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Hi (Marine Ecosystem-Based Management, MEBM) i}
Bl 34 (Borja et al, 2013; Brondizio et al, 2019)., &
T, AT VPGS A T AR FE b A O <Al
S, XE AR R AR TR I S5 R B 0 S Th gk ok,
T R T A 2 AR G0 I I I S 8 RUBE 5 (Borja,
2014; 5RANGE, 2021), X — Al ibkbrin A= R AL 1Y)
P, 1R TAEGE TR AT R BR

R X Pk AR, B B a2 B & R DL AE P A G
AOPPAL A 2, dn o) i IR 55 A0 1) 13 £ i 46 25 (O cean
Health Index, OHI)(Halpern et al, 2012, 2014), &
TV o0 Bk 19 28 W) 58 Pk 48 %X (Index of Biological
Integrity, IBI)(Karr, 1981, 1991) Jz &1 % 45 5 J& F1 B JiE
A= Wy 48 B (AN AZTI I V£ A 46 0, AZT1’ s Marine

Biotic Index, AMBI)(Diaz et al, 2004), $&1i, iX £
TEAE N A AT T I PR . OHIT X6 AR A A A (R R 2 e ke
A& (Weisberg et al, 1997; Levin et al, 2015); IBI X} JJj
SR i R R M0 % RS T BN AR v B
AMBI S5 065 R Hs 73R B — o — RSP 1Y S
TIETET: REAER RS 2 B3 MEA, 5
PRIRARR . RS E RERT . ARSI S A R
& i E K 5K 1 (Yocecoz et al, 2001; Lindenmayer et al,
2010; Borja et al, 2016).
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Fig.1 Framework for generating objective-oriented dynamic assessments
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Fig.2 Matrix of collaborative sensing technologies
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Tab.2 Core indicator framework for assessing overall regional ecosystem health
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Tab.4 Core indicator framework for early warning of coastal jellyfish bloom events
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Tab.5 Comparison of the core components across three target-driven assessment scenarios
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A TARGET-DRIVEN FRAMEWORK FOR ASSESSING MARINE
ECOSYSTEM HEALTH

SUN Song"%? ZANG Wen-Xiao', SUN Xiao-Xia"*? ~ZHANG Fang"®>, SUN Yan'®, SHA Zhong-Li**
(1. Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Laboratory of Marine Organism Taxonomy and
Phylogeny, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract The global ocean is currently facing a severe challenge of “cryptic ecosystem degradation”, characterized by
subtle but progressive declines in ecosystem integrity. Conventional water quality monitoring often indicates regulatory
“compliance”, while underlying processes such as food web disruption, loss of keystone species, and functional
degradation of ecosystems continue largely undetected. This management paradox arises from traditional assessment
paradigms that emphasize physicochemical conditions while overlooking biological structure and ecosystem functionality.
This study proposes a target-driven framework for marine ecosystem health assessment, aiming to facilitate a paradigm
shift in environmental management from “comprehensive census” approaches to “precision-based diagnostic” strategies.
Departing from fixed indicator frameworks, the proposed system introduces a “three-level funnel” generation logic: (i)
identification of core ecological issues based on specific management objectives, (ii) selection of key biological
components and associated indicators, and (iii) design of an optimal spatiotemporal observation strategy. Guided by the
principles of usability, effectiveness and adequacy, the framework is supported by an integrated “space-air-sea-
intelligence” technological network and enables the transformation of observational data into actionable decision-making
knowledge through an intelligent diagnostic engine. Case studies demonstrate that the framework can dynamically
generate customized assessment schemes tailored to diverse management objectives, including “overall health
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assessment, aquaculture carrying capacity evaluation”, and “disaster early warning”. Among these, the classical triad-
based Index of Biotic Integrity (Z/F/B-IBI), encompassing “zooplankton-fish-benthos” represents the optimal scheme
generated by the framework for achieving “regional-scale ecosystem health assessment”. Overall, the proposed system
aims to maximize management efficiency while minimizing observational costs, thereby providing a dynamically
adaptable, “precision medicine-like” solution for ecosystem-based marine management.

Key words marine ecosystem health; target-driven assessment; dynamic evaluation; optimal observation design;

Index of Biotic Integrity; functional groups



