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Occurrence of Panaphisjuglandis, the damage caused by this pest,
and the potential for it to be controlled by its dominant natur al
enemy, Calvia muiri
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Abstract [Aim] To clarify the occurrence and distribution of Panaphis juglandis in the Juglans sigillata producing area of
Baoshan in Yunnan Province, to assess the damage caused by this pest, and identify potential biological control agents for it.
[Methods] Five stands of J. sigillata in Baoshan, Yunnan Province were surveyed to determine the population density,
infestation rate and spatial distribution pattern of P. juglandis, and the number and species of predatory ladybugs. The
predatory responses, search effort, density and intraspecific interference responses, of different developmental stages of the

dominant ladybug species to P. juglandis were measured under laboratory conditions. [Results] P. juglandis had an
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aggregated distribution with infestation rates ranging from 26.67% to 93.33%, and population densities ranging from 10.27 to
489.41 ind./100 leaves. The dominant predatory ladybug was Calvia muiri, with a species dominance index of 44.34%. The
predatory functional responses of different developmental stages of C. muiri to P. juglandis conformed to the Holling- Il
functional response type; average daily predation increased with prey density. 4th instar C. muiri larvae had the highest
instantaneous attack rate (a’) and predation capacity (a’/T) (1.321 5 and 197.24, respectively), and female adults had the
maximum theoretical daily predation (1/7}) rate of 153.85. The shortest processing time (7} ) for a single prey was 0.006 5 d,
and 1st instar larvae had the lowest predation capacity of 47.19. The search effort of different developmental stages of C. muiri
decreased with increasing prey density, and was strongest in 4th instar larvae. The predation capacity of different
developmental stages of C. muiri was strongly affected by its own density; at a given prey density, the intraspecific
interference coefficient ranged from 0.596 1 to 0.733 2. When the predator-prey density increased in an equal ratio, the
intraspecific disturbance coefficient ranged from 0.337 3 to 0.509 8. [Conclusion] C. muiri is the dominant ladybug in J.

sigillata forests in Baoshan and an important predator of P. juglandis. It should therefore be protected and utilized as a
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biological control for this pest.
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Tablel Sampleplot overview of Juglanssigillata in Baoshan City, Yunnan Province, China
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Study site Longitude and Atitude Climate type annual Average annual Planti
Jatitude (m) temperature  painfall (mm) g 2T
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RAMTFEEN (WY) 25°291"N 1850  Wivimsmnm 154 1200 400
Xiamaizhuang Village, 99°19'4" E, Subtropical highland

Wayao Town monsoon climate

KIS OK (WD)  25°1324"N 1730 iy e E s KU 15 16.4 1040 900
Yakou Village, 99°232" E, Subtropical highland

Wadu Town monsoon climate

WREUUT R (JF)  24°4148"N 1940  EHGE@EERSE 192 1000 600
Bajia Village, 99°25'44" E, Subtropical highland

Jifei Town monsoon climate

WEEIIEAR (KJ)  24°5023"N 1650 pdpigsliicfe 195 920 500
Xianyue Village, 99°29'58" E, Subtropical highland

Kejie Town monsoon climate

T B R (LS)  24°35'52"N 1735 Ryipiifi il 15.0 2137 350
Hetaoping Village, 98°34'5" E, South Asian tropical

Longshan Town

monsoon climate
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0 100 200 300 400 500 600
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E1 ZHEREHEEAERR
(=FfRLL, 2023)
Fig.1 The occurrence and damage of Panaphis

HEZEERHTIE (F2), juglandis (Baoshan, Yunnan, 2023)
K2 mHhERFN=ESIHE (Z@EEL, 2023)
Table2 Spatial distribution pattern of Panaphis juglandis (Baoshan, Yunnan, 2023)
WrFcHb SEREEEEm TS RAEFEFRPR Aggregation index RESH AT
S j(-; 1.;\ Average Variance A . . Sp.atla.l
tudy site density C I C, k m* m*m Aggregation distribution
mean type
FUZEAE N & R 489.41 33244975 679287 66.9287 0.136 8 7.3124 556.3387 1.1368 479.8452 REE/ A
Xiamaizhuang Aggregated
Village, Wayao Town distribution
FLIE S W 1A 67.24 5720428 85.0748 84.0748 12504 0.7998 1513148 2.2504 58.263 8 B34
Yakou Village, Aggregated
Wadu Town distribution
PRS- WANEEY o) 108.51 9015.524 83.0847 82.0847 0.7565 13219 190.5947 1.7565 97.3502 HREE/ - Ah
Bajia Village, Aggregated
Jifei Town distribution
ey ) 5492 4810.723 87.5951 86.5951 1.5767 0.6342 141.5151 2.5767 19.700 4 B34
Xianyue Village, Aggregated
Kejie Town distribution
T LB Bk A 10.27 326.387 31.7806 30.7806 29971 03337 41.0506 39971  7.0026 B/ 4
Hetaoping Village, Aggregated
Longshan Town distribution
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2), Hrr, DUBERREIHCRAE SN AEE R Z
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A ) SRR IR M SR A 5 b T A R 40 ) e
I
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2 AR S PRI R
Fig. 2 Predatory ladybug speciesin Juglans sigillata stands
A, DUBEHEEIE Ca. muiri (R); B. PWUBHLE Ca. muiri (3) ; C. HE#LEIH Ca. chinensis; D. £EZH Co.
septempunctata; E. 7NBEH I M. sexmaculata; F. SOIH H axyridis; G Y/KEEE L. lushuiensis; H. TEZI5E
W 0. sauzeti; 1. " REBEH Ch. bijugus; J-K. FANEIHE H. sedecimnotata; L-U. ZFBEENH H. eucharis.

=N WA W
[=NeNe NNl

YRERE (%)
Species dominance (%)

Study site

A-B C D E

G H I J-K L-U
A PG d A2 Predatory ladybug species

3 MHRUMHRMNMEHERMMABE

Fig. 3 Individual numbersand species dominance of predatory ladybugs

W HRARILER 1, MEESURA R AFRILIE 2, TEEIEIRIFNZEE, dRE & A2,
The study sites are listed in Table 1. The names of predatory ladybird species are listed in Fig. 2. The color of the
squares represents species abundance, ranging from low to high as yellow-green-red.
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WA IR, BRI R A B 0.783 3,

1.028 2. 1.260 6 F11.321 5, H &K EE75
9 60.24. 62.50, 81.30 1 149.25 3k, HHEfiE

A3k 47.19. 64.26. 102.49 F1 197.24, AbFHET
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B4 HBERIBENZRERTNEETA
Fig. 4 Predatory behavior of Calvia muiri to Panaphisjuglandis

A, DUBERRTIHL 4 4 HUT IR BCE A BE 2 BESF 5 B, DUBERREIE 4 4 Ao e s €. DUBEARBIHL 4 4 HL 58 ons
Bk TR PO s D, PUBEARBIHOME R HOT AR I Ak A B 5 E. DU BERRBN M 10 e g O i e 5
F. U SEAEN M R R 52 O ARk 2 B0 ) B
A. 4th instar larva of the C. muiri begin feeding on the P. juglandis; B. Feeding process of the 4th instar larva of the

C. muiri; C. 4th instar larva of the C. muiri finish feeding on the P. juglandis; D. Adult female C. muiri start feeding on the
P. juglandis; E. Feeding process of the C. muiri adult female; F. Adult female C. muiri finish feeding on the P. juglandis.
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7 Stage

1 21y 3k

5 MBFREIHARE R ZHkEBEEAE R iE
Fig.5 Feedingtime of different insect states of the
Calvia muiri to Panaphisjuglandis

B Hp g - E AR R . ARVNE FERER R &
Duncan’s #i B Z LK T 7E P<0.01 KFEFBE.

Data in the figure are mean=SE. Different lowercase letters
above bars indicate significant difference at P < 0.01 level
by Duncan’s multiple test.
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Fig. 6 Averagedaily predation curves of Calvia muiri of different insect
states on Panaphisjuglandis
A 1R B2 134l C.3 84 D.4#84)H; E. B, A. 1stinstar larva; B. 2nd instar larva;
C. 3rd instar larva; D. 4th instar larva; E. Adult.
* 3 AEAZMBRI R ZPkL T H R IR A
Table3 Predatory functional response of Calvia muiri of different insect states on Panaphisjuglandis
" N SR R SNy R ERE P
" WA Memar, DRMEGER IR REOUERE VT, e i,
WA . . a' Th Daily maximum .
Predatory functional Correlation . Predation
Stage . . Instantaneous  Handling  prey consumed .
response equation coefficient . capacity
attack rate time
1 #84hH N,=0.783 3N/ (1+0.013 0N) 0.9839 0.783 3 0.016 6 60.24 47.19
Ist instar larva
2 W4 N,=1.028 2N/ (1+0.016 5N) 0.9654 1.028 2 0.016 0 62.50 64.26
2nd instar larva
3 4 N,=1.260 6N/ (1+0.0155N) 0.9273 1.260 6 0.0123 81.30 102.49
3rd instar larva
4 #5450 H N,=1.321 5N/ (1+0.008 9N ) 0.9842 1.3215 0.006 7 149.25 197.24
4th instar larva
AH Adult N,=1.041 7N/ ( 1+0.006 8N)  0.993 4 1.0417 0.006 5 153.85 160.26
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Fig. 7 Searching efficiency of Calvia muiri of different
insect states on Panaphisjuglandis

3 H#HitHitit

A 4 B 2 I A R [ AR Bk X & B
) R E L, R EARAE b ARG (R
BRITAE, 2018; JIREESE, 2018; APERHGSE, 2021 ),
ZIAE = A DR L T AR A 7 X R
26.67%-93.33%, W L%k 10.27-489.41 2%/100
M, PR IR A, AR I = ] S R Y

KDL RIE, (Karczmarz, 2012; Aqaverdi
and Ingilab, 2018 ), HARIZ HUFELR LT A 5 =i
HERE N 489.41 3k/100 M, AR 22 F5 A Ak
X 1240 3%/100 H( Karczmarz, 2012 )Y 39.47%,
A = % R A MR MR 2 FE RGBT
93.33%, ML, PRI N & A %
B 4B A AT — o R A ], e A 1l
Je 5 ot B A A P Ml 3 S R A A A i R
M, 5 AR T A

Feor RAEA L R IAGHIRAE R, 2 g if
RKERGEPHEARROEZIRTY ( LB,
2012; K AAE5E, 2014 ), AS[R)H DX AZ AR 3 S
AU BRI A AT REANTR) L B 0 e G Rl DX IR
B EL Ak el PN ) SR A Sy S SO ( B
Bt %, 2021 ), 7 s bl 5 F b DX I e B Ak el ) S
AR A Z 5 H0R ( EI5%, 2023 ), LB
T EL ST LA AR PN A SR SR R Ol
SUELHL (HLAN, 2021 ). ASHIFFEFEAR L T ARk
A PR 3 A 3 DU BERR BN | AT BB R - R Bl
A5 10 AR BEUE, b DLV BERRBI o A )

®4 MBERNAHERZRERTZINESTETRAY

Table4 Theinfluence coefficient of densitiesimpacting the predation of Calvia muiri on Panaphisjuglandis

s Watt K777 NN ) AB%EE TR m P

Stage Watt model equation Maximum amount Interference coefficient Correlation

& q of predation of density coefficient
1 i34 d Istinstar larva  4=47.652 4xp 07332 47.652 4 0.733 2 0.974 1
2 ¥4l 2nd instar larva  4=57.358 7xp 006704 57.3587 0.670 4 0.998 8
3#4h M 3rd instar larva  A4=66.143 9xp 00003 66.143 9 0.666 3 0.998 7
4 44 B 4th instar larva  4=101.998 9xp 06600 101.999 3 0.666 0 0.998 9
AHL Adult A=73.572 Oxp 0301 73.572 1 0.596 1 0.998 4

®5 NHAIMABHRZRSETZIHMATHREY

Table5 The coefficient of mutual interference impacting the predation of Calvia muiri on Panaphis juglandis

Ej‘( Hassell *ﬁﬂﬁﬁ ﬁﬁﬁﬁ%q *‘FV\]??}E%?&ZM *ﬁ%%%&r

Sta:ue Hassell model equation Maximum amount Coefficient of mutual Correlation

& d of predation interference coefficient
1 84k dt Istinstar larva  E=0.363 1xP %4%7° 0.363 1 0.4279 0.902 2
2 #44hdt 2nd instar larva  E=0.390 8§xp 03373 0.390 8 0.3373 0.864 8
3340 H 3rd instar larva  E=0.574 4xp 0398 0.574 4 0.509 8 0.993 5
4 {4l A 4th instar larva  E=0.747 4xp 04328 0.747 4 0.432 8 09177
S Adult E=0.942 5xp 03963 0.594 5 0.396 3 0.942 5
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O B B A P RS RE T, AEVO A
Bk 26 B4 07 A —E A TS RE L 7T LIAE
R EBRECGFFIMLAF

EH B REA ST, 27z
Holling- II #1545 FEHEAT R B B DI RETFAN
[ Holling (1959 ) W\ N BEAS Y2 B s, K
FCF A W B ) 20 i b . AR R
U 50 AR SO RN [) b 2 0 A% Bk 4 BT ) 4 £ T i
S IFF 45 Holling- ITASAY , HLAS S £ 5 4
Bifi % 1 e TR A 285 o 448 Jon T 2 R K, SR 1Y
Wi 2 B e TR 25 85 448 v AR A o 3 5 22 5 S X
bk BB BEwF (355, 2023 ) Al AD KR &
Paratrioza sinica ( AIEF%5E, 2016 ), S EABLHXT
EWNKJEKEF Cinara cedri ( FA5E5E, 2019 ).
.o B Propylea japonica ¥R ¥E Aphis gossypii

(UMEIREE, 2012) FIMAE AR E\ Diaphorina citri

(JAZEREAE, 2020), Bepg i /INEWE Orius similis
XIS MF A, craccivora FVEAEHE] S Frankliniella
occidentalis ( BRZEELAE, 2011) B EIIREN 5T
S5 —3, UL USRI A B B 8K
SR A VR o PO BRSO ] S A B RE )
FF AR = BRI RN 4 340 di>pl >3
W4 i>2 g h>1 g, X5 50 H A
B4 BENT 0 Ff B DI R T 45 R — 20 (AR I 4,
2021 ), (HNSHESWHEREE, U
XAk A A 1A B e b e T e A B, X AT
e S E A AR BRSO AR B /NI
K06 P B 45 7 45 PRV R Uil 12 ) B s I 1) 5% Vil
AR (EMHESE, 2019).

FEZS [ —E AR, A& AR 2
FETET PR, 19 B % B AP P P oA 2 g
T B R (AR AE, 2016,
PRIRAE, 2019 ) AMFFERWT, TR 2 WA
R —E I, DUBEAR T AN ] B SO0 Ak 4 TR 57
() BRI YA AR 1 i Y BEHE ) B % RS I A
TERFCRIAE 1) %% 55 U3 R, DUBE AR BN A A [A]
ST 24 B R A B 8 B 3 I iR . 2= ko
2 (2020 ) FIH Watt BN Hassell BRI 71
— B2IH C. undecimpunctata i EAFCHR T H) T

R 4 BREAF B A7 AE B0 ) 1 B 2 B AR oy T4
Ko PRI, FETF AR )R ORI B 7 i — 20 B
BRI LB, DAIE R & HE DU AR B A A 2 )
R, (HBIA SRR B

HARSAE MR B | ST AR AR
DL Ky 5 4 45 DR 3R 380 2 52 M) SR Y B A 1
R ( Lester and Harmsen, 2002; Schenk and
Bacher, 2002; Rocca et al., 2017 ), HIAZPEAR A
PR PR R 2R, B il T RkRE 24
ASE R AT, PRI okt D0 3 R S L 7 B 1 %o A i 4 X
AR 45 T R 0 RN H [RDRBETIOSUR I R R AT

B0 B R R AN R M R A IR Y R
e R P TR .
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