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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

AR (C)

. = Guii-niapsa
LA 48 fir e 58
BRoE s ,%/1?& R (m) ke Average AEREF A (mm ) )
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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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 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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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
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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.

Yo | AbBES] . H KM E B A ae )0
12 1.041 7. 0.006 5d. 153.85 3LFl 160.26, kb
PRI A H S A 12 B0 = T 4 W84 L, BRI
T RHHERE T 4 B4,

233 MARIMAHMIHRBMA VORI 1-4

U dy HRORIT o O A% Bk 4 BRI 1) - 4R 800 X B
YyEs FERG I REATR, A Ry, DU SRR
FHAEW TR D AR T, Y
BEB AL 4 10 4y i) RN e 7, LAY 4R
RRZ., 14 FARAN AR (B 7),
234 HEZETHXMMUHEIIRBERERN
FM 2 Watt BOEMLLA AT [ B % 56T DU BEAE
SR AR A AT 1) T G B AR 7R T R S AH
KBEL, MR 4 AIAL, TERPE 4 B 25 B Fi 5l
A —E AR, DUBERREIA 1, 2. 3 F1 4 i
gy L K e R BB TR B
0.7332., 0.6704. 0.666 3. 0.666 0 F10.596 1, i
A 0 R R SO R A ] e 254 B Ak 4 R 0 1 AP A
H B B TR RN, L B 5 B i aT 5 AR
() P T PRGN 3 5, AT T O R AZ A 4 B A 11
SR AR

235 MRFHMMUEETHBRIEANI N
2% Hassell #1575 21 DU AR S0 Al 22 ik 2
BEUSE ()l Y TP S R TR 5 AR B AR S B,
25 AT, 7E DUBERLE ORI 4 SR AE 2 1 4 L
BRI FZMET, PUBEREH 1, 2. 3 F1 4 184 H



6 14

HARSE: BB 1 S 5 D B S S SRR B L il A

- 1307 -

LM G A AR B RN TR B AR TSN, AR R A H T G A R

0.427 9. 0.337 3, 0.509 8. 0.432 8 1 0.396 3,

AR B ORI M5, DT 20 3R AR

DO DU BERR TR R [ S Sk e e e AP R R AR
A 401 B s50- C _
A40 15445 148 1st instar larva ASO 20445 1 2nd instar larva AlOO 34 dt 3rd instar larva
g g g
E3ot 407 E 75t
o~ o~ A~
mquo- e | lMQSO-
& 5 @ §20 8
B0 g B2 s
o g 101 g
~ ~ -9
0 | | | | | | 1 1 1 1 1 1 0 1 1 1 1 1 1
10 20 30 40 50 60 20 40 60 80 100 12 30 60 90 120 150 180
YR (SR/I) S (SR/I) FEYEE K/
Prey density (ind./vessel) Prey density (ind./vessel) Prey density (ind./vessel)
D _ E _
1251 4pa it 4th instar larva 1251 psiy Adult
E 100 - E 100
7 -E 5 7 —g 51
S 50l IS sl
ag > ag >
®3 5l =3 sl
& &
0 50 100 150 200 250 30 0 50 100 150 200 250 300
FEYERE (SK/IL) EYERE (SK/IL)
Prey density (ind./vessel) Prey density (ind./vessel)
E6 AEHRSHMERIHTZREHFHHRSHE
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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Z, MR, Ul DUBERRBCR AR AREAR  DERON ATt AT SERIAE IR, 5 I DU BERR B A

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 E R AN R M R A IR Y R
e R P TR .

S0k (References)

Akkoprii EP, Atlihan R, Okut H, Chi H, 2015. Demographic
assessment of plant cultivar resistance to insect pests: A case
study of the dusky-veined walnut aphid (Hemiptera: Callaphididae)
on five walnut cultivars. Journal of Economic Entomology,
108(2): 378-387.

Andersen JC, Mills NJ, 2018. Comparative genetics of invasive
populations of walnut aphid, Chromaphis juglandicola, and its
introduced parasitoid, Trioxys pallidus, in California. Ecology
and Evolution, 8(1): 801-811.

Agaverdi NI, Ingilab NG, 2018. Some bioecological peculiarities of
Panaphis juglandis (Goeze, 1778) and Chromaphis juglandicola
(Kaltenbach, 1843) (Hemiptera, Aphididae) the pests of persian
walnut (Juglans regia L.) in Azerbaijan. Journal of Entomology
and Zoology Studies, 6(2): 800—-803.

Atlihan R, Kaydan MB, Yarimbatman A, Okut H, 2010. Functional
response of the coccinellid predator Adalia fasciatopunctata
revelierei to walnut aphid (Callaphis juglandis). Phytoparasitica,
38(1): 23-29.

Bhagat KC, Koul VK, Masoodi MA, 1994. Biology and predatory
potential of Chrysoperla carnea (Stephens) on Callaphis
Jjuglandis Kaltenbach. Journal of Biological Control, 8(2):
124-125.

Chen C, Tang ZH, Qu JT, Jing HF, 2003. Natural resources and
application of natural enemy insects in apple orchard in Shaanxi.
Journal of Shaanxi Normal University (Natural Science Edition),
31(S2): 36-40. [BR)I, FEIEWE, JHZE%, J0 8, 2003, B
SR Pl B4 KRS B BT R . B S 2 24 (A SR
), 31(S2): 36-40.]



+ 1310 -

R HEE 2R Chinese Journal of Applied Entomology 61 %

Ding YQ, 1994. Insect Mathematical Ecology. Beijing: Science
Press. 257-258, 303-304. [ T 44K, 1994. B HHaAs%. db
5 Bl . 257258, 303-304.]

Dixon AFG, 1976. Reproductive strategies of the alate morphs of the
bird cherry-oat aphid Rhopalosiphum padi. Journal of Animal
Ecology, 45(3): 817-830.

Goeze JAE, 1778. Entomologische Beytrage Zu Des Ritter Linne
Zwolften Ausgabe Des Natursystems. II. Leipzig: Weidmanns
Erben und Reich. 352.

Hassell MP, Verley GC, 1969. New inductive population model for
insect parasite and its bearing on biological control. Nature,
223(1): 1113-1117.

Holling CS, 1959. Some characteristics of simple types of predation
and parasitism. The Canadian Entomologist, 91(7): 385-398.

Huang ZD, Zhou XM, Pu ZX, Hu XR, Du DC, Chen GQ, Zhang HY,
2019. Effect of spatial scale and prey density on predation of the
adult Asian citrus psyllid Diaphorina citri Kuwayama (Hemiptera:
Liviidae) by adult Harmonia axyridis (Pallas) (Coleoptera:
Coccinellidae). Chinese Journal of Applied Entomology, 56(1):
85-90. [BLYRAR, FMw, WhTE, WIFER, A, BREIK,
TKRZTE, 2019, 23 [AFURS 49 8 B o S €2 530 e SCE A A7 A LY
e, TR AR, 56(1): 85-90.]

Karczmarz K, 2012. Dynamics of population and bionomics of
Panaphis juglandis (Goeze, 1778) (Homoptera, Phyllaphididae)
on common walnut (Juglans regia L.) in Lublin’s parks and
gardens. Acta Scientiarum Polonorum-Hortorum Cultus, 11(2):
53-70.

Lester PJ, Harmsen R, 2002. Functional and numerical responses do

not always indicate the most effective predator for biological

control: An analysis of two predators in a two-prey system.

Journal of Applied Ecology, 39(3): 455-468.

Q, Chen YQ, Zhou XY, Kang HY, Chen YL, Wu J, Guo WJ, 2008.

Diversity of predatory insect in Yuanmou arid-hot valley, Yunnan.

Scientia Silvae Sinicae, 44(10): 82-87. [ZET5, BRI, JAX44R,

BRI, PREM, RB, FI0E, 2008. = FICHETHITAHH

BER R, MolBHE, 44(10): 82-87.]

Li QR, Qi QM, Lai YP, 2020. Study on predation of Coccinella
undecimpunctata Linnaeus on Aphis gossypii Glover. Journal of
Environmental Entomology, 42(6): 1472—-1481. [Z#ka€, R4
g, RAM, 2020. +— 2B HIACAREF IR AF T
FREE R AR, 42(6): 1472-1481.]

Li SG, Fu BL, Qiu HY, Yang SY, Ma XT, Zhou SH, Tang LD, Zhang
FP, Liu K, 2020. The predation of Menochilus sexmaculata

Li

(Coleoptera: Coccinellidae) to Thrips hawaiiensis (Thysanoptera:
Thripoidae) in the laboratory. Chinese Journal of Applied
Entomology, 57(5): 1173-1180. [ZE#56, 4L, EE, #
O, DY, EIEE, JERE, KT, X4, 2020. AHE
SN T B W] o AR 5 YRR AR IS, T R A,
57(5): 1173-1180.]

X, Tai JR, Ling HW, Gao GZ, 2021. Field control efficacy of five

insecticides against Chromaphis juglandicola. China Plant

Li

Protection, 41(10): 73-75. [Z52%, fkEnFm, I, =EEE,
2021. 5 A BRI XA B Y )RR B O T,
41(10): 73-75.]

Liu SQ, Wang Q, Gao GZ, 2020. Harmonia axyridis and Coccinella
septempunctata: ~ Predation  comparison to  Chromaphis
Juglandicola. Chinese Agricultural Science Bulletin, 36(17):
118-122. [XEHE, Tk, mk, 2020, 5@ HHCR-E B HTH
XoF % Bk PR BE 0 A BE 0 b . P R A R, 36(17):
118-122.]

Luo J, Cai ZJ, Xie C, 2005. Primary investigations of natural enemy
resources in loquat orchard. Entomological Journal of East
China, 14(4): 358-361. [%{F, #8518, i, 2005. AT F
HORFLGE IR A A, R A4, 14(4): 358-361.]

Magnussen T, Hansen LO, 2014. Panaphis juglandis (Goeze, 1778)
and Chromaphis juglandicola (Kaltenbach, 1843) (Hemiptera,
Aphididae) in Norway-two aphid species associated with
common walnut (Juglans regia L.). Norwegian Journal of
Entomology, 61: 186—189.

Olson WH, 1974. Dusky-veined walnut aphid studies. California
Agriculture, 6: 18—19.

Paulsen CM, Cottrell TE, Ruberson JR, 2013. Distribution of the
black pecan aphid, Melanocallis caryaefoliae, on the upper and
lower surface of pecan foliage. Entomologia Experimentalis et
Applicata, 146(2): 252-260.

Ren SX, Wang XM, Pang H, Peng ZQ, Zeng T, 2009. Colored
Pictorial Handbook of Ladybird Beetles in China. Beijing:
Science Press.182-183. [{RMlif, T %R, PENT, 21EE, Wik,
2009. hEBCRFE GRS, bt BlE At 182-183.]

Rocca M, Rizzo E, Greco N, Sanchez N, 2017. Intra-and
interspecific interactions between aphidophagous ladybirds: The
role of prey in predator coexistence. Entomologia Experimentalis
et Applicata, 162(3): 284-292.

Schenk D, Bacher S, 2002. Functional response of a generalist insect
predator to one of its prey species in the field. Journal of Animal
Ecology, T1: 524-531.

Tai JR, Liu SQ, Gao GZ, 2021. Predatory functional response of
different stages of Harmonia axyridis Pallas on Panaphis
juglandis Goeze. Chinese Journal of Biological Control, 37(6):
1338-1343. [ABERES, XDHL, BFHE, 2021, AR OE
BB R R DI RR N, T EAEYIB AR, 37(6):
1338-1343.]

Wang HT, Zhang WD, Chen XZ, Zheng JF, Miao L, Qin QL, 2012.
Mass rearing the multicolored Asian lady beetle on beet
armyworm larvae. Chinese Journal of Applied Entomology,
49(6): 1726-1731. [FLLFE, sKMAAR, WRpdh, Aoatid, w,
ZIAHE, 2012, S TR MUBLAAE P HOR B SR T Ry dEar.
N FH S HUS4, 49(6): 1726-1731.]

Wang Q, Yang L, Pan YF, Li HQ, Lu YH, 2023. Predation of
ladybeetle Hippodamia variegata on walnut aphid Chromaphis
Jjuglandicola. Chinese Journal of Biological Control, 39(6):
1289-1294. 15, #lk, =K, 45508, B2, 2023. £



6 1] HARSE: BB 1 S 5 D B S S SRR B L il A

« 1311 -

SR A BBE R VR ThEE YIRS, 39(6):
1289-1294.]

Wang QQ, Zhang WG, Tian T, Wang XY, Zhou CG, Yin SY, 2019.
Predation of Cinara cedri by Harmonia axyridis. Journal of
Plant Protection, 46(2): 458-464. [TAHfE, TG, WG, £
Wes, JRRI, FHiHE, 2019, S0 HO S RAK U
BAERL RPN, 46(2): 458—464.]

Wang T, Ma DY, Liu XX, Zhang P, Gao GZ, Lu ZZ, 2020. Analysis
of potential suitable areas of two walnut aphids based on
CLIMEX. Journal of Biosafety, 29(2): 115-122. [T, Hff
o, W, K, mEER, B, 20200 KT CLIMEX fiy
2 Fof Rk o e e SE AR XA AL R ek, 29(2):
115-122.]

Wang T, Zhang P, Ma CY, Yasir AM, Gao GZ, Lu ZZ, Zalucki MP,
2021. Is Orius sauteri Poppius a promising biological control
agent for walnut aphids? An assessment from the laboratory to
field. Insects, 12(1): 25.

Wang XM, Chen XS, Qiu BL, Ren SX, 2014. Methods and
technologies for collecting, surveying and sampling predatory
ladybirds (Coleoptera: Coccinellidae). Chinese Journal of
Applied Entomology, 51(5): 1362-1366. [E 4R, MR, I
KR, AR, 2014, HEMEIUHCRAE ST AR, T
2], 51(5): 1362-1366.]

Wani SA, Ahamad ST, 2014. Laboratory study of parthenogenesis
and fecundity in Panaphis juglandis Geoze (Hemiptera:
Aphididae). Researcher, 6(6): 1-4.

Watt KE, 1959. A mathematical model for the effect of densities of
attacked and attacking species on the number of attacked.
Canadian Entomologist, 91: 129-144.

Wu PX, Ouyang HY, Xu J, Zhang R, He J, Zhang RZ, 2016.
Predation of Paratrioza sinica Yang & Li by adult Hippodamia
variegata (Goeze). Chinese Journal of Applied Entomology,
53(6): 1353-1360. [ARMEFH, BRFHIE K, #R05, %%, 5, &
M5, 2016, 2 5B MU O HIAT AR B &R ], BT R
2241, 53(6): 1353-1360.]

Wu W, Liu DB, Zhang PY, Zhang Z, 2011. Community structure and
diversity of ladybugs in Baihualing of Gaoligong mountain I.
Journal of Anhui Agricultural Sciences, 39(31): 19151-19153.
[, X, skiigk, sKEL, 2011, mARTTILE RIS DI RE
TRLE ) B ZREVERITST 1. e Bl2E, 39(31): 19151-19153.]

Wu YK, Yang X, Fu L, 2018. First record of Panaphis juglandis
(Goetze) on walnut plantation in Guizhou, China. Plant
Quarantine, 32(5): 50-53. [RELH, #EE, 114, 2018. FMH
YR B b 0B e —— Ak 2 5. AR, 32(5):
50-53.]

Xia YY, Li XJ, Zheng G, Guo YIJ, 2014. Predation by Coccinula
quatuordecimpustulata on aphids. Chinese Journal of Applied
Entomology, 51(2): 400-405. [H ==, Z=2F7, E, R,
2014, Xk B F g £ 4 L B s, 510):
400-405.]

Xie XQ, Lu MM, Su HH, Yang YZ, 2012. Effect of cotton aphids
feeding on transgenic cotton varieties on the behavior of
Propylaea japonica. Chinese Journal of Applied Entomology,
49(4): 911-916. [HHMEIK, FiifEe, WA5E5E, JRR1E, Hiamn,
2012, HUEN R SR AR AL A AR X SCRE ) R SN 520
MR B, 49(4): 911-916.]

Xing HC, Lu ZZ, Zhao L, Zhang X, Gao GZ, Luo ZH, 2018.
Potential risks of dusky-veined walnut aphid, Panaphis juglandis
(Goeze) (Hemiptera: Aphididae) in China. Journal of Environmental
Entomology, 40(4): 769-774. [JRME#E, BME, A, k&,
RS, DI, 2018, BB BT TETE L E KUK BR
BB HAAR, 40(4): 769-774.]

Yu XW, Liu XY, 2001. Review of research methods on spatial
pattern of insect population. Journal Northwest Forestry University,
16(3): 83-87, 90. [THi3L, Xz, 2001. & HFfEs (4% )5
IR TR, PHILAR2=BE=4], 16(3): 83-87, 90.]

Zhang WJ, Ma GL, Gao GZ, 2023. Effects of two walnut aphids on
photosynthetic characteristics of walnut. Forest Research, 37(1):
130-139. [33CAE, S5tde, Witk 2023, PIFZpbsr e
MM A FER . Mol BF2E0F5E, 37(1): 130-139.]

Zheng ZW, Yu GY, 2013. Survey and preys of lady beetles
(Coccinellidae) in citrus groves in Qujiang, Guangdong. Journal
of Environmental Entomology, 35(1): 77-84. M, ELEER,
2013, J 2R I DX A el DX RO B b ] e A ML (i
H: SRR, PREEE IRA#AR, 35(1): 77-84.]

Zhi JR, Zheng SS, Zhang CR, Liu FJ, 2011. The predation of Orius
similis to Frankliniella occidentalis and Aphis craccivora.
Chinese Journal of Applied Entomology, 48(3): 573-578. [E/ %
Bi, FRIIM, sREL, XA, pIr/AIMEREN VL] SRR
WA VR, N R AR, 48(3): 573-578.]

Zhou JH, Li PL, Naiwuzhati ZN, Zheng HN, Huang J, Wang ZH,
2020. Functional response and predation preference of ladybeetle
Propylea japonica to Asian citrus psyllid Diaphorina citri.
Journal of Plant Protection, 47(5): 1062-1070. [JEF#E, 2=
B, TR AR, KRR, B, EATLL, 2020. S
Xof i A A B A B D R S RORS B R k. R R AP 2 4,
47(5): 1062-1070.]

Zhu LX, 2021. Population dynamics and community characteristics
of the main pests and natural enemies on Carya illinoinensis in
Wenshang County. Master dissertation. Tai’an: Shandong
Agricultural University. [#450, 2021. v [ E#7e ARk
BH R R R FA RS SRR RHEDT . BlLA s, %
22 IR ]

Zhu XF, Abudukeyimu K, Xu BQ, Song B, Li H, Yang S, 2015.
Study on the predation functional response of Oenopia
conglobata (Linnaeus) to Chromaphis juglandicola (Kaltenbach).
Xinjiang Agricultural Sciences, 52(9): 1654—-1658. [, Ff
A GEIUAR « RRUR, tRECsR, K1, 2%, %k, 2015, 250
T3 S0 X 4% 10k B B A0F A £ D RE S L AE ST BT R A L B
52(9): 1654-1658.]



