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From area constraints to functional connectivity: A new framework
for ecological regulation in agricultural landscapes
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Abstract Agricultural intensification has resulted in the loss of non-crop habitats and increasing landscape homogenization,
thereby undermining natural pest control services in agroecosystems. Conventional landscape-based ecological regulation
often relies on habitat area, or proportional thresholds, as planning criteria. Although habitat area remains a fundamental
constraint on biodiversity conservation and land allocation, an area-centered paradigm based on isolated patches and static
space cannot adequately explain variation in pest-control outcomes across landscape contexts, natural-enemy taxa and farming
disturbances. Here, we argue that the key task of farmland landscape design is not only to determine how much habitat is
required, but also to organize limited habitats through functional connectivity so that they can continuously support the
movement of the natural enemies of pests, resource use, population replenishment, and post-disturbance recovery. We develop
a framework centered on functional connectivity and implemented through functional networks to address two linked
challenges under area constraints: Spatial compensation and the dynamic maintenance of natural-enemy populations. Habitat
amount, functional connectivity, resource continuity, temporal complementarity, and disturbance exposure, jointly determine

the level of landscape functional support. We define the dynamic functional threshold as the minimum level of integrated
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landscape functional support required to achieve a predefined ecological-regulation goal under a given ecological and management

context, rather than as a fixed habitat-area proportion. We further emphasize that connectivity is not inherently beneficial at all

levels; landscape design should seek selective and context-dependent connectivity that promotes natural enemy dispersal while

limiting pest spread and pest-reservoir risks. This framework provides a conceptual and quantifiable basis for ecological

regulation, natural pest control, and natural enemy conservation in farmland landscapes with limited land resources.

Key words landscape functional redesign; dynamic functional threshold; non-crop habitats; semi-natural habitat; landscape

connectivity; natural pest control; natural enemy conservation
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This conceptual framework contrasts the area-centered paradigm with the functional connectivity paradigm. The former
assumes that increasing habitat area directly enhances ecological functions, while overlooking spatial isolation, resource
discontinuity, and dynamic ecological processes. The latter emphasizes the organization of nodes, connections, and temporal
resource availability to support natural enemy recruitment, pest suppression, and ecosystem recovery after disturbance.
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YRR Dine b WA T RA WA 48
P PAT I R 55T 126 RURE S - P B RUBE RT3 5 A6
e HZE | T EA B AN R VR Y B = A
T RGNJETURED iR . AR A SR
FEAME; KBGO R ENTF R A RES .
Y AEE . B NRTH [ A, 98 A TR] P2 A
SE R ITZ A A FIRL (Petit et al., 2023 ),
b AR AR S TR SC BRI, I | ) AR
K HABAEVE Y A 53 19 T B RE WS 0 3 U A R 4%
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SO RUBE R 22 T A B 5 P Tl CORSTFRA SR,

2017 )o 5 RUBE SRt 01 [ ) 25 e AR 830 25
5 L A EAA IR RS o SR
YIZREPE | 2 [ AR AEBE AR B8 A B8 () A7 JR) T 78
— B SR R AR E IR R 2GR e
reEfa et (Gagic et al., 2021; Tassoni et al.,
2024 ), AN HA B A SO0 5 A4 Bl
JEHKHSPE ( Garibaldi et al., 2023; Gebhardt ef al.,
2023 ),
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Dong et al., 2025b ) F1=5[8] &l ( Hashemi ef al.,
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SRS 50T, IR FIALE R K
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i 22 [8] AU ( Kleijn et al., 2019; Gagic et al.,
2021; Garibaldi ez al., 2023 ),
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