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Analysis of the population dynamics and meteorological driving
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Abstract [Aim] To clarify the community structure, dominant species, and population dynamics of scarab beetles in
honeysuckle (Lonicera japonica) fields in Nanyang, Henan Province, and to investigate the influence of key meteorological

factors on the population dynamics of major species, thereby providing a scientific basis for the precise monitoring and
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environmentally-friendly control of scarab beetles in this region. [Methods] From 2021 to 2023, systematic monitoring was
conducted in the main honeysuckle-producing area of Nanyang using frequency-vibrating, insecticidal lamps. Species
identification was performed based on morphological characteristics and mitochondrial cytochrome ¢ oxidase subunit [ (CO /)
gene sequences. Community structure was analyzed using the relative abundance index, and the relationship between
population dynamics and meteorological factors was examined using Pearson correlation analysis and multiple stepwise
regression. [Results] A total of five scarab beetle species belonging to three genera and three families were identified.
Among these, Holotrichia parallela and A. corpulenta were the dominant species, with relative abundances of 62.04%-65.01%
and 28.99%-29.59%, respectively. A. antiqua was a common species. The peak occurrence periods of adults of the three main
scarab beetle species overlapped from late June to mid-July, with the most concentrated period of peak daily abundance
occurring from June 28 to July 3. Interspecific differences were observed in the effects of meteorological factors on the
population dynamics of each species. Captures of 4. corpulenta were significantly influenced by the 10-day mean temperature
(Y= -507.803 +33.721X, P =0.001) and showed a stable positive correlation with temperature (» up to 0.992). Captures of
H. parallela were also significantly correlated with the 10-day mean minimum temperature (¥ = - 984.381 + 86.190X, P <
0.001), however, its responses to precipitation and sunshine duration varied considerably among years. Captures of A. antiqua
was positively correlated with minimum temperature and relative humidity (» up to 0.945 and 0.786, respectively) and
negatively correlated with sunshine duration. The peak damage period of scarab beetles coincided with the second and third
growth flushes of honeysuckle, but not with the harvest period of the first flush (May), which determines the annual yield.
[Conclusion] H. parallela and A. corpulenta are the dominant scarab beetle species in honeysuckle fields in Nanyang,
Henan Province. The population dynamics of the three major species, and interspecific differences in their meteorological
response patterns were elucidated. Based on the crop-pest phenological matching relationship, a precise control strategy,
targeting two key control windows; the initial adult occurrence period (late March to April) and the period after the harvest of
the first flush (from late May onward), is proposed. These findings provide a theoretical basis for the prediction, forecasting,
and species-specific management, of scarab beetles in honeysuckle fields in this region.

Key words Lonicera japonica; scarab beetles; population dynamics; DNA barcoding; meteorological factors; integrated pest

management
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E1 3#&aTEim. FEE
Fig. 1 Illustrations of the dorsal and ventral views of three types of scarab beetles
A, D. IFRESOFHMEEE; B, E. MGG A ImABEEE; C, F b MB5ma s mAmEmE,
A, D. Dorsal and ventral views of Holotrichia parallela; B, E. Dorsal and ventral views of Anomala corpulenta;
C, F. Dorsal and ventral views of Anomala antiqua.
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100[ A1
96! 1% 241 48, Holotrichia parallela PV204271.1
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B 76 L R4 Anomala albopilosa MT129252.1

59 {0 R4t Anomala cuprea PP697515.1

RN 48, Anomala geniculata PP697509.1

68 T‘— Y157 RN, Anomala rufocuprea PP697505.1

Y R AR 46 Anomala dubia KU919449.1

7 | T3 R4 Anomala luculenta HM180444.1
’7 100 | S5 RFi 4t Anomala mongolica HM180445.1

A2
‘ 100 I: 4k RN 48 Anomala corpulenta PP697533.1

G & B ARELR Adoretus sp. OP270420.1

0.02

C 31 T NPL TN 48 Anomala bengalensis KF939023.1
26 A5 SN 48 Anomala varians isolate PV361976.1

K7 R4 th, Anomala orientalis OL663378.1

Hr BTSN 4 8, Anomala mesosticta KX298190.1

33 W38 F W48, Anomala communis PV942369.1

e R4 8 Anomala luminosa PQ008672.1

16 |A 3
100 |3 B R fi &t Anomala antiqua OR225987.1
LB ESF N4 8, Anamala blanchardi PV944123.1
30 2 BN 48, Anomala dimidiata KF939015.1
45 Y RN 48 Anomala dubia KM447787.1
0.02

2 BT COIFINMENIMERFHRELEN
Fig. 2 Phylogenetic tree of three scarab beetle species based on the CO / sequences
A, WERESf; B, WA, C HRFRIAM, 1 BRESA,; 2. MW,
3: WRFRMAR., YWHA)EA GenBank %5t5, #4332 5 B/R T Bootstrap fH .
A. Holotrichia parallela; B. Anomala corpulenta; C. Anomala antiqua. 1: H. parallela; 2: A. corpulenta; 3: A. antiqua.

GenBank accession numbers are provided after species names, and bootstrap values
are shown above the branches of the phylogenetic tree.
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F1 20212023 FFESRTFHHEMNEXN S EiEH
Table 1 Number and relative abundance of scarab beetles captured by searchlight traps from 2021 to 2023

2021 2022 2023
i HR k) HMZEE (%) Bk (%) HMZE (%) Kt (k) HXZE (%)
Species Numbers Relative Numbers Relative Numbers Relative
(ind.) abundance (%) (ind.) abundance (%) (ind.) abundance (%)

i L 4 £, 12 841 62.04 10 793 64.95 9281 65.01
Holotrichia parallela
RS T A 6 051 29.23 4818 28.99 4225 29.59
Anomala corpulenta
HTHEENAE 1777 8.58 983 5.92 755 5.29
Anomala antiqua
HEfS R 9 0.04 8 0.05 5 0.04
Protaetia brevitarsis
W N4, 21 0.10 16 0.10 11 0.08
Anomala exoleta
JBEY Total 20 699 - 16 618 - 14277 -

AR FICHH . — means no data.

- FREECR TT R E W BT, 5T 6 A T AJIABIAE
3 ERERTOREDS VeI, FREIIREAFTE2 57, 2002 SEWERTALL
231 REMBEHKHE 20212023 F58- #4016 3k, FT 2021 4E (916 3 ) Fil 2023 4F
TURAFH IS ER R E -2 RIVNIRA (1441 3%) . 3 R FRERERINRA 3, 7 A
BN RMRAE SR TE3 AVZE S APRE Rk RERE R, 8 AE 10 Afsk
ERkA (H¥FERE<10K) , SHERZE6 HY  FHAE (K3) .

4500 o1
4000 2022

\6%%‘06&:\'“'\2;'—; q‘:W.bQ”)’\I N B
T VW g o O PN AN Y e o o
H#§ ( A-H ) Date (month-day)

3 2021-2023 FeRFREAMENES
Fig.3 Mixed population dynamics of scarabs in 2021-2023

232 FEMEBHNERKIES WHEESAHKI 4EHY 990 3k, 2021 4EIE H R E, & 891 3k
HH 2022 48R, 3 H 15 H, ZULHEH 2021 (F£2) . 340, A4S BRI
Eml, 10 1 Hy FRESEHEDTE 6 B, M 2021 4519 12 841 L FREZE 2023 41y
ATaZE 7 A EA), BEARREG EFEZES, 9281 k; HEHIESN 6 HhajxE 8 Hif)
2022 4R H iR 2, 2280 3k, Hkh 2023 (F4. A) .
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Fig. 4 Population dynamics of three scarab beetles

A WERERGfa; B fSRIBfE; C Ol RRITEA.
A. Holotrichia parallela; B. Anomala corpulenta; C. Anomala antiqua.

Hl & 42 falh W H 2021 F112023 4EH HUER
TE5 H 16 H, 2022485 H 26 H, AU H
MWILL 2022 46, 8 H 25 H W H HIEAFETE
B AEPR 225, Hirp 2022 4RI H dE s,
ik 1689 3k, BERT 2021 (642 k) Al 2023
F(5973%) (£2) . BAEEE M, 2021 4
TR R, N S A FAIE 7 A T4l
2022 1 2023 4E [ R W AR XS T, HIRAE 6
TaIZE 7 Aval. FiERE SRS TG,
2021 44 6 051 3k, 2022 4% % 4 818 3k, 2023
AEE— b & 4225 3% (%2, F4: B) .

R A G LA 2023 FER (6 ]
18 H) , &WhH 2021 4E5M (9 H 6 H)
I R B AFAEAEPR 225, 2021 4RI H B iRE
(173 3k ), 2022 4Rz (157 3k ) , 2023 4Ffx
ik (143 3%) (£2) o KAEWIHE, 2022 F
2023 AE BRI AaRET T 6 ATARE 7T AL
f, T 2021 AFAEX R, 7 AhRE T A
fl. SHANAFN A AR, RS R E R B
TREEaS, B 2021 4R 1 777 SkFEE 2023 4F
1) 755 & (Kl 4: C) .

ZEA 3 AENEINEE, 3 Fhafa T ol kAR
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BEIAAFAE— B o W LRI04 fa B 3 2 AE
SATHZETHATA (2021 %) 86 A FaAE
7 HA) (2022-2023 45 ), G SRR 4 f B
6 Az 8 Arhfy, BTN GBI N 6
ATHEZET7H LA (2022-2023 4) 8 7 Ad
AE 7 HTFA (2021 ) (K 4: A-C) . =

HFIFEEEXE N 6 H TAE 7 AHa( 46
H20H-7H20H) . fFELXEA, 3 fisefh
TR EGE S THERE KT, B EFEE
& MEEN ., #—L00ERY, 6 28 H
%7 3 HR 3 FiéafarigH R mgE bRt
B(%2).

®2 IESRTHIHA. SEBRMERRE

Table 2 Occurrence dates, peak date, and peak number of major scarab beetles

GULEH (H-H)
RS First observation date

Species (month-day)

ZWBH (H-H)
Last observation date
(month-day)

iR (H-H) g R (k)
Peak occurrence date ~ Peak daily population
(month-day) (ind.)

2021 2022 2023 2021 2022

2023 2021 2022 2023 2021 2022 2023

B L i 4 3-17  3-15  3-28 921  10-1

Holotrichia parallela

il kTN 4 5-16  5-25  5-16  8-17 8-25

Anomala corpulenta
W R4 6-26  6-23  6-18 9-16

Anomala antiqua

9-12  6-28 7-1 6-30 891 2280 990

8-23  6-16 7-1 7-3 642 1689 597

9-2 7-20 7-1 7-16 173 143 143

24 FHEESKREFHXRA

T 2021-2023 4F 3 R &R FRAIB R
w, 5HEAPFSAR . AT RACOR . AT
PIAHXNREE | AIREK i KR B IREEGHEAT 5 A H]
H53 8T 45BN, 3 Fh 41X S5 T
IO A7 B 25 55 o 4 2 i 4 e il IS 2 22 ) T
YRR mEE, MIEFER Y = - 507.803 +
33.721X (Fy70=11.815, P=0.001) . H526E4
50 R S A L A5 Ui Y 2 AT B R AR
i E R E, FEAFSNR Y = - 984381 +
86.190X ( Fy 70 =23.685, P<0.001) fl Y=
- 114.836 + 9.787X ( F\ 0= 15.441, P<0.001) ,
HAREHF CAPFAEMNRE | AIFoKE . A)
H IRETEEE ) Y75 B (152 i 2 oK 38 31 i 28 /KO-
(P>0.05) .

K H Pearson A M, 43 ) 43T HR S R
SfaRAEH (5.7 ) RigREsa . RS
kAR (6-8 H) WARRHFH% HE
BOA B Z M A 4R R, R4
I AR )i U S [ K R YA DG R BOE 2022
FENIRIEARSE (r=0.648 ) , 2023 4E5E Jy i 77 AH
FK(r=-0.711); 5 H BB R & R 50 2021
AE R IEAIE (#=0.816) , 2022 (r=- 0.588)

12023 4F (r=-0.948 ) $& AT SHRMN
FHOC REUAE 2021 AFAIBRIEAHDG (£=0.999) ,
2022 AR (r=-0412) (£3) .

B ST 4 R A SR )1 U S e
IR BARIEAE 2021-2023 4R RIEMSE, Hp s
IR IAE B8t 2021 4B 0.594 BAETHR
2023 4F 1 0.992; SREIK & BAH AR PRI 21 B
i, 2021 MR GALE (r=-0.864) , 2022 4
IR AR SE (£ =0.967) , 2023 4E R 5 IFAH X

(r=0.283) ; 5 HHREH AHHSCE R REAFAEAE
Frifg g, 2021 4EAIEAHXE (r=0.648) , 2022
FENFERAR (r=-0.533) , 2023 4E iR
EAE (F=0900) (F£4) .,

T B SN 4t R AR R 175 U S A
FEFE 3 4E[A) 2 M 1IEARSE (2021 4F »=0.786, 2022
Fr=0.723, 2023 4F r = 0.407 ) ; 5 HBEAH
162022 (r=-0.741) #2023 4E (r=-0.707)
PR AAK; SEAGRAE 3 FMI O IEM X

(2021 4F r = 0.945, 2022 4F r = 0.427, 2023
4Er=0.700) ; 5HEEKERHERBUERZE
SRR, 2021( 7 =0.529 ) F1 2022 4E(r=10.791 )
RIEAHDE, 2023 4E iR ARG (= - 0.950 )

(%£5).
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x3 68 ASBERAFHNEERSALESHIM

Table 3 Impact of climatic factors during June-August on Holotrichia parallela population dynamics

FKIKFE Correlation degree

A1 OC =) E?‘\‘El oC =) N oC - \‘\EI F 0
E'S ﬂjﬁ%{( ) Eil_J/Lm‘ ( ) Hi{&ﬁ% ( ) *EXT{J&E (%) IK%ﬂ(i (mm) HEEAfK (h)
Year ean Maximum Minimum Relative Precipitati Sunshi
temperature temperature temperature humidity rec(lpl a)lon g urtls m(eh)
o o o mm uration
(°C) (°C) (°C) (%)
2021 0.999" 0.909 0.675 - 0.255 - 0.569 0.816
2022 -0412 -0.198 0.233 0.566 0.648 - 0.588
2023 0.270 0.040 0.309 - 0.042 -0.711 - 0.948

R IR RIRIRAE P < 0.05 Fl P < 0.01 K FAHRHER 2 (BIRIAHCREIMT, BUZ) 5 ARPRIE*AYAH R EIY
ARFE ., FERFA.

* and ** indicate significant correlations at the P < 0.05 and P < 0.01 levels (Pearson correlation coefficient, two-tailed),
respectively; Correlation coefficients without an asterisk are not significant. The same below.

®4 57 ASEEFHEZWERAREENIZN

Table 4 Impact of climatic factors during May-July on Anomala corpulenta population dynamics

KK Correlation degree

M (C) BRESE (°C) RARE (°C) ‘ ~
i " " o HXNREE (%) Bekdt (mm)  HEARK (h)
Year Mean Maximum Minimum ; o ;
temperature temperature temperature R?l?tlve Precipitation Suntshlne
C) C) C) humidity (%) (mm) duration (h)
2021 0.473 0.594 0.333 - 0.292 - 0.864 0.648
2022 0.862 0.767 0.952 0.700 0.967 - 0.533
2023 0.967 0.992 0.919 0.554 0.283 0.900
x5 68 ASBEEFINHESWEALEENFM
Table 5 Impact of climatic factors during June-August on Anomala antiqua population dynamics
KBEFE Correlation degree
: B (°C) Rl (°C)  Ffikil (°C) ; o
i N " o HIXHREE (%) kit (mm)  AERHK (h)
Year Mean Maximum Minimum ) T )
temperature temperature temperature R?létlve Precipitation Sun§h1ne
C) C) C) humidity (%) (mm) duration (h)
2021 0.386 - 0.022 0.945 0.786 0.529 - 0.207
2022 - 0.590 - 0.395 0.427 0.723 0.791 - 0.741
2023 0.670 0.480 0.700 0.407 - 0.950 - 0.707

3

ZHit5iig

4t AEd K BB 48 Holotrichia oblita %5 27F
RS, R AEErE CF xS,

BREEA RN HU7 i 5w S TR MERR )
P E IR 2> - (Pedigo and Rice, 2009) . A~
AP 4 o FAEAE YRR e AR I R T
KN MR EES, X2 5 HIEIE T
IRIHLS Ty R, . FEIE SR, W R A

2020) ; T AEINEN 4 L Popillia quadriguitata
FISEE TN 4, Proagopertha lucidula W) 2 4E
Kigah, PR EA mEE M (Chen et al.,
2013; [AIMERSE, 2023) . fEfaFEL L, AA
A6 4 AR B BORCE A 3Ry (Rfe =
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45,2021 ), 1B ER 48, Holotrichia trichophora
ML A BB EEDR R (IS5,
1989 ) o XTI 35 (A 8] 22 S R E T AUR Iy
IR RN o AR X 4R A6 H 4t T L3
FEAAE 225 flan, (A& LU 280 4 1,
ARG Ao 2 (AR, 2023) , JREm
DAER RN 4 F o AR RN (AERSESE, 2004 ) , 3]
LB BEW R 2L RS 68 4> f, Maladera orientalis
MBI 4 fafeFE o FE (FIRIE, 2017; LHA
S5, 2023 ) . B PHAER A6 00 G PR AR A |
WZRun 4 . ARSI A RS R
N4 S a1 3K — S8 S5 3 T XA [R]
G Tl 25 AR B AR R RS AR AL T OCEE Rl
MR o B LG 4 e TRV S T 4 B Ry 2 DX ) 3
FiRE, X —45 R 5 1R & i 4 i 4
i, (B 5L E BEAETE 2 5, FIReIR TR X
S S5 SRR R 55

AN TRV Fh 2 4 o XSG IR 1 e iy EL A
FERRI 225 (BB, 20155 FI&%, 2015),
T AR P T A B R g I i R e LA
HEIEFE L AR, Bk 4 P L
i FEAZ AR N, R A ) B R
PR R A 5 R R A ) 22 )T 8
FARIR S . AR Pearson AH A HT45 SRAEAEBR
) 2B WA B, UL KRS BB oL
X HFLE (2024 ) RFIRAE . WBE . k4
BN 5 IS S BN A 1 A e — 2 4
SO A SR RIR ARG, (HER AR 22 5
B 2022 R (5-7 ) PEiEHE, &k
PR A FE AR B s 2021 AR BRI R K %
W3R 3G TR RN, AHOC R B AR
M P I 4 L T B2 K e 8 FE 2022 4F Ay i 1 AH
K, 2023 AFNERGAHSE, XANZER—Tr g
TR G B TCRF R 2, I3 B IR
Bl R A A AR S R (R A,
2017) 3 3—Jr i, FEKEXSFREE KRR S
FEKET A5G, 2022 A AT 4 f 3P 1k i i 1
iR 6 HFA), 231K 51.1 mm, 3G L
FATF R 4 W 2023 g (6 HIRE 7
AW ) EERFLRIER, BN TR S,

RSN A S AR . H B A A S PR
RERE, {0 2023 FEEHIIRAZ K, KA E
32021 F1 2022 4EEH TR, i — 25 EDUERE KB
By A b A& S sg . 28 b, 7R SEBR IR
N T840 2 FEAS TR 0 R ) AR S aE PR 2 5, S
Jith 2 S Al T SR, LR p R o A o
KaUESE

AT+ HEAN BB IA R 4l e, &%
B 4 R ELE /L (195 01 i, AR Sk 45l s —
ARG 1 & AR R, SEBLE S B R (ke
FAF, 2014) o AWFRAEBL, RE 3 e Tk
R RAR P AAfEZES, (A EE R 6 AT
AETABR (46 H20 H-7H 20 H)EEE
Z, Hihe JJ28 HE 7 H 3 HZE 3 Mdata 114
H R iR T BB, 7 eI ) 5 SR A4 | 4
LTI 4 o R0 oy P S TN 4 R 1 R R SR B Ak T AR
JERANL, B CEERHY, EER A, X —
KA S S ARAEYEIY BRI RSO . 5 H
(K FEAEAVE A O = B S (24 B
55%-60% ) AR AR & 1, 1 AR fE S
B 2, 3 HAEMIES . XISk S
KEER R At T e R B O, BT -E
HYEVCEC R (5REAE, 2022) , AWF5EE
BB e SR ARG . 2R 1 BB (3 A
F 4 F ) EXT i RE A lh W, RIS hE
BRI A (RIS, 2020 ) MR TB, 5§
FETE AR AR BRI R, WD tn = IR 2 2
BBt (SRFEAERUR 19 5 AR ) WA H 4448
FE = OB UK R HL, 784 8857 4 42 1]
BRI AT T, 8 FH AR IR F A 2 B A W Ak 2
T EmE%, BB BB RERE SR B i R 6 & sk
DIGR RS 5 220 =1, MR RS il sl =B, 52
PR R R fsE A B H AR
LR T 7 5 SR A AR AL Y UREE (X R 5
4, 2021) , J5 AR RS SR GGE, =
84 WALT EARE IR A . B, KB
TRRAE TR OCEE I, BRI A SR A
Ve, MRBI R RR B AR 2] . X R
TSGR B, NURBLT F &R
CEATRBRARERE, BT R PH AL X A R AL 7l 1Y)
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