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Comparison of the effectiveness of pan traps and window traps for
investigating the insect-pollinator community in oilseed rape fields

LAI Qian'™ WU Song' ZHU Yu-Lin' XIAO Hai-Jun*""

(1. Institute of Entomology, Jiangxi Agricultural University, Nanchang 330045, China;
2. School of Grassland Science, Beijing Forestry University, Beijing 100083, China)

Abstract [Objectives] To compare the effectiveness of pan traps and window traps for investigating the pollinator
community of oil-seed rape farmland ecosystems, and thereby provide information to inform the monitoring, utilization, and
protection, of insect-pollinators. [Methods] From February to April 2021 (the rape flowering period), the relative
effectiveness of pan and window traps with respect to characterizing the pollinator community was measured in 30 rape seed
plots in the Science and Technology Ecological Park of Jiangxi Agricultural University. [Results] Significantly more
insect-pollinators were captured by window traps (297.43 £+ 20.06) than by pan traps (85.63 £ 5.15). The total number of
species captured by window traps (87) was also higher than that caught by pan traps (82). With respect to community structure,
the dominant species captured by window traps and pan traps were similar, however, the insects caught in window traps had
higher species similarity and homogeneity than those caught in pan traps. With respect to the dominant insect-pollinators, a
significantly higher number and richness of the Lepidoptera, Hymenoptera and Diptera were caught in window traps than in
pan traps. [Conclusion] Window traps are significantly better than pan traps for revealing the diversity and richness of
insect-pollinators in oil-seed rape fields and should therefore replace pan traps in agricultural ecosystems.
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ey B I A AR 25 2R 0 v 1% i S 2H AR
g3, EATE S B IR 55 R AR I 75 24
PR R AR AEW Y 7 B K B (Gallai et al.,
2009; Winfree et al., 2011 ), HAFERBHTT (2019 )
geit, K 107 Ff FZRIEEY B2 68 Fi
VETEARIRE T B B ey, 2015 AR08
EL O FR I 22 S8 FERAEY A IR 55 M Bk 2
8 860.5 {ZITC AR, #9/4 2015 4-4[E GDP (¥
1.3%. AR, fEd ZMJLH4ER, BPAEM
N TR A SR AL A IR 55 L2520 T ka3,
M S IR 55 RERY 3B ( Kremen et al.,
2002 ; Biesmeijer et al., 2006; Klein et al., 2006;
Potts etal., 2010; Dicksetal., 2021 ). K&K
LA B B R AR5 T RSB K, A48
E Oy F AN R T[] el T S b e 2k K
WAL SR L R 25T5 e LA S AR A ) R
JEARSE R B2, A48 B i 2 I R R R
X A Ay B H M v A A ST S A
FPE( Westphal et al., 2008 ; Nielsen et al., 2011 ),
XF T A B AN LR I, A TR I A 5 2k Tl e AR
BRI RER T, A3 I A 5 1T DAL EFRAT]
U T A AR S R GG by B RIS 4514, LA
IRBNUEI R AR H B ( Zou et al., 2012 ),

1B T 2EAh 150y B B 2H i S Z e
KFETT LR 2L ( Kearns and Inouye, 1994 ;
Westphal et al., 2008 ), Hr E 5 H LA ™
Boe R IR E 3R (Roulston et al.,
2007; Nielsen et al., 2011; Prendergast et al.,
2020 ), fHTHAEMAC . XMELIFR A H T 24
SR ) A2 A, PR ARSI A R BRI B )
X HARVEY) b A48 B 47 1 ( Nielsen et al.,
2011; Prendergast et al., 2020 ), #:zCiFEi#% ( Pan
trap ) JEILARFOURE T Wl Y Hi ik Bl 2
FEVESCH B8 R AE )72 — (Roulston et al.,
2007; Popic etal., 2013; Zouetal., 2017 ),
T A% TR ORI, mT LA S kU5
AEE L ( Campbell and Hanula, 2007 ). #K1fi
BB A 1Y RAE R ] B8 2 32 3 8] AT ¢
JRAY52I ( Baum and Wallen, 2011), Ffn
HARR AT S FHER L B 3L (Roulston

et al., 2007), i TRAFHE —FET 55
SR RAE T, Dl LA AR RIED
AN TRV FREE T A% 4 R R 2 A M D)3 5 idE — 20
3% (Cane etal., 2000 ),

KATPHFE S ( Window trap ) J&—FhA] FH T
W AT B BRI ARG 1B AR ik B R
Yfs W B s A 2H B, 1 B IORS e AT iR 42
AR S8 A R U o B L R 1A
FREMEM (Howlett etal., 2009; Zouetal.,
2012 ), BT RATBHRRE S 52 T ARk H
EHAYRAE (HyvARinen et al., 2009), {Hiit
A RSO HAE SR H R R RE T2
— (Howlett etal., 2009; Ulyshen etal., 2010;
Prendergast et al., 2020 ). HFAWLEIHEHR],
TEBRZ LR B T, R AT RH PR A% 1 T 22
AT BE b AR/, A 5T a8 DA W AR A A
S 1) 24 3 % e AT I ( Rubene et al.,
2015 ), SR, RHEAESRGAL K R R
M B R = o I, AR50 T
PARN I A 5 oy B VR 2 R R R, JF
PRI TT AL A B A i S AR L
DIHABE B TR | A 8L # B R SR A
B, IR AR RS ek B R 2R )
HE2 R M55 DI Re 4R P e S AR .

1 #R5AHE

1.1 RIEEEH

AT 2021 4F 2 H NAIE 4 H BA) (il
SACH ) TRV VA I B VLR R2e R R AR S
Bel P (N 28°45'46”, E 115°49'55" )1 110 m* 4 “7”
FRVH P 7. T30 508 6 4, R4
5AER, 304 25 mPFE/NX (K1),
THIRE SR A VPG ARE K 2# AN A B 5% D AT BA B
KEGIsE CEPRIRASE, 2020 ), F 2020 4 10 A
7 HEGFN, e A I ]34 Al R R Ak
47

1.2 #XFMHBFMCITHERS
#iFEHE (Pan trap) H1 3 T (HAR
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Fig 1 Illustration of plots distribution in the test
field and trap structure photo

A, N4 B SRR C RATHRRAR .
A. Distribution of plots; B. Structure of Pan trap;
C. Structure of Window trap.

8.3 cm, fH 13.5cm, A 450 mL) AL (& 1:
B ). AT IR ER A SRR SR R [R] 9 2¢
et (P A . TR EMIOLAt), Dk
B BE AU B — P 7 R A 22 ( Westphal et
al., 2008 ), #AFHAEEE WAL E, &
JER 1.6 m, 290 HEHREAE I S . FERE B AR
12 cm ALAYFREE FESPIS 542 3 mm A9 [E LA
FHEH K o BT PRI AR AT B ER K IE TR b
EUEGRAHFAIER MR, CIBARE#R ( Window
trap ) (1 AR —HGERH T 50 1R (1 50 em,
P& 35 cm, JEE 3 mm), fERNEEERE RAGER.

V5 AR [ AT — 1~ B SR RHE A, FH Tk
SEPVE IR, FER IR S5 A A A P
LU AR TR AR A o R AT BHL IR 5 5 28 =5l 2 8 7

HHFE R (B 1: C ),

Ay 30 A~/RX (E 1: A), BAV/NX
HE RS S TR . A Rk
LR EER DB/ NN | m A E, T
2021 4F 2 H FAE 2021 45 4 A EAJCIIEEAED)
7 d ST ) B B AR AR R O

1.3 FRAEBEFELEE

SRAE B Ry R FEAR AR - 20 °CHY
VKAE TR ORAE, IE T2 NS850 % 0 A AR = B
(HA-1745, GBI ARAF ) #1750
AT AAFE AR TR A v T R DA BV
FRAR o, TS E MRl B X5 L IR R Sk A k&
LM TR & FKIATYEE , TR H Y FhiE
T T BT E . 90% A K Bff, 4
TR e BRI S HIT,

1.4 BRI S5SH

TV ZFEEIE SR IR (N PR gL
( S).Maraglef £ & £ #5%(( D ). Shannon-Winner
g ZREMETE R0 (H ), BRE ST (B ).
Simpson fLELERPEFEEL (C) KIATHEE WAL
WS SRR HE A4 (Hurlbert et al., 1971; 5
5, 1994 ), AKX S A/ NPT
SE, NCREAMARGE, PO | NI Ak
Prheb i & Hel . BAARTHEAXAT
(1) Maraglef #§%(: D =(S—1)/InN;
(2) Shannon-Winner $§%4{: H=-Y(P; x InP));
(3) ¥HAE%: E=H/nS;
(4) Simpson fE#E SR C=3P’,
{ili | Excel 2020 Fil SPSS 26.0 414k ik 47
A 0 b 2R K A, PR B2 8] 1% 22 Sk T E
Xtk (CERATF G IEA S ) SRR RS 55
(BAEATT GRS G ) #4722 50500, BB
2% H GraphPad Prism 8.0 2K {447 .
T e A G A A A AT B R AR Z A4
PP Y 22 5, FRATTEEH] 1 s Ak i 2 )
L ( Chord-normalized expected species shared,
CNESS) fiijHE p ZHE1E. CNESS f5EO A&
AU, B R 0 SE ATV T LR 45 2
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BRI (mAE ) BERAS [Rl— 4Rt . 3%
I Zou 55 (2020 ) FF & CNESS 28U,
HAHTE 0 #0112 FRATEEH/MEAR (m=1)
KIERHY P 22 R ARHEEA R (m=20) il
TR AL J (HHE R B 2 4R RUE I3 B ik
( Non-metric multidimensional scaling, NMDS )

HEAT AT 94 CNESS 22 S B4 o
2 ER5HH

2.1 fEMERYFHAK

TEREANIERAE I, LG 4 H 34
Bl 104 F 11492 k. WIEEHHHE o Bl 21 F, K

WH 10 B} 45 F, XCEHHE 11 FF 35 F, ##H 4
BE3 A, Horp s A AL B B R 82 Fh
2569 3k, RATRHFR A8 A AL A B HL 87 Fh 8 923
oo A8 FREEH H R AL, 4 R H E R S F
XU H B A BAE S e A 7 Rl
HELHU, 12 FRBS# E R 3 Fhost# B B Y
HIAE RATRHBR AR (3R 1),

P o B A 1) 4% 3 S AR A o e 30—
#, NKHFEE Delia platura, PH5 % Apis
mellifera F1J5 3k 1% bk B% % Lasioglossum politum,
FRTEH A H AP 898 3k, i MAMAKLK)
34.96%; FHIRVEE S 347 Sk, N AAMREY
13.51%; AR J7 iR kBRI 179 3k, i SRS

F1 MXBACHERREEMRFEEE
Table 1 Community structure and richness of insect-pollinators in rape field
FATERE RATRHRR S FA R RATRHRR S
Pan trap Window trap Pan trap Window trap
Yyl R NI A/ I N ]| Wkh B NI = o 1 B o N R A
Species (%) (%) (R (%) Species (%) (%) (%) (%)
Indivi- Percen- Indivi- Percen- Indivi- Percen- Indivi- Percen-
duals tage duals tage duals tage duals  tage
UNCCEPSE 1 0.04 - = Hb 8¢ a8 ARl 1 — — 22 0.25
Spilarctia subcarnea Andrena sp.1
NG e B — 30 0.03 | HbdEE A SIF 2 — — 2 0
Geometridae sp.1 Andrena sp.2
RO RL A HF 2 5 0.19 10 0.11 | Pz 347 13.51 1545 17.31
Geometridae sp.2 Apis mellifera
25V FHE Je 6 0.23 — — | Rz 41 1.60 240 2.69
Rapala micans Apis cerana
SR B 1 0.04 — — | BA 84 327 383 4.29
Jamides bochus Ceratina japonica
B AR 1 3 0.12 7 0.08 | Hi v K2y 33 1.28 79 0.89
Noctuidae sp.1 Eucera jacoti
T IARLARFI R 2 — — 1 0.01 | % 1 0.04 21 0.24
Noctuidae sp.2 Nomada xanthidica
B Fh 3 1 0.04 3 0.03 | HaBF0 B A HnFh 1 0.04 14 0.16
Noctuidae sp.3 Nomada sp.
IR AT 4 1 0.04 5 0.06 | Z&i% )@ A FnFh 2 0.08 6 0.07
Noctuidae sp.4 Anthophora sp.
BFFLA TN FD 5 — — 2 0.02 | v K sie 4 0.16 15 0.17
Noctuidae sp.5 Eucera chinensis
BRI 6 EE— I 001 | G — — 3 003
Noctuidae sp.6 Habropoda tainanicola
BRI 7 - 1001 |gipig o004 —

Noctuidae sp.7

Pithitis smaragdula
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£53% 1 (Table 1 continued)

#EFEHA RATRH R F AR PR AR
Pan trap Window trap Pan trap Window trap
Yrkh R NI A I N ] Ykh R I 1 B i % N S ]
Species (K) (%) (k) (%) Species (%) (%) (k) (%)
Indivi- Percen- Indivi- Percen- Indivi- Percen- Indivi- Percen-
duals tage duals tage duals tage duals  tage
P o) M — — 1 0.01 | JI =i — — 14 0.16
Polygonia c-aureum Ceratina cucurbitina
ST e ik 1 0.04 — — | AR 3 0.12 2 0.02
Vanessa indica Xylocopa nasalis
EEYRE: S 1 0.04 — — | Eh A 1 0.04 2 0.02
Papilio bianor Xylocopa appendiculata
R — — 1 0.01 | gk B AL — — 2 0.02
Graphium Sarpedon Xylocopa rufipes
TR 7 S Hy 17 0.66 8 0.09 | &[G e =yt — — 3 0.03
Pieris canidia Arge geei
ESALS 6 023 —  — LR R R 1 — — 1 001
Pierisrapae Crabronidae sp.1
He R 2008 —  — DordaREReRER2 0 — — 3 003
Anthocharis scolymus Crabronidae sp.2
NS 47 1.83 380 426 | J7 3% Bk pE g 179 6.97 1891 21.19
Plutella xylostella Lasioglossum politum
BEMRL I 1004 — — | kb o A 1 43 167 169 1.89
Zygaenidae sp. Lasioglossum sp. 1
Andrena luridiloma 10 0.39 129 1.45 7&)}3%&%}%‘*%@ 2 85 3.31 518 5.81
Lasioglossum sp.2
R b T ey 898 34.96 2346 2629 | % IKEEIE R K F 3 2 0.08 2 0.02
Delia platura Lasioglossum sp.3
MR AHFp 6 0.23 8 0.09 || 4 fa g i 8 0.31 45 0.50
Anthomyiidae sp. Halictus aerarius
Kk 4 14 0.54 17 0.19 T 47 1.83 71 0.80
Chrysomya Lasi oglossum subopacum
megacephala 9 P
52 IV T 112 436 153 L71 | BB A H0F 1 — — 7 0.08
Calliphora vomitoria Osmia sp.1
TRl A IR 1 2 0.08 9 0.10 | BEisJE A HNFp 2 — — 5 0.06
Calliphoridae sp.1 Osmia sp.2
TR I 2 40 1.56 91 1.02 E%ﬁﬂgi‘g@ 13 0.51 7 0.08
. . Campsomeriella
Calliphoridae sp.2 annulata
I W A e b 3 6 0.23 1 0.01 | fnige 2 0.08 36 0.40
Calliphoridae sp.3 Mesoneura rufonota
I W ) A< S b 4 74 2.88 19 0.21 | MLJRHLH i 31 1.21 9 0.10
Calliphoridae sp,4 Athalia proxima
T R AR o 20 Ao 31 1.21 5 0.06 | M BEHE G - 4 0.16 6 0.07
Calliphoridae sp.5 Tenthredo mortivaga
TR A 6 6 0.23 5 0.06 | K JiE ygmen s 3 0.12 3 0.03
Calliphoridae sp.6 Ma_c rophya
dolichogaster
KRR A A 22 0.86 54 0.61 | 555 Hnt i 1 0.04 6 0.07

Dolichopodidae sp.

Neodolerus shanghaicus
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£53% 1 (Table 1 continued)
FAGERE AT RH R A FATHE AT RH R A
Pan trap Window trap Pan trap Window trap
Py A sl AR Ykh RO SR A 1 I NI ]
Species (%) (%) (k) (%) Species (%) (%) (K) (%)
Indivi- Percen- Indivi- Percen- Indivi- Percen- Indivi- Percen-
duals tage duals tage duals tage duals  tage
i 5 TR =0 64 2.49 286 3.21 | gudr 7w 5 0.19 7 0.08
Dichaetomyia bibax Pachyprotasis sellata
I R A R 1 0.04 1 0.01 | 2y 4 iRl A Fh 3 0.12 12 0.13
Platystomatidae sp. Tiphiidae sp.
N TARE-=1] 110 4.28 12 0.13 | FLYH s 1 0.04 — —
Stomor hina obsol eta Eumenes punctatus
- 1 0.04 6 0.07 | ¥ 1 0.04 — —
RRMEFE A I RERB
Sarcophagidae s Anterhynchium
phag p- flavomarginatum
MR A Fp — — 6 0.07 | ff g 1 0.04 2 0.02
Scathophagidae sp. Polistes rothneyi
Bk K i & A< 2 Aol 3 0.12 — — | g 5 0.19 24 0.27
Oplodontha sp. Polistes snelleni
IR Y i 9 0.35 28 031 | HAK ik 1 0.04 1 0.01
Eupeodes corollae Polistes japonicus
T 2 10 0.39 39 0.44 2 0.08 - —
J5 Bt S W i
Melanostoma Vespa velutina
mellinum &P
L £ o 9 0.35 33 0.37 | 4 1 0.04 1 0.01
Episyrphus balteata Vespula flaviceps
KB I b 9 0.35 5 0.06 | FRF e B4 — — 10 0.11
Eristalis tenax Parapolybia indica
EN Y Sy 1 0.04 3 0.03 |, — — 1 0.01
DRI (LA PR I
.Sp 1aerophoria Ropalidia fasciata
indiana
S S I L e 2 0.08 3 0.03 | 7/ NEH 39 1.52 7 0.08
Phytomia zonata Byturus tomentosus
XU, B 4 BT B 1 0.04 — — | hEEE 4 0.16 3 0.03
Mallota bicolor Brassicogethes aeneus
s 2% 1 0.04 2 0.02 , 5 0.19 1 0.01
Bkt gR PEVFAE 4
Helophilus . .
; : Gametis bealiae
eristaloideus
SRR o R e 14 0.54 2 0.02 | Erigf iR AR M 3 1 0.04 — —
Cheilosia sp. Syrphidae sp.3
REL VB A 8 o i — — 2 0.02 | ArdgRLARIFY 1 2 0.08 — —
Syritta sp. Tachinidae sp.1
A7 8 O o A S e — — 1 0.01 | FFigFLARFnF 2 5 0.19 12 0.13
Monoceromyia sp. Tachinidae sp.2
LA AR IR 1 4016 17 019 | bRk 3 1004 —  —
Syrphidae sp.1 Tachinidae sp.3
Bl R A A D 2 2 0.08 1 0.01 | sz Bl snfp 1 0.04 3 0.03

Syrphidae sp.2

Tephritidae sp.
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1 6.97%. CATRHRR A48 K Hh AR 2 346 3k,
AT AR ELY 26.29%; HHARVE I 1545 3%,
A RAMAREY 17.31%; 307 K IR bKkRE % 1 891
S, HEAMEEY 21.19% (£ 1),

22 BXNFHBNCTERBREESHMLILR

R o ZFHEMEHTEE R DR, AR R
gL b, PR RATRHBEAS [ (26.20£1.01)
Fi e 2 TR AR (19.60+0.94) i)

(t=-4.720; df=29, P=0<0.001); 7EfiZRMY
e by B U AR B b 1 A AT BEL IR 2 41l 2K

[ (297.43+20.06 ) 3k 1% & & T &% 2015 4l 4%
[ (85.63+5.45) k] (t= -10.623; df=29, P=
0 < 0.001); FEHER A TS B Ml A
(0.75+0.02 ) & & m T ATRHE#S (0.68+0.01)
(t=3.104; df=29, P=0.004<0.01); 7ERfIX
ZREMETE R, A P e B I AR A
I, WELREES, A AT AR
LR MARRLL Jy 45 A RS 0 3.5 1%, R
TR B ARy #0013 £ o XUt
B RAT BB A AR e A A I I T 2 %
YRR, JFHAR T Z M A A (B 2),

>
kkk (%) Q
307 S 400 [ - RS *x
3 A 1 %:,2300_3 ul §% |
& 2 20 0} H E 06
o O %5 2007 T35
ﬁglo- fglm- £§a4-
S E <E ME 02 )
2 EENE ®E,
#AiFEa TR A TR S AT TR
Pan trap Window trap Pantrap Window trap Pantrap Window trap
»
%..'é = 2 g 025¢ 50
w g ﬁgéam- el
2 T 82015} 9m.8 31
&< &£ E 7
m%‘- MSEOJO- mE 2
ﬁg ﬁ gam- #HZ 1t
) 0
© B TR B TS

Pantrap Window trap

fAiFHAr ATk
Pantrap Window trap

Pantrap Window trap

2 BXIFHR[E TR o SEMEMEILER
Fig. 2 A comparison of a diversity between pan trap and window trap
A YIREG B MARKG C BEEIISIMESR L D, REE SRR
E. AR IEISEG FoFE R R
HEAnA R SRR BEZES (oK P<0.001; & P<0.01); ns REXLREMZER (P>0.05),
A AC X ¢ R A BRI S AT A . P 4 T
A. Number of species; B. Number of individuals; C. Community evenness index;
D. Community diversity index; E. Dominance concentration index; F. Richness index.

Histograms with asterisk indicate significant differences (*** means P < 0.001; ** means P < 0.01);
ns means no significant difference (P > 0.05) by paired t-test and paired rank sum test. The same for Fig. 4.

23 BXFH[AOCITEBHRHESEILE

Xt PR AR AR O A A B OB i 2 A R AT
R 2 Y R M (NMDS ), 4558 R
A A0 REL PR AR 2R 1) £ M B HRURE v 2L
ARl fEABR TSR, PRI+ )

FrEH PR AR AR SR (m=1) FORE VR BT
A ARECT REEUE I AR R AL I, RPN
B AR RN BT o [V X TR AR
UK (m=20) 105, BT T A B
PHES R T /AT A, R E R R = B,
TR A 22 AR R (8T 3 ),
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based on chord-normalized expected species shared (CNESS)

SEAREALBUBAL = Y a4 (CNESS )
WAREE SR E M (NMDS)
Non-metric multidimensional scaling analysis (NMDS)

AT UYL = RiE 40 (CNESS)
HAEE B4R BT (NMDS )
Non-metric multidimensional scaling analysis (NMDS)
based on chord-normalized expected species shared (CNESS)

025 ¢®

[ ]
° i S1{E Stress =0.184

2 NMDS 2
(=]
[ ]
[ ]
[ ]
[ ]
! »

HASH m=20
A

Fh2% Type A
o iEmHaS R F1{E Stress =0.102
0.3 APM“FFE%%M. A . BASH m=1
2 A TKATR
; Window trap A?A A A
: . r
Z 0+ Y e - A .
[\l .\. ® A A °
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-03 - . ®
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—0.6 £ | e ®
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#i11 NMDS 1
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° ®e ° o
2 Type i )
—0.25 | o aiEmE ®e o0 e
Pan trap
A iR © ] ©
IWindow tmpI . e . )
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B3 SAFMESVTHERRBRERDN p SHEMEERE

Fig.3 A comparison of pollinator p diversity between pan trap and window trap

Fo: MR £ iR

Left: The community structure of dominant pollinators; Right: The community structure of all trapped pollinators.

4330 LU 558 e 563 PR XoF D R 2R R A5 0y B AL A
EHROR, 45 R R T EEE H R, SF A
A TRAT BEL R A A 3R 1 P AR RS 1 A A G
FEES (t= -1.756; df=29, P=0.09>0.05),
RSB RS AT BEL B 25 40 3R 0 AR B 2 e T
FAFE(t= - 11.208; df =29, P=0<0.001 );
XTI E B, PR SR
YIFpEL 2 = T RATREIESR (Z= - 3.119; df =
29, P=0.002 <0.01), JfH a0 aRimes
FARBIARRCE S T WATRHBERS (Z= - 3.589;

~ A ns ~2 20 - B ok
%%S:; T ééﬁu —
al 2 22
BoE BE510
1&18._.1 ﬁ;,_..... 5
N8 & <o &
55°0 @& & Bi° @ &
27 N e BE & e
‘ Py S & “ Py K@ S
o 3P o A 3P
U 3 UGS
;ﬁ:.égzo E *kk T,K.-ggzﬂ) F *sksk
~ ot = 5 & 200
goe == ®E giso -
& 2310 ®C 8
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Fig. 4 Comparison of species and individual numbers of different groups captured by pan trap and window trap
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