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China. In order to reveal the taxonomy and phylogeny of earthworms from these areas, specimens were
collected by digging and hand-sorting methods (Fan et al. 2012) in 2010, 2011 and 2016. Both morphological
and phylogenetic methods were used to identify species. We analyzed both composition and p-distance based
on either mitochondrial CO I, COIl, 12S rRNA, 16S rRNA, ND1 sequences or their combined genes.
Phylogenetic trees and ancestral distribution area were also reconstructed with the combined genes. As
results, a total of 3 families, 8 genera and 27 species of earthworm species were classified, including 21
species of Megascolecidae, 4 species of Lumbricidae, and 2 species of Moniligastridae (Table 1). Three new
species were identified, and they were Amynthas wuliangmontis sp. nov., Amynthas jingdongensis sp. nov.
and Amynthas lacustris sp. nov (Fig. 2). The mitochondrial CO |, CO1l, 12S rRNA, 16S rRNA, and ND1
genes were sequenced, and the average inter-species p-distance of combined sequences was determined to be
19.6% + 0.5% (Table 2), while the average intra-species p-distance was 0 - 2.7% (Table 3). Both Maximum
Likehood tree and Bayesian Inference (BI) tree showed the same phylogenetic relationship of these
specimens (Fig. 3). We classified the BI tree into 7 clusters. Cluster 1 was constructed of all 4 Lumbricidae
species. However, Clusters 2 - 7 were constructed of all Megascolecidae specimens. According to Cluster 7,
it was verified that Amynthas and Metaphire were in a mixed group. Moreover, we suggested that the
diffusion direction of Megascolecidae was from south to north according to the reconstruction of ancestral
distribution area (Fig. 4), hence species may spread from Mt. Wuliang & Mt. Ailao to Mt. Cang. This is the
first attempt for taxonomy and phylogeny analysis of earthworms in extension of Yunling Mountains. Our
results show the biodiversity as well as the close phylogenetic relationship of earthworm species in this
region, which will be valuable for further researching earthworms in southeast China.

Key words: Extension of Yunling Mountains; Earthworm; Biodiversity; Molecular phylogeny
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Fig.1 Location of the extension area of Yunling Mountains
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Table 1 Checklist of earthworms in Mt. Cang, Mt. Wuliang & Mt. Ailao
KAEEHN AT Location
# P
Family Spicies WL Tl &l
Mt. Ailao Mt. Wuliang Mt. Cang
ELIF} Megascolecidae 1 R B Amynthas corticis (Kinberg, 1867) 3 39 31
2 WIIEE S A glabrus (Gates, 1932) 12 12 10
3 fEEImE M A. gracilis (Kinberg, 1867) 18 45 16
4 BFZEE A morrisi (Beddard, 1892) 7 28 23
5 ML E W A. regularis Qiu & Jiang, 2016 1 31 2
6 ZFWEE A rusticanus Qiu & Jiang, 2016 — 3 2
7 WAL E I A demptus Qiu & Jiang, 2016 — 4 —
8 JUIRILE W A. youxiensis Qiu & Jiang, 2016 7 —
9 15 I E | A. actuosus Qiu & Jiang, 2016 25 — —
10 WL EE 4. ailaomontis Qiu & Jiang, 2016 7 — —
11 ZARIEE | A. aspergillum (Perrier, 1872) 3 — —
12 BRI EE A. protuberaus Qiu & Jiang, 2016 3 — —
13 JCILiEEM A. yuanjiangensis Qiu & Jiang, 2016 4 — —
14 TE\IEE® A wuliangmontis sp. nov. — 3 —
15 AL EE A. jingdongensis sp. nov. — 3 —
16 JAMEZ E A. lacustris sp. nov. — — 3
17 EFE Metaphire californica (Kinberg, 1867) 5 8 12
18 KEELEH M. daliensis Qiu & Jiang, 2016 8 9 2
19 JRGNIEE M. bannaensis Qiu & Jiang, 2016 7 — —
20 IR M. prominula Qiu & Jiang, 2016 6 — —
21 & /NFRBRE Perionyx excavatus Perrier, 1872 3 — —
IE451%} Lumbricidae 22 J5/INEW Eiseniella tetraedra Savigny, 1826 — — 3
23 J\BHM Dendrobaena octaedra Savigny, 1826 — — 3
24 L3t Octolasion tyrtaeum Savigny, 1826 — — 10
25 ZAEF W Eisenia andrei Bouché, 1972 — — 87
HE 11145 F} Moniligastridae 26 R R Drawida koreana Kobayashi, 1938 — — 5
27 HAMP D. japonica japonica Michaelsen, 1892 — 6 —

/N & (Eiseniella) T35 )& (Dendrobaena)-
FAWJE (Octolasion)~ R EWJE (Eisenia) 4
J&; B BB (Moniligastridae ) #1 47 18] J&
(Drawida) 2 M, 535l e At s F1 H A4t
Frsl o

EARTHE T, 5w Bk & L6 E i
(A. wuliangmontis sp. nov.). WIRHZEE (4.
lacustris sp. nov. ) 5 5t AR i H #H (4
Jjingdongensis sp. nov.) NHEYIF. LEILZEH

U5 SZAEFESL 2 X, A 6/7~7/8 AilA], kIS
1E tokioensis-group ' (Sims etal. 1972), 745
RGBT, IEMETFIRRAS Rk, Al
RO DI ARR TR A o BT B 5] 52 S B 1L 2 X

hiT 5/6 ~ 6/7 FilA], #XI5r7E morrisi-group
(Sims etal. 1972), #EFL 1 %F, 2T X VI HEM
P, ARG, REFLAO,  NIER
B &4 1 AR TS, FLI AL
W 2 PBIR P RE LR o S AR T W) S R AL 2 X
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KT 7/8 ~ 8/9 Filal, BHEMAR, #eklsaE
aeruginosus-group ", HEFL 1 XF, KAE 1 DA
FUN A ORISR TR A e, SGEAMIA 1 Rl
BIEERE . 3 AP R A RHELE 2.
2.2 BREEH RS BT

18] Clustal X 55 MEGA 7 25854 2w 5 Jk
K, SRAFEEFKE 27N COT 671bp, COII
766 bp, 12S rRNA 1 086 bp, 16S rRNA 509 bp,
ND1 890 bp, Br& 5 FER K 3 922 bp. i
MEGA 7 Xf Jr3K45 () B AN FE R MR 5 B e
TRl AT DRI RE AR R, BASCEE 1
fBIERE (CO1. cOlls ND1) MIZE—Ars.
55 A R B A R B A S B AT,
SR TR 2,

F 2, 38 AFEAR) 5 B K KB A FEF
FAld (A+T)/(G+C) HETEE N 1.5~2.3,
Hb COTEKN (A+T)/ (G+C) EmRIE
(1.5). MLARE, COT HER A S — 5 i)
(A+T) / (G+C) HEAK (0.9); COIl. ND1

HEFEF (A+T) / (G+C) HAELIREE ik
BT EEA A, SEBETE . i
MEGA 7 TH5E AR R AL PR (3R 3D,

WRIEE 3, i/ ND1 iHE 1T L
PRES K, (EH 16S THA BT 1P is A BE 25
B/, T R G T RIS IR 2 B A B S
54 co T ERTHRE PR E s NI AT
Fe R FPHE S YRR KT 138 A% BB X ) 56 4 H
L. TR EE . S EE . S E .
BRI EE . WETEEE. 2RZEE. A3
s ] 5 R R s ] R e (i) B R DRI R S R ATt A%
FEES /T 2.7%.

BT IR B 5 BT I E R
KPR — J& A R K P 1R S X () AE SR M
Ko BT CcOTFEFTHEER, Hp 4 MEF
KIRE 5 BRI AR JE A Ak AR BE B X [h]
SERE B AT B A BB X H] T4
23 HTREREWFAGHESAXHER

SR FH IR 5k DRI 0 H e DO A RAR Y,

—_— g

B2 Hr A RHE
Fig.2 Characters of new species
a. BEUEHEZH#ES; b BEUEEEZMFIR o BELEHEAMEZE: d SR E 6L e WIMET Hbl oL

f. BUAGR IS A HEAL; g BT 18Rk,

a. Spermathecal pores of Amynthas wuliangmontis; b. Left prostate gland of 4. wuliangmontis; c. Right prostate gland of A. wuliangmontis;,

d. Spermathecal pores of 4. lacustris; e. Male pores of A. lacustris; f. Spermathecal pores of A. jingdongensis; g. Male pores of A. jingdongensis.
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%2 CO1. COIl. 12S rRNA. 16S rRNA. ND1 F B3 RTRIEH K
Table 2 The composition based on CO I, CO1II, 12S rRNA, 16S rRNA, ND1 and their combined genes
ik H—hLk HAL XA
All Samples 1% position of codon 2 position of codon 314 position of codon
A Gene
A+T  G+C  (A+TY A+T  G+C  (A+TY A+T  G+C  (A+T) A+T  G+C  (A+TY
(%) (%) (G+0O) (%) (%) (G+0O) (%) (%) (G+0O) (%) (%) G+0O)
col 59.8 40.2 1.5 47.7 52.3 0.9 60.8 39.2 1.6 70.9 29.1 24
Ccoll 64.1 359 1.8 76.5 23.5 32 504 49.6 1.0 65.5 34.5 1.9
ND1 65.9 34.1 1.9 72.8 27.2 2.7 61.3 38.7 1.6 63.6 36.4 1.7
12S rRNA 69.7 30.3 2.3
16S rRNA 62.5 375 1.7
Bt s S
Combined 65.0 35.0 1.9
genes
%3 CO1. COIl. 12S rRNA. 16S rRNA. ND1 LBt A 3 R4 R B
Table 3 The p-distance of species based on CO I, COII, 12S rRNA, 16S rRNA, ND1 and their combined genes

WAL BE B X A p-distance (%)

A Ak S 7 o% s fe ST
A1 Gene THE kT JEKT WAl KT
Average Family Genus Species Population
col 199+ 1.1 19.9~29.0 16.6 ~25.3 14.0~243 0~2.0
coll 172+ 1.1 22.2~30.7 11.4~24.0 11.6 ~19.2 0~13
12S rRNA 227+1.9 364 ~46.3 11.0~31.7 122~229 0~15
16S rRNA 128+ 1.0 16.0 ~26.3 53~19.8 5.8~12.6 0~27
ND1 238+ 1.0 258~393 142 ~35.7 159 ~26.8 0~24
Bty 5 HEp
Combined 19.6 £0.5 283~325 122 ~28.1 12.8~20.9 0~19
genes

7£ PhyML 3.0 fil MrBayes 3.2.6 735l ¥ %22 5 ARk
SRBEAN ULt . TSP RGER B W3R T
GER— 2. T LSRR AR, () SCRF R R
KANSAR =7, B EE RS, BRIk A ST BA DU
WHATYIFSRG R RIS (B 3D,

W4 “ 5 P € 7 ( sequencing
convention) (Cracraft 1974), ¥ ZG K EM
ERIREARKN Y R T A FEFEAE (Cluster) . H
PN PR AN SV SN o5 o .G N ik e o a1
W5l 5 77 e /N Rl e e R oty SR SRR S
PRABERR 1. HRBEBE R 2RI 1E 5
—REWERHF2~7.

E gl R iz ] v gz S K] 43 LB 4 R i
CERE 2) AT FRd 5 8 ELSR R ) Ja i

— B, X EE 100%/58FE (PP) I
200 HIADHHE (BP) SCRrH 530 5 ts] @ A il
JEAY R, T LIRS S B R X 2 R
GRANH HEox, WAEHHERES5 2 8
TEASHHIEZ BRI FSE (Perrier 1872) . 3
3 B R ORI EED k. B
%, JRWMER >90%%& MR, — e
R or tHEHE 4——J0 A T 2L 57 1L 1) e et 5
Aoy RIS AEEE; 5 AHEat
HRRE 5 FISRBE 6 ~ 7. B RKBE 5 7RG MR
32% KGN R AR A . A TR SRR R
HIE LR A 2 6 FI2EHE 7, XA RE
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