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Fig. 1 Current map of trapezium artificial reef""”

1. dead water zone, 2. return flow zone, 3. light vortex zone, 4. airflow
acceleration zone, 5. airflow separation point, 6. updraft zone at the top
of the reef, 7. dead water zone, 8. vortex zone, 9. vortex, 10. slow flow

zone in the reef
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Fig.2 Transport and utilization model of biogenic elements in artificial reef area

Adapted from https://www.maff.go.jp/j/pr/aff/2008/spel_04.html.
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Fig.3 Community assembly is influenced by processes operating at a wide range of spatiotemporal scales
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Fig. 4 Trophic flows between kelp culture and fishery organisms in artificial reef ecosystem
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Ecosystem stability of marine ranching and its response to disturbance:
research status, issues, and suggestions

ZHANG Xiumei "', JIQiyan®, HU Chengye', XU Huanzhi?
WANG Yihang', YANG Xiaolong', GUO Haoyu'

(1. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China;
2. Marine Science and Technology College, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Marine ranching is a fishing model based on the principle of ecosystem. It constructs or repairs habitats
for marine organisms to reproduce, grow, feed or keep safe in specific sea areas through constructing artificial
reefs and stock enhancement, proliferates and maintains fishery resources, improves the marine ecological environ-
ment, and achieves sustainable utilization of fishery resources. In recent years, while the marine ranching is devel-
oping rapidly, it is also facing many challenges, which greatly restricts its healthy development. In the process of
constructing marine ranching, construction of habitat like artificial reefs, as well as stock enhancement, has played
important roles in resource conservation and aquatic product output. They are also considered key to improve the
marine ecological environment and achieve sustainable utilization of biological resources. However, the place-
ment of artificial reefs and stock enhancement in marine ranching can bring a series of physical, chemical, and bio-
logical disturbances to the ecosystem. The effects and manifestations of these artificial disturbances are diverse,
and will they become the expected gain interference? Will inappropriate habitat construction or excessive stock
enhancement reduce ecological carrying capacity, cause habitat degradation, and alter the composition of com-
munities and carbon cycling patterns? The current basic theories on habitat construction and stock enhancement are
weak, and the stability and anti-interference ability of ecosystems are unclear. Especially, little is known about the
structure and functional implementation process of small-scale marine ranching ecosystems, as well as their ecolo-
gical carrying capacity. Therefore, it is urgent to carry out theoretical verification and quantitative research on the
environmental effects of artificial reefs and other habitats, as well as the resource replenishment effects of stock
enhancement, in order to fully understand the duality of these artificial disturbances. This article digs into over 90
relevant papers and briefly reviews the domestic and international advances on the effects of constructing artificial
reef habitats in aspects of hydrodynamic characteristics, migration of biogenic elements, mechanism of com-
munity assembly, and ecosystem stability assessment. Emphasis was placed on the complexity and dynamics of the
small-scale marine ranching ecosystem structure, with focus on how the layout of artificial reefs affects the evolu-
tion of the hydrodynamic environment, sediment, and biogenic elements in the ranching areas, as well as the mech-
anisms of species coexistence under artificial disturbances such as stock enhancement. Focusing on key issues such
as the stability and anti-interference ability of marine ranching ecosystems, this article explores the shortcomings
and development directions of current researches from four aspects: hydrodynamic driving conditions, biogenic
elements characterization, community assembly, and ecosystem health assessment. This provides a reference basis
for the construction of artificial reefs, seaweed beds, and other ecological habitats in marine ranching, as well as

the optimization of resource restoration models.

Key words: marine ranching; community assembly; stock enhancement; environmental effect; ecological carrying
capacity
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