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A陆stract: DNA sequence comparisons of the mitochondrial COI, COII, and Cytb genes were used to in­

fer phylogenetic relationships of partial genera and species of Cantatopidae, including 7 new species 

(Apalαeris emini升。n阳， Cαry，αndα pseudodentαtα ， Cαryαndαbαnnαensis, Cαryαndα ruiliensis , Longchuα ” 

阳C巾ρti, Iρngchz 

stmcted using maximum likelihood and Bayesian inference. The combined results suggest several phyloge晤

时tic relationships including ；① fρ昭chuanacris is placed within the subfamily Carγandinae ；② Sino po­

disma and Yunnanacris are both synonyms of Podismodes;( Yupodisma is still a separate genus within 

Podisminae instead of a synonym of Anαrpodismα ； 4) the molecular phylogeny of 7 new species is consis­

tant with previous morphological phylogeny. This finding suggests a combination of molecular and mor­

phological approaches are necessa可 for accurate species identification. 
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摘 要：使用线粒体基因 COI, COii, Cytb 分析并建立中国斑腿螺科部分种属的系统发育关系，其中对 7 个新种 （ Apαlαc-

ris emin~斤。ntα ， Cαryandα pseudodentαtα ， Cαryandαbαnnαensis, Cαryandα ruiliensis , Longchuαnαeris 卢i, Longchuαnαeris xiαoheis-

hαnensis, Podismodes dabieshanensis ） 的归属从分子角度也做了讨论。本研究将实验所获得的 56 条序列与 NCBI 中所收录的

斑腿鲤科序列进行联合分析，采用最大似然法、贝叶斯推论等系统分析方法并综合 P 距离进行分析，最终得出以下几点结

论：①龙川煌属 Iρ昭chuanaceis Zheng et Fu 划归卵翅煌亚科 Caryandinae；②蹦煌属 SinopodismαChang、云秃煌属 Yunnanacris

Chang 均为华秃姐属 Podismodes Ramme 的同物异名；③不支持 Storozhenko 将豫煌属 YupodismαZhang et Xia 并入安秃煌属

AnapodismαDovnar-Zapolskii，从本研究所建的系统发育树来看，豫煌属仍应作为秃煌亚科 Podisminae 的一个独立属；③前

人和用形态特征鉴定的七个新种与分子系统发育分析结果一致，新种独立有效。
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Catantopidae is the largest family of Acridoidea 

with world-wide distribution. The group includes cα－ 

4 000 known species in more than 7 60 genera , which 

are mostly distributed in the tropics and subtropics. 

China is the species rich Catantopidae count可 with cα－ 

430 in more than 100 genera and endemism is ve可

high. Many are Oriental species, with only a few spe­

cies occun-ing in Palearctic region. Many species of 

Catantopidae are pest of agriculture , husbandry and 

forest可. The harmful species usually belong to the best 

studied insects in China. Thus, a reliable and accessi­

ble classification of these species is fundamental to re­

search in pest control , ecology , evolutionary biology 

and biodiversity. Meanwhile , the systematic researches 

on Catantopidae are also ve可 important. To date, 

there is no consensus system of Catantopidae in China. 

Some subfamilies, genera and species are still conten­

t10us. 

Longchuαnαceis was traditionally considered a ge­

nus within the subfamily Oxyinae[lJ. Niu[2J removed 

Longchuαnαceis to Caryandinae by morphological char­

acters. On the basis of his results SinopodismαChang 

and Yunnαnαeris Chang are both synonymized with Po­

dismodes Ramme. He also support that Yupodismα 

Zhang et Xia is synonymized with Anαpod ismαDovnar­

Zapolskii [3l. In his disse到tation , one genus , one sub­

genus and forty-two species in Cantatopidae, all from 

China , are new to science. Species groups are pro­

posed in genera : 0元yαSer飞rille, CαryαndαStal, Long­

chuαnαeris Zheng et Fu, Podismodes Ramme , Trαuliα 

Stal [2l. 

Systematic research on Cantatopidae by morpholo皿

gy alone can not resolve these contentions completely. 

Recent studies have demonstrated a great potential for 

DNA sequence analysis in species identification, phy­

logeny, and gene flow[4-6l. Sequences of the mito幽

chondrial genes cytochrome oxidase subunit I (CO日，

cytochrome oxidase subunit II ( COII) , and cyto­

chrome b ( Cytb) have been extensively applied in rap­

id species identification, phylogenetic reconstructions 

for a 飞rariety of taxa ［？一 rnJ. In this study, our objectives 

were to:( obtain nucleotide sequences of the COI, 

COII, and Cytb mitochondrial genes from Cantatopidae 

species as a basis for further species identification and 

phylogenetic analyses ?(conduct phylogenetic analy-

ses using these nucleotide sequences ( alone and in 

combination),(examine the species and genera sta­

tus by molecular phylogeny, and ( compare molecular 

findings with morphological assessments of the conten­

tious genera and 7 new species. 

1 1\值aterials 真组ethods

1. 1 丁axon samples , DNA extraction , and Gen­

Bank sequences 

All Cantatopidae samples , including one outgroup 

species ( Atractomorphα sinensis I. BoI. ) were collect­

ed at 17 sites in six provinces of China with majority 

from Yunnan Province, and were preserved in 1009毛

ethanol prior to DNA extraction. Total genomic DNA 

was extracted from single specimens using a standard 

phenol-

Ex tr嗡acted genomic DNA was stor、ed at 一 20 °C until it 

was used as polyrr 

plate. Published sequences from 33 species, including 

the other two outgroup species ( Filchnerellα sunαnensis 

αnd Hαplotropis brunneriαnα ） obtained from GenBank 

were also included in our phylogenetic analyses 』esides

the COI sequence of 0元yα hylα intricatα （ Accession

NO. AF385191). All samples information from this 

study and GenBank are not present in this paper ，岛ut

available on request. 

1. 2 PCR and 

Fragments of the mitochon白白l genes COI, Cytb, 

and the complete sequence of con gene were amplified 

by PCR, using established primer pairs [ 11 - l2l and reac白

ti on conditions. 

PCR products were purified with DNA Gel purifi­

cation kit ( U-Gene) . Direct sequencing of PCR prod­

ucts was performed by the ABI PRISM™ 3100-Avant 

Genetic Analyzer. 

1. 3 Sequence alignments and phylogenetic 

inferences 

Sequences were trimmed by removing ambiguously 

resolved parts of the 3' and 5' ends and edited using 

the Contigl software package ( Cexpress. exe). DNA 

sequences were aligned using the program Clustal X 

with default values. 

Uncor丁ected p阳distances were calculated with 

MEGA 4. 0. Gaps and missing data were excluded from 

each pairwise calculation. A maximum likelihood [ 13 l 
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was ca1Tied out in PAUP* 4. Obl0[14J using GTR +I 

+ G model with parameter values as estimated by Mod­

eltest 3. 7[ISJ. PAUP searches consisted of TBR heuris­

tic sear℃hes. The three data sets, COi, COii and 

Cytb, were analyzed separately and in combination of 

COi and Cytb. The robustness of the trees was tested 

using the bootstrap method. All bootstrap values are 

based on 100 replicates for COi and Cytb , 200 for 

combination of COi and Cytb, and 500 for COil. 

Bayesian analyses were also conducted with Mr­

Bayes V3. 1. 2[16J, using a GTR +I + G model. We 

used the default priors starting with random trees, and 

ran four Markov chains for 150 000 generations, sam­

pled at intervals of 10 generations. To determine the 

point at which the Markov chains reached stationarity , 

the log-likelihood scores were plotted against generation 

time, to determine when the log-likelihood values sta­

bilize. After burn翩in samples were discarded , trees 

were combined in a single majority consensus topology, 

and the percentage of the nodes were taken asα posteri­

ori probabilities [ 16] . 

2 

2. 1 

The PCR products of COi , CO日， and Cytb are 

approx. 708, 684 and 763 hp, r穹espectively for the 

Cantatopidae species examined. For the COi gene, the 

multiple sequence alignment ( excluding o时gro叩） has 

648 characters , of which 364 are constant, 279 varia国

ble , and 220 are parsimony·蹈，informative. For CO日，

multiple sequence alignments ( excluding the outgroup 

but including sequences obtained from GenBank ) had 

585 characters, of which 257 are constant, 328 varia­

ble, and· 293 are parsimony-informative. For Cytb, 

there are 711 characters excluding the outgroup but in翩

eluding GenBank sequences, of which 377 are con­

stant, 332 variable, and 283 are parsimony-informa­

tlve. 

Average nucleotide composition among Cantatopi­

dae species ( excluding the outgroup but including 

GenBank sequences ) is as follows: COi [ 31. 6% 

(A) , 34. 2% ( T) , 15. 9% ( G) , and 18. 3% 

(C)]; COii [37.1% (A), 32. 3% (T), 13. 7% 

( G) , and 16. 9% ( C) J ; and Cytb [ 39. 3% (A) , 

34.0% (T), 11.5% (G), and 15.2% (C)]. 

2. 2 Uncorrected "p” distance analyses 

The sequence divergence between Longchuαnαeris 

Jui Niu et Zheng and Longchuαnαeris xiαoheishαnensis 

Niu et Zheng, based on uncorrected "p" distance, was 

0. 027 across the COi fragment, and 0. 021 across the 

Cytb fragment. Within Cαryαndα ， mean COi and Cytb 

divergences were 0. 032 and 0. 030, respectively. The 

pairwise sequence divergence among Cαryαndαfour 

species was 0. 014 ( Cαryαndα pseudodentαtαNiu et 

Zheng and Cαryαndαbαnnαensis Niu et Zheng ) in 

COi, 0. 006 in Cytb , 0. 006 ( Cαryαndα ruiliensis Niu 

and Cαryαndα quαdrαtαBi et Xia) in COi, 0. 009 in 

Cytb, 0. 040 ( Cαryαndα pseudo dentαtαNiu et Zheng 

and Cαryαndα quαdrαtαBi et Xia) and 0. 041 

(Cαryandαbαmαensis and Cαryandα quαdratαBi et 

Xia) in Cytb. Mean pairwise divergence among three 

genera was 0. 001 ( Pedopodismαand Podismodes ) for 

COi, 0. 002 for Cytb, and 0. 003 ( Sinopodismαand 

Podismodes) for Cytb. Furthermore, the divergence 

values were also calculated for Podismodes dαbies­

hαnensis Niu et Zheng and Yunnαnαeris yunnαneus 

Ramme in COi (uncorrected "p" distance = 0. 056) ; 

Apalαeris vαricornemαWalker咱 and Apαlacris eminifrontα 

Niu et Zhe吨 in the con gene ( 0. 001). 

2. 3 Phvloaenetic relationshios inferred from 

Phylogenies derived using maximum likelihood 

and Bayesian analyses were generally congrue时， and

four typical trees are shown in the results ( Fig. 1 - 4 ) . 

Based on the COi gene sequence with Atrαctomorphα 

sinensis as the outgroup , the Bayesian tree ( not pres­

ent) showed an overall similar topology to the likeli­

hood tree (Fig. 1). Three major clades within the two 

trees are apparent, the major differences being the po­

sition of Trαdαtwo species ( Trαuliα szetschua阳山s

and Trαuliα mi nutα ） and Catantopinae three ~pecies 

(Cαtαntops pinguis pinguis , Stenocαtαntops splendens 

and Xenocα的ntops brachycerus) , which formed sepa­

rate clades with likelihood. In the likelihood tree, one 

clade includes Cαryαndαsix species and Longchuαnαc­

ris two species with strong support. The second clade is 

composed of two sub-clades. These two sub-clades in­

elude Yunnαnαeris yunnαneus , Podismodes d，αbies­

hanensis and Pedopodismα 卢niushαnαin one sister 

group , and Qinlingαeris choui , Anα'Pod ismα mirαmαe 
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and Prumnαthree species in another. The third clade 

consists of Epistαu月LS αberra邸， Apalacris vαricornemα ， 

Ecphαnthacris mirabilis and Apalαeris emin~斤。ntα．

76 

92 

Choroedoc川 vio/aceipes
Pseudo.λ）＇adi111i1111ta 
11ψodismani汽pennis
Me/11ψ。ta chloronema 
Atracto11101pha sinensis 
Epistaurus 日be1Tans
Ap日lacri‘~ i•aricorni; 1· 

Eψ•hanthacris mirabi!is 
Apalacris emint斤’＇O／／（，日
Y111111a11acris yunnaneus 
Podismodes dabieshanensls 
Pedopodisma ji111i11shm1a 
Qinlingacris choui 
Anapodisma 111ira111ae 
Pnmma arctica 
Pnmma 11ingand 
Pnmma mandshurica 
刀wt!ia szetscl111ane11sis 
刀’a11/ia111in11ta
Xenocatantops brachycerus 
Catan／，ψs pinguis pinguis 
Stenocatantops 平J/endens
Cmyanda e/egans 
Cmyand.σyunnanσ 
Cmyanda rui/iensis 
L011gcl111a11acris xiaoheishm1e11s1s 
Cmya11da quaduata 
Lo11gc/111a11acris刃，I
Cmya11da pseudodentata 
Caryanda bannaensis 

Fig. 1 Maximum likelihood tree of the COI gene for Chinese Catantopidae species. Numbers near nodes 

represent bootstrap support ( 100 replicates) 

For the COII gene with Filchnerellα sunαnensis as 

the outgroup, the topology of the Bayesian tree 

(Fig. 2) was generally identical to that of the likeli­

hood tree (not present) , therefore, only Bayesian tree 

(Fig. 2 ) is shown in the results. Both analyses for 

con support phylogenetic relationships including: 

( Coptacrinae species forn时 a well supported mono­

phyletic group (posterior probability 89% ) with the 

exception of four species , which formed a separate 

Clade ；② Cyrtacantl四rinae was found sister to Cal­

liptaminae, and both sister to Eyprepocnemidinae; 

61 

( Catantopinae four species also formed a monophylet­

ic group, and have a close relationship to Cy1tacantha­

crinae, Calliptaminae and Eyprepocnemid-inae. These 

four subfamilies constituted a disti削 cla de;( Spa­

thosterninae one species, Oxyinae two species and 

Caryandinae one species grouped together, and formed 

another one clade;( the same truth for Melanoplinae 

three species and Podisminae two species with highly 

support with posterior probabilities 100% . Our results 

support the relationships within the genus level, in agree同

ment with the traditional view of morphological studies. 

89 

71 

Filc/111erel/a s1111a11ens1s 
Eucoptacra binghami 
Apa/acris tonkinensis 
Eucoptacra kwa11gt11ngens1s 
Ecphanthacris 111i1日•bi/is
Apa／，αeris 、＇aricomis

Ap臼1αcrisemini声。”ta
Eucoptacra praemorsa 
Epist.αurus meridiona/is 
Spathoste11111111 prasini erum 
Oxya hyla intricata 
Oxya chinensis 
C臼1y.αndaelegans
Pedopodisma lsilingensis 
Tonkinαeris sin白1sis
Sinopodisma qinlingensis 
扒”i凶。收riola !111ayine11S1s 
Fruhsto1jerio/a omei 
Me/trip臼•tac'1/omema
n·au/ia szetsch11anens1s 
1iwt!ia aurora 
1i·a11/ia111i1111ta 
Patang.日japonicα

Chondracris rosea rose日
Callipta11111s ita/icus 
Callipta11111sa』brevia111s
S!enocatanlops 吕plendens
Catantops pinguis pinguis 
Xenocalantops humi!is 
Xenocalalllops brachycerus 
Choroedocus violaceipes 
Shir臼rkiacris shir口rkii
Shirakiacris yun/Meiensis 

Fig. 2 Bayesian tree of the COII gene for Chinese Catantopidae species. Numbers near nodes represent Bayesian 

posterior probabilities 
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For the Cytb gene with H，αplotropis brunneriαnαas 

the outgroup , the Bayesian tree ( Fig. 3 ) showed es “ 

sential congruence with the likelihood tree ( available 

on request ) . There are two distinct clades in both 

trees. One clade includes Cαryαndαsix species , Long­

chuαnαeris two species and Oxyinae three species with 

well support. Within this clade , Cαryαndαsix species 

and Longchuαnαeris two species grouped together, and 

paraphyletic with respect to Oxyinae three species. The 

other clade mainly comprised Podisminae nine species 

and Melanoplinae three species plus Spαthosternum 

prαsiniferum and Qinlingacris choui. In both trees, 

Coptacrinae was never recovered as monophyly with 

Trαulia always in uncertain position. The remaining 

taxa plus Trαulia either composed a separate Clade in a 

comb-like a盯angement ( Fig. 3 ) or split direct from the 

backbone of the tree in a comb-like aηangement as 

well. 

98 

87 

98 

Hap/otropis br111111ena11a 
Tonkmacris sinensis 
Yt11111a11acris v111111a11e11s 
Podismodes aabieshanensts 
Sinopodisma qi11/i11ge11sis 
Sinopodisma houshana 
Pedopodisma 白的lingensis
Pedovodi，δ:ma f1111i11sha11a 
亭。thos/11111111 prasi11iferu111 
;:;111ovodis111a f!11izno11e1乱”S
Fruhstorferiofa omei 
Fruhstorferiola huayinensis 
w:1/i11gacris choui 
i门，mna arctica 
P川111111a 111a11dsh11rica 
Ecphymacris ／，呐oshana
Etiistaurus 111eridio11alis 
ιucoptacra prae111orsa 
Chondracris 1口sea
｝？乎10dis111an所1pe1111is

98 「？一自－ Choroedocus violace伊es
0（卡－ Shirakiac1的F川1kweie11sis
1叫“皿 Shirakiacris shira/rii 

Callivta11111s barbarus 
Callfvta11111s abbreviatus 
Cal/，伊ta11111s ita/icus 
Xenocatanlo?..s h11111i/is 
Avalacns 1凹rico111is
X旨，10cata11/ops brachycerus 
刀旧11/isa111i1111ta
Traulia szetsch11a11e11sis 
C日’＇｝＇m1da elegans 
Cmyanda rui iensis 
Longchuanacris xiaoheisha11e11sis 
Cm'}'anda quadrata 
Longchuanacris J币，1
Caryanda ba1111ae11sis 
Cm)'al1da pseudodentala 
Caryanda y111111a11a 
Oxya hyla intricata 
Oxya chinensis 
Pseudoxya di111i1111ta 

Fig. 3 Bayesian tree of the Cytb gene for Chinese Catantopidae species. Numbers ne缸 nodes represent Bayesian posterior probabilities 

The combined nucleotide matrix of the COI and 

Cytb genes generates the two trees topology ( only 

Bayesian tree is present, Fig. 4 ) similar to that oι 

tained using Cytb DNA sequences. Two clades are sug国

gested : one clade includes Cαryαndαsix species , 

Longchuαnαeris two species and Oxyinae three species 

with well support, while the other is composed totally 

of Podisminae seven species except Qinlingacris cho山，

with Yupodismα rzι pennis at the basal position. Both 

trees show that Qinlingacris choui grouped with Prumnα 

two species, formed one sub-clade and Pedopodismα 

卢niushαnαnested in Podismodes , constituted another, 

that Cαryαndαsix species and Longchuαnacris two spe-

cies consistently grouped together. 

3 

Sinopodismαand Yunnanacris are both considered 

synonyms of Podismodes[zJ. The result of our investiga­

tion of Cytb gene sequence fmther supports such a 

classification, and additionally suggests Pedopodismαis 

also a possible synonym of Podismodes with Bayesian. 

However, synonymizing these two genera would be pre­

mature because of insufficient taxon and character sam“ 

pling. Pedopodismαhas been previously considered a 

synonyms of Sinopodismα ［ I?J , hut according to Niu [ZJ 

Pedopodismαwas still a separate valid genus with re­

markable differences from Sinopodismαin forewing. 

Therefore, further investigations will he needed for ad­

dressing their relationship. The I它lationships infen叫

from Cytb Bayesian tree are ( ( ( ( Pedopodisma卢nius­

hαnα÷ P. tsinlingensis) ( ( Sinopodismα houshαnα ＋ 

S. qinli昭ensis) 斗咽 Podismodes dαbiesl阳

S. gzιizhouensis ) + Yz 阳阳eris y肌朋neus).
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84 

Atrαctomorphα sinensis 

O巧1a hyla intricαtα 
Ca；盯~anda quαdu at，α 

Cα叩αndα ruiliensis
Longchuαnαeris xiaoheishαnens1s 

Longchuαnacrisfui 

Caryanda pseudodentata 
Cαη；andαbαnnαensis 

Cαη；andαyunnαnα 

Cα叩αndα eleg.αns

Pseudo巧1a diminutα 

O巧7α chinensis

Podismodes dαbieshanens1s 
Pedopodismαjuniushana 

Sinopodismα houoshαna 

Yunnαnαcrisyunnαneus 

Prumnααre ti ca 
Prumnα mαndshunca 

Qingling，αeris choui 
Yu pod ismα rufi ennis 

Fig. 4 Bayesian tree of the combination of COI and Cytb gene for Chinese Catantopidae species. 

Numbers near nodes represent Bayesian posterior probabilities 

Sinopodismα houshαnαHuang and Podismodes d命

bieshαnensis are two ve可 similar morphospecies , diffe­

ring only in the top of subgenital plate and furcula [2J. 

These two similar species are also identified by molecu­

lar data here (one individual Cytb gene sequence, and 

the combined COI and Cytb gene sequences) and DNA 

barcodes[rnJ , which as species identifiers has been 

successfully implemented in the identification of previ­

ously described species, and discovery of new and 

cryptic species [s '8 一，

Traditionally the Longchuαnαeris was considered a 

genus within the subfamily Oxyinae [ 1 l , but it was re­

cently redefined by Niu [2J, who removed it from the 

Oxyinae and placed it in the subfamily Caηrandinae. 

This revision is well supported by phylogenies recon­

stmcted from Cytb gene sequence. Further, Longchuα－ 

nαeris also has shown close relationship with Cαryαndα 

in the individual genes analyses ( COI and Cytb) , and 

the combined analyses. 

Cαryαndαwas divided into two subgenera and fur’国

ther 14 species groups by Niu ［剖， who revised the ge­

nus and provided a phylogenetic analysis based on mor­

phology. On the basis of his results , C. ruiliensis ( de­

ho昭ensis-species group ) , C. quαdrαtα （ quαdrαtα阳

species group) , C. pseudodentαtαand C. bαnnαens is 

(dentαte阳species group ) in our examined belong to 

subgenus Yuncαryαndα ， and C. yunnαnα （ yunnαnαm 

species group) and C. neoelegαns ( neoelegαr扣species

group) subordinate within subgenus Cαryαndα. The 

species groups and subgenera of Cαryαndαdefined by 

Niu [2J are in general well supported by our analyses 

( see Fig. I ) . Both show the relationship are ( ( ( C. 

ruiliensis + C. quαdrαtα ） + ( C. pseudodentαtα ＋ 

c. bαnnαensis) + C. yunnαnα ） + C. neoelegαns) . 

Storozhenko[3J considered YupodismαZhang et Xia 

was a synonym of Anα'Pod ismαDovnar-Zapolskii , and 

remove Yupodismα rufipennis to the genus Anα'Pod ismα ， 

which supported by Niu [zJ ’ but contrary to our result. 

From the uncorr’ected “p ” distance in COI and Phylog­

eny inferred from COI gene sequence, we propose that 

Yupodismαis still a separate genus within Podisminae. 

Our results also reveal Ecphαnthαeris is close re­

lated to Apαlacris , in agreement with Lu [22l . The mo­

lecular phylogeny of seven new species was consistant 

with recent morphological phylogeny by Niu [zJ. 

In summary, our analyses show that the relation­

ships of lower hierarchical levels are well resolved, and 

the three mtDNA genes are less useful for resolving 

deeper nodes , in agreement with general findings in in­

sects [23 -24 l . So additional markers, especially nuclear 

markers which proved pivotal to solve the problem of 

the deeper nodes[25 -27l ’ will be required for establis­

hing deeper phylogenetic relationships of Cantatopidae. 
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