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The subgenus Ashima (Diptera, Drosophildae, Phortica) from China,
with DNA barcoding and descriptions of three new species
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In the present study, three new species found in Yunnan, Southwest China were described as members of the subgenus
Phortica (Ashima): P. (A.) haba An & Chen, sp. nov., P. (A.) montipugana An & Chen, sp. nov. and P. (4.} gingsongi An &
Chen, sp. nov. Barcode sequences (partial sequences of the mitochondrial CO/ gene) were collected [rom 61 specimens of
16 known and the above-mentioned three new Ashima specics. The intra- and interspecific pairwise K-2P (Kimura two-
parameter) CO/ distances were analysed and a phylogenetic tree was constructed based on the barcode sequences. Species
delimitation in this subgenus was supported by integrating barcodes with morphological information, in particular for the
three new species, considered to be cryptic species. In addition, the diversification of lincages in the subgenus Ashima was
proposed to occur in southern China and adjacent areas, suggesting specific adaptation of Ashima species to the high

platcau environments.

http://zoobank.org/urn:Isid:zoobank.org:pub:69A8 1 DOE-5993-426D-9B59-A2 ACSE52BD84
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Introduction

Up to the present, a total of 31 species of the subgenus
Ashima (the genus Phortica Schiner, 1862) has becen
known worldwide (Chen & Mica, 2012; Maca, 2003);
seven from the Afrotropical region, the rest from the Ori-
ental region, including 16 species from southern China.
Recently, based on DNA sequence data of two mitochon-
drial (cytochrome oxidase subunit 1, COI, NADH dehy-
drogenase subunit 2, ND2) and one nuclear (285 rRNA)
genes, phylogenetic relationships within the African and
Asian species of the genus Phortica were analysed, sug-
gesting that southern China might be an important area
for the diversification of the subgenus Ashima (Cao ef al.,
2011). Further ficld surveys revealed higher Ashima spe-
cies diversity in southern China (Chen & Maca, 2012).
The DNA barcoding method has been recently widely
used for species delimitation in varied groups of insects,
including drosophilids (Gao & Chen, 2014; Li ef al., 2014;
Padial, Miralles, De la Riva, & Vences, 2010; Rach,
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DeSalle, Sarkar, Schierwater, & Hadrys, 2008; Yang ef al.,
2012; Yassin, Capy, Madi-Ravazzi, Ogereau, & David,
2008; Yassin, Markow, Narechania, O’Grad, & DeSallc,
2010; Zhang, Xu, & Chen, 2012; Zhang, Tsaur, & Chen,
2012, 2014; Zou, Li, Kong, Yu, & Zheng, 2011). With the
aid of DNA barcoding, high species diversity in the genus
Leucophenga (Drosophilidae, Steganinae) was successfully
recognized and numerous cryptic species in Leucophenga
were found (Huang, Li, & Chen, 2013a, 2014; Huang, Li.
Gao, & Chen, 2013b; Su, Lu, & Chen, 2013). In the pres-
ent study, we constructed the phylogenetic relationship in
Ashima based on barcode (COJ) sequences, and delimited
the species using both morphological and molecular data.

Materials and methods

Materials and morphological terminology

Specimens were captured while hovering around people in
forests or resting on tree trunks. Most of the specimens
examined were males. Specimens identified as Ashima
were preserved in 75% ethanol before the following pro-
cedures.  Freeze-dried specimens were  pinned  afier
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morphological examinations and identifications were
made in the laboratory. Type specimens were deposited in
the Department of Entomology, South China Agricultural
University (SCAU), Guangzhou, China. Definitions of
measurements, indices and abbreviations are referred to
by Chen and Toda (2001) and Zhang and Toda (1992).
The COI sequences of 61 specimens of 18 Ashima spe-
cies from China werc employed, including the sequences
for 13 individuals of eight species being determined in the
present study (Table 1). Three species from the genus
Apsiphortica and one species of the subgenus Phortica

(Alloparadisa) were used as outgroup taxa, and their CO/
sequences are mostly determined here, with the remaining
sequences collected elsewhere (Table 1).

DNA extraction and gene sequencing

Total DNA was extracted from the abdominal tissue of a
single individual after the dissection of the genitalia, using
the TIANGEN™ DNA extraction kit (Tiangen, China).
The COI fragments were amplified using the cycle protocol
by Zhao, Gao, and Chen (2009). The primer pair for PCR/

Table 1 Details of the samples using in the DNA and accession numbers of the CO/f sequences.

Species Collection BOLD process ID GenBank accession numbers
Ap. lini (Okada, 1971) Dabang, Jiayi, Taiwan BDORJ03-13 K 1082995 "

Ap. longiciliata Cao & Chen, 2007 Menglun, Mengla, Yunnan ——r= HQO11959

Ap. longiciliata Cao & Chen, 2007 Hesong, Menghai, Yunnan BDORJOO1-13 KJ082996

Ap. melanogaster Chen, 2007 Menglun, Mengla, Yunnan BDORJ0O02-13 KJOSZ‘)W

P. (Al) helva Chen & Gao, 2008 Muyiji Park, Ximeng, Yunnan BDORJ0O04-13 K.IO’8300ﬁ7 -

P. (Al.) helva Chen & Gao, 2008 Menglun, Mengla, Yunnan - - [FU500837

HQO11968 °

P.(As.) afoliolata Chen & Toda, 2005 Jianfengling, Ledong Hainan e
P (As.) brachychaeta Chen & Toda, 2005 Dinghushan, Zhaogqing, Guangdong BDORJ005-13 KJ()?:Z )())
P.(As.) brachychaeta Chen & Toda, 2005 Yixiang, Pu’er, Yunnan BDORI006-13 KJ082998
P.(As.) Joliacea (Tsacas & Okada, 1983) Wugongshan, Kaohsiung, Taiwan BDORIOO7-13 KJ083000 )
P.(As.) foliiseta Duda, 1923 Dinghushan, Zhaoging, Guangdong — |‘1QOLI()7O
P. (As.) foliiseta Duda, 1923 Dinghushan, Zhaoging, Guangdong BDORJO0S-13 K 083002

' BDORI009-13 KJ083001

. (As.) foliiseta Duda, 1923
. (As.) foliisetoides Chen & Toda, 2005

Chebaling, Xingshi, Guangdong
Jianfengling, Ledong Hainan

HQO11971 "
HQO11978 "

P. (As.) glubra Chen & Toda, 2005 Nanling, Shaoguan, Guangdong s = 2
P.(As.) glabra Chen & Toda, 2005 Dinghushan, Guangdong BDORIOT1-13 KJOSfOO}'
P. (As.) glabra Chen & Toda, 2005 Sanchahe, Xishui, Guizhou BDORIOI2-13 K.l08i004
P.{As.) glabra Chen & Toda, 2005 Maoershan, Guilin, Guangxi BDORIJO13-13 KJ()SJOO5’ .
P (As.) huiluoi Cheng & Chen, 2008 Jizushan, Binchuan, Yunnan — HQO 11975

HQO11979"

P. (As.) longipenis Chen & Gao, 2005 Waulingshan, Jingdong, Yunnan o o3
P. (As.) longipenis Chen & Gao, 2005 Jizushan, Binchuan, Yunnan BDORJO14-13 KJ()5§30

P. (As.) longipenis Chen & Gao, 2005 Baitongshan, Xingyi, Guizhou BDORJO15-13 KJU?’,N”O
P.(As.) longipenis Chen & Gao, 2005 Sanchage, Xishui, Guizhou BDORIOT6-13 K.l()t:.?() |l

P (As.) longipenis Chen & Gao, 2005 Hesong, Menghai, Yunnan BDORJOI7-13 K-'()%f()“‘?
P.(As.y longipenis Chen & Gao, 2005 Jizushan, Bienchuan, Yunnan BDORIJOI&-13 KJ()MO(I —2 .
P. (As.) nudiarista Cheng & Chen, 2008 Menglun, Mengla, Yunnan — — HQO,‘ I )Z)
P. (As.) nudiarista Cheng & Chen, 2008 Beibeng, Motuo, Xizang BDORJO19-13 KJ()630;0
P. (As.y nudiarista Cheng & Chen, 2008 Zhengxing, Jinggu, Yunnan BDORIO20-13 K.l()83g] "
P. (As.y nudiarista Cheng & Chen, 2008 Zhengxing, Jinggu, Yunnan BDORIO21-13 K.IO8§02I
P.(As)) nudiarista Cheng & Chen, 2008 Muyiji Park, Ximen, Yunnan BDORJ022-13 KJ823073
P.(As.) pavriarista Cheng & Chen, 2008 Yixiang, Pu’er, Yunnan BDORI023-13 K>:083()£’)
P. (As.) pavriarista Cheng & Chen, 2008 Bailongshan, Xingyi, Guizhou BDOR0G24-13 *: v I‘)';')’ B
P.(As.y sagittaristula Cheng & Chen, 2005 Bapen, Fusui, Guangxi e :(%83025
P.(As.) sagittaristula Cheng & Chen, 2005 Menglun, Mengla, Yunnan BDORJ025-13 l. 011974"
P. (As.) saltiaristula Chen & Wen, 2005 Menglun, Mengla, Yunnan —= = ESSOOS” a
P. (As.) speculunm (Mdca & Lin, 1993) Guanshan, Yifeng, Jiangxi K 1083026
P.(As.) speculum (Mdca & Lin, 1993) Maocershan, Guilin, Guangxi BDORJI026-13 ; 3027
P.(As.) speculum (Maca & Lin, 1993) Dinghushan, Zhaogqing, Guangdong BDORJIO27-13 K.l()?:,: ;\;
P.(As.) speculum (Méica & Lin, 1993) Sanchahe, Xishui, Guizhou BDORJO28-13 :z::::;i;;)

P.(/s.) speculum (Mdca & Lin, 1993)

Tianmushan, Linan, Zhcjiang

BDORJ029-13

(continued)
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Table 1 (Continued)

Species Collection BOLD process ID  GenBank accession numbers
P.(As.) speculum (Mica & Lin, 1993) Emeishan, Leshan, Sichuan BDORJ030-13 KJ083030
P (As.) speculum (Maca & Lin, 1993) Emeishan, Leshan, Sichuan BDORJO31-13 KJ083031
P.(As.) speculum (Méaca & Lin, 1993) Chebaling, Xingshi, Guangdong BDORJ032-13 KJ083032
P.(As.y speculum (Maca & Lin, 1993) Chebaling, Xingshi, Guangdong BDORJ033-13 KJ083033
P.(As.) speculum (Méca & Lin, 1993) Qinling, Foping, Shaanxi BDORIJO34-13 KI083034
P.(As.) speculum (Méaca & Lin, 1993) Nanling, Shaoguan, Guangdong BDORJ035-13 KJO83035

P. (As.) speculum (Mdca & Lin, 1993) Wushan, Guangzhou, Guangdong BDORJ036-13 KJ083036
P.(As.) speculum (Mdca & Lin, 1993) Wuyishan, Fujian and Jiangxi BDORJ037-13 KJO83037
P. (As.) spinosa Chen & Gao, 2005 Yixiang, Pu’er, Yunnan — HQO11977 "
P. (As.y spinosa Chen & Gao, 2005 Jiangfengling, Ledong, Hainan BDORJO38-13 KJ083039
P. (As.y spinosa Chen & Gao, 2005 Hesong, Menghai, Yunnan BDORJO10-13 KJ083038
P. (As.) spinosa Chen & Gao, 2005 Muyiji Park, Ximeng, Yunnan BDORJ039-13 KJ083040
P. (As.y spinosa Chen & Gao, 2005 Niuluohe, Jiangcheng, Yunnan BDORJ040-13 KJ083041
P.(As.) spinosa Chen & Gao, 2005 Hesong, Menghai, Yunnan BDORJO41-13 KJ083042
P. (As.) spinosa Chen & Gao, 2005 Wangtianshu, Mengla, Yunnan BDORI042-13 KJ083043
P. (As.) spinosa Chen & Gao, 2005 Jianfengling, Ledong, Hainan BDORIJ043-13 KJ083044
P.(As.) tanabei Chen & Toda, 2005 Shimentai, Yingde, Guangdong = HQO11976 "
P. (As.) tunabei Chen & Toda, 2005 Menglun, Mengla, Yunnan BDORI44-13 KJ1083045
P.(As.y tanabei Chen & Toda, 2005 Menglun, Mengla, Yunnan BDORJ045-13 KI083046
P.(As.) xishuangbanna Cheng & Chen, 2008 Menglun, Mengla, Yunnan - = - HQO11969 °
P.(As.) haba An & Chen, sp. nov. Longtan Park, Ximeng, Yunnan BDORJ047-13 K1083006
P (As.y montipagana An & Chen, sp. nov. Muyiji Park, Ximeng, Yunnan BDORJ048-13 KJO83015
P (As.)y montipagana An & Chen, sp. nov. Caiyanghe, Pu’er, Yunnan BDORJ049-13 KJ083016
P(As.) montipagana An & Chen, sp. nov. Hesong, Menghai, Yunnan BDORI050-13 KJ083017

P A5y montipagana An & Chen, sp. nov. Yixiang, Pu’er, Yunnan BDORJO51-13 KJO83013
Py montipagana An & Chen, sp. nov. Baihualing, Baoshan, Yunnan BDORJ0OS2-13 KJ0O83014
P (As.) gingsongi An & Chen, sp. nov. Baihuling, Baoshan, Yunnan BDORJ046-13 KJ083024

“Ap.= genus dpsiphortica, P.(AL) = subgenus Phortica (Alloparadisa), P. (As.) = subgenus Phortica (Ashima); * Determined in He, X.F., Gao, 1.J., Cao.

H.Z., Zhang, X.L., Chen, 11.W. 2009; " Determined in Cao ef af- (201 1).
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Results
Molecular data analyses

The length of COI gene sequences of all specimens ranged
from 645 to 708 nucleotide sites determined in the current
study. Thus, the final length of 623 nucleotides was
selected for the following genetic distance and phyloge-
netic analyses.

The intra- and interspecific distances were calculated
(Table 2). The lowest minimum interspecific divergence
(0.5%) was observed between Ashima afoliolata and other
species, as well between P. gingsongi and related species
(0.5%), while the highest minimum interspecific diver-
gence existed between P. huiluoi and the rest (13.3%)
(Table 2). For the two new species in the present study, P.
haba and P. montipagana, the minimum interspecific
genetic distance were 2.1% and 3.0%, respectively.
Regarding the maximum intraspecific divergences, the
largest one was calculated within P. tanabei (1.5%), fol-
lowed by P. spinosa (1.3%) and P. glabra (1.3%)
(Table 2). As there were only two specimens collected for
each in P. brachychaeta and P. pevriarista, the intraspe-
cific divergences were not counted (Table 2).

Although three criteria were selected to construct the
phylogenetic tree, topologies from these three methods
were consistent with each other. Thus, only the ML tree
was presented here, but the statistical supports from these
three criteria were mapped on the nodes (Fig. 1). The
three clades (Clades 1, 111, 1V) within the subgenus

Ashima, previously recognized by Cao ef al. (201 1), were
confirmed in the present phylogenetic analysis (Fig. 1).
The Clade 1 shows robust statistical support. The Clade
IV has relatively high statistical support, with exclusion
of P. tanabei. Clade 111 presents remarkable support in
particular deduced from Bayesian criterion shown by five
species including P. montipagana and P. foliacea, not yet
employed by Cao et al. (2011).

Subgenus Ashima Chen
Phortica (Ashima) Chen in Cao ef al., 2011: 682; Chen
and Maca, 2012: 495.
Type species: Amiota (Phortica) foliiseta Duda, 1923.

In the descriptions of the new species herein, only char-
acters that depart from the universal description given by
Chen, Gao, and Wen (2005) for the ‘foliiseta species com-
plex’ are provided for brevity.

Phortica (Ashima) haba An & Chen, sp. nov.
(Figures 2—6)

HOLOTYPE: SCAU, DIP 124048, 5 (31 3.2011).

TYPE LOCALITY: CHINA: Longtan Park, Ximeng,
Yunnan, 22°37°N, 99°36’E, 1140 m a.s.l., JM Lu.

ETYMOLOGY: The name means “the Feast of Moon’ In
the language of the Wa nationality in Yunnan.

sequencing was: 5 ~CGCCTAAACTTCAGCCACTT—3'
(Wang el al., 2006) and 5 -TAAACTTCAGGGTGAC
CAAAAAATCA -3 (Folmer, Black, Hoh, Lutz, & Vrijen-
hock, 1994).

Scequence alignment and phylogenetic
analysis

Obtained sequences were aligned with the ClustalW mod-
ule as implemented in MEGA 5.05 (Tamura e al., 2011).
Aligned scquences were cdited manually and a common
frame length of 625 nucleotides was shared by all of the
samples.

The intra- and interspecific K—2P (Kimura’s two-
paramcter; Kimura, 1980) genetic distances were calcu-
lated in MEGA. Phylogenctic trees were reconstructed
using maximum likelihood (ML) and Bayesian methods.
The most appropriate substitution model of DNA sequen-
ces was determined according to the Akaike information
criterion (AIC) (Akaike, 1974) using jModelTest v.0.1.1
(Guindon & Gascuel, 2003; Posada, 2008). The general

time reversible (GTR) model (Lanave, Preparata, Sac-
cone, & Serio, 1984; Rodriguez, Oliver, Marin, &
Medina, 1990) with the proportion of invariable sites
(0.632) and gamma distribution (GTR+I14-G, « = 0.145)
was used. The ML phylogenetic tree was constructed
using PhyML v.3.0 (Guindon & Gascuel, 2003). The
approximate likelihood-ratio test (aLRT) (Anisimova &
Gascuel, 2006) and bootstrap resampling with 100 repli-
cates were applied to estimate a statistical support for
internal nodes. In addition, a Bayesian tree was deduced
using the Bayesian relaxed clock as implemented in
BEAST v.2.0.3 (Drummond & Rambaut, 2007). The
length of the Markov chain Monte Carlo (MCMC) chain
was set for 1000000 and sampled every 100 steps. The
initial 25% of the samples were discarded as burn-in. The
maximum clade credibility tree was determined using
TreeAnnotator v.1.5.3 from the BEAST software package.
In both ML and Bayesian trees, one Phortica (Allopara-
disa) species (P. helva) and three species of the genus
Apsiphortica (A. lini, A. longiciliata and A. melanogaster)
were used as out-group taxa.

Table 2. Divergence in CO/-barcode sequences among and within species.

Species Number of sequences  Intra./Min. intra./Max. intra./Mean intra. Vari. Min. inter./Max. inter./Mean inter. Vari.
P. afoliolata NA/NA/NA/NA 0.005/0.121/0.093%0.017

P. brachychaetu 0.016/NA/NA/NA 0.047/0.119/0.081:0.021

P. foliacea NA/NA/NA/NA 0.035/0.133/0.093 i().OZ?f

P. foliiseta NA/0.000/0.003/0.002-£0.002 0.016/0.1 ()8/().062;&0.01?2?'3

P. foliisetoides NA/NA/NA/NA 0.032/0.1 23/0-085¢O-O~0

P. glabra NA/0.000/0.013/0.006:£0.004 0.066/0.113/0.084£0.0!

P Il NA/NA/NA/NA 0.076/0.133/0.104:£0.016

P. longipenis

P. nudiarista

P. pavriarista
P. sagittaristula
P. saltiaristula

—M——J:-OCJ_\——I\)NMO*—J:-—-L:J'—‘M—‘

P. speculum

P. spinosa

P tanabei

P. xishuangbanna
P. hubu
P.montipagana
P. gingsongi

0.030/0.1 19/0.085-+0.020
0.016/0. 102/0.059+0.026
0.0106/0. 104/0.063£0.027
0.038/0.1 17/0.078-£0.024
0.032/0.1 17/0.083+£0.021
0.028/0.11 1/0.076+0.026
0.074/0.1 32/0.098+0.011
0.047/0.108/()‘079:l:0.016
0.023/0.121/0. 101£0.017

NA/0.000/0.010/0.00440.003
NA/0.000/0.006/0.003+0.002
0.01/NA/NA/NA
0.005/NA/NA/NA
NA/NA/NA/NA
NA/0.000/0.008/0.0030.002
NA/0.005/0.013/0.009-£0.002
NA/0.002/0.015/0.008+0.006

NA/NA/NA/NA

NA/NA/NA/NA 0.02l/().IOO/O.O()IitO~027
NA/0.000/0.000/0.000 0.030/0.115/ 0'0(80*0 '023
NA/NA/NA/NA 0.050/0.1 19/0.094+£0.01

Intra., intraspecific distance; Min. intra., minimum intraspecific distance: Max. intra., maximum intraspecific distance:
cific variability; Min. inter., minimum interspecific distance: Max. inter.. maximum interspecific distance: Mcan mt

ity; NA, not applicable.

Mean intra. Vari., mean intraspe-
or. Vari., mean mterspecific variabil-
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P. helva
0.09/98/097 == P. sagittaristula
P. foliisetoides
061/ |0.87/97/0.98 P. saltiaristula
0.73/61/0.71 Bl Pttt
P. brachychaeta
0.70/- < P. speculum
0.65/-/-~ P. pavriarista
0.75-076 P. foliiseta
0.90/-/0.76 P. haba
0.74/5610.94 4+~ 4 P. nudiarista
P. tanabei
1,00/98/1.00 P. xishuangbanna
0.79/+- P. afoliolata
0.61/59/0.96 - P. gingsongi
0.85/-/0.72 P. spinosa

——— P. glabra
P. montipagana
O,QQW)WEE P. foliacea
0.83/70/0.86 P. longipenis

A. lini

0.58/60/0.78 A. longiciliata

0.84/59/0.94

0.05

Fig. 1. Maximum-likclihood tree constructed from CO/ partial
gene sequences. The aLRT values and Bayesian posteriors below
0.5 and bootstrap below 50 are not shown. Internal node labels
are likelihoods, bootstraps, and posteriors, respectively. The bar
below the tree indicates 0.05 substitutions per site.

DIAGNOSIS: This species is similar to P. brachychaeta and
P nudiarista in the arista lacking branches (Fig. 2) and the
similar shape of paramere (Fig. 0), but can be distinguished
from the latter two species by the gonopods (in P. brachy-
chaeta and P. nudiarista: vertical process of gonopods
nearly triangular, with 1 sclerotized projection apically; as
in Chen, H. W.. Gao, J. J., & Wen, 5. Y. 2005, fig. 8, and in
Cheng, Gao, Watabe and Chen 2008, fig. 11); in P. haba
this process with two curved apical hooks cach side.

MEASUREMENTS: BL = 3.33 mm in holotype, THL =
[.67 mm, WL = 3.27 mm, WW = .13 mm, arb = 0/0,
flw = 2.67, FW/HW = 0.31, ch/o = 0.19, prorb = dam-
aged, rcorb = 0.44, vb = 0.80, dct = 0.56, presctl = 0.56,
setl = 112, sterno = 0.75, orbito = 1.83, dep = 0.29,
sctlp = 1.60, C = 2.00, 4¢ = 1.57, 4v = 2.64, 5x = (.88,
ac = 4.40, M = 0.50, C3F = 0.77.

Description

Frons dark brown, with thick and dense interfrontal setae.
Pedicel dark brown; first flagellomere brown. Face dark
brown, with yellowish white patches on lower corners.
Clypeus medially white, laterally black. Thorax black
anterio-medially, orange brown posteriorly and laterally.
Scutellum dark brown medially, black laterally. Legs
entirely yellow; fifth tarsomere of foreleg with long seta
apically (as in Cao er al., 2011, fig. 1D). Abdominal ter-
gites third to fifth yellow, with broad black posterior
bands uninterrupted medially; sixth tergite entirely black.
All sternites more or less evenly narrow. Male terminalia:
Surstylus with several setae and pubescence, distal margin
of inner surface lacking prensisctac (Fig. 4). Paramere
apically roundly knobbed and smooth, submedially
slightly curved, basally with 2—3 sensilla (Figs 5, 6). Ver-
tical process of gonopods asymmetrically constricted,
forming 2 sclerotized, hooked projections (Fig. 5). Aedea-
gus lacking median rod (Fig. 5).

Phortica (Ashima) montipagana An & Chen, sp. nov.
(Figs 7—11)

HOLOTYPE: SCAU, DIP 124049, 7 (19.4.2010).

TYPE LOCALITY: CHINA: Yixiang, Pu’er, Yunnan,
22°47°N, 101702°E, 1100~ 1400 m a.s.l., JJ Gao.

PARATYPES: SCAU, DIP 124050—51, 23 (19.4.2010),
same data as holotype. SCAU, DIP 124052—-63, 127
(4.4.2011), CHINA: Muyiji Park, Ximeng, Yunnan,
22°37°N, 99°37°E, 1100 m a.s.l., IM Lu, YR Su, ZF Shao,
SJ Yan; SCAU, DIP 124064—75, 123 (12.5.2012),
CHINA: Hesong, Menglhai, Yunnan, 21°49°N, 100°06°E,
1700 m a.s.l., HW Chen, 1] Gao; SCAU, DIP 12412335,
137 (22-24.8.2013), Baihualing, Baoshan, Yunnan.
25727°N, 98°52°E, 1400 m a.s.l., K Lu, QS Gao.

ETYMOLOGY: A combination of the Latin words: mons +
paganus, referring to these specimens collected from a
near mountain village.

DIAGNOSIS: This species is similar to P. longipenis in
the aedeagal outer membrane bearing numerous spinules
and in the shape of gonopods, it can be distinguished {rom
the latter species by the arista; in the new species, arista
with 1 (mostly) or 2 (occasionally) dorsal branches, and
several spinules at tip (Fig. 7). (In P. longipenis: arista
with 2--3 dorsal branches basally and 3 spinules at tip; as
in Chen ef al., 2005, fig. 4A).

MEASUREMENTS: BL = 3.33 mm in holotype (range in
53 paratypes: 2.93—3.33), THL = 1.67 mm (1.27—1.67),
WL = 253 mm (2.80-3.33), WW = 100 mm
(0.93-1.33), arb = 1/0 (1-2/0), adf = 0.86 (0.50--1.00),
fiw = 1.71 (1.50—1.75), FW/HW = 0.38 (0.32—-0.50),
ch/o = 0.12 (0.08—0.14), prorb = 1.22 (1.14—1.83), rcorb =
0.33 (0.29-0.67), vb = 0.60 (0.40—0.80), dcl = 0.44
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P

Fig. 2—6. Phortica (Ashima) haba An & Chen, sp. nov., male. 2. Arista; 3. Epandrium and cercus (lateral view); 4. Surstylus (ventral
view); 5. Hypandrium, paramercs, gonopods and acdeagua (ventral view); 6. Paramere (lateral view). Scale bars = 0.1 mm.

(0.29-0.76), presctl = 0.50 (0.63—0.94), sctl = 1.05
(1.00—1.12), sterno = 0.89 (0.88—1.33), orbito = 1.33
(125-2.17), dep = 0.31 (0.26—0.33), sctlp = 1.33

(1.00-133), C = 200 (2.05-255), 4c = 1.77
(1.43-2.10), 4v = 3.08 (271-3.73), 5x = L.00
(0.70—-0.89), ac = 3.83 (2.86-3.50), M = 0.69

(0.50—0.83), C3F = 0.70 (0.67—0.80).

Description

Frons black, with thick and dense interfrontal setae. Pedi-
cel black; first flageomere brownish. Face dark brown,
with white patches on lower corners. Clypeus medially
white, laterally black. Thorax black anteriorly, orange
brown posteriorly. Scutellum nearly black. Legs yellow;
fifth tarsomere of foreleg with long seta apically. Abdomi-
nal tergites third and fourth with medially interrupted
black bands on posterior margins; tergites fifth and sixth
nearly entirely black. Aternites third to fifth distinctly
broadened, shorter than wide, with several long setae lat-
erally. Male terminalia: Surstylus with several setae and
c. 12 prensisetae on ventral margin to inner surface
(Fig. 9). Paramere weakly sclerotized and smooth api-
cally, with 4 sensilla basally (Figs 10, 11). Aedecagus
median rod slender (Fig. 10). Vertical process of gono-
pods asymmetrical, strongly sclerotized on antcrior mar-
gin, distally and basally each with 2 processes right side
(Fig. 10).

Phortica (Ashima) gingsongi An & Chen, sp. nov.
(Figs 12—15)

HOLOTYPE: SCAU, DIP 124121, .3 (23.08.2013).

TYPE LOCALITY: CHINA: Baihualing, Baoshan,
Yunnan, 1400 m a.s.l., QS Gao.

PARATYPE: SCAU, DIP 124122, 1.7 (23.08.2013), same
data as holotype.

ETYMOLOGY: Patronym of the collector, Mr Qingsong
Gao (SCAU).

DIAGNOSIS: Similar to P. afoliolata and P. esela ixw t‘hé
shape of male arista, differs in the shapc of male genll:alla:
Vertical process of gonopods asymmetrically sclerotngd,
with 2 projections dorsally (Figs 14, 15); aedeagal median
rod sclerotized, with 2 small projections and | scparate,
furcate sclerite (Figs 14, [5).

MEASUREMENTS: BL = 3.40 mm (3.20 in 17 para-
type), THL = 1.47 mm (1.27), WL = 2.93 mm (2.67),
WW = L.I3 mm (1.07), arb = 3/2 (3/2), zle = 0.50
(0.60), adt = 1.00 (1.00), Aiw = 1.75 (1.40), FW/HW =
0.45 (0.50), ch/o = 0.08 (0.11), prorb = 1.22 (1.13), rcorb =
0.83 (0.63), vb = 0.80 (0.60), del = 0.40 (0.40), presctl =
0.40 (0.40), sctl = 1.00 (1.00), sterno = 0.95 (0.94),

orbito = 1.55 (1.50), dcp = 0.26 (0.25), sctlp i 1(1»53
(1.00), C = 1.08 (1.30), 4c = 1.54 (1730 4v = -

(3.25), 5x = 1.00 (1.11), ac = 5.00 (3.00), M
(0.83), C3F = 0.50 (0.71).

Description ' '
Frons black above, brownish ycllow below, mcdna{lly with
thick, dense, minute interfrontal setulae. Mal‘e arista plu-
mose, apically not expanded. Pediceli and ﬁl'sl'ﬂagclllo—
mere brownish yellow. Face brown, with yell.ow1sh wh'nc
patches on lower corncrs. Clypeus medially white,
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Fig. 71 l Ik/w: tica (/1.\/""'1(!) montipagana An & Chen, sp. nov., male. 7. Arista; 8. Epandrium and cercus (lateral view); 9. Surstylus
(ventral view); 10. Hypandrium, parameres, gonopods and aedeagua (ventral view); | 1. Paramere (lateral view). Scale bars = 0.1 mm.

laterally black. Thorax black anteriorly and medially,
orange brown posteriorly and laterally. Scutellum orange
brown. Legs yellow, with dark spots submedially on all
femora; all tibiac with 2 dark rings; fifth tarsomere of

forcleg without long seta apically. Abdominal tergites
third to fifth yellow, with broad, brownish-black posterior
bands interrupted medially. Sternites third to fifth longer
than wide, with a few of long setae laterally. Male

Fig. 1215, Phortica (Ashima) gingsongi An & Chen, sp. nov., male. 12, Epandrium and cercus (lateral view); 13. Surstylus (ventral

view); 14, 15, Hypandrium, paramercs, gonopods and acdeagua (ventral and lateral views). Scale bars = 0.1 mm.
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terminalia: Epandrium mid-dorsally constricted, laterally
broad, with pubescence and dense setae (Fig. 12). Sursty-
lus with pubescence, numerous setae, and prensisctae on
ventral margin to inner surface (Fig. 13). Paramere
strongly sclerotized, knobbed apically, and with 3 sensilla
basally to submedially (Figs 14, 15).

Discussion
Although some diagnostic characters were recognized, the
morphological differences could not delimit the cryptic
species, in particular the three new species P. haba, P.
montipagana and P. gingsongi in the present study. In
general, species with extremely similar morphology could
be considered as the cryptic ones, even exhibiting obvious
genetic divergence with others. Thus, it is difficult to dis-
tinguish the species from each other. Molecular data could
be a choice to circumvent this problem. Phortica haba is
similar to P. brachychaeta and P. nudiarista in the arista
lacking branches (Fig. 2) and the shape of paramere
(Fig. 6). Phortica montipagana is close to P. longipenis in
the morphological characters, e.g. acdeagal outer mem-
brane with numerous spinules and the shape of gonopods.
This suggests that the delineations of P. huba and P. mon-
tipagana have been obscure. However, the minimum
interspecific genetic distance for P. haba and P. montipa-
gana with others was 2.1% and 3.0%, respectively. These
minimum interspecific genetic distances were comparable
with others calculated in the present study (Table 2), indi-
cating the independence of these potential cryptic species,
P. haba and P. montipagana, versus others. This is also
consistent with the result of the phylogenetic analysis
based on maximum likelihood or Bayesian criterion
(Fig. 1) representing a good example about the benefits
from using DNA barcoding to provide clear delimitation
of eryptic species. For the other new species, P. gingsongi,
the minimum interspecific genetic distance is only 0.5%
against P. afoliolata showing remarkably weak support,
in agreement with the phylogenetic analysis (Fig. 1). The
geographic barrier between P. gingsongi and P. afoliolata
is a potential reason for the speciation. Based on the previ-
ous phylogenetic analysis (Cao er al., 2011), P. afoliolata
could be split after the formation of Hainan Island with
short speciation time, resulting in the less genetic distance
of the mitochondrial gene COI. Thus, P. gingsongi was
still designated as new species, characterized by morpho-
logical differences described above. Results from the
present study confirm that both morphological and molec-
ular data are complementary to dclineate new species.
The phylogenetic relationships within the subgenus
Ashima herein look different from the previous study
(Cao et al., 2011). The basal position of Clade 1 was pro-
posed (Cao er al., 2011), while Clade I has been embed-
ded into the various clades of the subgenus Ashima in the

present study (Fig. 1). This is possibly attributed to the
less phylogenetic information from the sole CO/ gene.
Another possibility could be that some new species incor-
porated in the present study affected the stability of the
topology. Thus the phylogenetic relationships from the
previous study werce temporatly reconstructed. However,
weak support for most internal nodes in the present phylo-
genetic tree suggested more concatenated genes from pos-
sibly more specimens should be necessary in further
studies. The lineage diversification within Ashima was
proposed to occur in South China and adjacent areas on
the basis of the current distribution patterns. In agrecment
with the previous studies, the diversification of the subge-
nus Ashima was possibly triggered in South China since
mid-Miocene, and this could be associated with the uplift
of the Himalaya-Tibetan Plateau in the later Miocene
(Cao et al., 2011). In addition, this is also in accordance
with the habitat distribution pattern of the subgenus
Ashima in South China (Table 1). The unprecedented
diversity of the subgenus Ashima was obscrved in fhe
mountain forests of South China, this diversity being
much higher than in the plain areas of the same region. As
mentioned previously and indicated by the current sou?h—
ern China—South-East Asia distribution of’ some species
within the subgenus Ashima (for instance, P. ‘/'olii.yel‘a,'P.
spinosa and P. tanabei), dispersals from southern China
to South-East Asia may have occurred subsequent to the
speciation of these species. Presumably, these .diS])(’:l‘Sé'l]S
were facilitated by the climate changes assocmled‘v'vuh
the uplift of the Himalaya—Tibetan Platcau. l‘n addl}lop.
several intriguing observations about distributions within
the subgenus Ashima were addressed in the present study.
For instance, Ashima species from Hainan are close to
those from Yunnan, but not the adjacent arca, Guangdong
of China. One example concerns P. gingsongi h‘om
Yunnan and P. afoliolata from Hainan. The similar ]Alkl‘bi—
tats of Hainan and Yunnan could be the main driving
force to shape this distribution pattern discussed above.~ It
is in accordance with the observation of higher species
diversity in mountain forest than in the plain. South-west-
ern China is featured with high mountains a‘nd plateaus,
but rarely in relatively low altitude areas like tl?os‘c:: mn
south-eastern China. Taken together, the biased distribu-
tion pattern of the subgenus Ashima suggests the }ln,otlelnl—l
tially specific adaptation of Ashima to high platea

environments.
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