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Abstract: [Objectives] Metaphire is one of the dominant genera of earthworm family Megascolecidae and is
widely distributed in eastern and southern China. However, there are relatively few new species reports of this
genus in recent years. [Methods] Morphological taxonomy methods and DNA barcode technology were used
to identify the new species. Genetic distance between species were calculated using the Bootstrap and
p-distance methods. [Results] Herein, three new species of earthworms belonging to the genus Metaphire
(Oligochaeta: Megascolecidae) from China were described. They are named M. xiangtoumontis Dong & Jiang
sp. nov., M. hanbaiduensis Dong & Sun sp. nov. and M. changbaimontis Dong & Shen sp. nov. (Fig. 1 - 3). M.
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xiangtoumontis belongs to the M. insulana-group, it has two pairs of spermathecae in 7/8 - 8/9. M.

hanbaiduensis belongs to the M. houlleti-group, it has three pairs of spermathecae in 6/7 - 8/9. M.

changbaimontis belongs to the M. glandularis-group, and it has two pairs of spermathecae in 6/7 - 7/8.

Morphological descriptions, pictures, morphological comparisons with similar species, and COI barcode data

for all the new species were provided. Additionally, sequences of the other species that are closely related to

the new species were retrieved from GenBank (Table 1). The pairwise distances between each new species

and the other related species are greater than the interspecies genetic distance (usually less than 1 %) and

meets the range of intraspecies genetic distance (8.3% - 13.0%, and above), so they have at least species level

genetic difference (Table 2). [Conclusion] In summary, based on different morphological characters

combined with the genetic evidence, we could conclude that the three new species are different from the

previously described species and from each other. In addition, M. changbaimontis was the first new specie

record of the earthworm genus Metaphire that collected in Changbai Mountain National Nature Reserve.
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GGG TGA CCA AAA AAT CA-3' (Folmer et al.
1994). PCR =4l e A R EE R 28 ] 58 R o
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Tablel Specieswith themost similar COI gene sequencesto the new speciesin GenBank

R g RS
New species and its
accession number

AU F Similar species

gxT AL
Accession number Percent similarity (%)

SNyt PRz H 1 Amynthas dentiformis sp. nov. KT252969 90.81
I“g%i’;h;gi Xiangtoumontis HHTE I A. robustus MW450978 89.83
BT H W5 A. benignus EF077563 89.82
HEFEITHEE A lautus EF077539 89.42
Z i H W A yunlongensis MH887410 87.25
F T E | A, corticis LC722916 86.52
WAL H 5 A. hupeiensis MHS843435 86.51
T s M. californica EF032609 86.47
A tamaensis LC722880 86.36
T th i E i A. stricosus JX315345 86.06
BRI ] Fg il /NS A M. magna minuscula JX315347 85.48
'\O/'Qg?)ggijfuengs K1k % %18 Polypheretima elongata MN125036 85.02
M. surinensis KU565316 84.27
A. purpuratus AB542523 84.25
MiZE T E i A axillis EF077528 84.19
Z AR M. sanmingensis KY774382 84.13
A. thakhantho KU565242 83.82
WALIZ E 5 A hupeiensis KF205454 83.80
M. riukiuensis LC722884 83.70
A daeari KF383293 83.66
Kl ) M. communissima LC319200 89.00
M. changbaimontis A jiriensis LC319361 87.84
PP715630 A vittatus LC319160 87.84
M. hilgendorfi LC319472 87.84
A. tokioensis LC722912 86.78
Pheretima okutamaensis LC722864 86.03
A. bimaculatus LC722870 85.88
M. agrestis LC721145 85.88

GenBank 1 54 A 1L IS ALK CRMFMLA 8 4.

There are only 8 named species that are most genetically similar to M. changbaimontis in GenBank.
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Hong Yong. ¥ fx % . Kmw. HE;
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Fig. 1 Metaphire xiangtoumontis Dong & Jiang sp. nov. (holotype)

a. HMEFLIX; b, ZHETEILX; ¢ B d KT e B £ TWEE. mp. HEFL; spp. TREFEIL

a. Male pore region; b. Spermathecal pore region; c. Intestinal caecum; d. Spermathecae; e. Intestinal caecum; f. Spermathecae. mp. Male pores;

sp.p. Spermathecal pores
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FRAS, Ak, 2022 4F 6 A 18 HR&ET ZHAE
NS, SRFE Y N R
(Morus alba) A4z 4% (Populus) , #1k 40.7 m,
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T, TR, BN, WA EENIE, A AL
MBI, aa=(12~1.4) ab, zz=(1.8~2.0)
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SEIRFLAR, WA 1 NIRRT TR,
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RSk, HESLIAEE 1/3 TRAK (K 2a) .
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FLAM. ZREFSL 3 XS, ST 6/7~8/9 TilHl,
REMIPE 2, FLIMEEZN 12 FiEK, 28 VIT 3T
NIEXS B —Xf7Lge, [alfE 173 WRK, 2
VI 5 MRS T 7 —X 7R, [EEE 2/5
TREK (E2b) .

PR R 5/6 ~ 7/8 [, WL, 10/11 ~
13/14 55, 8/9 F19/10 S, wbHEMR, 7T
IX 9. A XV WHGZEE K. §nE,
T XXVIL Y, HEHHZE XXV 95, 3 MR
S (B 2¢, e) o 04X, AT X ~ X Y,
51N, J53 X RIA. REE 2 X, AT
X, XU, BRIETE, AAMIEREERS S,
Foxt, AT X1 XIS, Kik, EAMERE
Moy 85, FIFIAR 16, AT XV ~XX 1, Ki&,
HelRormt. giAIBE /N, “U” T, T XXVII~
XXIV 1. ZAE%E 3%, i F VI~ IX TN,
AT GBI N X A K 3.0 mm, 1z
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Fig. 2 Metaphire hanbaiduensis Dong & Sun sp. nov. (holotype)

a. MEFLIX; b, ZHEEALI: . B d A o B £ K. mp. MEFL; sp.p. ZHIESL

a. Male pore region; b. Spermathecal pore region; c. Intestinal caecum; d. Spermathecae; e. Intestinal caeccum; f. Spermathecae. mp. Male pores;

sp.p. Spermathecal pores
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DNA 470 : GenBank & 3¢5 0Q800934
(PICJAHNN220618143R03-01A, IEF)
WS FATE Sims 25 (1972) HIYFh R
tHJ&E T M. houlleti-group, 1ZYIF R 3 BASE
S RESLALT 6/7 ~ 8/9 FilH], & f sl @ A Bt
KIZERE, B8 50 MIF (Bantaowong et al.
2016, Sunetal. 2018) . Hiff 57EFKE LA,
e S b )iz 43 A 0 BB iE B (M. guillel mi
(Michaelsen, 1895)14HALL, ¥ 3 X 2540,
K 6/7~8/9, BB—HFLALT 12/13, HEFLIAIE
299 173 WK, HMEFLRIRAE IR (BRI
1959) o (HFA AR N, WIEEHLE, 28
FEALARCR, HIMEEZ) 12 FEK, ZREALKX

B 2R, HESLXTGE A AT I7IA 1 X%F
FLR, AksRErIR, EE A TR 4
RUBOHAOR, WIBECH ML, 2R RO T
MERUNR L, HIEEESEA, 290y 13 ALK,
ZHRERALX IR, HEALX FGERTA 1 AR,
PURETER “7” MM, EMHal (Michaelsen
1895, 1&JT4% 2011) .
213 KAWLEE (Metaphire changbaimontis
Dong & Shen sp. nov.) (& 3)

IEAR: JL2019091901-01A, 1 ZkbsA, &
&, 2019 £ 9 H 19 HREET 7 MR 5 R
H YA L R B AR XAkt I R R
SRFE i B ARE 208 (Pinuskoraiend's) .

B3 KElfeE GEBAAMEAEE R
Fig. 3 Metaphire changbaimontis Dong & Shen sp. nov. (holotype and parthenogenetic par atype)

a. MEFLIX CIEBD) 5 b, SZAEZESLX (IEED ;
BB 5 g MEFLIX CGERD

c. Bl (IEFD

d. B DUEAFERIBD 5 e ZHEE (EED ;o £ T A
h. B (IEBD ; i M. servina (IEfL. gp. FL28; mp. HEFL; sp.p. ZAETESL

a. Male pore region (holotype); b. Spermathecal pore region (holotype); c. Intestinal caecum (holotype); d. Intestinal caecum (parthenogenetic

paratype); e. Spermathecae (holotype); f. Spermathecae (parthenogenetic paratype); g. Male pore region (holotype); h. Intestinal caccum

(holotype); i. Male pore region of M. servina. gp. Genital papilla; mp. Male pores; sp.p. Spermathecal pores
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% i Bk (Quercus mongolica) . 4% (Tilia

amurensis) FIZK A (Fraxinus mandshurica) ,
WK 749 m, 42°23'42" N, 128°6'36" E, J&@if
KRG LR X, FIFEKE 750 mm.
PRAREN: HEE.

B JL2019091901-01B, 10 &6FbrAs, f%
A, SRR [A) R kb A SR (R TIEAR

TR IEBCREE T K AL ERE AR X

HNERERAE : 7K 84 ~ 91 mm, PR 5% 6.5 mm,
PRTTH 83 T PRI MR AR €, J5 SR A,
JEMI T B2, XVII~ XX Wi EAa 4~5
EARER, WAy fa i TR giGE . DEret 12 b
o HFLE T 1112 3485 [ 8, 7T XTIV ~ XVI
T, R, Wi, BER, Ml EEWIE, TG
Bfl. MBI, aa= (1.1~1.2) ab, zz=12
zy. WIEHL: 36/1I, 36/V, 44/VIII, 44/XX,
46/XXV, ZAEHEFLIE] 20 (VID) , HEFLE 0
(XVID . HEMEAFEFL 1%, AT XVII A58
5 120 5K G BRI IX -, LA TR IX
AN 75 /NBITE RS 1, 2N FEIR CRIBRAN AT
WD BN, BRX A BT — R B AR
FLR, [EEZ 1/3 FiEK (B 3a, g) o IR
VARSI TEIESFL, oA MEHAETETL 14,
AT XTIV g g, SREDE, fCRM, FLA
i, SZREFESL 2 X, AL 6/7 ~7/8 ilE], FEM
Wil BRAR, FLIEBEZRN 172 TWRAK, Zk%
LA RR B R DTE X, XN — A
EAEM/NATE (B 3b)

WS fES: B 5/6 )&, WL, 6/7. 7/8
AO11/12 B8, 8/9 F1 9/10 #hk. WhFERAIR,
T IX ~ X BHE XIV 5 HRE N K.
B A, T XXVIL AT, HaiHE XX,
5ARIREESH (B 3¢, h) . JIMEAERBIRE
W, T XXV, [FEiH S XX,
IR, WHEZSEE (-3 . 04Xt AT
X ~ XI5, 281 X4, 53 XRIE. FEE
B2 X, AT X XU, Bokik, SEE, £
HWERE > 55 . fEFESE 2 X, AT XIL X1
W, R SRR, e A ME RN A S

PICHEAETE RIBETOAS %8, Tk %, ATFIAR 1
X, AT XVI~ XX, Kik, &, ekt
RIBVRRE “U” %, Rl e % T4 8.
B i AR50 A 000 B A DK P LA ) 12 e
I 2 5 BB T 21 i 5 AR A . SERETE 2 X,
fiF VI, VIL 5P, FHKL 4.7 mm, =%
B Te, M, QRN 13 K, §E
K45 mm, A 2/5 RN KEOIRGKG S, 5
AN B2 JEAR 0 P4 0] A4 B 147 8 P L AR i A
(K 3e) o IMMEATHRIBZFESE 2 X, AT
VII. VII 5, EEKY 3.4 mm, IEFEIIEHE
B, &KL 13 mm, EEFLEMAK, A
2/5 BERKNNKESE, HEASSZHRE FEAREE A (44 BE
B REREMWEITER (B30 .

DNA %/45%: GenBank 3¢5 PP715630
(JL2019091901-01A, IEf)

Wit KAWLEEBTE Sims 25 (1972) (14
AT & T M. glandularis-group, ZYIFPEER)
FBSAE S NG BEFLF XS, AL T 6/7 ~ 7/8 il
BRI ZWFEELE Sims %5 (1972) A 5
MMdE, HEFRYRA, Hd 4 MR
R, HArCE 1A T B A
F M. servina ( Hatai & Ohfuchi, 1937 )
(Blakemore 2012) . Hifh5ZWAiyf 2 Xt
ZREFESL, BT 6/7 ~ 7/8, M YR 3
A1, HOuWTENIE, milRkik, EhEiE
RFEHH (Goto et al. 1899) o (HFrAhKI L H
B, BT 1112, #EFLAL TR S R
RFHE b, SR, BN, SRS RESLIX AN
FLIX NS BRI /NFLIR, AR A BESK JR %5
LI EAREITERR, 28R, mEPORL, A
BRI 5 6 5. T M. servina Wi &5 i
8, BT 1213, HEFLAL T R AR
KR ENEEEE, UL A — KR
TERLTE (B 31D, AR PGSR KSR B bR 1 1 i
REMK, RmENY, BiIRKIE L 8~9 1.
BeAk, B MERERR (7 2% AIPEA5E (4
26 PIFPTEAS, AIME AR JE 32K 28 L X R ) IE
B, (HITERESL, ATAIIRIBA, Bmmal.
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Rtk COl HREEN “HKIBML”, Higtfe
P 72 B WA R R 2 R AR . d8t
fEFE B4 R R, Gkl fEEl 5 10 ANMEZAF
) p BEES N 0.105 ~ 0.176, FH4ZE sl 5 10 A
AR p BEE N 0.153 ~ 0218, KA L
1515 8 NI AR p FEES A 0.124 ~ 0.168( K
2) o AICH 3 AR p BE RN 0.208 ~

0.247. VL AL EE R 3 K TR N R BE R (il
WANT 1%, YRR AL R B I 2 7
FEl GlEH KT 8.3%) (Huang et al. 2007, Chang
etal. 2011) o 5K, FrFha) S BFh 5
CLAIA R [RIAELE 22/ YRR I 8 4% 22 57
B R RS IR R A BT T R T 9T A1 A
Je P B ARV A7 X1 s B AT AT A AE B AR
£ TAEH i DTk

2RI RH R S G R (KR A B

Table2 Estimatesof evolutionary diver gence of p-distance between new Metaphire species and related species

Hrwh JEZ Y Related species
New species YiFi 4 Species name p-#E S p-distance
Gk th s WRRIZ E 15 Amynthas dentiformis 0.105
Metaphire xiangtoumontis sp. nov. R R A, robustus 0115
ZEATIZEE W A. benignus 0.115
LRSI HE A lautus 0.113
= KL E | A yunlongensis 1.176
BE E 1 A corticis 0.153
WAL E S A hupeiensis 1.148
I s M. californica 0.161
A. tamaensis 0.155
Totaim B A. stricosus 0.148
s g e L7 fis] /NP M. magna minuscula 0.218
M. hanbaiduensis sp. nov. KA 2% %215 Polypheretima elongata 0.179
M. surinensis 0.186
A. purpuratus 0.211
IR Bl AL axillis 0.181
=Bl M. sanmingensis 0.188
A. thakhantho 0.166
WAL E S A hupeiensis 0.153
M. riukiuensis 0.186
A. daeari 0.188
A gl M. communissima 0.124
M. changbaimontis sp. nov. A jiriensis 0.134
A. vittatus 0.134
M. hilgendorfi 0.134
A. tokioensis 0.161
Pheretima okutamaensis 0.164
A. bimaculatus 0.168
M. agrestis 0.159
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