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ABSTRACT

Aims: Arthropod biodiversity in farmlands has considerable value in terms of pest control, pollination, and other
ecological services. To adequately assess arthropod biodiversity in farmlands, a fundamental step to select
appropriate, accurate, and efficient sampling methods and identify appropriate indicator taxa.

Methods: Here, we compared several arthropod sampling methods in different types of agricultural habitats within
organic managed and conventional managed farmland, including the surface trap cup method, coloured pan traps,
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the sweeping method, visual counting, and the vacuum-suction method. We compared the capture efficiency,
economic costs, and response sensitivity of each method for different species assemblages.

Results: We found that the surface trap cup method and coloured pan traps had the highest capture efficiency,
followed by the sweeping method, the vacuum-suction method, and visual counting, which had the lowest capture
efficiency. Coloured pan traps was more efficient at capturing carabids, spiders, bees, and ladybugs. The surface
trap cup method was mainly applicable to sampling ground spiders and carabids. The sweeping method was also
effective at sampling spiders and ladybugs. In terms of economic costs, the most economical method was the
surface trap cup method, which was used to capture carabids or spiders. The sweeping method had the highest
cost due to its low capture efficiency of spiders. Sampling methods varied in their response sensitivity and were
reasonably able to estimate abundances only of certain taxa (e.g., the number of spiders and carabids by the
surface trap cup method, the total number of specimens, the number of bees, and the number of ladybugs by
coloured pan traps, and the number of Orthoptera and Hemiptera by the sweeping method).

Conclusion: We further compared sampling methods after taking into account the economic value of the taxon,
the difficulty of sampling operation, the difficulty of taxon identification, the degree of passive sampling, and
whether the taxon was influenced by different individuals conducting the sampling. The most comprehensive
method was the surface trap cup method targeting carabids and spiders. Using a combination of different sampling
methods for multiple taxa is recommended to comprehensively evaluate and monitor overall farmland arthropod
biodiversity, and our results suggest that the best combination includes sampling carabids and spiders using the

surface trap cup method and sampling bees using coloured pan traps.
Key words: arthropod; sampling methods; farmland biodiversity; agricultural ecosystem; agricultural insect
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Fig. 1 Differences in the number of individuals in common
indicator groups captured by different sampling methods. For
each group, bars sharing different superscript letters were
significantly different at P < 0.05 (Tukey HSD post hoc tests)
in the same blow.

w1 ERR. BWE. MPEERERENER BRLBBRYERES (MR 1)

Table 1 The difference in the number of common taxa of coloured pan traps, visual counting, surface trap cup method, and

sweeping method (unit: PCS)

H#3% Coloured pan traps  H ¥ Visual counting

HhfEY% Surface trap cup method 3172 Sweeping method

#4%# H Coleopteran 16.32 + 3.74° 473 +0.89°
Wk H  Araneae 18.36 + 2.15° 6.92 +0.90°
3% H Lepidoptera 5.27 + 1.39° 0.40+0.11°
JEE## H Hymenoptera  36.64 + 10.19° 15.05 + 2.59°
X# H Diptera 49.46 + 14.62° 3.55 + 0.66°
Hi#H Orthoptera 4.22 +1.09° 3.18 £ 0.45°
A4 H Hemiptera 10.00 + 1.94* 6.56 + 2.06"

i AEHL Total number )¢ 67 1 51 15s 100.60 + 25.81°

of individuals

12.83 +3.35° 5.10 £ 0.68"
2352 +3.222 13.79 +2.17°
0.90 + 0.25" 0.27 +0.20°
46.81 + 10.28* 2.53+0.48°
11.25+1.97° 5.40 + 1.36°
14.59 + 2.42? 4.29 +0.86°
3.11+0.69° 15.81+3.09%
98.23 + 13.88° 39.50 + 4.70°

F—fTH AR RRRERLEE Different letters in the same row indicate significant difference
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Table 2  Statistics of sampling cost by different methods

2021, 29 (4): 477-487

FETIRUIE, HAB KR sh a7k, A
BUCRN . PSR — i, AR, Tl
BOR— B, 2B —E AN, ARk, T
REET IR — A, HEEREE AR, AW
. WK, B E B AR HLAE LR, P R
rReEd B EE, B AREE, EVCRH.

300 -
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Fig. 2 Differences in the number of individuals in common
indicator groups captured by vacuum-suction method and other
sampling methods

EEARES HiffiE Surface trap H i RIS Iy AR
Coloured pan trap  cup method Visual counting ~ Sweeping method  Vacuum-suction method
R HbHURE () Sampling 1,165 1,413 259 266 775
amount (PCS)
HH [i] 2% B (B) Time consuming 60 48 29 27 30
in the field (Hour)
% N BRI () Time consuming 30 30 2 10 10
indoor (Hour)
HZE(K) Total rental time (Day) 3 3 2 2 2
AN L% (T) Labor cost (RMB) 2,250 1,950 775 925 1,000
#ZEFH(JT) Car rental cost 1,500 1,500 1,000 1,000 1,000
(RMB)
L REURE AR (JG) Cost of one 3,750 3,450 1,775 1,925 2,000
sampling (RMB)
BUREVR % Sampling times 15 15 6 6 4
FEHEURE A (JC) Sampling cost 5,625 5,175 10,650 11,550 8,000
(RMB)
28# 1AL (7T) Equipment cost 3,676 1,574 45 1,202 2,500
(RMB)
KA (JT) Total cost (RMB) 9,301 6,749 10,695 12,752 10,500
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Table 3 The post hoc tests of biodiversity indicators in different levels when F test were significant under both different

management measures and different habitats types

EHHE Management

A[FAEHE Habitats

BHLEH i Kz Rl TR H AR HIL S 7K Fé 4
Organic Conventional ~ Greenhouse Orchard Open farmland ~ Farmland Rice field ridge
management ~ management vegetable plot boundary
#7032 Coloured pan traps
MAMASL Total  886.93+59.17*  622.38+60.90° 480.17+61.14°  601.50+66.37°  759+148.24° 893 .00+169.74° 1,178.50+121.55"
H#H 15.53+1.99"  4.77+1.03° 2.00+1.00° 8.83+2.91° 12.17+6.24° 17.83+4.71° 8.50+3.71°
Orthoptera
Bl Ladybug  19.33+2.61°  7.54+1.08° 5.002.03" 17.0045.30° 21.67+4.50° 17.83+4.97° 4.67+1.28°
i H 194.80+33.72" 82.62+14.21°® 91.83+31.32°  72.17+1251°  165.67+107.91*° 260.33+114.00° 92.33+32.41°
Hymenoptera
1% Bee 124.67+13.22" 3577+4.91%  11.17+3.27° 115.33+34.61°  107.67+27.01*  82.00+24.29° 81.67+29.44°
3 H Carabidae 37.87#6.19"  7.69+1.66° 1.50+0.56" 13.00+4.36° 40.67+12.94* 4150 +15.53 15.5046.19°
ES =] 46.20+8.22"  30.38+4.40°  8.333.66" 38.67+9.41° 59.33+24.53° 56.50+11.44° 20.83+7.69"
Hemipter
4T Scarab  29.67+#7.93%  5.69+0.96° 1.330.49" 4.17+1.58" 38.33+10.90° 42.33+21.04° 0.500.22°
=M%= Sweeping method
H#H 21.40+3.25%  5.38+1.14% 6.17+3.32° 23.338.25° 17.67+2.15% 9.67+2.84% 8.50+3.81™
Orthoptera
Hiff#E Coloured pan traps
Wik Spider 176.13+15.47" 110.54+10.65° 107.83+27.88™ 212.83#50.59°  140.17+17.01* 136.50+8.11®  105.00+29.52"
#H Carabidae 35.274#5.46"  14.23%2.61°  5.17+2.18" 13.50+4.90° 49.00+9.45° 28.00+4.68" 25.00+12.55"

[l —AT AR RS FEHRERIZITE TR M R B IE R AP B 22 R, AN R/NG SRR AR PRAEAS R AR 35 (A A7 A2 S 25 1
Z# 5 (P < 0.05). Different capital letters on the same low represent the significant difference of the number of individuals in this group under different
management measures, and different lowercase letters represent the significant difference of the index among different habitats (P < 0.05).

G s, MEEREBREIE. BURAD sk
TRIURE A FR R R R B D0 R RO 5 12 B TR 2

DN ERTIS WS WS T R i EE - E BN =L ETN
KB, MAEX B 1 RS P KB A S (A R4,
2013; F52%, 2016). UEME. Fei B iof i o
PR, HARF AU S H PR RN R
SRV A D, BRI A S HAE R H A
ZFEMETR NS, BEHE . XGHE . B E AR
B R8s BAR 2, H BAG B 0 e 37 Rk
{5 T4 v PR M L A FE R £ 3 RO, FRATIHEE
FE K FH B A AR R BORE 35 B 1M S E T 2
FEVERIAERR, BN EON Y AP 2 18 K ER A
B AR DG, 1T A R DhRERE A M S 2 b AR
R TR SRR R L g R R B
&Ky 4538 71(Tscharntke et al, 2005) .

FAEE R T7 A HAE K I 3k B R D fe [B1/4,
N 2k T IS H AL B A HORE, HhReE T
FH i HUAE (Dennis et al, 2012; J& 41 % 2%, 2014;
Fahrig et al, 2015), ASHF 70t & I0AEFh 779238 & %
B PR UM R RERORE, ARG A TR R
M HAEIEE AN B 5] A [F AR kAT AR
W, FEAR A BB T R A R 2 (A, 2017,
RS, 2018). ARIEOA % H R TIXTR, W
W LT A BRI 5 e e R R, At A
W 51 XU R H (Zou et al, 2012). FA RN £ 5 m 4
IR RIS A R AE, TE . Ao
FFT ISR P A IR R K FAR, W I B TR 3
BUETFIE TG R e R 2 N . HE ik B ik
B AR AN IR B it A AN [F) A 58 [A) R 35 2%
i, 3R F 0 Wk RT R B AR ALY BT R, B
1M 52 3|7 B it R A B SR T (R SRR A o RN
A ORI et B B IR AR, AIAES Ja 9T
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Table 4 Comprehensive comparison of different sampling methods based on weighted score

B Hgk HhfEvE SRS 32 M L g
Weight Coloured pan traps Surface trap cup Visual counting Sweeping method Vacuum-suc
method -tion method

Bee Ladybug Spider Carabidae Carabidae Spider LadybugSpider Bee

gk Bldr gk Sk Ik EEH LA
Spider Orthoptera Spider

LSS\ Wk P H HH
IR Capture 10% 2 3 3 3 2
efficiency
HURE LR TF A 10% 2 2 2 2 3
Economic cost of
sampling
i) S8 B 20% 3 3 1 3 3
Response sensitivity
EHZVME 10% 3 5 3 2 2
Economic value of
groups
ERYEMESE Operation 10% 3 3 3 3 3
difficulty
X HE 24 Expert 10% 3 3 3 3 3
field support
55 e 10% 1 3 1 2 2
Identification difficulty
e HUREFEEE Degree 10% 3 3 3 3 3
of passive sampling
iGNNI 10% 3 3 3 3 3
Affected by sampling
people
kAR5 Weighted - 26 29 23 27 2.7
score
AL Recommend — & & FON < &
for inclusion Yes Yes No  Yes Yes

3 1 1 1 2 3 2
3] 1 1 1 1 1 2
3 - 1 - 1 3 -
3 3 3 3 3 1 3
3 2 2 2 2 2 1
3] 2 2 2 3 3 3
1 3 1 1 1 2 1
3] 1 1 1 1 1 2
3 1 1 2 2 2 2
2.8 14 14 1.3 1.7 2.1 1.6
Yes No No No No No No

hiE—RmuEkRE. BiC& KR E G RRE
TOHAT A B RO BRI OR Y () 1%, R B R
FF, AIAES SR .

R4 B2 2 e i DL PR A 9 e A 1 T
IR E S I T, RO 2R 0 B Rk
Z FEVE I FR UELL J7 75 (Rainio & Niemela, 2003; J&
41 2%, 2014; Duan et al, 2019), AT 72 & B
i RE vk B i T IR M A A HO A . B IR AT 1
PEMTE . BURERE S ANIG X A AR BEAR A
LR (AR R A, 2013) 0 s in) R e AR A i
HIERE: AW TN RS A AE SR R M, T2
F G| F LR G AR S AR /R Ak, H
P S A7 A — € B A B4 (MacGavin, 1997). At
TATK M K, ZIEWICE T E. A,
W H At 5K H (Zou et al, 2012; Bertrand et al,
2016). {HJZFE M MR, S20AAR AR A7 R,
BVCHE ISR AL LS . BAAE I AR
FH SR FH 3Gk PR B B R (i 55, 2011), {HHBPETE

SARTEIE FH TR R IR R SR, SR ]
7 R A B D A T 59 T sh AR 45 5
BT R A B AE Y, Bk
5. 2 HTEMRY R E R, (B2 N8ihishx
K, A& A Z BB R A . SERTY
W F0 32 B H IVE SR AT 1 %5 P S BORTR B £ =
b HER B 22 (B AR AN B S, 1992), FRATTHIT
FOMENIE T H WL R P 715 SR G VRN AR
F 03 T 3 R e SR
EUFE(Dennis et al, 2012), HSAMK. #AEW S, o]
A R LNV 2 T B 1 Z AR P (Zou et al,
2012), HAHIRBCEZ RS L HECR, 28K
AR )R XU (1 B2 (MacGavin, 1997) . ZEAHIE 58,
FA T W S RN B Pl SRR B AN AR, AN K&
B Tz X G H GRS H SRR A .
AT Wk ORE R AL, T AR S AR EURE (1) % 3k
BRANFE T VE, SRR R R S kS S TR B,
GEA Hh R PR R Ik, SR T 4 (Zou et al,
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2012; Duan et al, 2019).

W B 2RV K B dE R AR HE YT I B SR A
R 0l A2 gk (S 3k A A, 1993; X Y Y A,
2002) o W B 2RF7E e 5 JRE S EURE e LA B 1Y)
BRERCR, m T BIE MR, KT 5 RME
(R4, 1993, F 5245, 2016). fEAW 5T, &
EIRERCR SR WEEERA K. LLRTHIT
FUI WK FH R S AL R R SR 2R, 7 B 1 B
Iy BRAS IR (S 745, 1993, IR 75 %%, 1999; X
7R, 2013), K FH 2 MORUL 6o 1 I R 2% vl 38
HEHLE (Zou et al, 2016). K HH 2% )& B R HoH 20
P ER PR SRR, P AR 2 min, AR
RE R UE A 500 1 B A B g W 2R LB (Zou et al,
2016). [Fltt, SXFERHERAE XS AN FARRIAMA R BE 7855
HORE, i HL AT DL e S 5 A T AR B IR e sh
ZAEVE . (R R IR BT SR BN A PR B
Wi B RO B 7, HARAE R AR, JH2 BN NERAER)
SO, oS RS (£ 5445, 2016). MR HEE
kgt AR, HARE A 51545 (Zou et al,
2012; X[ 7R, 2013); 755 HiAS BEAR LF Hh 52 2050
B, &SRB s kiR, HAE%E ST
PRt (0 T oK th) R AN, DR AN 8 A St
A HH R

FRIEA R I 2 H R ER, mlEPEA [F 1
A2 (Zou et al, 2012; F 3245, 2016). XfT
m Z R m R AT, R S ORI S 1 A AT
AR FH W R g v, T — Ak R 2 mT ik A B vk (B
RAEANENES, 1992). FHXTT-2R FH 5L — T EE A 3R B
— VIR BEAT R AV Z FEETPAY, 2RO
HURE 746 N AR A R B 6 2 0 1 ROR
(Zou et al, 2012; E5%, 2016). fianWinkleriZ Ak
B R B A FH A R SR ECAS [ 3 3 8 ) R Bl
TR, DT A (1 e R R AT
(A REE, 2013). PRI I IR BRI 52 B AR 3598
R AW RN RE 25 B B 520 (MacGavin, 1997; Zou et al,
2012) o N 1) 75 1R FN ST I ACHS i T A i S R0
PIESR, Wi R MEBEAIE A T a T
M, KTHEENAERS TR TN ER. X
ACALE IR AL — 3, A ML B i T A A e 2520
FR F G AR 22 B PE B R KU RO i, RGBT R
RFAE Z R . SR AT, BRALIER 2
WA, B EAERREL. BIRESE NS B, A

B R HWEh R IR TS ke 485

TR = A 2 FEE . TR R 7R R
TEAE RS- PR AR R AR AR, 2B T 3
P RS RIS AR L AR S . TR, AN R 7 V20
ANEEYIZEEE, FEARAFAMER K. MHEXR
by B R R SRR REAT A & S A IR R AL
H(Duan et al, 2016a). AR J7 kAR A VIR EE )
At R DAY A B — 5 VR B A SR (1 O 72
BHARIIAE R . HIERFEBHE T DU SRR 6 B i
10 FOR i, TR VAR T AR R,
Sl W B AT AR, LA 7V I EBURE A 2
ATLARINATE . Bk, SR8 SRR KU
AL WA RBURYE . REEDIREME . BRAEMEY), HiBA
VAR SR Y B ok DL R B R A SR I LA
ST AR T R A

Bigt: BT RAMBRE O RATRGIR I ER
e BB RRA . RARAGDE B, BiffE
WAL AT AT 2 F oA R A KA & 0 X
Fa i A,
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Appendix 1  Difference of the sampling efficiency between vacuum-suction method and other methods in open field and rice field
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Appendix 2 The statistical differences of biodiversity indicators under different management measures and habitats
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Appendix 1 Difference of the sampling efficiency between vacuum-suction method in open field and rice field and other methods
(Unit: individuals)

H: 75 9% Coloured  Hilli%: Visual Hb FF 7% Surface  # M% Sweeping MR HLES Vacuum-

pan traps counting trap cup method method suction method

#M H Coleoptera 313 31 16 62 36
Wik H Araneae 269 71 315 81 155
%% H Lepidoptera 114 6 2 10 31
Ji54# H Hymenoptera 238 76 102 24 11
X# H Diptera 515 32 49 62 67
HE# H Orthoptera, 27 27 67 59 76
-3 H Hemiptera 106 491 1 255 52
Tl Ht Ladybug 20 2 0 6 7

4 fLF Scarab 52 0 0 0 0
> H! Carabidae 21 0 10 0 4
% Bee 180 0 12 23 4

SAMAEL Total 2,495 1,145 563 564 430
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Appendix 2 The statistical differences of biodiversity indicators under different management measures and habitats

Jiik R AR AVUMEHE O WOMEEL AR RMIESE Rbd  FERAK RHELF  KFEH

Method b Taxon Total HX R X 2 FARTE Greenhouse Orch H Farmland 3 Rice
or number of  Areorganicand & Which Significant  vegetable ard Open boundary  field
indicator specimens  conventional managemen  between plot farmland ridge

management tareais habitats
areas significant  significant

Hak CT aiMe% 23473 2E Al B3 c bc b b a
Total Significant Organic Significant

HikEdE ST BAME% 13,796 2E AL 7 No — — — — —
Total Significant Organic

HMZE SN BAMAR 7,001 2 R B3 b a b b b
Total Significant Convention  Significant

al

H#aE CT  HEHE 296 2E AL 23 b a a a a
Orthoptera Significant Organic Significant

ik ST H#H 1,462 2% A BF a a a a b
Orthoptera Significant Organic Significant

HME SN EHEH 392 2% AL e c a ab ab bc
Orthoptera Significant Organic Significant

HAk CT k% 3,495 # No — 7 No — — — — —
Spider

HhPEVE ST WAIiREL 4,214 2% AL e bc a ab ab bc
Spider Significant Organic Significant

ML SN k% 800 nE i B b a ab ab b
Spider Significant Convention  Significant

al

Hillvk vC kA 518 7 No — % No — — — — —
Spider

R CT XGHH 8,455 73 No — B# c b b bc a
Diptera Significant

HufEVE ST W H 772 7% No — 7+ No — — — — —
Diptera

M SN XU E 821 7% No — 7 No — — — — —
Diptera

HaE CT  #53H 4,057 & Yes HHL 7 No — — — — —
Coleoptera Organic

Hifgk ST #H#H 3,076 e AL % No — — — — —
Coleoptera Significant Organic

HME SN #5H 556 B AL B ab ab ab a b
Coleoptera Significant Organic Significant

A% CT  BHR% 397 n#E AL B b a a a b
Ladybug Significant Organic Significant

HME SN Bld 120 wE AL B b a a a b

Ladybug Significant Organic Significant




BeRAR, BHNEE, 0K, BREME, W, KA, 00, SR KT,

MZFENE, 29 (4): 477-487.
http://www.biodiversity-science.net/CN/10.17520/biods.2020034

T, XN, FHRE (2021) K HE VAR IENGE L. &

Jiik MR AR AVUMEHE O WOMEEL AR RMIESE Rbd  FERAK RHELF  KFEH

Method Fr Taxon Total HX R X 22 1 FONE Greenhouse Orch  Hi Farmland 3 Rice
or number of  Are organicand & Which Significant ~ vegetable ard Open boundary  field
indicator specimens  conventional managemen  between plot farmland ridge

management tareais habitats
areas significant  significant

HES% CT  JE#EA 4,094 w#E AL 3 b b a a c
Hymenopt Significant Organic Significant
era

HhPpik ST A 3,023 7 No — % No — — — — —
Hymenopt
era

HAE CT 838 2,387 w#E AL w3 b a a a a
Bee Significant Organic Significant

G ST g% 96 e AL 3 b ab a a a
Bee Significant Organic Significant

ML SN s 63 7 No — 3 b b a b b
Bee Significant

HAE CT  #HH 984 v A % No — — — — —
Lepidopter Significant Organic
a

HE% CT SR 673 e AL 3 b a a a a
Carabidae Significant Organic Significant

Pk ST BRI 724 e AL 3 d c a ab bc
Carabidae Significant Organic Significant

Hupgvk ST fEEHN 249 e AL % No — — — — —
Diplopoda Significant Organic

AL CT  FEH 1,102 e AL B3 b a a a b
Hemiptera Significant Organic Significant

ML SN R H 1,285 7% No — BE b a a a a
Hemiptera Significant

HaE% CT  &fT1i 520 i AL 3 bc b a a c
Scarab Significant Organic Significant

av by oy d ARERFEARAEA R A W) 22 53 (K 2 3 M /K- (P< 0.05), [Rl—A7 ST AR A | MHRI A RS Z R AR, a XA &5, b, ¢ IX
2, d if%. a,b,c,drepresent the significance level of this indicator in different habitats (P < 0.05). If the cell of the same row has the different letter, there
is significant difference between them. a is correspond to the maximum value, the next is b and c, d is correspond to the minimum value.
CT, coloured pan traps; VC, visual counting; ST, surface trap cup method; SN, sweeping net method.
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