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Abstract: To systematically investigate the differences in predation capacity and control efficiency of
predatory ladybirds against aphids under different conditions, laboratory experiments were conducted to
evaluate predation at different aphid densities, environmental temperatures, and predator density gradi-
ents. The data were fitted with Holling’ s disc equation and models of interference and competition. The
results showed that the functional responses of Harmonia axyridis to Aphis gossypii, Aphis glycines,
Aphis sophoricola, and Chaitophorus populeti all conformed to Holling type II functional response.

Among the tested aphid species, H. axyridis exhibited the strongest predation capacity and control effi-
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ciency against C. populeti, with a theoretical maximum daily predation of 500.00 individuals, whereas
its control efficiency against 4. sophoricola was the weakest, with a theoretical maximum daily preda-
tion of only 90.91 individuals. The predation capacity of H. axyridis against A. glycines increased with
temperature within the range of 21-33 °C and reached a maximum at 33 °C, after which it declined at
higher temperatures. Moreover, the fourth-instar larvae of H. axyridis exhibited higher control effi-
ciency against A. glycines than adult females. Increasing predator density intensified intraspecific com-
petition in H. axyridis populations; although total predation increased, the mean predation per individual
decreased significantly with increasing predator density, indicating that predation efficiency was con-
strained by density-dependent interference. Compared with H. axyridis, Adonia variegata showed stron-
ger predation capacity against A. sophoricola. With increasing aphid density, the searching efficiency of
both species declined. These results indicate that predatory ladybirds have strong predation potential
against aphids, and their functional responses and predation efficiencies are influenced by aphid species,
temperature, and the intensity of intraspecific competition, with notable differences among ladybird spe-
cies.

Key words: ladybirds; aphids; functional response; environmental factors; intraspecific competition
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Table 1 Functional response parameters for different predator-aphid combinations

ik Wi RRALSRAE T IHRER 1Y
PR . Maximum likelihood estimation Type of functional
Ladybird Aphid » P response
1
S (0 T HRUHE A WiiF Aphis gossypii -0.227+0.060 <0.001 Holling type II
Female adults of KTLIF Aphis craccivora -0.224+0.075 0.003 Holling type 11
Harmonia axyridis H#%E%F Chaitophorus populeti -0.127+0.102 0.021 Holling type II
WREF Aphis sophoricola -0.156+0.044 <0.001 Holling type II
SO 44540 & KIGWF Aphis craccivora -0.066+0.055 0.023 Holling type I
4th-instar larvae of H. axyridis
T b [pnis sophoricola —0.196+0. <0. olling type
2 5 T R 7 BLEF Aphis sophoricol 0.196+0.046 0.001 Holli I

Female adults of Adonia variegata

Zr p (B M FHEEPRUEDR . Data of p, are mean+SE.
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Fig. 1 Functional response curves of different ladybirds to four aphid species

P i A 28 An iR . Data are mean+SE.
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Table 2 Functional response parameters of Harmonia axyridis (female adults, 4th-instar larvae)

and Adonia variegata (female adults) to four aphid specie

o P H ok
: Ttk \r 22 AN
ke RO emmc wenalk mmo o W
S HoF ~ 7~ Correla- Instanta- Fisf ] =8 Theoretical
: . Mean daily ~ Functional . Ve . Predation .
Ladybird Aphid eV COn- response tion coef- neous  Handling capacity | maximum
prey ¢ P ficient attack rate  time/d pacity daily con-
sumption model .
sumption
S SRR AR 5500+ N,=1.307N,/ 0990 4.612 1307+  0.009+ 150.21 114.94
Female adult of  Aphis gossypii 835b  (140.011N,) 0.037 a 0.001 b
Harmqnia KEWF 5733+ N,=1.279N/ 0.983 7.112 1.279+ 0.008+ 166.14 129.87
axyridis Aphis craccivora 8.55b  (140.010N,) 0.051 a 0.001 b
S 7EELY) 7573+  N,=1.067N/ 0.995 9.094 1.067+ 0.002+  533.35 500.00
Chaitophorus 14.63a (140.002N,) 0.023b  0.000 ¢
populeti
T if 48.73+ N,=1.308N/ 0970 6.507 1.308+ 0.011+ 118.86 90.91
Aphis sophoricola  727¢  (140.014N,) 0.064 a 0.001 a
LR LR NISE ] 68.80+ N,=1.042N,/ 0989 8303  1.042=  0.003x 34720  333.33

4th-instar larva  Aphis craccivora 12.03a  (1+0.003N,)
of Harmonia

axyridis

Z SRR AT 56.67+ N,=1.164N,/
Female adult of  Aphis sophoricola ~ 9.98b  (140.009N,)
Adonia variegata

0.087b  0.001b

0.953  7.473 1.164+ 0.008+ 155.25 133.33
0.039 a 0.001 b

NN, 53 AR B 00 B S RIS Ok AR a8 B . R P R PR o[RS IR/ NG FBERoR
25 LSD 15K 36 22 57 ik 3 (P<0.05) o N, and N, indicate the number of Spodoptera exigua individuals consumed and the initial prey

density, respectively. Data in the table are mean+SE. Different lowercase letters within the same column indicate significant differ-

ences based on the LSD test (P<0.05).
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vBRYF A. sophoricola  » RGEAF 4% 1 4th instar larvae H. axyridis female adult

A Chaitophoruspopuleti B EZ L
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A S (I M A HOXT 4 Fftof ) SRRV 5 B+ S 6 SR M 1 R 4 0% A0y B R S5 1 AR BE00E 5 C - e € B M B ORI 22 5 0
SR R R MR 1 SR . A Searching efficiency of female adults of Harmonia axyridis on four aphid species; B: searching
efficiency of female adults and 4th-instar larvae of Harmonia axyridis on Aphis craccivora; C: searching efficiency of female adults

of Harmonia axyridis and Adonia variegata on Aphis sophoricola.
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Fig. 2 Searching efficiency of two ladybird species on four aphid species under different prey densities
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Fig. 3 Differences in prey consumption of female adults
of Harmonia axyridis on Aphis glycines under
different temperatures
P A~ B RR . AN R)/ING TR R AN R
£ AbFHA] 25 LSD A K 5622 57 1.3 (P<0.05) . Data are meant
SE. Different lowercase letters indicate significant differences

among temperature treatments based on the LSD test (P<0.05).
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i 25 S € S P B o R R R 28 1 1 , L A
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S e SR R I AR B R A N T S e A Y
FAER , 4=136.570P°7 (R*=0.992, P<0.05) , Tl 1 3%
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Table 3 Effects of intraspecific competition on the predation function of female adults of Harmonia axyridis

iR/ G/ E R/ (S BEE H¥d
Number of predators/ Number of prey/ Total amount of prey Average amount of prey
(individuals/bottle) (individuals/bottle) consumed consumed

1 200 133.00+5.51 ¢ 133.00+£5.51 a

2 200 169.00+4.16 b 84.50+2.08 b

3 200 173.00£3.79 b 57.67+1.26 ¢

4 200 198.67+0.33 a 49.67+0.08 ¢

5 200 191.33+1.45a 38.27+0.29 d

B A ARHE DR o R B AS [R) /NG 2R R 7R AN TR 9% 3 b B ] 28 LSD yA K 0 7% 57 12 35 (P<0.05) . Data are means

SE. Different lowercase letters within the same column indicate significant differences among different density treatments based on

the LSD test (P<0.05).
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Fig. 4 Effects of intraspecific competition on prey consumption

of female adults of Harmonia axyridis
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SO RO 1A B R NS H S R
H - 240 £ et 0 /oy 10k A 3 Aol s B, X 3R
WY S 0 SIS 1 B I A 2 R e A o, 1T X A
B4 VR REAH XA . 3X AT BEER 147 B 7 4 Rt
H R BRI TR PR 2 DU R R XA
MR G G s I AT BEERE 1) B B AR SR A G, AR
i 5E TP LI AT BRI A LU 4% T 05 A R B AL
il T REARR T B A B0 . ANl s A2t m]
REEA AR A7 57 S B A S, DT 4B
I AT, X 7E 57 6 B0 HUX 5% 46 45 WF Lipaphis
erysimi R4 W Rhopalosiphum padi F1 [4%E 57
B T R IR A AR, RS 66 SR A7 B Y
B v A, HE H e KAl B 2 i (IR A 5%

2006; XIS, 2023)

AE T 2 FL R U A PR 2 B AR U g et 4
SRR A ariE shad B b, MR AR R AR
AR IAR N RN SRS LT B A AR
b, 6 TR AR R R T, AT AR U R
SUE IR B LA 2R 5 I A Akt AP A6 T 51 (Papado-
giorgou & Papadopoulos,2025) . Dolezal et al.(2019)
W5 &P, B8 L Helicoverpa armigera 7EAY 1 Hij 18
ST EE A TR AR R e AV SR T DA S RS
Wt 5P E T . TEAMSE T, AR 415
4y O R A 1Y) H A T e TME R, 1]
4185 R R AU R B SRR — D EE B,
IZI I 2 R RIS S R TR AL AT A RE T L TR
MU R AR YA Je W AR AP Y e i SO
TR, AERS AR RMUR 7 (SR SCRKAE, 2014) 0 I
41, Seko & Miura(2008) LA K Wiy 23 °F-45 (2018 ) 38 #of
5% 5566, B0 R X RF Myzus persicae . H W 5 Brevi-
coryne brassicae Wl & UIRE & B, 7F 5+ AL B HL A5
A4 e H e R R, X B
B T IR R BT

TE)fe S A AL rh | I A Aot 38 R Ak 3 s i)
VA VR 0 G240, b /T, BETE 4 1) S e
R EAE A B[] NS 0 R AR BRI LU (R
F I RT3 HURPRE 45 T e T B, B v
5 (M5 23745, 2018) o AAFFE Y, 5 A B 4 144))
HUR /T, T MR, 3R g O R G BAT B 5
HFIAE i B8 7, REAEAH [ (] N & BRI TH AR 2
I L AT A e ) R R R R SR
S5(2023) AR A5 A — 3, S5 6B 4 0% 40 e fk
K, HIZZhRe SR AU, e A6 h B AT
e AR T2 3R A (2022) R 45 R o
S €00 SO0 R, G 58 52 8 Acyrthosiphon pisum B3R
BRE T AN I RE 7 B W T4 L X S AR Y 4
A3, ¥ LR A AT RE R A RIS IR G, A
[ RS AR EAEAR Y B AEA 7o 55 7 T A AR 25 5, 7T
BB BRI HUAS ] HUS N X SR mg Al 2Rk pe i 22
S, A AT RE A 7] R R Y5 1 R A B b A T Ak
TR RI R BT R R OOl EUIAE, 2020) .

PRBETRL B SR ) [ H AR B S AT B T o i
AR T o AW A IR S L 0 T, S
TR R M ()4 i 2 A N S AR R B BV
T FIR EE O R N A R B IR T TR, E R
FE R — B R RN TR, X5 Eiga
S5 (2013) W53 A& B-L B SBIERT R o2 07 r) A 2 o B U
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FERAE AR A — B, AR IE UESE , 7618 B AR
DX TE] P L2 ) 1 TH AT DA R OB AR AR i R 2
F A S i B SRR AR oK, S R il Ak he
PR I Ao I A (R s b A T RE T | &
AR, THEIE W A K & T ARS8,
T A fE 7 (Xia et al.,2003) . AL, 7E52FR
Iop A AR H A T R & A A R S SR
1, PRI B TR PR RS I, DA = A B
TARR

AW R BN, A e 2 E A
EPFPRE R 0 E e ) — s AR T Bl S5
o LU R R B, X R R W 1 - S0 £ i
TR, A SR A AR B A B 0 e P B A AT
BN o X — &5 R 5 TR B (2022) (20 = 4
(2019) FIEAHEHZ(2019) WBFIE 4518 —3. ARFSE
TEFh P 52 G B AL RS R AR B R INSE S S 80N
0.763 , 2 W] S5 (o I ORI e PN A7 B4 1) 3 R AL
N o EHEELAE(2022) % 805 (00 HUME B A A Fl P 5
P HR 0.598, 4 4l U P 9 55 - S50k 0.448;
T 5 (2015) e 022 57 S0 R ol L P o ) 5 5
ZHR50.962, AHILZ R AHFSE i S5t S0 A Ak
HAER B R IR, 9 5 4 il B8R A 1) 55 5%
I A Sk, Ko T4 5 () R i S i 2 S F kit
B PRI B R TS 5O PN S S AURE , DI SIS 3 A K1)

T A D e S R A AR R B A R
BRI E 2y =, WO R B m s S H (A
T HAEYIB I E AR . BT ETRE IRz R
T IRBE AT A L R B A5 W) ¢ R AR — (R
)58 4 55 ) 233 [R] /R B0 5 1A 4 S5 45, (A =
PN B DI RE S A5 21 A 45 S 55 H (] BB 4 7 L)
FERFEPEAAE—E 25 . M EBURESLEGE N
XAk B RS H 5 A B A 58.5 3k (VF R4,
2025) , 1 FH 1] 356 Hh & 30 57 € S R S5 ki 25 3 He A
12575 B BV AT A oo o 8 AN P 098 4 (AR ok 80 45
2023) . AWFFRIBIAEE N T ST, Las [ 45 H
— , Tk 58 AL H [B) 52 2% (R I e 454 = 425 [ Al
TR 2 A, T 399 9 T R L R B8 i %) R 5 o e
KA A2 a0 A FH RIS, W K 3
TR SIS, AT BT ROC R |, DA XA
TPIRAE KA A , T B A eSS 3 S B e 2 57
W X HR R AR B G o AN, AT s S AE
U | B i A Rt X R BT R AR RO,
PG H e A& 84371 250.00,63.69 F11200.00 3k

(I, 2021 BET5 0 45, 20211 5RIGIESE,2023)
{H IR ST 24 th R B — RO PSR R 5 T X
ok s A DI RR ST, JCUE A TG B AR ) X L, 1T
AHIR] S5 T AN [ RO [ Ay g B A g 2 ST
5%, LA KR R 58 4 il s Re s i B b . R
KD LA 5 FEAE S 4k A h Z R0 KA 1Y
5 e S AL FE , A4S 2 22 A BB A
{64 [Jj & 22 (Rosenheim et al., 1995; Snyder & Ives,
2003) , IR T RECFE T AR B g N FH M (A
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