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Abstract [Aim] This study aimed to evaluate the effect of vertical stratification, seasonal variations, and temporal
dynamics on predation pressure exerted by natural enemies in a tea plantation, and to elucidate the real-time dynamics and
regulatory mechanisms of biological control functions within the tea agro-ecosystem. [Methods] From January 2021 to June
2022, artificial prey were systematically employed to monitor predation events by natural enemies across three vertical
stratification (canopy, midstory, and ground) in a tea plantation. Spatial, seasonal, and temporal patterns of predation pressure
were analyzed. [Results] A total of 40 608 artificial prey were deployed, among which 2 362 valid predation events were

recorded. Arthropods, birds, and mammals accounted for 96.02%, 2.92%, and 1.06% of all predation events, respectively.
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Regarding vertical stratification, both total predation rate and arthropod predation rate were significantly higher on the ground

level than in the tea canopy (P < 0.001) and midstory (P < 0.001). Predation rate in the tea canopy was also significantly

higher than in the midstory (P < 0.001). Birds exhibited the highest predation rate in the tea canopy. Seasonal dynamics

showed that total and arthropod predation rates were significantly higher in summer and autumn than in spring (P < 0.05) and

winter (P < 0.01), with arthropod predation rate was higher in autumn than in summer. Bird predation rate was most active in

winter than in other seasons. Temporally, total and arthropod predation rates increased initially and then declined between

January 2021 and February 2022, peaking in September 2021 and dropping to the lowest level in February 2022, followed by a

slight recovery in May 2022. Throughout the period from January 2021 to January 2022, predation rates on the ground

remained consistently and significantly higher than those in the canopy (P < 0.001) and midstory (P < 0.001). [Conclusion]

Predation pressure by natural enemies in a tea plantation displays pronounced spatiotemporal heterogeneity, driven mainly by

vertical stratification, season, and time. These findings provide a theoretical foundation for refining conservation biological

control strategies and promoting ecologically oriented management practices in tea plantations.

Key words artificial prey; biological control; vertical heterogeneity; seasonal dynamics; attack rate; ecosystem service
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Fig.2 Schematic diagram of artificial prey placement

B3 #HuksEh (A) B2 (B) MMWEEY (C) WEFHATEMKIREHE

Fig.3 Characteristic feeding marks on artificial prey attacked by arthropods (A), birds (B), and mammals (C)
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Table 1 Number of artificial prey attacked by predators in a tea plantation

fifp A o e FLITR/ T/ E] CE S YR
Explanatory Vertical stratification/ Number of

N TR M E R (%) ]
Number of preys attacked by [Predation rate (%)]

variable Season/Date preys exposed B Y 5% HFL S
Total predators Arthropods Birds Mammals

A jit)Z Canopy 13536 350 (2.59) 307 (2.27) 41 (031) 2(0.02)

Vertical 712 Midstory 13 536 114 (0.84) 92 (0.68) 18 (0.13) 4 (0.03)

stratification H7 Ground 13 536 1899 (14.03) 1869 (13.81)  9(0.07) 21 (0.16)

=y %7 Spring 7452 419 (5.62) 398 (5.34) 12 (0.16) 9 (0.12)

Season EZ Summer 6372 728 (11.42) 718 (11.27) 6 (0.09) 4 (0.06)
7 Autumn 4 860 610 (12.55) 609 (12.53) 0(0.00) 1(0.02)
A7 Winter 6 804 163 (2.40) 146 (2.15) 13 (0.19) 4 (0.06)

mfE (4E.H ) 2021.01 2160 56 (2.59) 47 (2.18) 8 (0.37) 1(0.05)

Date (year.month) 2021.02 2376 65 (2.73) 58 (2.44) 4(0.17) 3(0.13)
2021.03 3132 157 (5.01) 149 (4.76 ) 4(0.13) 4(0.13)
2021.04 2 808 151 (5.38) 141 (5.02) 6 (021) 4(0.14)
2021.05 1512 111 (7.34) 108 (7.14) 2(0.13) 1(0.07)
2021.06 2052 189 (9.21) 182 (8.87) 5(024) 2(0.10)
2021.07 1 944 192 (9.87) 189 (9.72) 1(0.05) 2(0.10)
2021.08 2376 347 (14.60) 347 (14.60) 0 (0.00) 0 (0.00)
2021.09 1 080 172 (15.92) 172 (15.93) 0 (0.00) 0 (0.00)
2021.10 1944 249 (12.81) 249 (12.81) 0(0.00) 0 (0.00)
2021.11 1836 189 (10.29) 188 (1024) 0(0.00) 1(0.05)
2021.12 1728 77 (4.46) 72 (4.17) 5(029) 0(0.00)
2022.01 3 348 80 (2.39) 68 (2.03) 8(024) 4(0.11)
2022.02 1836 11 (0.60) 11 (0.60) 0(0.00) 0(0.00)
2022.03 2052 30 (1.46) 25 (1.22) 4(0.19) 1(0.05)
2022.04 2 808 84 (2.99) 69 (246) 13 (0.46) 2 (0.07)
2022.05 3348 155 (4.62) 150 (4.48) 5(0.15) 0 (0.00)
2022.06 2268 48 (2.12) 43 (1.90) 4(0.18) 1(0.04)
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Fig. 4 Proportion of predation events attributed by
different predator groups
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Fig. 8 Temporal dynamics of predation rates for total predators (A), arthropods (B), birds (C),
and mammals (D) from January 2021 to June 2022
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AL XS 5528 5 L Bh W B 0% 2 R0 A A TS
M ( Ferrante ef al., 2014; Hansen et al., 2024 ),

g b, AR AL it — Rk
H—, NTAEY B] F THE R 0AG, Ha
TF e 5 BT Heials, DL THE5 SR T {5
B 553G %M ( Zvereva and Kozlov, 2023 ), 45
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=, AR R O Z R, A HE
ARG B e JEE 55 oA S L AR (AR O B % P
MW AT BY T 5 ok e B A AR 4 ) g
( Imboma et al., 2020b ), AHF5E A& BL/DECN T
Yy EAFAE Z PR, HLIRZEMOR BT A A2
W, SR LRSS A LML ( Akcali er al,
2019 ) B eDNA A (RoBler er al., 2020 ) SL3
BRI & A K0 5 oA 2=, T
[F) 2571 5 F ) A R M D 2 2R, ] b= LR 2R
Pl A 4 CanBRss | W | iz | B3 SR )
o fie AL, e B bl B B ) A AL S R ik
Tk
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