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Abstract: A total of 579 Megascolecidae species have been reported in China through 2017. Most belong to
the genera Amynthas and Metaphire. The family’s rich diversity merits further investigation into its
evolutionary history. The arc of research indicates that analysis based on taxonomical and molecular methods
reveals the evolutionary history of the family Megascolecidae in China. This paper summarizes updated
findings regarding origin, speciation and dispersal of Megascolecidae in China, and discusses the evolution
of major familial characteristics (e. g. spermathecal pores, caeca). Several analyses suggest that the ancestors
of Megascolecidae in China may have come from the Indo-China Peninsula. Speciation radiation likely
occurred after the Cretaceous-Palaeogene mass extinction, and species richness increased rapidly during the
Cenozoic period. Ancestral range reconstruction analysis shows that species-groups are polyphyletic and that
evolutionary reversal often resulted in sharp evolution of caeca, so we suggest that the current taxonomic
system of Megascolecidae, which is based on a few morphological characters, should be reconstructed. We
also note that the specific mechanism of evolution in Megascolecidae has not been studied. Hence, future
research to reveal the specific evolutionary mechanism of Megascolecidae earthworms requires more
systematic sampling of this family, combined with morphological research, phylogeny construction and
analysis of geographical patterns, geological history and environmental factors.
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il 2 e B LI ISR . —, TR LT
IS M T B G IR R, RS R
girb 54 AR EE R AL BBV, 1999). BAITE L
BRI R (2t L AEARE, SEmEYE IR, &
B LEE . K S RIERE S RS 1
43 4 I A (B YESF, 2000); o) bl s A2 25 R 4t
KB HARZ R, v DR 358 A L5 I 2 i
AL, A BRI (Zhang et al, 2013).

H it 5 1 2k A i 5] 48 3 6,000 0, 5Bk
5] 4 5 44 R 0 i 52 B ] i 3,000-3,500 Ff (Csuzdi,
2012). fE4325% 1, "EA1H)E T 5 E4(Oligochaeta)
i) 24 A 5] H (Haplotaxida) A1 £ 45 H (Lumbricida), £
18R, Horp E i B} (Megascolecidae) . IF 1] £}
(Lumbricidae) f1 & 15 £} (Eudrilidae) /& Fifi A= i 5] &
BTSSR, R O B K B (BRI T
1999). B BHEE VIR EAEL, 0008 LA_E, EE I
FEFE. KET&E. A, @HE. g, B
G J 8 vt 2 S 1, S Rl iz A T RS
Mo TEMSIARMRD B R A P Rl B #R 7E 500 LA L,
AU F B AR AL, J5& 2 WF s Hib
TR DLF Ry SR X

124k, A E D 5 i i 9L 28 & 640 F
(F {45, 2006; #Pr=E, 2016; Shen et al, 2016; Zhao
et al, 2017), AWM )55 R IE s 0 Fh B
FEMER L —. REYfhE 28 T B, 1wl
b, 85 B iR (Moniligastridae) &, i Fis| BHE Ny
IR OL T sl SR, o v [ i sl P Ao 25047 90%
DA b, HAdsA579M (M) (G g 55, 2006; P,
2013; ®XH, 2015; #FrE, 2016). ZAH T E B E
(Amynthas) 5 ] J& (Metaphire) Jy £t #4 258, oo
L 5l JE AT 443Fh (MLAY), Jsisl & A 12650 (LAY), &
TF Rl S 201 88.9%; oA B B4 Bl i R F b
EL] J& (Megascolex) 1F#, FRis| J&(Perionyx) 17h,
I E 5| J& (Pithemera) 371, Jm#f 5l & (Planaphereti-
ma) 4Fh, ZIfiE )& (Polypheretima) 1F#, Hiz &l
J& 5 2 3| J8 A AE G 7 U X A 10 S (BE 4%, 2006).
MEgeit gkl s, IREBESRF K Z A6 T
TSR s T (B, 70, . 678
S0 N258 0y S0 A 79k DL _E, AN IE T H X
A L3R, HZHURIE N R BRI Y
Folt o 1 B A P 23 A1 A R AN 220 5038 B (P, 2013),
W56 T7 0 R FARNBIRFE TAEED A KRR,

YIFnEL

Number of species

T
1 107

Bl #H017FERIERAENFEEBREEYFHIHRE
E. AeRFxAE=AEH.

Fig. 1 Distribution diagram of investigated Megascolecidae
species in China before 2017. Some provinces with no surveys
are blank.

2016).

rh [ [ ] o ] 3 A 2 A ) R TR B
VB RESME IR . R R R B
ANRFAIE S B 53 A1 R iR AP R b HR YR S AL .
20120 %], Michaelsen (1929a, b, 1931)3 T4 25HF
FUAHED o [ Bl R r] B R IR T IR R EE D N, T
FH 25, KRB RS, BIA AL
WA, TORZIE SR, R B R AR >
T o AT B AR 2 R AR R E . PR X (1956)
A B R B EE AR /D, A o R AR A SR
FLAH S W RE T D S A o A i A b 1 DR,
M5 KR Z FER R B xE Bk HEWr, IEERZ
g B EEBRIES SRS T REK
BIFRET KETE, RARE T EERBFMRIE
i, ISR — R EZERFORR . A0 iE
RESCERIC S S TR, g b E B R ] A
UG ST BOREE, IFER H 3 B A RHIE 15
PRI AE, AT A BT 58 RN 3 A b ] e ] (1 2 4k
JitE.
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1 HEEBERME

=AML DK, Ak B DL B AT A
O RS T HENR . 7EMichaelsen (1900, 1921,
1929a, b) T1Ef)3EAt -, Gates (1972). Bouché (1972,
1998). Jamieson (1988). Qiuf1Bouché (1998). Omo-
deo (1998)55 Xt B LA LR 7T 433K 73 . REE
KE KRG H AT 2 A R IR T IR AW
o, U T &SRB R 5 EAA P . QiuAl
Bouché (1998)# 7. | ¥R &%, WE 15 Bl
#8FH(Moniligastroidea). 1F 4 #8 £} (Lumbricoidea)-
Vb5l 48 F} (Glossoscolecoidea) . [ 15| # £} (Megasco-
lecidea) &5 . A ATTHEN, Bl & IR T (X FL4M v Fii (Gon-
dwana), 7£7Z T Fifi (Pangea) ) 11 4% % 31 55 W 1 B
(Laurasia) (B4R 4638 R et AR KBt BRI 5 537)
A i ] A S Y A T B T IR R R 7RV o i gk DA
J&, MITLAN Bl ok EERAE T A T4 R IR e 55 KR
WO DR R« BRIV A it FA) 2 o 508 R0 = K B S A B
] it 2 AT R TN AR SRR B
Wi R BRI B 5 R E R IX R, PSR 3 KD
w5 R 1 X R (M 3%, 2) (Bouché, 1983, 1998;
Qiu & Bouché, 1998). MAATT 73 Hr vT %0, EVEE K
Fifi 76 9 Y2 40 5L 1 (41120 Ma) L Bk 15] £} (Acantho-
drilidae) v ¥, 7E4RHT 4 H](£150 Ma)di L #H-K
Bl 5, A8 B RH A Z R T %M, &R0
Kb BT Bl R, BV MEEEb.

Bouché (1998) i it i it ] 1) 22 A~ H . 2545
TE(HESL K S SRR BT 70, RERE T &8
BHATE A G 5 DIRE K R SRR L, R4S
B S 3y A7 R S e o AR A ) B A SR
FAFHEN 7 AN s R o A 8] IEdSHE RS
B AR A7 =& 4w Ja BRI 29220 5 /3 4 i
(Ma) A5 4k,  ELI|EE R A i i) ) S YRt ) [ W] g
AT 110 E AT 5220 31T 2 R (F3x3) o BT
Wiz A 5 Hh oA A E i AT T SR O AL TR AR IR
DR b 75 AR E 7 T R 48 K B W90 B30 R 1 L
U5 SRR I SR AL I R AT 1 — 2D B BeIE
¥t B, DominguezZ5(2015)iE g 2> T #h i 7%
Bk 7 AR RS Bl R sl o A TR
=205 I(Z0201 8 J54F), IEMEERA R 740
EE T 220 BL(£9125.2 1 J34E) (Dominguez et al,
2015). FLFrE, BRiEfESMNQiu & Bouché, 1998;

Dominguez et al, 2015), X H AR} & LL R eI
TSN VUEIR A E o 10 A [ f ] A e 5] e e
B ST OO ERRYE? DL RIS TR R
(IR FE AT Ry B R HE A BR 1 B 3 A A SRy % g AR
TGS T o PR TSI LS

BT Z AR AR BUZ B R B G T R AW 1(E B
oy, CRONMR >R AR TR
ek, PNER(2013) %) % [ Bl B A KB i B W g
117 Fffr ] (54 2 kAR L K (COLL COllL ND1. 12S
15168) 5% 5L K 28S T & (1) 4y F R 4u K B W 7t K I,
P 12t 5 W) & 430 BN B SRR AIE BH 2 ) B R,
FEAE I X LE S () AH S U TR e e B o

BE 5, ¥ PR (2016) 3 HI321 M 587 /N FE A
SRR IE R B E i 1 R E Bl Ry T REK
BRR, HAE AR R A O BUE S A
TR R Ak TE B B A 2, AR T AR A
KRRTE] A AL ] (2), B T Bl R R S
oA X, B FTAE R AR W], BRI A ) EslE R
55 TR AL AR ) R 278 ok 27 40 L, 3X — e (]
5 Bouché (1998) 1l 11 A i 8 Ak Y T Y s 7] (£
2201 3T, T AE X AN I X BN R B I R K
R, IREMEL T B4 — =SB0 KK HF
5 =B 0 — RS L RKLEME, M1k
HEEER EEER SV SRS, BRI
A S RPN S AR S, X T B
by W RL \F 5 FHOctochaetidae) . L1 £} 15
5215 FF(Ocnerodrilinae) %5%H(Qiu & Bouché, 1998).
FE LN AR B 5 UM AR Bk R 1 Bl BT A 2 48 s
W EURL N 854k, T B R T e S )
Ja& = BRI AH S K 2 e 5 T e S 20 R A B
AR, £165.32 Ma (58.89-72.89 Ma). #5401k
B [0 T S AH S 20 A B m a1, Hh ] ] o ] 3=
ERMAMARLE R TES M T aE s vHE
3), ML KRB ARV T ERBEH M S
JUUE G RS DT A EOTR, o HEN
o [ ) R ] 32 SR R A e VR T R R

FH T~ 0] P Ve A 2 52 22 PR 2R (U 2 BT
T A AR 25 IR 2% ) AH B A S i R (Wares &
Turner, 2003; Byrne et al, 2008), HLAEYIFH 53 Aii b
SRR, &3 8S WR B e 2 R
FE B A2 kA ) 25 A /R s ek 1Y) (Keppel et al,
2009). HRHEAH A0 XA E A5 IR, Fas G AHcH
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Fig. 3 Projection map of phylogenetic tree of the family Megascolecidae from China
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JRARETERE, TR JC AR R s A )
T BRI IR SR Y Hod R . H [
FHESE T B N ES, N1 E 2
BEAL R (K12), xSk Ab S 32 B KRG 4 rp b
FRY G, B0 HHE A A IAEE, mEEs. 9.
103 BB NI R G EBES N otk 5
P E(E3; #PrE, 2016). HE Rl 3 BB
B AE AT AP R E H ORIE B 0, 2t DLS P
R g 2O S BE(El4), FLR PR AT REAE TR DS iK
WG R T — 2 EYM KL, A REEmTX
WIS ANEATH, YAy o REgE, HE
J677 M X s s A Fp AR 2D, H 2 T A, e
LA F b el P F 22 i CUE B Dl vk K 4, (U
DHF RS UETE, BT AR YR £ 2 vk e
B P AL O A 2 R

U 1 2 U SR BH, 5 W e s fr) 46 e R 1k
EPNGI RS R NPy Gy I €A
50.60 Ma) I\ K Fifi 47 I B 7R 5 7 B IR RS 38, Bl S 2
BLAE 5 A1, A Bk 0 AH S SCZE 46 T
W1(£142.13 Ma) IR 5 & Fli M 9 1 2 KBt (Zhao,
2012; X%, 2015; #Pr=E, 2016); X—45 R 5HY
X R0 FC 45 AL, Zhu (2016) MR 45 A5 4 00 ¢
P, VR SR LR (Z953 Ma) 4 i g
WHEH, JERKA T MARE RS e, E8

Wit Y, e 55Kk AT T AN

DS 3K A IR YT 50 g0 14 i A7 S T b 58252t B0
AT JE LA SR SR AL TR, R4 iR
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Fig. 4 Diversification of Megascolecidae species from China
through time

oA M 2 V] A 0S| UG R, TR LS N
| R | 29 75 37 AR AR A 7 7 3ik R B A A
AT A, X 5 s Bk R AR W) 4 (Zhao,
2012; XHi, 2015). Tsai%Gth 2 X 48 H 678 & EE |
B is] (9 tH o 3 Bk B T RFE AR mE &, &Ik
Wk 7 70 B T ) SR P E R, 9 4 VS O K i g —
LRt 1 RS B AL 12> (Tsai et al, 2000a, b;
Shen et al, 2002). Chang#Chen (2005)K FH £& i {4
COIE:H WAL T &8 & A8 /K BE D i3 i5] (Metaphire
formosae) Fl 7 & Ji il (Metaphire  yuhsii) i &k 20 fh i)
A B T SR, WA A T 3 ) A A T EE 4
2.1-2.5 Ma, X5 G PUHEEE L FEE S L)1 T
TE R B A4 « Chang5:(2008) 3L T-£EkifACOl. 16S
FINDLIEE 4347 1 & 745 5 N i 15 J& formosae-group
PRIV R AL AR 5, TR R B 5
JE I IX ¥ 22 B A3 B B s e, DA TSN
Tt A Sk 2 A I 1] 92.7-5.8 Ma, g5 T g
B B 5 7 B I 32 T B B (2.5-5.0 Ma), 4 Fh
HEN B UG G P B R A B

BT RO Bk, H E B R FR R 1 2
RAET10 MaZ i, — T JF N KA 37T 5L
H U 14%, S R FE O BR R 4.31 H 4
o HBETT O, ] (RO B (R K, TR
HEGIHIPY BLAE 1 9¢(Mazaud & Bouché, 1980).

S oM=L T SR S EEGE CESE e
RN E, B SOk, FHiEN 2 e
B, FEEFERBELHEZ KM, ERIA
Witk . CHMARTIRERAE RGKE 7
MR T o ER SR . e 5T BUGRE, HiEk
RGNS A MRS J . T D S SRR IR e
SR SREEAL Sk B . AW SRR R A )%
&, i R B R ] 3L WL R AS B A

2 hEEBRETE

] A 7K H e it B PR AR S AR AR
TR T HAMAIE K AT SRR AR R . AAREE LA
HATE R SAH A B RSO, dhfisgm 1 IXSas
5 30 A2 i = 14 28 B 0 K (Omodeo, 2000). #i|
TG AR TE B B, S R ] R 3 B AN [R] A 5
71, WIEAH T Z RSN S N TS RRE

Hh [ ) R ] 3 g B E AL B T 2R
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Bt . T3 % (2005) A7 18 3C VS H R 150 B 40 M7 7
VAR IR ] Cd SR 4 188z 15 il Ja A0 s ] g i ] 11
TEEFEIRIT R Z gt o0, 1EIE DR ok
T HESSRGRE M-I R, WIRIA
RS2 RE B FL IR AE A2 3 5 W) e AR s sl e ) o AR
fiE, Bt AR EZENE L. GXRiEHE R ELRER
] s 4] B 48 /SR | (Perionyx excavatus)4h,
HRBETIHRER) 4R T REK
BRAGITERRI, AR, 5k
KITEAFE B N E 2, 5IREEFA K&
fEYXZ (Zhao, 2012; #X¥, 2015). K X #B 5 B
FRAE LS AT 98 0 R AT 10 3R
(1)ZHREFEFLIAL . PINER(2017) %% 3 Lz 5 1]
JE& 55 ™ G Fl) T & 43 ¥ 43 B 5 40 e e ik B 2 I
ST AR E AL, R i E AR
FNEDFIE o3 BT AN B B 3, S )
P B AR Z R RN B S A E, A
7] 52 A5 FEALAFFAE B JE ARA — B AL TR — B RN
(P 54) o BTS2 A5 ZEAL XS Bl B AN 2 3L R E IR 1),
Hym b 2 PG AR SR 115 8% (hydrostatic skeleton) )
T 5] Ay 3 AR A A 5T 30k R 3 0 sl D AR TR N
] 5% (Christensen, 1984, 1994; Qiu et al, 1998), it
J8 R — 354N S A [F ) P A B A ) AR A PR AR
AIEAC AN [ ) SRS BEFL W B S AL B, MO RS AL
FREARAE B — 1) Kb . [FIR, JoZAGZEN
PIOEA FE P AR BT ) — 3, T2 20 R T A
5] A S R, 55 A AR A S IR A DIUE AR BE A Fol A7
TEAR Z ARVURFAE, 8 b th T 300 JE A2 855 38 11 IO A=
FA WA A H 30 2 00 IO AR B8 4 Rl OB A AR T 2% B
1M CE B, 2016). BhAh, 78 2 ik &k Bl
VI IEAE [ AIME AR BE 7 [ R, FLRRRE R R I
PEASFHIE . A LR UME AR FE ) A Fd, 840 52
TCE W5 (Amynthas corticis), #540 FhEE L T 2K
WILR,; BEDEHUMEAGE ) A Fh, 1] dn Bk iz
H 5/ (Amynthas moniliatus), #5 FEEEE A 5EHH
THRERE SRS, SRR BB B A
BouchéF1Qiu (1998)1A A5 k5 FE AL v Hif Al ] Ji5 LEAH,
Higzh e e A28 B R RARAOC, ks 0.
WhFE | JLPAL BT A4 15 B 7 1 1S 1 BY 45§ 55 (Boucheé,
1998; Qiu & Bouché, 1998), 1H HAAJELER =S

© FiF%F (2005) TEIFBIUIE I BEMAGRKEVIF. Wl 20
W, RRREA, iR,

WA o

(2)E i iEiE k. SimsHlEaston (1972)i# i
AU PN E MR E & B35 R T 28 i i) i
@ W EEX S RRE . B R el 1 E A U
W S SE MR, EunsAmFrsy, AEE
(T A AR (B S, 1956) .« 8 i X B sl BHE S 1 B W
FEAETFRE 73 A, R0 oh (B Bl R il 46 56 10 5 T
AW, SN EtZ AR E
W10 TZFFAELE 51k A FE R A 52 I B )
A EUE AL, (AR SR R b 2 tH AR AE
I I 4 (evolutionary reversal) (%55, 2016).

@)HAERHEE . BT OWENZ RS T R
G0 R B T A JeREAE B A A b, At mT HE A
Bl R g 40 58 B . ¥R (2016) 0T 78 2o
Bl BHE S R 8K, AR5 520 h60-120, 1A
AR, KIBHOE T (40-601R), 55— fLA7 T-9/10
WAL G, PR 3, RS R L3N AL T6/7F
8/975[a], HMEFLAL THAR PR I, 2R RILIA R
SREFL IR BE A F LA 1275 B, N 58/9%9/107

ARG, a2y, BaUE I T XXV,

RETE, MRS TE. ATHINR SRS TRk . U
T, X H BLLE B 1) S R 2B 2R AR I (R R A
il 45 [l R AL Sl AT A o b 3 7 [ R O 24 i
R E TSR, T AEBE & B AR A B4 HE )
(1 B RAT DR K R T, A2t B0 # % 1
& E AN X, 3R E R 2 R .
ERERRE, SN EEERBFER SRS
REAIE, HRl 2 AR TEARAE, A71E 4 520 5 A4 A,
BB TCVE G — IRHE R 2 bR R X 43 T BT B
I FH B3 B 2R ] 43 28 R 4t /2 SimsFlEaston (1972)
AL, A AT P R 43 2 ) T s e B R
X—FERBNRARE 08, (HRARREHR

F P I E JE (Pheretima) 5535 70 1% T 2L )=,

Hoks 25 B K BRI SRS FFL X BRI B . 1
FLEI AT B VA K S 75 A e SRR AR J8 LR X 2 A
I B0 R T (species-group) » X T TAF 4% T 5254
R SE T, EIFAAE I Rh B . FHEY T R 4t
KRB IRAR, B B R 2 5] (T A AL, DR
HIg. VMBE ok 52 20 7 T AE, AR
SRR G HE H HEAT Mgk (James, 2005; Zhao, 2012;
fihi, 2013; PR, 2016).
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AR, X HEERAR B2 Z) . AR A%
BWEER RS R A R R, X
FE BT A% 5 14 1) 52 T 0 3l B0 A5 A% SR TF 1 45 R 22 )
IHETE, A 2 AR 2 i i) Y5 -5 T AL )

2015) o g 5 47 b e m ] 0 Ao ] ) AR S T A,
FRMEFEATAEIREURE . HA, #hE LA
WU S5 b s R AN B 22 0y T b ic A5 2 R A
b, GG HERARE . SRR DL AEPI X R AR
RGO, AxTHIHE 2 A7 5 05| i s o o 5 o R (1 75
ML DA R AR T 3 s sk e | = 22K
REREC IR oG, AN T AR K i B AR, (R
BARIY B8Oy 7 SR AP B m e 2R A
Ao TS FR R AT R R P i A MR 0 7 M
B2 AR T (R Pl A BRI ) A0 il 3 v 25 L0 )5 AL AT
R BT HEAT I (HITF, 2000). Rk, TG RGKE
AT S HBRA R P T SR AR ARG G,
P SN S 2 R AE R Ah SRR I 2 5
kg R s IE R, € B0 i KBRS i
B, EYSIEER R R, FifamEEE
0| AP Ve A RO AL A o (R, A P AR A s v A
AN EIF B T RS FAE R A4, SR AR
B IR 7 B AR 2R, T A F B I B A B 5 )
HBRARIE . AR AR b AR P R AL AR

AR, AT4s 4 IR, B B RS A Rl gk &
PRUS W] g . AR gL IR B,
5 | R ] P A B TR AN, B A AR K% A By A
R 1) R R e v A R [ B RS AL E R
ZAMEANE TR MK (F PR, 2016). THE H 5%
FE AR EDEJRVEE. BN S R E R S
Hhy, 5 B R ] A B R B SR IX (M RE AR, TTRE
A AL IR o Ay SO R (B L, 1956). 1E
| AT T I 1 SR 2 AR X KRR B, 7E R
i (9 R ] BE 2 N 4Pk B (Qiu & Bouché, 1998;
Dominguez et al, 2015). [Aik, R4 KA E X P
Bz A, 5 EBR— R EA R, #
AT EMAA SRR, M58, MRS
b DT HE S ] 1 1 A B IR S A
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Appendix 1 Distribution of earthworm superfamilies in relation to Pangaea in the early Triassic (220 Ma) (adapted from Bouché,
1983)

http://www.biodiversity-science.net/fileup/PDF/2018105-1.pdf

M2 BELFEA(120 Ma), 55T KREMRIELARE S 255 418 X AR5 = #3489 5376 (¥ B Bouché, 1983)

Appendix 2 Distribution of families in relation to the separation of Laurasia from Gondwana in the early Cretaceous (120 Ma)
(adapted from Bouché, 1983)

http://www.biodiversity-science.net/fileup/PDF/2018105-2.pdf
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Appendix 3 Evolution phylogenetic tree of Oligochaeta inferred from morphological characteristics (adapted from Bouché, 1998)
http://www.biodiversity-science.net/fileup/PDF/2018105-3.pdf
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Appendix 4  Ancestral character state reconstructions of spermathecal pores in 56 Amynthas species on the Bayesian tree (adapted
from Sun et al, 2017)

http://www.biodiversity-science.net/fileup/PDF/2018105-4.pdf
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(adapted from Bouché, 1983)
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Appendix 3  Evolution phylogenetic tree of Oligochaeta inferred from morphological characteristics (adapted from Bouché, 1998)
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Appendix 4 Ancestral character state reconstructions of spermathecal pores in 56 Amynthas species on the Bayesian tree (adapted
from Sun et al, 2017)
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