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Responses and the influencing factors of different earthworm groups to electroshocking
sampling in poplar-birch forests in Changbai Mountains. SHEN Zhi-feng, YU Bin-bin, LI
Su-li, LIU Shu, ZHU Dan-dan, FU Sheng-lei, ZHANG Wei-xin* ( College of Environment and
Planning , Henan University, Kaifeng, 475004, Henan, China).

Abstract; Electroshocking is an environment-friendly approach for earthworm sampling. How-
ever, the application of this approach is limited by the varied efficiency of electroshocking across
stand conditions and earthworm community composition. In early November of 2017, we investi-
gated earthworm community composition in the poplar-birch forests at three different developmen-
tal stages in Changbai Mountains using electroshocking and hand-sorting extraction. We examined
the effects of potential factors, such as forest developmental stage, ecological group, population
size, life stage of earthworms, soil temperature, and soil moisture on electroshocking efficiency.
The electroshocking efficiency of earthworm varied across different stages of forest development.
The electroshocking efficiency of earthworms was the highest in the 40-year-old poplar-birch for-
est, being 68.5% and 57.4% for earthworm number and biomass, respectively. Eisenia nordenski-
oldi, an epigeic species, was most active and had an electroshocking efficiency of 100%. In con-
trast, Drawida changbaishanensis, an endo-anecic species, was dormant during the experiment,
with electroshocking efficiency down to 0. The electroshocking efficiency of the slow endogeic spe-
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cies Eisenia andrei ranged from 22.2% to 58.3%. There was no significant correlation between
Eisenia andrei population size and electroshocking efficiency for both the number (r=0.139,
P=0.381) and the biomass (r=0.025, P=0.877). The electroshocking efficiency of adults of
FEisenia andrei was significantly higher than that of juveniles ( P=0.014). Soil temperature had a
significant effect on the electroshocking efficiency, with the value being O when soil temperature
<6 C, 34.6%+13.1% when soil temperature 6—10 °C , and 46.0%+8.7% when soil temperature
>10 “C. Soil moisture did not affect electroshocking efficiency of earthworms. Overall, the elec-
troshocking efficiency was closely related to the activity of earthworms. Earthworm ecological
group, life stage, and soil temperature affected earthworm activity, and consequently changed the
electroshocking efficiency of earthworms. Due to different sensitivity of earthworms to electroshoc-
king, long-term experimental study on the ecological functions of different earthworm groups can
be performed through different manipulations of earthworm community structure using the electro-
shocking approach.

Key words: earthworm community; earthworm ecological group; sampling method; electrosho-

cking; community structure.
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Table 1 Characteristics of earthworm community composition and biomass in poplar-birch forests at different developmental
stages in Changbai Mountains

ity SIS RETE B ] K] oL
Stand Earthworm community Eisenia andrei Drawida changbaishanensis Eisenia nordenskioldi
age 4k JE it ALLS JE it FALLS JRAE s 4k g B
(a) Juvenile Adult Total Juvenile Adult Total Juvenile Adult Total Juvenile Adult Total
ot 20 0.82% 2.06+ 2.88+ 0.82+ 1.23+ 2.06+ 0£0 a 0.82+ 0.82+ 0£0 a 0£0 a 00 a
(ind + m™%) 041 a 0.41b 0.82b 041 a 0.71 b 1.09 b 041 a 0.41 a
Number 40  62.96+ 19.75+ 81.89+ 11.93+ 9.05+ 20.58+ 1.65+ 2.06+ 3.29+ 49.38+ 8.64+ 58.02+
2573a 538a 2735 a 1.48 a 0.82 a 0.41 a 1.09 a 1.09 a 1.79 a 2466a 4.67a 29.28 a
80  11.93+ 6.17+ 18.11% 9.88+ 411+ 13.99+ 2.06+ 2.06+ 4.11+ 0£0 a 0£0 a 0£0 a
4.36 a 1.43ab  5.40 ab 4.99 a 0.82b 572b 1.09 a 0.82a 1.79 a
Y 20 0.07¢ 1.30+ 1.36+ 0.07+ 0.65+ 0.72+ 0£0 a 0.65+ 0.65+ 00 a 00 a 00 a
(g+m™2) 0.04 b 0.10 b 0.10 b 0.04 a 0.34 b 0.36 b 0.44 a 0.44 a
Biomass 40 347+ 5.74+ 8.56+ 1.64+ 3.49+ 4.86+ 0.45+ 1.70+ 1.76+ 1.37+ 0.56+ 1.93+
0.65 a 1.18 a 0.45a 0.48 a 022 a 033 a 035a 0.91 a 0.92 a 0.68 a 0.30 a 0.96 a
80 1.93x 2.64+ 4.56+ 1.35¢ 1.33+ 2.69+ 0.57+ 1.30+ 1.88+ 0£0 a 0£0 a 0£0 a
043 ab  0.92ab 1.26 ab 0.65 a 0.41 b 1.06 ab 0.30 a 0.74 a 0.93 a
TE: SR B 3R7R 22 5 1 3 (P<0.05)
Note: Different letters in the same column indicated significant difference at 0.05 level.
S 100 g 100 1
%‘ F=16.978, P<0.001 g F=9.329, P<0.001
2 80f a g sof
5 T " o
o0 a
. E b
%2 o i3 I I
5E b g
fr g 1 8
3 40 @E 40
E23] He
3 20} b 2 20 b
E S +
g &
Z 0 1 1 ) E 0 1 1 )
20 40 80 20 40 80
Hi Stand age (Year)

E1

B EMENERTUERGERR BRI EL

Fig.1 Changes in earthworm electroshocking efficiency based on earthworm number and biomass at different developmental

stages of poplar-birch forests
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Note; Different letters indicated that there were significant differences in the efficiency of electroshocking among different stand ages (P<0.05).
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Fig.2 Effects of ecological group on the earthworm electroshocking efficiency based on number and biomass in poplar-birch
forests at different developmental stages
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Note; W and S refers to earthworm ecological group and stand age, respectively. Different letters indicated that the electroshocking efficiency of earthworms
belonging to different ecological groups in forests with same stand age was significantly different ( P<0.05).
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Fig.3 The effects of population size of Eisenia andrei on the electroshocking efficiency based on earthworm number and bio-
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based on the number and biomass of Eisenia andrei DN 2 i 5% g | A ) ) AR AL R (KIS,



PR 5 K P LA AN ] I 5 R X vl SR 14 g 7 B HL 2 i A 3R 2379

100, VYN mm 1004, oA A m
80 7=0.03, P=0.849 80 r=0.01, P=0.951 [ o
o
60 60
A oo o o
—_ = A 8
‘SE 40+ % 40} L0
oo
g ; g
201 S 201
g " g
on
e oL—— 1+ cooramm oo o— g 0 D S O U o -
5 % 0 2 4 6 8 10 12 14 ﬁ"g 0 2 4 6 8 10 12 14
£E 3R Soil temperature (C) B 3R Soil temperature (C)
M%loo'c A DO omm o o ggloo-d ADODm o™ o
4 i
B 80| 7=0.007, P=0.966 H 2 80} 7=—0.049, P=0.76
£ 2 - °
g ° g
2 60t g et
g g 0
Z AA O o o ﬁ A o °
40t 4t a
A o °
o
20 20+
o
0 . A-OHOCHITT-0——O0——— 0 L M-rkoo—o—L
0 5 10 15 20 25 0 5 10 15 20 25
HHEBEF Soil moisture (%) B Soil moisture (%)

ES5 THRE(ab)fEE (cd) WREZHBHEMENSREHTUENTM
Fig.5 Effects of soil temperature (a, b) and moisture (¢, d) on the number and biomass-based electroshocking efficiency
of Eisenia andrei
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Fig.6 The differences of electroshocking efficiency based on the number and biomass of Eisenia andrei between different soil
temperature intervls (a, b) and between different soil moisture intervis (c, d)

s AT FRRRR R BRI X R (a b) SR X (¢ d) i) d ok 25 5 B 3 (P<0.05)

Note ; Different letters indicated that there was significant difference in electroshocking efficiency between different soil temperature interval (a, b) or be-
tween different soil moisture interval (¢, d) (P<0.05).
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Fig.7 Dormancy of Drawida changbaishanensis
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HH O, F o 72 1 P o R R I T e 051 1 9% 2 g
F3 o AER LR o A e s A T R
BRI B A 21T, B i 0515 B BE 3 9 s, TR
it AT LA 3 A i) A 25 PR e ] o e, o i B9 AR [l g 7
T IR AN [ A 25 S A e ] ) B 1) 0 (6 AR5 T4

LRGSR R EARE, R,
B Is| A b 288 4 B DA B i ] A 96 SRR O | - 4 A 1
(LB R Fith 2549 S BRI AR B
w5 H IR MR RS ) SRR AR (FFZAF ) L
R ) A B BRI (R R
FUR IR ) 2 (Singh et al.,2016) . Rl H
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Table 2  Soil temperature and moisture of poplar-birch
forests at different developmental stages in Changbai
Mountains

N HHEREE(C)  ANOVA  EEEEE(%)  ANOVA
Stand Soil Soil

age(a) temperature moisture

20 6.68+0.21 b F=100.4, 13.86+0.73 a F=1.742,
40 9.88+0.20 a P<0.001 14.30+£0.71 a P=0.182
80 6.40£0.16 b 12.65£0.47 a

I FSIARTRFR 25 B3 (P<0.05)
Note : Different letters in the same column indicated significant difference

at 0.05 level.
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