (A) and lateral (B) views; C–D. Left
male palp, dorsal (C) and prolateral (D) views; E. Vulva, dorsal view. Scale lines: A, B, C = 0.2 mm; D, E = 0.1 mm.

NEW OONOPID SPIDERS FROM CHINA

Zootaxa 2060 © 2009 Magnolia Press ·

27

FIGURES 4A–D. Gamasomorpha virgulata sp. nov. A–B. Left male palp, dorsal (A) and prolateral (B) views; C.
Female genital area, ventral view; D. Vulva, dorsal view. Scale lines: A, B = 0.1 mm; C, D = 0.2 mm.
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FIGURES 5A–D. Xestaspis loricata (L. Koch, 1873). A–B. Left male palp, prolateral (A) and dorsal (B) views; C.
Female genital area, ventral view; D. Vulva, dorsal view. Scale lines: A, B = 0.1 mm; C, D = 0.2 mm.
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FIGURES 6A–C. Xestaspis rostrata sp. nov. A–B. Left male palp, dorsal (A) and prolateral (B) views; C. Vulva, dorsal
view. Scale lines: A = 0.05 mm; B = 0.1mm; C = 0.2 mm.

with short hairs. Booklung covers very small, oval, anterolateral edge with tubercle. Pedicel tube short,
without dorsolateral extension, scuto-pedicel region with straight scutal ridge and conspicuous ventral-arched
anterior scutal ridge (Figs 2H, I). Sperm pore narrow, slit-like. Colulus very small, bearing two setae.
Cymbium and bulbus of palp yellowish, other segments yellow. Bulbus slightly longer than cymbium, apex
conical, blunt tipped. Embolus-conductor complex, mesially bent in dorsal view (Figs 5A, B).
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Female. Similar to male in coloration and general features, but body size larger, sternum without palpal
groove. Body length 2.71–2.97; carapace 1.02–1.14 length, 0.94–0.98 width; abdomen 1.68–1.86 length,
1.37–1.54 width. Measurements of legs: I 2.32 (0.69, 0.40, 0.51, 0.46, 0.26); II 2.27 (0.71, 0.37, 0.48, 0.45,
0.26); III 1.94 (0.63, 0.34, 0.37, 0.40, 0.20); IV 2.61 (0.81, 0.46, 0.57, 0.51, 0.26). Epigastric area without any
external specialities (Figs 2G, 5C). Vulva with a large receptaculum and complicated sclerites (Fig. 5D).

Xestaspis rostrata sp. nov.
Figs 1J–L, 2J–L, 6A–C.
Type material: Holotype male, 2 males and 3 females paratypes, CHINA: Hainan Province, Bawangling
National Natural Reserve, Wangxia Town, 26 July 2007, SQ Li & CX Wang leg.; 1 male paratype, CHINA:
Hainan Province, Jianfengling National Natural Reserve (alt. 811 m, 18°44.751´N, 108°51.234´E), 17 July
2007, SQ Li & CX Wang leg.; 2 females paratypes, CHINA: Hainan Province, Diaoluoshan National Natural
Reserve (alt. 1010 m, 18°43.766´N, 109°51.815´E), 15 August 2007, SQ Li & CX Wang leg.; 2 males and 3
females paratypes, CHINA: Hainan Province, Wuzhishan National Natural Reserve, 4–7 August 2007, SQ Li
& CX Wang leg. All type materials are deposited in IZCAS.
Etymology: The specific name comes from a Latin word, rostratus, meaning “with a beak”, referring to
the duck-beak shaped distal part of embolus-conductor in male palp.
Diagnosis: The new species is similar to X. linnaei Ott & Harvey, 2008, but can be distinguished by the
epigastric scutum, which is not strongly extending far dorsal pedicel, the remarkable small receptaculum of
female and the smooth carapace.
Description: Male. Body yellow or reddish brown, chelicerae and sternum lighter, legs yellow. Body
length 2.40–2.71; carapace 1.02–1.17 length, 0.80–0.94 width; abdomen 1.37–1.49 length, 0.94–1.03 width.
Clypeus with a row of strong hairs at anterior margin; clypeus height about 0.8 times the diameter of anterior
eyes. Pars cephalica slightly elevated in profile (Fig. 1K). Carapace shiny and smooth all over (Fig. 1J), with a
row of finely hairs along margin, its dorsal surface with two rows of short, finely hairs laterally and several
directed, adpressed hairs medially. Eyes six, ALE slightly larger, PLE and PME nearly equal sized; ALE
separated by about 0.8 times of its diameter; posterior eye row slightly recurved in dorsal view. Labium with 2
setae at anterior margin. Sternum with narrow, transverse palpal groove, covered with thin hairs standing in
small pits, radial furrows present, but only discernible at base (Fig. 1L). Measurements of legs: I 2.37 (0.74,
0.37, 0.51, 0.49, 0.26); II 2.27 (0.61, 0.40, 0.51, 0.49, 0.26); III 1.88 (0.49, 0.34, 0.37, 0.43, 0.25); IV 2.69
(0.80, 0.43, 0.60, 0.57, 0.29). Leg formula: IV–I–II–III. Dorsal scutum ovoid, punctate, densely covered with
short hairs. Booklung covers very small, anterolateral edge with tubercle. Pedicel tube short, with dorsolateral
extension, scuto-pedicel region with straight scutal ridge, but interrupted at middle, and conspicuous ventralarched anterior scutal ridge (Figs 2K, L). Sperm pore narrow, slit-like. Colulus very small, bearing two setae.
Cymbium and bulbus of palp yellow. Bulbus slightly shorter than cymbium,. Embolus-conductor complex,
distal part duck-beak shaped in profile, mesially bent in dorsal view (Figs 6A, B).
Female. Similar to male in coloration and general features, but body size larger, sternum without palpal
groove. Body length 2.77–2.91; carapace 1.14–1.20 length, 0.88–0.94 width; abdomen 1.66–1.72 length,
1.22–1.29 width. Measurements of legs: I 2.53 (0.80, 0.41, 0.57, 0.49, 0.26); II 2.49 (0.80, 0.41, 0.51, 0.51,
0.26); III 2.23 (0.71, 0.34, 0.46, 0.46, 0.26); IV 3.08 (0.94, 0.51, 0.66, 0.66, 0.31). Epigastric area without any
external specialities (Fig. 2J). Vulva with a small receptaculum and complicated sclerites (Fig. 6C).
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Abstract
Cave-dwelling pholcid spiders of Hainan Island, China are studied for the first time. Nine species, including six new
species and one new recorded species from China, are reported, i.e. Belisana desciscens sp. nov., B. exian sp. nov., B.
maogan sp. nov., B. yalong sp. nov., Holocneminus huangdi sp. nov., Modisimus culicinus (Simon, 1893) rec. nov.,
Pholcus exceptus sp. nov., Pholcus gui Zhu & Song, 1999, and Physocyclus globosus (Taczanowski, 1874). The genera
Holocneminus and Modisimus both are newly recorded from China. All the six new species are diagnosed, described and
illustrated. The newly recorded species Modisimus culicinus (Simon, 1893) is illustrated, too.
Key words: Taxonomy, new species, endemic species, tropical biodiversity, illustration

Introduction
The Pholcidae, known as daddy long legs spiders, is a large family with a worldwide distribution. They
usually hang inverted in a sheet web, which is mostly domed with an irregular mesh above and sometimes
also below the sheet. These webs are constructed in dark recesses, in caves, under rocks and loose bark,
abandoned mammal burrows and undisturbed areas in buildings. At present, a total of 85 extant genera and
999 extant species are recorded worldwide, of which 10 genera and 54 species occur in China (Platnick 2008).
Hainan, situated at the southernmost part of China, is the second-largest island off the coast of mainland
China (after Taiwan). It is considered as a tropical biodiversity rich region, and supports many endemic
species. However, the spider fauna of this region is still poorly studied (Lin & Li 2008; Liu et al. 2008; Tong
& Li 2006, 2007, 2008a, 2008b, 2008c, 2008d; Wang et al. 2008). Previously, only ten pholcid species, i.e.
Artema atlanta, Belisana aliformis, B. huberi, B. lamellaris, Crossopriza lyoni, Khorata diaoluoshanensis,
Micropholcus fauroti, Pholcus gui, Physocyclus globosus and Smeringopus pallidus (Song et al. 1999; Tong
& Li 2008a), were recorded in this area. No cave-dwelling pholcid spiders have previously been recorded
from Hainan Island. In an expedition to Hainan with the objective of collecting cave spiders, some pholcids
were collected. Six new species, one newly recorded species, and two previously recorded species belonging
to five genera, are reported in the present paper, including the first records of the genera Holocneminus and
Modisimus from China.

Material and methods
Taxonomic descriptions and terminology follow Huber (2000, 2005). Specimens were examined using an
Olympus SZX12 stereomicroscope. Further details were studied under an Olympus BX51 compound
microscope. All illustrations were made using a drawing tube and inked on ink jet plotter paper. Photos were
Accepted by M. Rezac: 15 Dec. 2008; published: 27 Jan. 2009
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made with an Olympus C7070 wide zoom digital camera (7.1 megapixels) mounted on an Olympus SZX12
dissecting scope. Vulvae of females were cleared in lactic acid.
The following abbreviations are used in the illustrations: a = appendix; ba = bulbal apophysis; e =
embolus; ep = epigynal pocket; f = membranous flap on procursus; pp = pore plate; pr = procursus; u = uncus;
used in the text: ALE = anterior lateral eyes; AME = anterior median eyes; PME = posterior median eyes.
The specimens studied here are deposited in the Institute of Zoology, Chinese Academy of Sciences in
Beijing (IZCAS). Type specimen photos of the species included in this paper can be viewed from website
http://www.ChineseSpecies.com which was created and maintained by Shuqiang Li & Xin-Ping Wang (Li &
Wang 2008).

Taxonomy
Pholcidae C. L. Koch, 1850
Belisana Thorell, 1898
Belisana Thorell, 1898: 278; Simon, 1903: 988; Simon, 1909: 81; Deeleman-Reinhold, 1986: 45–48; Huber, 2001:
124–126; Huber, 2005: 1–126. Type species: Belisana tauricornis Thorell, 1898.

Belisana desciscens sp. nov.
Figs 1–3, 24–29
Type material: Holotype male, 3 females paratypes, CHINA: Hainan Province, Haikou City, Yongxing
Town, Cave No. 3 (19°53.880´ N, 110°14.978´ E), 17 March 2005, Y. Song, X. Han, Y. Tong and G. Deng
leg.; 2 females paratypes, Cave No. 1 (19°53.691´ N, 110°14.880´ E), other data same as for holotype.
Etymology: The specific name is a participium from Latin, in reference to the absence of the sclerotized
apophysis on male palpal bulb.
Diagnosis: The new species can be easily distinguished from other known species by the following
characters: the absence of male palpal bulbal apophysis, shapes of male procursus and cheliceral apophyses.
Description: Male (holotype). Total length 0.92 (1.12 with clypeus), carapace width 0.49. Leg 1: 8.59
(2.21+0.22+2.28+2.97+0.91), tibia 2: 1.38, tibia 3: 0.87, tibia 4: 1.48; tibia 1 L/d: 41. Carapace yellow, with
brown marks laterally; sternum yellowish; legs yellow, without darker rings; opisthosoma pale white, without
spots. Ocular area not elevated, thoracic furrow absent; distance PME-PME 0.05; diameter PME 0.05;
distance PME-ALE 0.02; AME absent. Clypeus unmodified. Sternum nearly as long as wide (0.42).
Chelicerae as in fig. 26, with pair of frontal curved apophyses, tips 0.31 apart. Palps as in figs 24, 25 and 27;
trochanter with short retrolateral apophysis, femur with indistinct hump proximo-dorsally, procursus
complicated distally, with ventral membranous flap, bulb with complicated embolus, without sclerotized
apophysis. Retrolateral trichobothrium of tibia 1 at 19%; legs without spines, vertical hairs, and curved hairs;
tarsus 1 with some pseudosegments, but only 10 distinct distally.
Females (paratypes). In general similar to male. Habitus as in figs 1 and 2. Tibia 1 (n = 5): 1.93–2.03
(mean: 1.97). Epigynum simple and flat externally, with distinctive internal dark structures visible through
cuticle (Figs 3, 28), pockets 0.28 apart. Dorsal view as in fig. 29.

Belisana exian sp. nov.
Figs 4–6, 30–34
Type material: Holotype male, 1 male and 7 females paratypes, CHINA: Hainan Province, Dongfang City,
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Donghe Town, Nanlang Village, E´xian Cave (19°00.426´ N, 109°05.345´ E), 29 March 2005, Y. Song, X.
Han, Y. Tong and G. Deng leg.
Etymology: The specific name is a noun in apposition, taken from the type locality.
Diagnosis: The new species is similar to B. gedeh Huber, 2005, but can be distinguished by the shapes of
procursus, the narrowly separated cheliceral apophyses and the position of female epigynal pocket.
Description: Male (holotype). Total length 1.26 (1.36 with clypeus), carapace width 0.56. Leg 1: 8.33
(2.02+0.22+2.13+2.87+1.09), tibia 2: 1.48, tibia 3: 0.98, tibia 4: 1.36; tibia 1 L/d: 35. Habitus as in figs 4 and
5. Whole body yellowish white; carapace and opisthosoma both without marks. Ocular area not elevated,
thoracic furrow absent; distance PME-PME 0.11; diameter PME 0.04; distance PME-ALE 0.01; AME absent.
Clypeus unmodified. Sternum slightly wider than long (0.41/0.35). Chelicerae as in fig. 32, with pair of
curved apophyses, tips 0.24 apart. Palps as in figs 30 and 31; trochanter with short retrolateral apophysis,
femur with indistinct hump proximo-dorsally, procursus complicated distally, with ventral membranous flap,
bulb with hooked apophysis and simple embolus. Retrolateral trichobothrium of tibia 1 at 30%; legs without
spines, vertical hairs, and curved hairs; tarsus 1 apparently with about 15 pseudosegments, but only about 10
quite distinct distally.
Variation. Tibia 1 in other male: 2.37. Distance between tips of distal cheliceral apophyses in other male:
0.23.
Females (paratypes). In general similar to male. Tibia 1 (n = 7): 1.8–2.12 (mean: 1.94). Epigynum simple
and flat externally, with internal structures visible through cuticle (Figs 6, 33), pockets 0.15 apart. Dorsal view
as in fig. 34.

Belisana maogan sp. nov.
Figs 7–9, 35–41
Type material: Holotype male, 3 males and 8 females paratypes, CHINA: Hainan Province, Baoting County,
Maogan Town, Xian´anshilin (18°35.977´ N, 109°25.440´ E), 13 April 2005, Y. Song, X. Han, Y. Tong and G.
Deng leg.
Etymology: The specific name is a noun in apposition, taken from the type locality.
Diagnosis: The new species is similar to B. aninaj Huber, 2005 in the shapes of male proximal cheliceral
apophyses, but can be distinguished by the shapes of procursus and the bulbal apophyses.
Description: Male (holotype). Total length 1.56 (1.72 with clypeus), carapace width 0.71. Leg 1: 10.04
(2.56+0.25+2.59+3.56+1.08), tibia 2: 1.87, tibia 3: 1.09, tibia 4: 1.71; tibia 1 L/d: 32. Habitus as in figs 7 and
8. Carapace yellow, with brown marks on posterior half; sternum yellowish; legs yellow, without darker rings;
opisthosoma pale white, with some spots, distinct in lateral view. Ocular area not elevated, thoracic furrow
absent; distance PME-PME 0.1; diameter PME 0.06; distance PME-ALE 0.01; AME absent. Clypeus
unmodified. Sternum slightly wider than long (0.51/0.46). Chelicerae as in figs 38 and 39, with pair of frontal
curved apophyses, tips 0.11 apart; with pair of upward-directed proximal apophyses. Palps as in figs 35, 36
and 37; trochanter with short retrolateral apophysis, femur with indistinct hump proximo-dorsally, procursus
complicated distally, with ventral membranous flap, bulb with hooked apophysis and complicated embolus.
Retrolateral trichobothrium of tibia 1 at 25%; legs without spines, vertical hairs, and curved hairs; tarsus 1
with about 15 indistinct pseudosegments distally.
Variation. Tibia 1 in other males (n = 3): 2.56, 2.59, 2.78. Distance between tips of distal cheliceral
apophyses in other males: 0.09, 0.1, 0.11.
Females (paratypes). In general similar to male. Tibia 1 (n = 8): 2.12–2.47 (mean: 2.31). Epigynum
simple and flat externally, with distinctive internal dark structures visible through cuticle (Figs 9, 40), pockets
0.04 apart. Dorsal view as in fig. 41.
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FIGURES 1–23. Belisana desciscens sp. nov., 1–3; Belisana exian sp. nov., 4–6; Belisana maogan sp. nov., 7–9;
Belisana yalong sp. nov., 10–12; Modisimus culicinus (Simon, 1893), 13–15; Pholcus exceptus sp. nov., 16–19;
Holocneminus huangdi sp. nov., 20–23. (1, 4, 7, 10, 13, 16, 20, male habitus, dorsal view; 2, 5, 8, 11, 14, 17, 21, male
habitus, lateral view; 3, 6, 9, 12, 15, 18, 23, female abdomen, ventral view; 19, 22, male sternum, ventral view.)
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FIGURES 24–29. Belisana desciscens sp. nov. 24–25. Male left palp, prolateral (24) and retrolateral (25) views; 26.
Male chelicerae, frontal view; 27. Male bulb with bulbal apophysis and embolus, lateral view; 28–29. Cleared epigynum,
ventral (28) and dorsal (29) views. Scale lines: 24–26, 28, 29 = 0.2 mm; 27 = 0.1 mm.
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FIGURES 30–34. Belisana exian sp. nov. 30–31. Male left palp, prolateral (30) and retrolateral (31) views; 32. Male
chelicerae, frontal view; 33–34. Cleared epigynum, ventral (33) and dorsal (34) views. Scale lines: 0.1 mm.
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FIGURES 35–41. Belisana maogan sp. nov. 35–36. Male left palp, prolateral (35) and retrolateral (36) views; 37. Male
left procursus, prolateral view; 38–39. Male chelicerae, frontal (38) and lateral (39) views; 40–41. Cleared epigynum,
ventral (40) and dorsal (41) views. Scale lines: 0.1 mm.
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Belisana yalong sp. nov.
Figs 10–12, 42–47
Type material: Holotype male, 2 males and 5 females paratypes, CHINA: Hainan Province, Dongfang City,
Donghe Town, Yalong Village, a cave without special name (18°58.935´ N, 108°53.196´ E), 31 March 2005,
Y. Song, X. Han, Y. Tong and G. Deng leg.
Etymology: The specific name is a noun in apposition, taken from the type locality.
Diagnosis: The new species is similar to B. ketambe Huber, 2005, but can be distinguished by the
cheliceral distal apophyses (tips close together), the shape of procursus and the long bulbal apophyses.
Description: Male (holotype). Total length 1.08 (1.14 with clypeus), carapace width 0.5. Leg 1: 5.58
(1.46+0.18+1.48+1.7+0.76), tibia 2: 0.98, tibia 3: 0.46, tibia 4: 0.76; tibia 1 L/d: 25. Habitus as in figs 10 and
11. Carapace yellowish white, with indistinctive pair of brownish marks laterally, and a narrow median line on
ocular area. Sternum whitish. Legs yellowish white, without darker rings. Opisthosoma whitish gray, without
marks. Ocular area not elevated, thoracic furrow absent; distance PME-PME 0.04; diameter PME 0.06;
distance PME-ALE 0.02; AME absent. Clypeus unmodified. Sternum slightly wider than long (0.4/0.36).
Chelicerae as in fig. 45, with pair of curved apophyses, tips 0.13 apart. Palps as in figs 42, 43 and 44;
trochanter with short retrolateral apophysis, femur with indistinct hump proximo-dorsally, procursus
complicated distally, with ventral membranous flap, bulb with hooked apophysis and simple embolus.
Retrolateral trichobothrium of tibia 1 at 36%; legs without spines, vertical hairs, and curved hairs; tarsus 1
apparently with about 20 pseudosegments, but only about 10 quite distinct distally.
Variation. Tibia 1 in other two males: 1.32, 1.45. Distance between tips of distal cheliceral apophyses in
other two males: 0.11, 0.12.
Females (paratypes). In general similar to male. Tibia 1 (n = 5): 1.06–1.22 (mean: 1.13). Epigynum
simple and flat externally, with indistinctive internal dark structures visible through cuticle (Figs 12, 46),
pockets 0.18 apart. Dorsal view as in fig. 47.

Holocneminus Berland, 1942
Berland, 1942: 13. Type species: Holocneminus piritarsis Berland, 1942.

Holocneminus huangdi sp. nov.
Figs 20–23, 48–53
Type material: Holotype male, 14 males and 13 females paratypes, CHINA: Hainan Province, Dongfang
City, Huangdi Cave (18°57.720´ N, 109°08.373´ E), 20 March 2005, Y. Song, X. Han, Y. Tong and G. Deng
leg.; 3 females paratypes, CHINA: Hainan Province, Changjiang County, Qicha Town, Baoyao Cave
(19°06.092´ N, 109°01.208´ E), 2–3 April 2005, collector same as for holotype.
Etymology: The specific name is a noun in apposition, taken from the type locality.
Diagnosis: The new species can be easily distinguished from Holocneminus piritarsis Berland, 1942
(Beatty 2008) by the absence of two-horned projection on clypeus, the shape of palpal bulb and the
complicated procursus in male; by the presence of a short scape on epigynum in female.
Description: Male (holotype). Total length 1.96 (2.2 with clypeus), carapace width 0.96. Leg 1: 8.02
(2.12+0.31+2.16+2.68+0.75), tibia 2: 1.78, tibia 3: 1.5, tibia 4: 1.97; tibia 1 L/d: 23. Habitus as in figs 20 and
21. Carapace yellow with wide median brown mark. Ocular area yellow, but brown laterally, thoracic groove
distinct; sternum yellowish, shape as in fig. 22. Opisthosoma pale gray, with some spots dorsally and laterally.
Distance PME-PME 0.1; diameter PME 0.09; distance PME-ALE 0.03; diameter AME 0.03. Chelicerae as in
fig. 50, with stridulatory files, and a pair of strongly sclerotized frontal apophyses and two pairs of small
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cones proximolaterally. Palps as in figs 48, 49 and 51; bulbus with distinctive internal duct; femur
conspicuously enlarged; procursus relatively huge and complicated. Retrolateral trichobothrium of tibia 1 at
54%; Legs without spines, curved and vertical hairs; tarsus 1 with about 6 pseudosegments.
Variation. Tibia 1 in other males (n = 14): 1.98–2.34 (mean: 2.19)
Females. In general similar to male. Tibia 1 in females from Huangdi Cave (n = 31): 1.87–2.53 (mean:
2.19); from Baoyou Cave (n = 3): 1.96, 2.03 (leg I lost in one specimen). Epigynum as in figs 23 and 52, with
a short scape pointing posteriorly. Lateral surface of scape with pair of pockets, possibly to accommodate the
male cheliceral apophyses during copulation. Dorsal view as in fig. 53.

Modisimus Simon, 1893
Modisimus Simon, 1893a: 322. Type species: Modisimus glaucus Simon, 1893.

Modisimus culicinus (Simon, 1893)
Figs 13–15, 54–59
Material examined: 2 males, 1 female, CHINA: Hainan Province, Sanya City, Lizhigou Town, Xianlang
Cave (18°19.851´ N, 109°32.909´ E), 10–11 April 2005, Y. Song, X. Han, Y. Tong and G. Deng leg.; 1 female,
Xiannü Cave (18°19.844´ N, 109°32.953´ E), other data same as the former; 1 male, 1 female, China: Hainan
Province, Danzhou City, Lanyang Town, Guanyin Cave (19°25.492´ N, 109°39.499´ E), 18 March 2005,
collector same as the former.
Diagnosis: Small species with moderately long legs. Habitus as in figs 13 and 14. Carapace with distinct
pattern dorsally, opisthosoma globular. Males are easily recognized by the cuticular lobe fringed with short
hairs on the frontal side of the eye-turret (Fig. 54), the palpal femur with a blunt apophysis proximally and a
pointed apophysis ventro-distally and the spine-like bulbal apophysis (Figs 55, 56, 57). Epigynum of female
as in figs 15 and 58, dorsal view as in fig. 59.
Description: The species has been well described by Huber (1996).
Distribution: China (new to Hainan); Australia, Central, North and South America, Congo, Hawaii,
Indonesia, Marshall Island, Seychelles, Sri Lanka.

Pholcus Walckenaer, 1805
Pholcus Walckenaer, 1805: 80. Type species: P. phalangioides (Fuesslin, 1775).

Pholcus exceptus sp. nov.
Figs 16–19, 60–64
Type material: Holotype male, 7 males and 23 females paratypes, CHINA: Hainan Province, Dongfang City,
Huangdi Cave (18°57.720´ N, 109°08.373´ E), 20 March 2005, Y. Song, X. Han, Y. Tong and G. Deng leg.; 9
males and 2 females paratypes, CHINA: Hainan Province, Dongfang City, Donghe Town, Nanlang Village,
Cave No. 1 (19°00.694´ N, 109°04.027´ E), 30 March 2005, collector same as holotype; 1 male and 3 females
paratypes, Nanlang Village, Cave No. 2 (19°00.643´ N, 109°04.530´ E), other data same as the former; 2
females paratypes, CHINA: Hainan Province, Changjiang County, Qicha Town, Baoyou Cave (19°06.092´ N,
109°01.208´ E), 2–3 April 2005, collector same as for holotype.
Etymology: The specific name is a participium from Latin, in reference to the special male cheliceral
morphology.
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FIGURES 42–47. Belisana yalong sp. nov. 42–43. Male left palp, prolateral (42) and retrolateral (43) views; 44. Male
left procursus, prolateral view; 45. Male chelicerae, frontal view; 46–47. Cleared epigynum, ventral (46) and dorsal (47)
views. Scale lines: 0.1 mm.

26

· Zootaxa 1988 © 2009 Magnolia Press

TONG & LI

FIGURES 48–53. Holocneminus huangdi sp. nov. 48–49. Male left palp, prolateral (48) and retrolateral (49) views; 50.
Male chelicerae, frontal view; 51. Male left procursus, ventral view; 52–53. Cleared epigynum, ventral (52) and dorsal
(53) views. Scale lines: 0.2 mm.
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FIGURES 54–59. Modisimus culicinus (Simon, 1893). 54. Prosoma, frontal view; 55–56. Male left palp, prolateral (55)
and retrolateral (56) views; 57. Male left procursus, dorsal view; 58–59. Cleared epigynum, ventral (58) and dorsal (59)
views. Scale lines: 0.1 mm.
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FIGURES 60–64. Pholcus exceptus sp. nov. 60–61. Male left palp, prolateral (60) and retrolateral (61) views; 62–63.
Cleared epigynum, ventral (62) and dorsal (63) views; 64. Male chelicerae, frontal view. Scale lines: 60–63 = 0.2 mm; 64
= 0.1 mm.
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Diagnosis: The new species can be easily distinguished from congeners by the shape of the male
cheliceral apophyses, the simple procursus and palpal appendix.
Description: Male (holotype). Total length 5.52 (6.32 with clypeus), carapace width 1.76. Leg 1: 46.57
(13.14+0.72+12.55+17.51+2.65), tibia 2: 8.36, tibia 3: 7.28, tibia 4: 7.82; tibia 1 L/d: 63. Habitus as in figs 16
and 17. Carapace yellowish, with brown marks on median; ocular area brown; clypeus yellowish, without
marks; sternum yellowish, with dense small brown spots, shape as in fig.19. Opisthosoma pale gray, with
some spots dorsally. Distance PME-PME 0.36; diameter PME 0.17; distance PME-ALE 0.02; diameter AME
0.07. Chelicerae as in fig. 64, with pair of unsclerotized rounded projections proximolaterally. Palps as in figs.
60 and 61; tarsal organ capsulate. Retrolateral trichobothrium of tibia 1 at 5%; Legs yellow except dark brown
on patella, with darker rings on femora (subdistally) and tibiae (proximally and subdistally), without spines,
curved and vertical hairs; tarsus 1 with hardly visible pseudosegments.
Variation. Spots on opisthosoma more distinctly in specimens from Nanlang. Tibia 1 in other males (n =
7) from Huangdi Cave: 10.85, 10.99, 11.42 (leg I lost in other specimens); in the males (n = 9) from Nanlang,
Cave No. 1: 10.99 (leg I lost in other specimens); in the males (n = 1) from Nanlang, Cave No. 2: 11.14.
Females (paratypes). In general similar to male. Tibia 1 in females (n = 23) from Huangdi Cave:
9.56–10.28 (mean: 9.98); in the females from Nanlang cave No. 1 (n = 2): 9.71, 10.71; in the females from
Nanlang cave No. 2 (n = 3): 10.28 (leg I lost in other specimens); in the females from Baoyou Cave (n = 2):
10.57 (leg I lost in one specimen). Epigynum as in figs 18 and 62, brown with distinctive pattern, strongly
blackened on median area; with worm-shaped knob. Dorsal view as in fig. 63.

Pholcus gui Zhu & Song, 1999
Material examined: 1 male and 1 female paratypes, CHINA: Hainan Province, Jianfengling Mountain, 13
December 1989, M. Zhu leg.; 1 male, 1 female, China: Hainan Province, Sanya City, Lizhigou Town, Luobi
Cave (18°20.028´ N, 109°32.872´ E), 10–11 April 2005, Y. Song, X. Han, Y. Tong and G. Deng leg.; 1 male, 2
females, CHINA: Hainan Province, Sanya City, Lizhigou Town, Xiannü Cave (18°19.844´ N, 109°32.953´ E),
other data same as the former; 1 male, 3 females, CHINA: Hainan Province, Sanya City, Lizhigou Town, a
cave without special name, other data same as the former; 1 male, 4 females, CHINA: Hainan Province,
Dongfang City, Donghe Town, Yalong Village, a cave without special name (18°58.935´ N, 108°53.196´ E),
31 March 2005, collector same as the former.
Distribution: China (Hainan: Jianfengling Mountain (type locality), new to Sanya and Dongfang).

Physocyclus Simon, 1893
Physocyclus Simon, 1893b: 470. Type species: Physocyclus globosus (Taczanowski, 1874).

Physocyclus globosus (Taczanowski, 1874)
Material examined: 1 male, 3 females, China: Hainan Province, Danzhou City, Lanyang Town, Guanyin
Cave (19°25.492´ N, 109°39.499´ E), 18 March 2005, Y. Song, X. Han, Y. Tong and G. Deng leg.
Distribution: China: Hainan (Jianfengling Mountain, new to Danzhou); circumtropical.
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DESCRIPTION OF GAMMARUS PRECIOSUS, A NEW SPECIES OF
FRESHWATER AMPHIPOD FROM HENAN, CHINA (AMPHIPODA,
GAMMARIDAE)
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ABSTRACT
A new species of gammaridean amphipod, Gammarus preciosus sp. nov., is described and
illustrated based on specimens collected from the Baotianman Natural Reserve, Henan Province,
China. This new species is characterized by the inner ramus of the third uropod reaching 0.4 times
the length of the outer ramus, and the outer ramus with spines on its outer margin and plumose setae
on its inner margin. The morphology of the species is discussed in relation to other, closely similar
species.

RÉSUMÉ
Une espèce nouvelle d’amphipode gammaridé, Gammarus preciosus sp. nov., est décrite et
illustrée à partir de spécimens collectés dans la réserve naturelle de Baotianman, province du Henan,
Chine. Cette nouvelle espèce est caractérisée par la rame interne du troisième uropode atteignant 0,4
fois la longueur de la rame externe, et la rame externe portant des épines sur le bord externe et des
soies plumeuses sur le bord interne. La morphologie de l’espèce est discutée par comparaison avec
d’autres espèces très proches.

INTRODUCTION

Baotianman Natural Reserve (33◦ 20 -33◦ 36 N 111◦ 47 -112◦ 04 E) is situated on
the south slope of Funiu Mountain in the West Henan Province. It is located in
the transitional region between the northern subtropical zone and the southern
warm temperate zone, and harbours thousands of species of rare animals and
3 ) Author for correspondence; e-mail: lisq@ioz.ac.cn
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plants, among which 201 vertebrates, 162 butterflies, 59 dragonflies, and 108
spiders (Song, 1994). However, the crustaceans are poorly known. In 2005, an
expedition to Baotianman Natural Reserve was organized to explore the diversity
of invertebrates and the specimens used in this study were then collected.
The genus Gammarus, with 204 known species worldwide, is widespread across
the Holarctic, and accounts for parts of the Palaearctic epigean diversity (Väinölä
et al., 2008). The Gammarus fauna of Europe has been revised in several studies
(Karaman & Pinkster, 1977a, b, 1987; Özbek, 2007), while Gammarus species
from North America were listed by Bousfield (2001). For China, intensive research
had been done in recent decades, and 55 species of Gammarus were described and
redescribed (Barnard & Dai, 1988; Hou, 2002). In the present paper, a new species
from the Baotianman Natural Reserve in Henan Province is reported. Detailed
drawings of taxonomic characters are presented.

MATERIAL AND METHODS

Specimens were collected with a fine-mesh hand net and preserved in 75%
ethanol. The specimens sampled were examined and dissected under a stereomicroscope (Olympus SZ40). All dissected appendages were mounted on slides
and drawn using a compound microscope (Olympus BX51) equipped with a
drawing-tube. Body length was recorded by holding the specimen straight and
measuring the distance along the dorsal side of the body from the base of the first
antennae to the base of the telson.
All types are deposited in the Institute of Zoology, Chinese Academy of
Sciences (IZCAS), Beijing.

DESCRIPTIVE PART

Gammarus preciosus sp. nov. (figs. 1-5)
Material examined. — Holotype male, 12.2 mm (IZCAS-I-A0571), Baotianman Natural Reserve
(33◦ 31 084 N 111◦ 55 694 E) (fig. 1), altitude 1440 m, Nanyang City, Henan Province, China, 10
November 2005, collected by Yucheng Lin and Qian Wang (IZCAS). Paratypes: 8 males, 3 females,
and 5 juveniles, all same data as holotype.

Description of male. — Head (fig. 5N): inferior antennal sinus deep. Eyes
reniform, of medium size.
Antenna 1 (fig. 2A): peduncular articles 1-3 in length ratio 1 : 0.71 : 0.43, with
distal setae; primary flagellum with 31 articles, each article with short distal setae;
accessory flagellum with 4 articles, article 4 very short.
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Fig. 1. Type-locality of Gammarus preciosus sp. nov., in Baotianman Natural Reserve.

Antenna 2 (fig. 2B): peduncular articles 3-5 in length ratio 1 : 2.71 : 2.98, article
3 with distal setae, articles 4 and 5 with 2-5 groups of short setae along anterior
and posterior margins; flagellum with 14 articles, articles 2-8 with calceoli.
Upper lip (fig. 2C): convex, with minute setae.
Left mandible (fig. 2D, F, H): incisor with 5 teeth; lacinia mobilis with 4
dentitions; spine row with 11 stout plumose setae; molar triturative with 1 plumose
seta; article 2 of palp bearing 19 setae, article 3 about 0.74 times length of article
2, with 5 A-setae on outer face, 3 B-setae on inner face, 25 D-setae, and 5 E-setae.
Right mandible (fig. 2E, G): incisor with 4 teeth, lacinia mobilis bifurcate with
many weak dentitions apically.
Lower lip (fig. 2I): concave, inner plate absent.
Maxilla 1 (fig. 2J, K): inner plate with 12 plumose setae; outer plate with 11
serrated spines; article 2 of left palp with 5 slender spines, 1 stiff seta and 2 setae
on medial surface; article 2 of right maxilla 1 with 5 stout spines, 1 stiff seta and 1
other seta.
Maxilla 2 (fig. 2M): inner plate a little shorter than outer plate, with a row of 19
plumose setae, subparallel to the inner margin.
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Fig. 2. Gammarus preciosus sp. nov. holotype, male. A, antenna 1; B, antenna 2; C, upper lip; D, left
mandible; E, right mandible; F, incisor and lacinia mobilis of left mandible; G, incisor and lacinia
mobilis of right mandible; H, palp of left mandible; I, lower lip; J, left maxilla 1; K, palp of right
maxilla 1; L, outer plate of left maxilla 1; M, maxilla 2; N, maxilliped.
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Maxilliped (fig. 2N): inner plate with 3 blunt apical spines and 1 subapical spine;
outer plate broad, with 12 blade spines on medial margin and 2-5 pectinate apical
setae.
Gnathopod 1 (fig. 3A, B): coxal plate 1 weakly dilated in ventral margin, bearing
4 short setae on anterior corner and 2 short setae on posterior corner; basis with
long setae on anterior and posterior margins; carpus and propodus in length ratio
1 : 1.33; propodus pyriform, palm oblique, with 1 medial spine and a row of 2-2-21 spines on posterior margin; dactylus attaining half of palm margin, unguis about
one-fourth of dactylus.
Gnathopod 2 (fig. 3C, D): coxal plate relatively narrow distally, lower margin
about three-fourths length of lateral margin, with 4 setae on anterior corner, 1 seta
on ventral margin, and 1 seta on posterior corner; basis similar to that of gnathopod
1; carpus and propodus in length ratio 1 : 1.36, with parallel margins; palm of
propodus weakly oblique, with 1 medial spine and 2 spines on posterior outer
corner.
Pereopod 3 (fig. 3E, F): coxal plate subrectangular, with 4 setae on anterior
corner and 1 seta on posterior corner; basis with long setae on proximal anterior
and posterior margins; merus and carpus with long straight setae on posterior
margins; propodus with 4 pairs of spines on posterior margin; dactylus with 1
plumose seta on posterior margin and 2 setae at articulation of unguis.
Pereopod 4 (fig. 3G, H): coxal plate 4 concave, bearing 4 short setae and setules
on anterior corner, and 3 setae on posterior corner; basis to carpus poorly set with
setae on posterior margins; propodus with 4 pairs of spines on posterior margin;
dactylus similar to that of pereopod 3.
Pereopods 5-7 (fig. 4A–F): subequal in length; coxal plates 5-7 with a few setae
only; posterior margin of basis nearly straight on pereopod 5, weakly concave
distally on pereopods 6 and 7, bearing a row of setae, anterior margin with spines;
merus to propodus with spines accompanied by a few setae along anterior and
posterior margins; dactylus with 1 plumose seta on posterior margin and 1 seta at
articulation with unguis.
Coxal gills of gnathopod 2 (fig. 3C) and pereopods 3-7 sac-like (figs. 3E, G,
4A, C, E); gills 2-6 about as long as basis; gill 7 relatively small, about one-third
of length of basis.
Epimeral plates: plate 1 (fig. 5A) subrounded, with 7 setae on anterior corner, 4
setae on posterior margin; plate 2 (fig. 5B) with 2 setae on anterior margin, 3 spines
on ventral margin, and 7 setae on posterior margin, posterodistal corner angular;
plate 3 (fig. 5C) with 3 spines on ventral margin and 11 setae on posterior margin,
posterodistal corner acute.
Pleopods 1-3 subequal (fig. 4G–J), peduncle with long setae and 2 retinacula
accompanied by 2-3 setae; rami with about 20 articles, armed with plumose setae.
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Fig. 3. Gammarus preciosus sp. nov. holotype, male. A, gnathopod 1; B, propodus of gnathopod 1;
C, gnathopod 2; D, propodus of gnathopod 2; E, pereopod 3; F, dactylus of pereopod 3; G, pereopod
4; H, dactylus of pereopod 4.
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Fig. 4. Gammarus preciosus sp. nov. holotype, male. A, pereopod 5; B, dactylus of pereopod 5; C,
pereopod 6; D, dactylus of pereopod 6; E, pereopod 7; F, dactylus of pereopod 7; G, pleopod 1; H,
retinacula of pleopod 1; I, pleopod 2; J, pleopod 3; K, urosomites 1-3; L, uropod 1; M, uropod 2.
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Fig. 5. Gammarus preciosus sp. nov., A–E, N, male; F–M, female. A, epimeral plate 1; B, epimeral
plate 2; C, epimeral plate 3; D, uropod 3; E, telson; F, gnathopod 1; G, propodus of gnathopod 1; H,
gnathopod 2; I, propodus of gnathopod 2; J, oostegite 2; K, oostegite 3; L, oostegite 4; M, oostegite
5; N, head.
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Urosomites 1-3 (fig. 4K): dorsally flat; urosomite 1 with 1-1-1-2 spines on
dorsal margin from left to right, urosomite 2 with 2-1-1-2 spines, urosomite 3 with
2 spines and 1 spine on left and right sides, respectively, and 2 setae on medial
dorsal margin.
Uropod 1 (fig. 4L): peduncle longer than rami, with 3 and 2 spines on outer and
inner margins, 2 and 1 spine on outer and inner distal corners, and 1 basofacial
spine; inner ramus with 2 spines on inner margin and 5 distal spines; outer ramus
a little shorter than inner ramus, with 2 spines on inner margin and 5 distal spines.
Uropod 2 (fig. 4M): peduncle with 2 spines on inner margin and 1 distal spine
on each side; inner ramus with 2 spines accompanied by 1 seta on inner margin, 1
spine on outer margin; outer ramus 0.85 times as long as inner ramus, with 1 spine
on inner margin.
Uropod 3 (fig. 5D): peduncle with 1 spine on outer margin, several setae on inner
margin, and 3 distal spines; inner ramus about 0.4 times length of outer ramus,
with 4 spines accompanied by plumose setae on inner margin and 4 distal spines,
plumose setae absent on inner margin; proximal article on outer ramus with 1-1-22-3 spines accompanied by simple setae on outer margin, and 5 distal spines; inner
margin armed with plumose setae, terminal article longer than adjacent spines.
Telson cleft nearly to the base (fig. 5E), almost equal in length and width, each
lobe with a pair of dorsolateral spines and groups of facial spines and short setae,
and 2-3 distal spines accompanied by short setae.
Description of female. — Body length 9.0 mm. Differences with male as
follows:
Gnathopod 1 (fig. 5F, G): propodus oval; palm margin not as oblique as that of
male, with 2 spines on posterior margin.
Gnathopod 2 (fig. 5H, I): propodus subrectangular; palm transverse, with 1 spine
on posterior corner.
Pereopods 3-7 similar to those of male, except the posterior margins with less
setae.
Oostegites (fig. 5J–M): oostegite on gnathopod 2 broad, oostegites on pereopods
3-5 progressively reduced, with very short marginal setae.
Etymology. — The species name ‘preciosus’ (Latin: valuable) is derived from
the name of the type locality, ‘Baotianman’ meaning ‘Treasure Hall of Natural
Species’ in Chinese. It is an adjective agreeing in gender with the (masculine)
generic name.
Habitat. — Specimens were sampled along the shore of a brook in the core area
of Baotianman Natural Reserve, where few travellers could be found. The brook
is clear and shows no signs of pollution, because the type locality is close to the
source of the stream near the peak of the mountain. The gammarids occurred under
rotten leaves.
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Remarks. — This species is diagnosed by pereopod 3 with long straight setae on
the posterior margin; pereopods 5-7 with a few setae along anterior and posterior
margins of merus to propodus; uropod 3 flattened, inner ramus about 0.4 times
length of outer ramus; outer margin of outer ramus with spines but no plumose
setae, inner margin with a row of plumose setae.
This new species, Gammarus preciosus, was designated as G. sp5 and indicated
to be a sister species of G. kangdingensis Hou, 2002 based on molecular data
(Hou et al., 2007). Gammarus preciosus looks morphologically similar to G.
kangdingensis, with its slim body shape, and a similar armature of uropod 3.
Gammarus preciosus can be distinguished from G. kangdingensis by its reniform
eyes, which are elongate and oval in G. kangdingensis; antenna 2 more slender; and
pereopods 3-7 stouter than those of G. kangdingensis; uropod 3 flattened, versus
slender in G. kangdingensis.
This species also resembles Gammarus takesensis Hou, Li & Platvoet, 2004 in
the peduncle of antenna 2 having a few long setae, pereopods 5-7 with a few setae
along anterior and posterior margins, and the outer ramus of uropod 3 with a row
of plumose setae on the inner margin, but with spines and no plumose setae on its
outer margin. Gammarus preciosus differs from G. takesensis in pereopod 3 with
long straight setae on the posterior margin of the merus, versus a few setae on that
of G. takesensis; inner ramus of uropod 3 reaching 0.4 times the length of the outer
ramus, versus 0.75 times in G. takesensis; telson with basofacial spine and setae,
which are lacking on that surface in G. takesensis.
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Abstract
Three new species of pimoid spiders from Sichuan, China are described and illustrated: Pimoa lata sp. nov., Weintrauboa
plana sp. nov. and W. pollex sp. nov. Detailed morphological descriptions and illustrations of all three new species are
given.
Key words: Taxonomy, cave, southwest China, diversity

Introduction
Pimoidae is one of the smallest spider families in the world, with only 33 described species worldwide
(Platnick, 2009). In recent years, some new pimoids have been reported from China, especially from the
Sichuan and Yunnan Provinces in southwestern China (Griswold et al., 1999; Yang et al., 2006; Xu & Li,
2007; Hormiga, 2008; Hormiga & Tu, 2008). In the present paper, another three new pimoids from China are
added. Besides one cave species, Pimoa clavata Xu & Li, 2007, distributed in Beijing of Northern China, all
Chinese pimoids are collected from the southwestern Provinces of China. This distribution pattern is
consistent with our hypothesis that southwestern China has an extremely high spider diversity (Xu & Li,
2006).

Material and methods
Specimens were examined and measured under an Olympus (Tokyo, Japan) SZ40 stereomicroscope. Further
details were studied under an Olympus BX41 compound microscope. All illustrations were made using an
Olympus 1.00x drawing tube. Both the male palp and epigynum were examined and illustrated after they were
dissected from the spiders’ bodies. The male palp and the external structure of the female epigynum were
immersed in a 75% alcohol solution for examination and illustration, but were not placed in a KOH solution
for expansion. In order to illustrate the interior structure of the epigynum, the ventral and dorsal plates of the
epigynum were cut off.
All measurements are given in millimeters. Somatic morphological measurements were taken with the
stereomicroscope. Eye diameters were taken at the widest point. The total body length does not include the
length of the chelicera or spinnerets. The length and width of the cephalothorax and abdomen were measured
in dorsal view, but the height was measured in lateral view. Leg measurements are shown as total length
(femur, patella + tibia, metatarsus, tarsus). Left structures (e.g., palp, legs, and chelicera) were measured and
described. The position of the metatarsal trichobothrium was expressed as in Denis (1949) and Millidge
(1980). The terms used in the text and figures mainly follow Hormiga (1994, 2003). Distribution maps of all
Accepted by G. Hormiga: 5 Nov. 2009; published: 26 Nov. 2009
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species described in the current paper are provided. All of the specimens studied are deposited in the Institute
of Zoology, Chinese Academy of Sciences (IZCAS), Beijing.
Abbreviations used in the text and figures include the following: ALE = anterior lateral eye; AME =
anterior median eye; C = conductor; CD = copulatory duct; CO = copulatory opening; CP = cymbial process;
DP = dorsal plate of the epigynum; E = embolus; EF = embolic flap; FD = fertilization duct; P =
paracymbium; PCS = pimoid cymbial sclerite; PEP = pimoid embolic process; PER = posterior eye row; PLE
= posterior lateral eye; PME = posterior median eye; S = spermatheca; VP = ventral plate of epigynum.

Taxonomy
Pimoidae Wunderlich, 1986
Pimoa Chamberlin & Ivie, 1943
Pimoa lata sp. nov.
Figs 1–8, 30
Type material. Holotype female and 6 female paratypes, CHINA: Sichuan, Lushan County, Weitai Village,
Shuiluodong Cave (30.28°N, 102.97°E, Alt. 1338m), 15 October, 2005, Shuqiang Li leg.
Etymology. The specific name is a Latin adjective, meaning “broad” and referring to the broad
fertilization ducts.
Diagnosis. The females of this new species are similar to that of P. reniformis Xu & Li, 2007 in the
position of the copulatory openings and the shapes of posterior copulatory ducts, but it can be distinguished by
the distal ventral plate of epigynum that is modified into a lip-shaped apophysis, the pear-shaped
spermathecae and the broad fertilization ducts.
Description. Female. Total length 6.0–7.2. Holotype total length 6.1, cephalothorax 2.8 long, 2.4 wide,
1.5 high; abdomen 3.3 long, 2.0 wide, 1.8 high. AME diameter 0.16. ALE 1.23, PME 1.08, PLE 1.08 times
AME diameter. AME separation 0.54 times their diameter, PME separation 0.71 times their diameter. AMEALE separation 0.62 times AME diameter, PME-PLE separation 0.71 times PME diameter. Clypeus height
2.0 times AME diameter. Sternum 1.5 long, 1.5 wide, with distal end slightly broad. Labium wider than long.
Chelicerae with 3 prolateral and 3 retrolateral teeth (Fig. 3). Cheliceral stridulatory striae present. Legs of
holotype broken and the following description of legs are therefore based on a paratype with a total length of
7.0. Femora I–IV with 2 dorsal setae basally and femur I with 3 or 4 prolateral setae mesally. Patellae I–IV
with 1 dorsal seta distally. Tibiae I–IV and metatarsi I-IV with numerous setae. Metatarsi I–IV with 1
trichobothrium dorsally, and Tm I 0.91. Leg lengths: I 26.5 (7.5+8.9+7.1+3.0), II 23.4 (6.85+8.0+6.2+2.6), III
16.6 (5.2+5.2+4.3+1.9), IV 20.31 (6.5+7.1+4.4+2.3). Leg formula: I, II, IV, III. Femur I 2.5 times length of
cephalothorax. Abdomen brown. Dorsum with about 5 dark transverse patterns, anterior 2 of which separated
and the posterior 3 fused (Fig. 1).
In lateral view, dorsal plate of epigynum partly visible (Figs 2, 4). From ventral view, vental plate
modified into a lip-shaped apophysis distally and copulatory openings visible (Fig. 5). Spermathecae pearshaped. Copulatory ducts with one strong turn and with posterior part narrow. Fertilization ducts broad,
oriented anteriorly (Figs 7–8).
Male. Unknown.
Distribution. Only known from the type locality (Fig. 30).
Remarks: This new species is the same species as “sp1” in Wang et al. (2008).
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FIGURES 1–8. Pimoa lata sp. nov., 1. Female body, dorsal view; 2. Female abdomen, lateral view; 3. Female cheliceral
teeth, lateral view; 4. Epigynum, lateral view; 5. Ditto, ventral view; 6. Ditto, dorsal view; 7. Vulva, ventral view; 8.
Ditto, dorsal view. Scale bars: 1–2, 1.0mm; 3–8, 0.5 mm.
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Weintrauboa Hormiga, 2003
Weintrauboa plana sp. nov.
Figs 9–16, 30
Type material. Holotype female and 1 female paratype, CHINA: Sichuan, Luding County, Yajiageng
(29.84°N, 102.97°E, Alt. 3055m), 14 October, 2005, Xiufeng Zhang and Xiang Xu leg.; 1 female paratype,
CHINA: Sichuan, Luding County, Moxi Town (29.41°N, 102.06°E), at 41 km on the Road of Moyu, 20 July
2004, Lihong Tu leg.
Etymology. The specific name is a Latin adjective, meaning “flat” and referring to the shape of the
epigynum.
Diagnosis. The females of this new species can be distinguished from those of W. chikunii (Oi, 1979) and
W. yunnan Yang, Zhu & Song, 2006 by the copulatory openings situated on the dorsal epigynum. The females
of this new species can also be separated from that of W. contortipes (Karsch, 1881) by the different shape of
the epigynum. The epigynum of this new species lacks a septum and is quite different from that of W. yele
(Hormiga, 2008).
Description. Female. Total length 5.80–6.14. Holotype total length 5.8, cephalothorax 2.3 long, 1.9 wide,
1.5 high; abdomen 4.4 long, 2.9 wide, 2.9 high. AME diameter 0.18. ALE 1.14, PME 1.0, PLE 1.14 times
AME diameter. AME separation 0.5 times their diameter, PME separation 0.36 times their diameter. AMEALE separation 0.57 times AME diameter, PME-PLE separation 0.86 times PME diameter. Clypeus height
1.14 times AME diameter. Sternum 1.35 long, 1.30 wide, with distal end sharp. Labium much wider than
long. Chelicerae with 4 prolateral and 3 retrolateral teeth (Fig. 11). Cheliceral stridulatory striae absent. Legs
with brown annuli. Femora I–II with 2 dorsal setae and 1 prolateral seta. Femur III–IV with 1 or 2 dorsal
setae. Patellae I–IV with 2 dorsal setae at the base and distally respectively. Tibiae I–IV and metatarsi I-IV
with numerous setae. Metatarsi I–IV with 1 trichobothrium dorsally and Tm I 0.28. Lengths of legs: I 8.8
(2.4+3.0+2.0+1.4), II 7.8 (2.2+2.6+1.8+1.2), III 6.1 (1.8+2.0+1.3+1.0), IV 7.4 (2.2+2.4+1.7+1.1). Leg
formula: I, II, IV, III. Femur I 1.11 times length of cephalothorax. Abdomen oval, dorsum with brown and
silvery patterns (Figs 9–10).
Epigynum flat. From lateral and ventral views, dorsal plate of epigynum invisible (Figs 12–13). From
dorsal view, dorsal plate and ventral plate of epigynum completely fused posteriorly and copulatory openings
distinct (Fig. 14). Spermathecae fist–shaped. Copulatory ducts with 1 strong turn mesally. Fertilization ducts
oriented mesally.
Male. Unknown.
Distribution. Only known from the holotype and paratype localities (Fig. 30).
Remarks: We place this species in Weintrauboa based on the molecular analysis of Wang et al. (2008),
where it was cited as “sp3”.

Weintrauboa pollex sp. nov.
Figs 17–30
Type material. Holotype male and 1 female paratype, CHINA: Sichuan, Baoxing County, Fengtongzhai
Nature Reserve, Dashuigou (30.57°N, 102.88°E, Alt. 1725m), 26 September 2005, Xiufeng Zhang and Xiang
Xu leg.; 1 female and 1 male paratypes, CHINA: Sichuan, Lushan County, near Longmendong Cave
(30.27°N, 103.01°E, Alt. 1007m), 16 October 2005, Shuqiang Li leg.
Etymology. The specific name is a Latin noun, meaning “thumb” and referring to the tibia of palp with a
thumb–shaped apophysis.
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FIGURES 9–16. Weintrauboa plana sp. nov., 9. Female body, dorsal view; 10. Female abdomen, lateral view; 11.
Female cheliceral teeth, lateral view; 12. Epigynum, lateral view; 13. Ditto, ventral view; 14. Ditto, dorsal view; 15.
Vulva, ventral view; 16. Ditto, dorsal view. Scale bars: 9–10, 1.0mm; 11–16, 0.2 mm.
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Diagnosis. The males of this new species can be distinguished from the other Weintrauboa species by the
presence of the short, broad embolus and the presence of a thumb–shaped apophysis on tibia of palp. The
females are similar to W. contortipes in having the short epigynum, but can be separated by the completely
different shapes of spermathecae and the copulatory ducts.
Description. Male. Total length 5.8–6.5. Holotype total length 5.8, cephalothorax 3.0 long, 2.4 wide, 1.5
high; abdomen 3.2 long, 2.4 wide, 2.3 high. AME diameter 0.23. ALE 1.0, PME 0.89, PLE 0.89 times AME
diameter. AME separation 0.44 times their diameter, PME separation 0.69 times their diameter. AME-ALE
separation 0.56 times AME diameter, PME-PLE separation 0.88 times PME diameter. Clypeus height 2.0
times AME diameter. Sternum 1.6 long, 1.5 wide, with distal end sharp. Labium wider than long. Chelicerae
with 5 prolateral and 4 retrolateral teeth (Fig. 17). Cheliceral stridulatory striae absent. Legs with black annuli.
Femora I–IV with 1 dorsal setae and femur I with another 1 prolateral seta. Patellae I–IV with 2 dorsal setae at
the base and distally respectively. Tibiae I–IV with numerous setae. Metatarsi I–IV with 1 trichobothrium
dorsally and Tm I 0.27. Lengths of legs: I 16.3 (4.3+5.3+4.7+2.0), II 13.2 (3.5+4.3+3.6+1.8), III 8.1
(2.7+3.0+2.2+1.2), IV 10.7 (3.0+3.4+2.9+1.4). Leg formula: I, II, IV, III. Femur I 1.43 times length of
cephalothorax. Abdomen oval, dorsum with black and silvery patterns.
Tibia of male palp with about 10 macrosetae and retrolateral trichobothria, especially with a
thumb–shaped spine. Paracymbium distinct. PCS modified into a shallow cavity. CP with a separated
thumb–shaped apophysis and a line of about 4 setae and every seta with distinct tubercle. Embolus short,
broad and with sharp distal end. A sharp apophysis situated at the base of embolus. PEP forming an indistinct
gap distally which encloses the distal end of embolus. Embolic flap film-like, arising from the area where the
embolic process (PEP) connects to the embolus (Fig. 22). Conductor distinct, membranous (Figs 18–21).

FIGURES 17–20. Weintrauboa pollex sp. nov., 17. Male cheliceral teeth, lateral view; 18. Palp, prolateral view; 19.
Ditto, ventral view; 20. Ditto, dorsal view. Scale bars: 0.5mm.
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FIGURES 21–29. Weintrauboa pollex sp. nov., 21. Palp, dorsal view; 22. Embolus, embolic process and embolic flap,
prolateral view; 23. Female cheliceral teeth, lateral view; 24. Female body, dorsal view; 25. Female abdomen, lateral
view; 26. Epigynum, ventral view; 27. Ditto, dorsal view; 28. Vulva, ventral view; 29. Ditto, dorsal view. Scale bars:
21–23, 0.2mm; 24–25, 1.0 mm; 26–29, 0.4mm.
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FIGURE 30. Collection localities of the three new pimoids in China.

Female. Total length 6.3–7.7. The specimen from September 26 measured in total length 7.7,
cephalothorax 3.0 long, 2.0 wide, 2.0 high; abdomen 4.7 long, 3.0 wide, 3.2 high. AME diameter 0.2. ALE
1.0, PME 0.88, PLE 1.0 times AME diameter. AME separation 0.19 times their diameter, PME separation
0.45 times their diameter. AME–ALE separation 0.25 times AME diameter, PME–PLE separation 0.57 times
PME diameter. Clypeus height 1.25 times AME diameter. Sternum 1.4 long, 1.3 wide. Chelicerae with 4
prolateral and 4 retrolateral teeth (Fig. 23). Tm I 0.28. Lengths of legs: I 16.3 (3.2+3.8+3.0+1.7), II 13.2
(2.8+3.3+2.6+1.5), III 8.1 (2.2+2.3+1.9+1.1), IV 10.7 (2.6+2.8+2.4+1.3). Leg formula: I, II, IV, III. Femur I
1.27 times length of cephalothorax. Abdomen with black and silvery patterns (Figs 24–25). Other characters
similar to those of male.
Epigynum short. Copulatory openings situated on the posterior of the dorsal epigynum. Spermathecae
fist–shaped, widely separated by copulatory ducts. Fertilization ducts oriented posteriorly (Figs 26–29).
Distribution. Only known from the holotype and paratype localities (Fig. 30).
Remarks: This new species was labeled as “sp2” in the analysis of Wang et al. (2008). In Wang et al.
(2008), the species labeled as “Weintrauboa chikunii” (which is most likely a misidentification of W. yele
Hormiga, 2008 since W. chikunii does not occur in China; see comments in Hormiga (2008:5)), “sp2” and
“sp3” formed a clade and “sp2” nested in the Weintrauboa chikunii and “sp3” clade. In the present paper
“sp3” is described as Weintrauboa plana sp. nov. Obviously, “sp2” should be a Weintrauboa species. Though
this new species is similar to Putaoa in having a macrosetae on the pedipalpal tibia, the results of molecular
analysis, the presence of EF (arising from the area where the embolic process connects to the embolus) and
the simple PEP support its placement in Weintrauboa and prevents it from being placed in Putaoa.
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ABSTRACT. Five erigonine spiders are described
or redescribed and figured, i.e. Gongylidioides diellipticus sp.n., Paikiniana biceps sp.n., Dicymbium sinofacetum Tanasevitch, 2006, Paikiniana lurida (Seo,
1991) comb.n. and Houshenzinus rimosus Tanasevitch,
2006. The types of Araeoncus stigmosus Xia et al.,
2001 were re-examined and females of A. stigmosus
were referred to D. sinofacetum. The females are described for the first time for the species P. lurida (Seo,
1991) comb.n. (ex Walckenaeria) and H. rimosus. The
species P. lurida (Seo, 1991) comb.n., is newly transferred from the genus Walckenaeria. This is the first
record of the genus Paikiniana in China.
ÐÅÇÞÌÅ. Ïðèâåäåíî èëëþñòðèðîâàííîå îïèñàíèå ëèáî ïåðåîïèñàíèå ïÿòè âèäîâ ýðèãîíèí Gongylidioides diellipticus sp.n., Paikiniana biceps sp.n., Dicymbium sinofacetum Tanasevitch, 2006, Paikiniana
lurida (Seo, 1991) comb.n. è Houshenzinus rimosus
Tanasevitch, 2006. Èññëåäîâàíèå òèïîâ Araeoncus
stigmosus Xia et al., 2001 ïîêàçàëî, ÷òî ñàìêè ýòîãî
âèäà îòíîñÿòñÿ ê D. sinofacetum. Âïåðâûå îïèñàíû
ñàìêè Paikiniana lurida (Seo, 1991) comb.n. (ex Walckenaeria) è H. rimosus. Ðîä Paikiniana âïåðâûå
îòìå÷àåòñÿ äëÿ Êèòàÿ.

Introduction
Located in the east of the Asian continent, on the
western shore of the Pacific Ocean, China has a land
area of about 9.6 million sq km, and is one of the largest
countries in the world. At present, a total of 125 species
of subfamily Erigoninae, belonging to 69 genera, are
known from China [Platnick, 2007]. There is no doubt
that this figure represents but a small fraction of the true
diversity of these spiders populating such a vast and physiographically heterogeneous country [Tanasevitch, 2006]

and that there are a tremendous number of new species
waiting to be discovered form China in the near future.
In the present paper, detailed morphological descriptions and illustrations of two new species and
three known species of erigonine spiders, as well as
information about their habitats and distributions are
provided. All the material examined is deposited in the
Institute of Zoology, Chinese Academy of Sciences in
Beijing (IZCAS), China.

Material and methods
Specimens were examined using an Olympus-SZ11
stereomicroscope and illustrated using an OlympusBX41 compound microscope equipped with a drawing
tube. Male left palps and female epigyna were illustrated after being separated from the body. Embolic divisions were dissected from the palpal bulb using sharp
pins and forceps. Genital organs were immersed in
75% alcohol and examined under a compound microscope; embolic divisions and vulvae were mounted in
Hoyers Solution and examined by strong transmitted
light against a white background. In addition, the cuticle of epigyna was removed by sharp pins and forceps
when duct system of vulvae was observed.
Eye diameters were measured at the widest point.
Leg measurements are shown as: total length (femur,
patella, tibia, metatarsus, tarsus). All measurements are
given in millimeters. Terminology for genitalic structures follows Hormiga [2000].
The following abbreviations are used in the text
and figures:
Somatic morphology. ALE  anterior lateral eye;
AME  anterior median eye; PLE  posterior lateral
eye; PME  posterior median eye; Tm I  position of
first metatarsal trichobothrium; Tm IV  fourth metatarsal trichobothrium.
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Male palp. ARP  anterior radical process; C 
column; BH  basal heamatodocha; DSA  distal
suprategular apophysis; E  embolus; EBL  embolic basal lobe; EM  embolic membrane; F  a fissure
in the center of ventral plate; MSA  marginal suprategular apophysis; PC  paracymbium; PT  protegulum; PTA  prolateral tibial apophysis; R  radix; RBP  cymbial retrobasal process; RMP  cymbial retromedian process; RTA  retrolateral tibial
apophysis; SPT  suprategulum; ST  subtegulum;
T  tegulum; TP  tailpiece of radix.
Epigynum. CD  copulatory duct; CO  copulatory opening; DP  dorsal plate; DPS  dorsal plate
scape; FD  fertilization duct; FO  fertilization
opening; S  spermatheca; VP  ventral plate.

Taxonomy
Family Linyphiidae Blackwall, 1859
Dicymbium sinofacetum Tanasevitch, 2006
Figs 113.
Araeoncus stigmosus Xia et al., 2001: 164, f. 1417 ( only).
Dicymbium sinofacetum Tanasevitch, 2006: 289, Figs 3944.
MATERIAL EXAMINED. 3 paratypes  of Araeoncus stigmosus Xia et al., 2001, Mt. Xinglong (36.0ºN, 103.7ºE), Lanzhou
City, Gansu Province, China, 15.VI.1991, leg. J. Gao; 8  and 3
 (IZCAS), Rilong Town (31.92ºN, 102.31ºE), Xiaojin County,
Sichuan Province, China, 31 VII 2004, leg. S. Li and L. Tu; 1 
(IZCAS), Bitahai Nature Reserve (27.85ºN, 100.02ºE), Shangri-La
County, Yunnan Province, 25.VII.2006, leg. Y. Song.

DIAGNOSIS. This species is closely related to the Siberian Dicymbium facetum (L. Koch, 1879) [Song, 2006, Figs
113] but differs by the non-expanded proximal part of
paracymbium (Fig. 2); by the shape of embolus, which is
gradually narrowed in D. sinofacetum (Figs 2, 8), expanded
basally and abruptly narrowed distally in D. facetum; by the
presence of one blunt apophysis at the base of embolus in D.
sinofacetum (Fig. 9), absent in D. facetum; by the slender,
narrow embolic membrane in D. sinofacetum (Fig. 9), wider
and longer in D. facetum; by the prolateral tibial apophysis
(Fig. 6), which has a row of highly sclerotized small teeth
along the inner curvature of the prolateral tibial apophysis in
D. sinofacetum, a patch of small teeth scattered randomly on
the inner side of partly membranous prolateral tibial apophysis in D. facetum; by the shape of retrolateral tibial
apophysis, which is irregular in D. sinofacetum (Fig. 6),
triangular in D. facetum. Females further distinguished by
the presence of a pair of coniform extensions, with two
lateral sides free, in the middle of ventral plate in D. facetum, absent in D. sinofacetum (Fig. 12); by the shape of
dorsal plate, which is small and tapered in D. sinofacetum
(Fig. 10), large in D. facetum and by the shape of copulatory
ducts, which are large and sac-shaped at their point of origin, and loop posteriorly before entering the spermathecae
in D. sinofacetum (Figs 11, 13), small, with no posterior
loop in D. facetum.
DESCRIPTION. Male. Total length 2.10. Cephalothorax 0.96 long, 0.76 wide, grayish brown, without any apophysis (Fig. 5). Abdomen light grey. Clypeus 0.22 high.
AME diameter 0.041, ALE 0.069, PME 0.066, PLE 0.063,
AME separation 0.31 times their diameter, AME-ALE sepa-

ration 0.77 times one ALE diameter, PME separation 0.29
times their diameter, PME-PLE separation 1.00 times one
PLE diameter. Sternum 0.55 long, 0.55 wide, dusky yellow.
Coxa IV separation 0.88 times their width. Chelicerae grayish brown, with 6 promarginal teeth, 5 retromarginal teeth.
Legs dusky yellow. Tibia I 6.59 times longer than wide. Tm
I 0.50, Tm IV absent. Tibia dorsal spines: 2-2-1-1; patella
dorsal spine: 1-1-1-1. Leg measurements: I: 2.99 (0.88, 0.28,
0.70, 0.63, 0.50); II: 2.74 (0.80, 0.26, 0.63, 0.61, 0.44); III:
2.65 (0.73, 0.23, 0.89, 0.69, 0.46); IV: 3.24 (0.97, 0.23,
0.89, 0.69, 0.46).
Male palp as illustrated, femur nearly twice as long as
patella (Fig. 4). Tibia (Figs 67) narrowed distally; with
vimineous bifurcate prolateral tibial apophysis strongly
curved to retrolateral side, as well as a row of highly
sclerotized small teeth arranged along the inner curvature;
with complicated retrolateral tibial apophysis composed of
triangular upper part and irregular nether part; with two
retrolateral and one prolateral tibial trichobothria. Paracymbium straight hook (Fig. 2). Protegulum slightly swollen (Figs 23). Suprategulum armed with one strongly
curved marginal suprategular apophysis (Figs 89) and
one trifurcate distal suprategular apophysis (Figs 1, 9), the
small branch of which is mostly covered by the outer two
large branches. Anterior radical process (Figs 3, 9) long
and narrow, with membranous lower surface. Tailpiece
(Fig. 3) curved upwards, foot-shaped in prolateral view.
Embolus (Figs 89) one loop, with a narrow membrane
along the inner margin.
Female. Both sexes similar in general appearance. Total
length 1.80. Cephalothorax 0.98 long, 0.75 wide. Clypeus
0.31 high. AME diameter 0.047, ALE 0.078, PME 0.077,
PLE 0.066, AME separation 0.27 times their diameter, AMEALE separation 0.40 times one ALE diameter, PME separation 0.40 times their diameter, PME-PLE separation 0.62
times one PLE diameter. Sternum 0.57 long, 0.58 wide.
Coxa IV separation 0.96 times their width. Chelicerae with 5
promarginal teeth, 5 retromarginal teeth. Tibia I 6.00 times
longer than wide. Tm I 0.45, Tm IV absent. Tibia dorsal
spines: 2-2-1-1; patella dorsal spines: 1-1-1-1. Leg measurements: I: 2.98 (0.85, 0.29, 0.75, 0.63, 0.46); II: 2.77 (0.83,
0.32, 0.64, 0.57, 0.41); III: 2.40 (0.71, 0.30, 0.51, 0.52,
0.36); IV: 3.20 (1.00, 0.30, 0.83, 0.64, 0.43).
Epigynum elliptical, with a longitudinal fissure in the
center (Fig. 12). Dorsal plate triangular, with posterior margins turned up (Fig. 10). A pair of semicircular depressions
present along the posterior margins of epigynum (Fig. 12).
Spermathecae long oblong and separated by about half their
half length (Fig. 11). Copulatory ducts expanded at the
beginning to be sac-shaped and looping posteriorlyfollowed
by a before entering into spermathecae (Figs 11, 13). Fertilization ducts posteriorly orientated and S-shaped in lateral
view (Fig. 11).
VARIATION. Total length 1.562.17 in males (n=10),
1.662.14 in females (n=10). Cephalothorax length 0.95
0.97 in males (n=10), 0.960.98 in females (n=10); width
0.760.77 in males (n=10), 0.740.75 in females (n=10).
Fissure length of female epigynum 0.200.23 (n=10).
DISTRIBUTION. China (Gansu, Sichuan, Yunnan).
HABITAT. This species occurs in grass or under leaves
on the ground in marshes, and becomes sexually mature in
late July and early August.
REMARK. The female paratypes of Araeoncus stigmosus Xia et al., 2001 were examined and found to be Dicymbium sinofacetum.
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Figs 17. Dicymbium sinofacetum: 1  left male palp, ventral view; 2  same, retrolateral view; 3  same, prolateral view; 4 
patella and femur of left male palp, retrolateral view; 5  male cephalothorax, lateral view; 6  male left tibia, ventral view; 7  same,
dorsal view. Scale bars: 0.2mm.
Ðèñ. 17. Dicymbium sinofacetum: 1  ëåâàÿ ïàëüïà ñàìöà, ñíèçó; 2  òî æå, ðåòðîëàòåðàëüíî; 3  òî æå, ïðîëàòåðàëüíî; 4 
êîëåíî è áåäðî ëåâîé ïàëüïû ñàìöà, ðåòðîëàòåðàëüíî; 5  ãîëîâîãðóäü ñàìöà, ñáîêó; 6  ãîëåíü ëåâîé ïàëüïû ñàìöà, ñíèçó; 7 
òî æå, ñâåðõó. Ìàñøòàá: 0,2 ìì.
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Figs 813. Dicymbium sinofacetum: 8  embolic division (with EM), dorsal view; 9  same, ventral view (arrow refers to the blunt
apophysis at the base of the embolus); 10  epigynum, dorsal view; 11  female vulva, dorsal view; 12  epigynum, ventral view (arrow
refers to the semicircular depression); 13  vulva, ventral view. Scale bars: 0.1 mm.
Ðèñ. 813. Dicymbium sinofacetum: 8  ýìáîëþñíûé îòäåë (ñ EM), ñâåðõó; 9  òî æå, ñíèçó (ñòðåëêà ïîêàçûâàåò òóïîé
îòðîñòîê â îñíîâàíèè ýìáîëþñà); 10  ýïèãèíà, ñâåðõó; 11  âóëüâà, ñâåðõó; 12  ýïèãèíà,ñíèçó (ñòðåëêà ïîêàçûâàåò
ïîëóêðóãëîå óãëóáëåíèå); 13  âóëüâà, ñíèçó. Ìàñøòàá: 0,1 ìì.
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Figs 1418. Gongylidioides diellipticus sp.n.: 14  epigynum, ventral view (arrow refers to the shallow depression); 15  female
cephalothorax, dorsal view; 16  female vulva, dorsal view; 17  female chelicera, frontal view. Scale bars: 14, 1618  0.1mm; 15 
0.2 mm.
Ðèñ. 1418. Gongylidioides diellipticus sp.n.: 14  ýïèãèíà, ñíèçó (ñòðåëêà ïîêàçûâàåò íåãëóáîêóþ ÿìêó); 15  ãîëîâîãðóäü
ñàìêè, ñâåðõó; 16  âóëüâà, ñâåðõó; 17  õåëèöåðà ñàìêè, ñïåðåäè. Ìàñøòàá: 14, 1618  0,1 ìì; 15  0,2 ìì.
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Gongylidioides diellipticus sp.n.
Figs 1418.

TYPE MATERIAL. Holotype  (IZCAS), Yangmingshan
National Park (25.15ºN, 121.55ºE), Taipei City, Taiwan, China,
X.2003, leg. I-M. Tso.

ETYMOLOGY. Specific name from Greece ellipticus =
elliptical, combined with prefix di, in reference to the two
extra elliptical extensions of copulatory ducts in female.
DIAGNOSIS. The female of this new species (male
unknown) is similar to Gongylidioides angustus Tu & Li,
2006, but can be distinguished by the presence of two extra
elliptical extensions of copulatory ducts and a shallow depression in the center of the dorsal plate.
DESCRIPTION. Male. Unknown.
Female (holotype). Total length 1.92. Cephalothorax (Fig.
15) 0.81 long, 0.61 wide, unmodified, lemon yellow. Abdomen light grey, with two black spots on both sides of epigynum and spinnerets. Clypeus 0.11 high. AME diameter 0.044,
ALE 0.069, PME 0.069, PLE 0.078, AME separation 0.09
times their diameter, AME-ALE separation 0.18 times one
ALE diameter, PME separation 0.23 times their diameter,
PME-PLE separation 0.24 times one PLE diameter. Sternum 0.46 long, 0.45 wide. Coxa IV separation 1.45 times
their width. Chelicerae (Fig. 17) with 6 promarginal and 5
retromarginal teeth. Tibia I 8.75 times longer than wide. Tm
I 0.63, Tm IV present. Tibia dorsal spines: 2-2-1-1; patella
dorsal spine: 1-1-1-1. Leg measurements: I: 4.20 (1.14, 0.33,
1.03, 1.06, 0.64); II: 3.85 (1.09, 0.34, 0.91, 0.92, 0.59); III:
3.33 (0.97, 0.31, 0.72, 0.83, 0.50); IV: 4.20 (1.14, 0.31,
1.09, 1.05, 0.61).
Surface of epigynum almost transparent. Ventral plate
with margins extending anterolaterally and forming a pair of
long, narrow and curved copulatory openings (Fig. 14).
Dorsal plate (Fig. 14) exposed, somewhat cordate, with a
shallow depression in the center when viewed ventrally.
Copulatory ducts (Figs 16, 18) forming a pair of large round
loops anteriorly and then extending to be a pair of ellipsoids
before entering into rounded spermathecae. Fertilization ducts
extremely short, mesally orientated (Fig. 16).
DISTRIBUTION. Known only from the type locality.

Houshenzinus rimosus Tanasevitch, 2006
Figs 1932.
Houshenzinus rimosus Tanasevitch, 2006: 292, f. 4550 ().
MATERIAL EXAMINED. 12  and 7  (IZCAS), Qisehai (30.05ºN, 101.94ºE), Kangding County, Sichuan Province, China, 14.VII.2004, leg. Y. Song, L. Tu and S. Li; 20  and 4 
(IZCAS), Paoma Shan (30.05ºN, 102.01ºE), Kangding County,
Sichuan Province, China, 17.VII.2004, leg. Z. Zhang.

DIAGNOSIS. See Tanasevitch [2006].
DESCRIPTION. Male. Total length 1.90. Cephalothorax 0.82 long, 0.65 wide, dark grey, highly modified as
figures (Figs 2526) shown. Abdomen pale grey. Clypeus
0.19 high. AME diameter 0.038, ALE 0.044, PME 0.044,
PLE 0.050, AME separation 0.50 times their diameter, AMEALE separation 0.86 times one ALE diameter, PME separation 1.71 times their diameter, PME-PLE separation 1.38
times one PLE diameter. Sternum 0.46 long, 0.48 wide.
Coxa IV separation 1.09 times their width. Chelicerae (Fig.
22) with 6 promarginal teeth, 5 retromarginal teeth. Legs
mostly pale grey-yellow, but dark grey at the proximal end
of tibias and distal end of femora and metatarsi. Tibia I 8.42
times longer than wide. Tm I 0.75, Tm IV present. Tibias
and patellae of leg I and leg II with very short spines, one

third and one fifth of the width of patella and tibia respectively. Tibias and patellae of leg III and leg IV with long
spines, once and twice the width of patella and tibia respectively. Tibia dorsal spines: 2-2-1-1; patella dorsal spines: 22-2-2. Leg measurements: I: 2.59 (0.73, 0.23, 0.63, 0.63,
0.38); II: 2.52 (0.68, 0.21, 0.61, 0.63, 0.39); III: 2.06 (0.56,
0.21, 0.43, 0.53, 0.33); IV: 2.59 (0.72, 0.21, 0.61, 0.67,
0.38).
Male palpal tibia (Fig. 23) armed with one prolateral
and one retrolateral tibial apophysis, as well as one prolateral and one retrolateral trichobothria. Paracymbium
(Fig. 21) L-shaped with the distal part extended to be a
curved outgrowth and several hairs on the basal arm near
its junction with the cymbium and four long hairs on the
short arm. Tegulum distal to subtegulum in unexpanded
palp (Fig. 24). Protegulum (Figs 20, 24) undeveloped and
hided under super large distal suprategular apophysis,
which covers the most of the embolic division. Column
highly developed (Figs 19, 28). Distal suprategular apophysis (Figs 2832) spiral, broad at the base, pointed in
the distal end, with two concave slopes arranged in the
opposite direction on the surface. Tailpiece (Fig. 28) short,
with a deep hole at the bottom. Embolus (Figs 30, 32) long
coiled, circling around the outer margin of distal suprategular apophysis. Radix (Figs 24, 32) rather simple, partly
membranous and partly highly seclerotized in the shape of
a black stripe.
Female (first description). Total length 2.15. Cephalothorax 0.81 long, 0.59 wide, dark grey, without any modifications as that of the male. Clypeus 0.17 high. AME diameter 0.047, ALE 0.053, PME 0.044, PLE 0.066, AME separation 0.53 times their diameter, AME-ALE separation 0.47
times one ALE diameter, PME separation 1.00 times their
diameter, PME-PLE separation 0.43 times one PLE diameter. Sternum 0.47 long, 0.46 wide. Coxa IV separation 1.50
times their width. Chelicerae with 6 promarginal teeth, 5
retromarginal teeth. Tibia I 6.77 times longer than wide; Tm
I 0.77, Tm IV present. Tibias and patellae of all four legs
with very long spines, twice the width of tibia or patella.
Tibia dorsal spines: 2-2-1-1; patella dorsal spines: 2-2-2-2.
Leg measurements: I: 2.32 (0.64, 0.22, 0.55, 0.54, 0.36); II:
2.31 (0.65, 0.21, 0.56, 0.54, 0.36); III: 1.96 (0.54, 0.21,
0.39, 0.51, 0.31); IV: 2.38 (0.69, 0.19, 0.55, 0.60, 0.35).
Epigynum (Fig. 31) semicircular, with two highly scleratized, long and narrow extensions anteriorly. Dorsal plate
rectangular in ventral view. Copulatory ducts (Fig. 27) enclosed in a slightly sclerotized capsule, broad at first, then
narrowed gradually to form two loops before reversing to
the rounded spermathecae. Fertilization ducts simple (Fig.
27), short, mesally orientated.
VARIATION. Total length 1.881.91 in males (n=10),
2.062.17 in females (n=10). Cephalothorax length 0.80
0.84 in males (n=10), 0.780.83 in females (n=10); width
0.630.67 in males (n=10), 0.590.61 in females (n=10).
DISTRIBUTION. China (Shaanxi, Sichuan).
HABITAT. This species was found near roots of grass.

Paikiniana biceps sp.n.
Figs 3345.
TYPE MATERIAL. Holotype male (IZCAS), Wulingshan Nature Reserve (40.66ºN, 117.41ºE), Xinglong County, Hebei Province, China, 28.IV.1990. Paratypes: 1  and 1  (IZCAS), same
data as for holotype. 2  (IZCAS), Xiaolongmen Forest Park
(39.93º N, 116.07º E), Mentougou District, Beijing City, China,
21.III.1999, leg. X. Yu.
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Figs 1924. Houshenzinus rimosus: 19  left male palp, prolateral view; 20  same, ventral view; 21  paracymbium, ventral view;
22  male left chelicera, posterior view; 23  male left tibia, dorsal view; 24  left male palp, retrolateral view (regular arrows refer to
the two concave slopes in the opposite direction; bold arrow refers to a black stripe on the radix). Scale bars: 21  0.1 mm; 1920, 2224 
0.2 mm.
Ðèñ. 1924. Houshenzinus rimosus: 19  ëåâàÿ ïàëüïà ñàìöà, ïðîëàòåðàëüíî; 20  òî æå, ñíèçó; 21  ïàðàöèìáèóì, ñíèçó; 22 
õåëèöåðà ñàìöà, ñçàäè; 23  ëåâàÿ ãîëåíü ïàëüïû ñàìöà, ñâåðõó; 24  ëåâàÿ ïàëüïà ñàìöà, ðåòðîëàòåðàëüíî. Ìàñøòàá: 21 
0,1 ìì; 1920, 2224  0,2 ìì.
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Figs 2532. Houshenzinus rimosus: 25  male cephalothorax, frontal view; 26  same, lateral view; 27  vulva, dorsal view; 28 
embolic division (with DSA, not in Hoyers Solution, arrow refers to a deep hole at the bottom of tailpiece), dorsal view; 29  epigynum,
dorsal view; 30  embolic division (with DSA, not in Hoyers Solution), posterior view; 31  epigynum (arrow refers to the highly
sclerotized, long narrow extension anteriorly), ventral view; 32  embolic division (with DSA), top view. Scale bars: 0.1 mm.
Ðèñ. 2532. Houshenzinus rimosus: 25  ãîëîâîãðóäü ñàìöà, ñïåðåäè; 26  òî æå, ñáîêó; 27  âóëüâà, ñâåðõó; 28 
ýìáîëþñíûé îòäåë (ñ DSA, ñòðåëêà ïîêàçûâàåò ãëóáîêóþ ÿìêó â õâîñòîâîé ÷àñòè ýìáîëþñíîãî îòäåëà), ñâåðõó; 29  ýïèãèíà,ñâåðõó;
30  ýìáîëþñíûé îòäåë (ñ DSA), ñçàäè; 31  ýïèãèíà, ñíèçó; 32  ýìáîëþñíûé îòäåë (ñ DSA), ñâåðõó. Ìàñøòàá: 0,1 ìì.
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Figs 3338. Paikiniana biceps sp.n.: 33  male cephalothorax, lateral view; 34  same, frontal view; 35  male left tibia, dorsal
view; 36  left male palp, ventral view; 37  same, prolateral view; 38  same, retrolateral view. Scale bars: 0.1 mm.
Ðèñ. 3338. Paikiniana biceps sp.n.: 33  ãîëîâîãðóäü ñàìöà, ñáîêó; 34  òî æå, ñïåðåäè; 35  ëåâàÿ ïàëüïà ñàìöà, ñâåðõó;
36  ëåâàÿ ïàëüïà ñàìöà, ñíèçó; 37  òî æå, ïðîëàòåðàëüíî; 38  òî æå, ðåòðîëàòåðàëüíî. Ìàñøòàá: 0,1 ìì.
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ETYMOLOGY. The specific name comes from Latin
biceps = bifurcate, and refers to the shape of the horn projecting from the center of ocular area.
DIAGNOSIS. Male is easily distinguished from all other
Paikiniana species by the bifurcate horn, projecting from
the center of ocular area. The epigynum is similar to that of
P. lurida , but has a shorter dorsal plate scape.
DESCRIPTION. Male (holotype). Total length 1.73.
Cephalothorax (Figs 3334) 0.88 long, 0.59 wide, beautiful
reddish-orange, with a bifurcate horn projecting above and
forward from the center of ocular area, as well as one small
crescent-shaped plate at the base of the horn (Fig. 34); the
top of the bifurcate horn furnished with two crests of stout
bristles directed up and backward; the top of crescent-shaped
plate covered with short pubescence. Abdomen yellowishgray. Clypeus 0.14 high. AME diameter 0.031, ALE 0.066,
PME 0.063, PLE 0.051, AME separation 0.80 times their
diameter, AME-ALE separation 0.29 times one ALE diameter, PME separation 0.50 times their diameter, PME-PLE
separation 0.69 times one PLE diameter. Sternum 0.48 long,
0.46 wide, reddish-yellow. Coxa IV separation 1.09 times
their width. Chelicerae reddish-orange, with 4 promarginal
teeth, 4 retromarginal teeth. Legs reddish-yellow. Tibia I
5.42 times longer than wide. Tm I 0.37, Tm IV present.
Tibia with very thin spines. Tibia dorsal spines: 2-2-1-1;
patella dorsal spine: 1-1-1-1. Leg measurements: I: 2.01
(0.57, 0.21, 0.51, 0.41, 0.31); II: 1.81 (0.50, 0.21, 0.44,
0.37, 0.29); III: 1.63 (0.45, 0.19, 0.36, 0.36, 0.27); IV: 2.14
(0.59, 0.19, 0.56, 0.47, 0.33).
Male palpal tibia (Fig. 38) greatly broadened distally,
funnel-shaped, armed with two large tibial apophyses whose
axes present an initial semi-elliptical surface notch; the upper one (Fig. 38) spoon shaped distally, directed forward
and lying close to the cymbium; the lower one tapering (Figs
35, 38) and lying close to the patella. Paracymbium spiral
(Fig. 38). Tegulum distal to subtegulum in unexpanded palp,
with a small patch of inconspicuous papillae (Figs 36, 38).
Protegulum semicircular, without any papillae (Figs 3637).
Apically the suprategulum (Figs 3638) produced into a
spiny distal suprategular apophysis, accompanied with embolic membrane and spiral embolus, and provided with a
retrolateral groove (Fig. 41) which is as long as the distal
suprategular apophysis. Tailpiece (Fig. 37) of radix large,
spiral, leaf-shaped when viewed prolaterally. Embolic membrane (Fig. 41) rectangular, accompanying with distal suprategular apophysis and disal half of embolus. Embolus
(Figs 3940) broad at the base, forming a wide coil of more
or less one turn, about 5 times longer than the height of
embolic basal lobe.
Female. Cephalothorax unmodified. Total length 1.84.
Cephalothorax 0.78 long, 0.59 wide, beautiful reddish-orange. Clypeus 0.13 high. AME diameter 0.034, ALE 0.063,
PME 0.059, PLE 0.056, AME separation 0.36 times their
diameter, AME-ALE separation 0.25 times one ALE diameter, PME separation 0.74 times their diameter, PME-PLE
separation 0.39 times one PLE diameter. Sternum 0.48 long,
0.43 wide. Coxa IV separation 1.05 times their width. Chelicerae with 4 promarginal teeth, 2 retromarginal teeth. Tibia I
3.88 times longer than wide; Tm I 0.33, Tm IV present.
Tibia with very thin spines. Tibia dorsal spines: 2-2-1-1;
patella dorsal spine: 1-1-1-1. Leg measurements: I: 1.76
(0.54, 0.21, 0.39, 0.34, 0.28); II: 1.66 (0.49, 0.20, 0.38,
0.33, 0.26); III: 1.48 (0.41, 0.19, 0.31, 0.31, 0.26); IV: 1.95
(0.56, 0.19, 0.50, 0.41, 0.29).
Epigynum (Fig. 42) has an obtuse dorsal plate scape,
which is a bit shorter than the diameter of the spermathecae.

Spermathecae (Figs 42, 4445) almost round, visible through
the tegument and separated by about their diameter. Copulatory ducts (Figs 4445) very simple, fused at the base,
separated and parallel from the middle, then making a reverse to the dorsal side. Fertilization ducts (Fig. 45) short,
slim, mesally orientated.
VARIATION. Total length 1.691.83 in males (n=4).
Cephalothorax length 0.860.94 in males (n=4); width 0.56
0.63 in males (n=4).
DISTRIBUTION. Only known from the type locality.
HABITAT. This species was found under leaf litter in
the forest, near roots of grass.
REMARK. The genital structures of P. biceps sp.n.
and P. lurida share many common characteristics, in male:
1) funnel-shaped tibia with two retrolateral and one prolateral trichobothria (Figs 38, 51); 2) obvious cymbial retromedian process (Figs 38, 51); 3) paracymbium spiral, with
three to four hairs at the basal arm (Figs 38, 51); 4) tegulum distal to subtegulum in unexpanded palp, with a small
patch of inconspicuous papillae (Figs 36, 38, 49, 51); 5)
leaf-shaped tailpiece of radix when viewed prolaterally
(Figs 37, 50); 6) similar shape of suprategulum and embolic membrane as described above (Figs 41, 52, 53); 7) spiral
embolus, with a little more than one turn, but without
membrane along the inner margin present (Figs 40, 53); in
female: 8) rectangular dorsal plate with a short scape (Figs
42, 55); 9) simple copulatory ducts pathway as described
above (Figs 45, 57); 10) fertilization ducts short, slim,
mesally orientated (Figs 45, 57). But they differ in: 1) the
axes of the two palpal tibial apophyses present a semi
elliptical surface notch in P. biceps sp.n. (Fig. 38), vertical
in P. lurida (Fig. 51); 2) the upper tibial apophysis expanded distally to be spoon-shaped in P. biceps sp.n. (Fig. 38),
gradually narrowed in P. lurida (Fig. 51); 3) the lower
tibial apophysis long tapering in P. biceps sp.n. (Fig. 38),
but thin broad in P. lurida (Fig. 51); 4) embolus (Figs 51,
38) is much longer and wider in P. lurida than in P. biceps
sp.n. In female: 1) dorsal plate scape (Figs 42, 55) is
broader and shorter in P. biceps sp.n. than in P. lurida; 2)
copulatory ducts (Figs 4445, 5657) are much shorter and
narrower in P. biceps sp.n. than in P. lurida.

Paikiniana lurida (Seo, 1991) comb.n.
Figs 4657.
Walckenaeria lurida Seo, 1991: 37, f. 713; Namkung, 2002:
211, f. 17.63ab; Namkung, 2003: 213, f. 17.63ab; Lee et al.,
2004: 100, f.
MATERIAL EXAMINED. 2  and 2 (IZCAS), Zhangjiajie National Forest Park (29.32º N, 110.45º E), Hunan Province,
China, 29.X.2005, leg. S. Li; 4  (IZCAS), Erlangshan Nature
Reserve (30.07ºN, 102.78ºE), Tianquan County, Sichuan Province, China, 7.VII.2004, leg. Y. Song, L. Tu and S. Li.

DIAGNOSIS. See remarks under P. biceps sp.n.
DESCRIPTION. Male. Total length 1.69. Cephalothorax 0.86 long, 0.55 wide, beautiful reddish-orange, with
similar horn as P. mira (Oi 1960, Figs 7, 10), but only half
long as the latter. Abdomen yellowish-gray. Clypeus 0.16
high. AME diameter 0.044, ALE 0.059, PME 0.044, PLE
0.059, AME separation 0.36 times their diameter, AMEALE separation 0.32 times one ALE diameter, PME separation 0.64 times their diameter, PME-PLE separation 0.47
times one PLE diameter. Sternum 0.46 long, 0.41 wide,
reddish-yellow. Coxa IV separation 1.00 times their width.
Chelicerae reddish-orange, with 5 promarginal teeth, 3 retromarginal teeth. Legs reddish-yellow. Tibia I 5.79 times
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Figs 3945. Paikiniana biceps sp.n.: 39  embolic division (without DSA), dorsal view; 40  same, ventral view; 41  embolic
membrane and suprategulum, ventral view (arrow refers to the retrolateral groove); 42  epigynum, ventral view; 43  same, dorsal view;
44  female vulva, ventral view; 45  same, dorsal view. Scale bars: 0.1 mm.
Ðèñ. 3945. Paikiniana biceps sp.n.: 39  ýìáîëþñíûé îòäåë (ñ DSA), ñâåðõó; 40  òî æå, ñíèçó; 41  ýìáîëþñíàÿ ìåìáðàíà
è ñóïðàòåãóëþì, ñíèçó; 42  ýïèãèíà,ñíèçó; 43  òî æå, ñâåðõó; 44  âóëüâà, ñíèçó; 45  òî æå, ñâåðõó. Ìàñøòàá: 0,1 ìì.
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Figs 4651. Paikiniana lurida: 46  male cephalothorax, lateral view; 47  male left tibia, dorsal view; 48  male cephalothorax,
frontal view; 49  left male palp, ventral view; 50  same, prolateral view; 51  same, retrolateral view. Scale bars: 46  0.2 mm; 47
51  0.1 mm.
Ðèñ. 4651. Paikiniana lurida: 46  ãîëîâîãðóäü ñàìöà, ñáîêó; 47  male left tibia, ñâåðõó; 48  ãîëîâîãðóäü ñàìöà, ñïåðåäè;
49  ëåâàÿ ïàëüïà ñàìöà, ñíèçó; 50  òî æå, ïðîëàòåðàëüíî; 51  òî æå, ðåòðîëàòåðàëüíî. Ìàñøòàá: 46  0,2 ìì; 4751  0,1 ìì.
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Figs 5257. Paikiniana lurida: 52  suprategulum (arrow refers to the retrolateral groove), ventral view; 53  embolic division
(without DSA), ventral view; 54  same, dorsal view; 55  epigynum, ventral view; 56  vulva, ventral view; 57  same, dorsal view.
Scale bars: 0.1 mm.
Ðèñ. 5257. Paikiniana lurida: 52  ñóïðàòåãóëþì, ñíèçó; 53  ýìáîëþñíûé îòäåë (áåç DSA), ñíèçó; 54  òî æå, ñâåðõó; 55 
ýïèãèíà,ñíèçó; 56  âóëüâà, ñíèçó; 57  òî æå, ñâåðõó. Ìàñøòàá: 0,1 ìì.
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longer than wide. Tm I 0.37, Tm IV present. Tibia with very
thin spines. Tibia dorsal spines: 2-2-1-1; patella dorsal spine:
1-1-1-1. Leg measurements: I: 2.01 (0.61, 0.20, 0.51, 0.41,
0.28); II: 1.88 (0.58, 0.20, 0.44, 0.38, 0.28); III: 1.58 (0.46,
0.19, 0.35, 0.34, 0.24); IV: 2.10 (0.60, 0.19, 0.56, 0.44, 0.31).
Male palp. See remarks under P. biceps sp.n.
Female. Cephalothorax unmodified. Total length 1.96.
Cephalothorax 0.92 long, 0.69 wide, beautiful reddish-orange. Clypeus 0.13 high. AME diameter 0.044, ALE 0.059,
PME 0.066, PLE 0.056, AME separation 0.43 times their
diameter, AME-ALE separation 0.37 times one ALE diameter, PME separation 0.43 times their diameter, PME-PLE
separation 0.50 times one PLE diameter. Sternum 0.50 long,
0.43 wide. Coxa IV separation 1.04 times their width. Chelicerae with 4 promarginal teeth, 3 retromarginal teeth. Tibia I
4.35 times longer than wide; Tm I 0.39, Tm IV present.
Tibia with very thin spines. Tibia dorsal spines: 2-2-1-1;
patella dorsal spine: 1-1-1-1. Leg measurements: I: 1.91
(0.59, 0.21, 0.46, 0.37, 0.28); II: 1.78 (0.54, 0.19, 0.44,
0.35, 0.26); III: 1.57 (0.45, 0.19, 0.34, 0.34, 0.25); IV: 2.07
(0.59, 0.21, 0.54, 0.44, 0.29).
Epigynum. See remarks under P. biceps sp.n.
VARIATION. Total length 1.691.91 in males (n=2),
1.862.00 in females (n=4). Cephalothorax length 0.86
0.91 in males (n=2), 0.890.95 in females (n=4); width
0.550.63 in males (n=2), 0.660.70 in females (n=4).
DISTRIBUTION. China (Hunan, Sichuan) and Korea.
REMARKS. A study by Seo [1991, Figs 89, 1012]
showed that the male of this species belongs to the genus
Paikiniana Eskov, 1992 according to the shape of male
cephalic horn, funnel-shaped palpal tibia, medium-sized,
simple, hook-like paracymbium, simple embolic division
with a moderately long and strong curved embolus. Eskov
[1992] also mentioned that the Korean species W. lurida
should be incorporated into this genus. In an expedition to
Hunan Province in May 2005, the female of P. lurida was
first discovered to science. Judging from the shape of female epigynum, the female of this species also clearly
belongs to the genus Paikiniana by the presence of dorsal
plate scape (coded as protruding epigyne by Eskov), medium-sized copulatory ducts (coded as receptacula by Eskov)
and short, almost straight fertilization ducts (coded as entrance ducts by Eskov).
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