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Map showing the locations of 15

15. %2 %

agricultural monitoring stations in
Taiwan for earthworm sampling. (@:
Conventional cultivation, []: Organic
cultivation and friendly cultivation;
Monitoring stations: 1. Emei, 2. Xihu,
3. Sikou, 4. Madou, 5. Yanchao, 6.
Beinan, 7. Chishang, 8. Fuli, 9.
Changbin, 10. Ruisui, 11. Yuli, 12. Puli,
13. Mingjian, 14. Gukeng, and 15.
Chiayi City).
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Table 1. Survey of individual earthworms in conventional cultivation (CC), organic cultivation
(OC), and friendly cultivation (FC) fields at different monitoring stations from 2021 to

2023

Locality” Crop

2021

2022

2023

No. of earthworms/No. of
sampling sites

No. of earthworms/ No. of
sampling sites

No. of earthworms/ No. of
sampling sites

CcC oC FC CcC ocC FC cC ocC FC
1 Tankan 13/4 34/4 85/4 81/4 30/4 20/4
2 Pomelo 9/3 20/3 96/3 133/3 7/3 14/3
3 Rice 130/6 47/3 90/6 31/3 170/6 89/3
4 Pomelo 1/4 137/4 24/4 63/4 24/4 37/4
5 Jujube 58/4 63/4 27/4 115/4 67/3 47/2
6 Sugar apple 36/4 3/4 26/4 7/4 2/4 2/4
7 Rice 45/4 21/3 8/1 63/4 14/3 29/1 111/4 19/3 10/1
8 Rice 27/4 13/4 26/4 2/4 103/4 6/4 12/4 18/8
9 banana 5/3 18/3
10 Pomelo 23/3 14/2 33/3 8/2
11 Rice 3/5 86/5 22/5 32/5
12 Passion fruit 19/5 59/1
13 Tea
14 Litchi 115/3 98/3
15 Litchi 7712 82/4
Total counts 319/33 291726 81/8 439/41  621/32 66/8 689/50  274/39  279/11
Total number of 691 1,126 1242

collected earthworms

D 1. Emei, 2. Xihu, 3. Sikou, 4. Madou, 5. Yanchao, 6. Beinan, 7. Chishang, 8. Fuli, 9. Changbin, 10. Ruisui, 11. Yuli,

12. Puli, 13. Mingjian, 14. Gukeng, and 15. Chiayi City.
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Table 2. Composition of earthworm species and relative abundance at 15 agricultural monitoring
stations from 2021 to 2023

Year Relative
Chinese _
Family Genus Species Ecotype ¢33 abundance
common name 2021 2022 2023
(%)
Lumbricidae Bimastos Bimastos parvus 7INEE g | Epigeic [} [ ] ) 1.5
TEdSRE P | R
Amynthas Amynthas aspergillum ZREER ] Anecic o [ ) 3.8
SEER| Amynthas corticis R R ER | Epigeic e o o 1.9
Amynthas gracilis (B EER | Epigeic [ [ ® 3.6
Amynthas hupeiensis WAL R Endogeic e o o 42
Amynthas incongruus EEHERR ] Endogeic [ [} 0.2
Amynthas morrisi FEFEER Endogeic e o o 4.0
Amynthas robustus Hr SRR Endogeic [ [ ® 1.1
Megascolecidae Amynthas rockefelleri 18 e 2E SR BR | Endogeic () 0.1
FZELGl/ S Metaphire Metaphire californica gl Epigeic e o o 3.1
lies=L Gl Metaphire formosae" i R PR v et D Anecic ) () 0.4
Metaphire posthuma® T #RlpEER ] > Endogeic e o o 36.9
Metaphire schmardae FagsMias=tc] Epigeic ) () 0.2
Polypheretima  Polypheretima elongata IsSi2 21 Endogeic ] [ [} 4.6
E2-La
Perionyx Perionyx excavatus i | Epigeic ) 0.2
B2 TS &
Eukerria Eukerria saltensis R A Epigeic [ ] [ ] 0.3
Ocnerodrilidae
Ocnerodrilus ~ Ocnerodrilus occidentalis 751 3&i% 5| Epigeic e o 3.3
EE LG
ik 188
Acanthodrilidae ~ Dichogaster ~ Dichogaster bolaui B E Epigeic e o 0.6
s HE W Dichogaster saliens ek EE R | Epigeic e o 0.4
Rhinodrilidae B
Pontoscolex Pontoscolex corethrurus® — B5SaRSHH| 2 Endogeic [ ] [ ] o 255
Wi
Moniligastridae ~ Drawida Drawida barwelli B2 B A hr ] Endogeic e o o 43
HEE EE [aRAT]]H
6 families 10 genera 21 species 18 17 17 100

D Endemic species.
2 Dominant species.
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Table 3. The 21 representative species collected at agricultural monitoring stations and their
corresponding GenBank Accession numbers

Chinese Accession number

Species common name Locality Sample no. cor oS
Bimastos parvus 7N [l | Xihu, Miaoli County ML-CC2-1-2 PQ787799 PQ797005
Amynthas aspergillum ZRIEER| Emei, Hsinchu County HC-0OC1-2-4 PQ787495
Amynthas corticis B R Fuli, Hualien County HLF-OC1-1-3 PQ787762

Emei, Hsinchu County HC-CC4-1-2 PQ788121
Amynthas gracilis (BHEEER| Yuli, Hualien County HLY-OC1-1-1 PQ740315

Beinan, Taitung County TTB-CC3-2-2 PQ796987
Amynthas hupeiensis WAL R ] Chishang, Taitung County ~TT-CC3-1-1 PQ787763

Chishang, Taitung County TT-CC4-2-14 PQ796988
Amynthas incongruus EEEEERE| Emei, Hsinchu County HC-CC2-1-4 PQ787767
Amynthas morrisi FEFEER ] Chishang, Taitung County TT-FCI-1-1 PQ787768

Chishang, Taitung County TT-FC1-1-14 PQ796991
Amynthas robustus HfEEER| Ruisui, Hualien County HLR-OC2-2-3 PQ787769

Emei, Hsinchu County HC-0C2-2-4 PQ797002
Amynthas rockefelleri B TLIENEERTE|  Yuli, Hualien County HLY-CC3-2-1 PQ800487
Metaphire californica N ez | Puli, Nantou County NT-CC8-2-1 PQ787827

Chishang, Taitung County TT-CCl1-2-4 PQ797026
Metaphire formosae TEFEEYDEER | Xihu, Miaoli County ML-0OC3-1-2 PQ787826
Metaphire posthuma R Madou, Tainan City TN-OC1-2-12 PQ787830

Madou, Tainan City TN-OC3-2-2 PQ803199
Metaphire schmardae &7 [CeER | Emei, Hsinchu County HC-0C3-2-1 PQ787831
Polypheretima elongata ISy 2l Ruisui, Hualien County HLR-CC1-1-3 PQ787853

Ruisui, Hualien County HLR-CC1-1-2 PQ803205
Perionyx excavatus Pt B TS| Sikou, Chiayi County JY-RCA3-1-3 PQ787838  PQ803200
Eukerria saltensis P R A AR ] Fuli, Hualien County HL-CC4-1-1 PQ787858 PQ797018
Ocnerodrilus occidentalis 78+ F&i 1] Sikou, Chiayi County JY-SA2-1-1 PQ787835
Dichogaster bolaui a0, G B | Xihu, Miaoli County ML-CC3-2-2 PQ787795
Dichogaster saliens Tk EE | Sikou, Chiayi County JY-SA1-2-1 PQ787796  PQ797006
Pontoscolex corethrurus 55 SERSIH| Gukeng, Yunlin County YL-CA2-1-13 PQ787855  PQ803216
Drawida barwelli EL ECA i | Beinan, Taitung County TTB-CC3-2-1 PQ787825

Chishang, Taitung County ~TTC-503-1-1 PQ797016
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Table 4. Results of earthworm species survey at each agricultural monitoring station from 2021

to 2023

Chinese common

Agricultural monitoring station" No. of

Species

distribution

name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 stations
Bimastos parvus 7 [NEE | + o 4
Amynthas aspergillum SIRIEER L A + o ot 13
Amynthas corticis ra=prs il + + + 5
Amynthas gracilis R E R + f + + + 6
Amynthas hupeiensis WL EBR + + + + 4
Amynthas incongruus EPhEERE| + + * 3
Amynthas morrisi FEFEER + or 3
Amynthas robustus AL {EEER ] + + + 3
Amynthas rockefelleri ¥ Ta 2R IR + 1
Metaphire californica hoph R s ot + + 6
Metaphire formosae i R /D P B + + + 3
Metaphire posthuma RRCIc + o+ + + 5
Metaphire schmardae EagavieiG] + 1
Polypheretima elongata RBP4 58RI + ot ottt 8
Perionyx excavatus i CER TV 1
Eukerria saltensis 5 R B A 0 + 2
Ocnerodrilus occidentalis 7415 1| + + 4
Dichogaster bolaui A K EE 05 + F + 3
Dichogaster saliens ek EE 0| + + 2
Pontoscolex corethrurus — H ARSI + f ot f + + ot 10
Drawida barwelli (YW ARV 5] + * * + 6

Y1. Emei, 2. Xihu, 3. Sikou, 4. Madou, 5. Yanchao, 6. Beinan, 7. Chishang, 8. Fuli, 9. Changbin, 10. Ruisui, 11. Yuli,

12. Puli, 13. Mingjian, 14. Gukeng, and 15. Chiayi City.

EEPETEEEREE - HR 2023 F£1E
FaFe o TR SUE A EK &0y S SHis | -
(] BRE o, BR 52 1) 26 i B SH S 5[ iy I e (e
Fi) oS3 2021-2023 AN [F] 2 1k A ] S
EEEMENFR » STEMBEITRE - A&
BEEFIA S ERESE 3 MEIE - TR SR
VR =, B2 FH 2R g 2 1 SR 0] 1 2 5
B T HEK 8 RE T 0 2021 FE

2022 SR EAE 3 AR R EEREE
BHF S (P> 0.05) » £ 2023 FHYRKFHE
TR IS5 25 FE (81.5 individual/m?) £H
B A EETE (25.2 individual/m?) FIELT
Bk (32.7 individual/m?) HEEE =R (P
<0.05) » FKE 2023 F R =R R
2657 it - 2 BRI E AR oy D - 75 B B A 3
e PR ] (B SHS )



14 EEEREEREE 5519 1)

B= - ZiREW (Amynthas aspergillum) » (A) EEFL—H RS 18 FHE@mIH
Al 5 (B) HEILRRAIRAE 3-5 IR 2 &7 - HINVBBBERRKEEE (BB
BA) 5 (C) BRRE| BB Lz -

Fig. 3. Amynthas aspergillum. (A) One pair of male pores on the ventrolateral sides of the
18th segment; (B) multiple papillae (3 to 5) in 2-3 transverse rows medial to male

pores surrounded by several circular folds (alcohol specimen); (C) adult and juvenile

\

s TR PEIRE| (Metaphire posthuma) &ﬂgﬁi@]@ RETHHEEHAERE -

Fig. 4. Adult and juvenile Metaphire posthuma, the dominant earthworm species in the fields

Amynthas aspergillum.

of both conventional and organic farming.



RS BRI B R B R A 15

B - =SG% 95| (Pontoscolex corethrurus) ° (A) & ' OBERAHE BEAIBE=
HREOHR 5 (B) =RBHRIINM -

Fig. 5. Pontoscolex corethrurus. (A) Characteristics: thin and long prostomium, and three
pairs of calciferous glands in front of clitellum; (B) cocoons of Pontoscolex

corethrurus.

B\ 2EFEE-ERELERERENEEANRXE (FH#H) -
Fig. 6. Metaphire formosae, a species endemic to Taiwan, collected from a pomelo field with

organic farming in Miaoli Xihu District.

LU B 2021-2023 4 R[] H 55 PV S0 18]
= AFEEEWSIRSIEYI S mims e R g RS GER
2 ) o ST - KERIY 4 (SRS
(EHROE - Zd & fEig e

AWRTESHT T O MR EVI L ETUT g+ 75 ) A 0 B

W Z RN - WS E S - ¥ meppws  @Es 16 i - &

{1

Wik
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TA 20212023 FHEBRARREC B ELBET DL (%)
Table 5. Comparison of earthworm species and relative abundance (%) from different farming
types from 2021 to 2023

Chinese Farming type"
Family Genus Species
common name cC oC FC
Lumbricidae Bimastos Bimastos parvus 7)NEE | 2.3 1.8
TEIR i
Megascolecidae Amynthas Amynthas aspergillum ZERIEER| 42 4.0 0.8
s iy SE IR Amynthas corticis S R ER | 0.9 2.7 2.9
Amynthas gracilis EHEEER 0.9 8.1
Amynthas hupeiensis Wb | 7.5 0.6 0.8
Amynthas incongruus B BSER 0.3 0.1
Amynthas morrisi EF R 4.1 44 1.3
Amynthas robustus R EER| 0.6 2.1
Amynthas rockefelleri V& i 2R E R | 0.2 0.1
Metaphire Metaphire californica TN s | 3.9 2.3 1.3
et g Metaphire formosae T g P v e e | 0.5 0.3
Metaphire posthuma® S5 s 2 419 25.8 38.3
Metaphire schmardae & [Cetmfi| 0.2 0.4
Polypheretima  Polypheretima elongata EE %5 3.2 6.8 2.1
e
Perionyx Perionyx excavatus i CER U] 0.3
BRTUl5 8%
Ocnerodrilidae Eukerria Eukerria saltensis PEE S AR | 0.5
SEiE IR}
Ocnerodrilus Ocnerodrilus occidentalis 7Y 1 3&i5 0| 0.4 7.9 0.5
LG
Acanthodrilidae Dichogaster Dichogaster bolaui AL CE FH 0.5 0.8
R
HEEE Dichogaster saliens e [k B 0.7 0.3
Rhinodrilidae Pontoscolex Pontoscolex corethrurus® S| S 20.6 22.0 445
WAt
Moniligastridae Drawida Drawida barwelli B2 ECA 7 ] 1.0 9.8 0.5
=Gl 1528
Total number of earthworm species 21 17 12

' CC: Conventional cultivation, OC: Organic cultivation, FC: Friendly cultivation.
2 Dominant species from conventional and organic fields.
) Dominant species from friendly fields.
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RN~ ARIRIZNMEBFIIZE 2 ANOVA DHfTiE
Table 6. ANOVA analysis of average density of earthworms under different farming methods

RSEERRERETIR Y AR A 17

. . No. of monitorin; Average densi

Time Farming type stations g (infl. m?) v F value P

2021 Organic 7 26.1 0.09 0.91
Conventional 8 21.4
Friendly 3 24.8

2022 Organic 10 42.1 0.59 0.57
Conventional 10 27.8
Friendly 3 33.6

2023 Organic 11 252 3.40 0.048
Conventional 13 32.7
Friendly 4 81.5%

* The asterisk indicates a significant difference at P <0.05.

KT NEMEHFEDNEBDESEELBETDLL (%)

Table 7. Diversity of earthworm species and relative abundance (%) across various cultivated crops

Relative abundance (%)

Species Chinese Crop

common name

Pomelo Rice Jujube Tankan Sugarapple Banana Litchi Passion fruit Tea

Bimastos parvus 7INEE g | 4.6 1.0
Amynthas aspergillum SR BRI 2.9 1.8 2.6 10.4 229 2.5 15.4
Amynthas corticis J7 B SRR | 0.8 3.8 3.9
Amynthas gracilis (R BRG] 10.8 0.8 6.5 8.3
Amynthas hupeiensis AR 11.3 7.7
Amynthas incongruus R 1.3 2.1 0.3
Amynthas morrisi EFE R 15.5 0.9
Amynthas robustus HE R R 0.3 113 2.1
Amynthas rockefelleri V& TR R | 0.3
Metaphire californica b e s ] 1.1 6.3 52 1.3
Metaphire formosae TR JEE D e B s 1.1 0.9 0.3
Metaphire posthuma TR 40.7 57.7 469
Metaphire schmardae &7 Flpeszig| 2.6
Polypheretima elongata i3 2 1G]l 7.0 24 129 61.5
Perionyx excavatus HER TG 0.4
Dichogaster bolaui A PG | 1.3 1.7 6.3
Dichogaster saliens gk E | 0.2 16.7
Eukerria saltensis [ eprs =] 0.7
Ocnerodrilus occidentalis 78+ %€ 5] 9.0
Pontoscolex corethrurus o SES 5] 13.7 3.1 134 55.4 42 96.3 83.3
Drawida barwelli SS1Aw ek vk o] 02 243 0.9 375 30.8 0.6
Total number of earthworms 612 957 350 231 48 13 323 78 0
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SR
Fig. 7.
Fuli District.

Wk 957 % » Hrh 2 s FEFHES 12
fEAE g - BE Ry 320 & - HhAh - FEAEIREE
B 5 0% Il B 09 T 7 55 M A 8l (Eukerria
saltensis) ([& 1) © F1 Py 1L 5€ 8§ i
(Ocnerodrilus occidentalis) ©® » [thBHY i
0 By 2 7K 4E (semiaquatic) FRiRuTE - H
R = KT - SCHRE (4
SRR - EREE  fEE R R
FatAE 12 il BER 612 £ - filfH
REEGHITEEE 18 SEHEHES 11
TEU G - SRRy 231 EIRE - E 15 [H2
SERR MGG » DU 7T 1% S & - A HE B 22 51
UM RV TR EZ F SES 59 A

I?Ffﬁimﬁﬂmﬂ?l%ﬁmﬁw*”gilf_ﬂﬁﬁ (B1TH) -

Eukerria saltensis collected from a rice field with conventional farming in Hualien
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Investigation on Earthworm Biodiversity in

Agricultural Ecological Environments in Taiwan
Fang-Yun Lin'!, Shu-Chuan Chen', Yu-Chen Hsieh!"

Abstract

Lin, F. Y., Chen, S. C., and Hsieh, Y. C. 2025. Investigation on earthworm biodiversity in
agricultural ecological environments in Taiwan. Taiwan Pestic. Sci. 19: 1-30.

A survey of the species diversity and distribution of earthworms was conducted at 15
agricultural monitoring stations in both western and eastern Taiwan under different
agricultural operation modes from 2021 to 2023, in which a total of 3,059 earthworms were
collected. Morphological and molecular identification methods were used to identify 21
species of earthworms belonging to 6 families and 10 genera, most of which were globally
distributed species and invasive species. The only species endemic to Taiwan, Metaphire
formosae, was collected exclusively from the following three types of fields: tankan in Emei
District, Hsinchu; pomelo in Xihu District, Miaoli; and litchi in Gukeng District, Yunlin. A
comparison of the diversity of earthworm species among different agricultural operation
modes revealed that 21, 17, and 12 species of earthworms were respectively found in fields
with conventional, organic, and friendly farming. The dominant earthworms in the three
farming methods were Metaphire posthuma and Pontoscolex corethrurus. Metaphire
posthuma comprised 36.9% of the total number of earthworms collected in the monitoring
stations and was the dominant species for the three consecutive years of the study period,
indicating that this species is well-adapted to the agricultural ecosystem in Taiwan. Field
investigations showed that the density of earthworms was higher in moist clay loam and
lower in soil that was rocky, flooded, insufficiently moist, or frequently disturbed due to
fertilizer application or weeding. Future investigations will continue accumulating biological

information to further understand not only changes in the variation of earthworm species but
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also the interactions between earthworms and soil environments under different agricultural
operation modes.
Key words: agricultural ecological long-term research, earthworms, biodiversity,

conventional farming, organic farming, friendly farming



