:' frontiers ‘ Frontiers in Marine Science

OPEN ACCESS

EDITED BY
Yidan Xu,
Maastricht University, Netherlands

REVIEWED BY
Wei Yang,

Jimei University, China

Chengxue Li,

Stony Brook University, United States
Yancheng Tao,

Guangxi Academy of Marine Sciences (Guangxi
Mangrove Research Center), China

*CORRESPONDENCE
Fei Xin
xinfei2810@gmail.com

These authors share rst authorship

RECEIVED 15 November 2025
REVISED 16 December 2025
ACCEPTED 29 December 2025
PUBLISHED 19 January 2026

CITATION
Lin Y, Xin F, Zhao X, Huang F, Liao J and
Chen B (2026) How do different baseline
food web structures shape coastal ecosystem
response patterns to climate change in three
bays of Fujian, China?.

Front. Mar. Sci. 12:1746943.

doi: 10.3389/fmars.2025.1746943

COPYRIGHT
= 2026 Lin, Xin, Zhao, Huang, Liao and Chen.
This is an open-access article distributed under
the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Marine Science

TYPE Original Research
PUBLISHED 19 January 2026
DOI 10.3389/fmars.2025.1746943

How do different baseline food
web structures shape coastal
ecosystem response patterns to
climate change in three bays of
Fujian, China?

Yanhong Lin*?*", Fei Xin™", Xin Zhao>“, Faming Huang®,
Jianhua Liao* and Bigin Chen®

tSchool of Computer and Information Engineering, Xiamen University of Technology, Xiamen, China,
2Key Laboratory of Marine Spatial Planning Technology, China Oceanic Development Foundation,
Tianjin, China, 3School of Geographic Sciences, East China Normal University, Shanghai, China,
4Institute for Global Innovation and Development, East China Normal University, Shanghai, China,
5Third Institute of Oceanography, Ministry of Natural Resources, Xiamen, China, ¢Fujian Provincial Key
Laboratory of Coast and Island Management Technology, Xiamen, China

Introduction: Coastal ecosystems are vital blue carbon sinks that are increasingly
threatened by climate change. Their vulnerability and sensitivity are strongly
in uenced by ecological structures and local conditions.

Methods: Using the Ecopath model, we evaluated the responses of three bays in
Fujian, China (Sansha Bay, Fuqging Bay, and Xinghua Bay) under scenarios of
increased precipitation, ocean deoxygenation, and warming. The analysis
focused on how differences in food web structures shape ecosystem
responses to climate pressures and determine their sensitivity and vulnerability.
Results: The results revealed differentiated response patterns dictated by
baseline food web characteristics, including constant, linear, and non-linear
threshold collapse, in which the baseline ecological structure of a bay dictates
its degree of vulnerability. Fuging Bay, despite having the lowest total system
throughput (2405 t/km /year), showed the highest resilience and bivalve
ecological carrying capacity (22.80 t/km ). In contrast, Xinghua Bay, a high
biomass system (Total Biomass: 39.93 t/km ), exhibited the highest sensitivity,
with its food web structure collapsing even under low deoxygenation stress
(shrimp EE > 1). Under severe warming, bivalve ecological carrying capacity
declined linearly by up to 50% across all the bays, with absolute losses being the
greatest in the most productive systems.

Discussion: Our ndings underscore the critical role of baseline ecosystem
structure in shaping divergent climate responses and provide a scienti ¢ basis
for site-speci c adaptive management and blue carbon conservation strategies.
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1 Introduction

Global climate change represents a major environmental
challenge. As a critical component of the Earth’s climate system,
the oceans are subject to multiple pressures, including warming,
deoxygenation, and rising sea levels (IPCC, 2022a). Such
environmental changes affect the structure and function of
marine ecosystems profoundly by in uencing biological and
physiological processes, population dynamics, and species
interactions (Doney et al, 2012; Kang et al., 2021). Extensive
research has shown that climate change can drive shifts in
primary productivity, reduce the habitats of mid-to-high trophic
level species, and decrease the sustainability of shery resources,
thereby threatening marine ecosystem services that are essential for
human societies (Cheung et al., 2010; Lotze et al., 2019). Despite
being some of the most vulnerable environments, coastal
ecosystems regulate global climate. They act as critical blue
carbon sinks, capturing atmospheric carbon and contributing to
climate change mitigation (Mcleod et al., 2011). Understanding
how climate change affects marine ecosystems has become
imperative because of their ecological vulnerability and essential
functions in climate mitigation.

Previous research has established a foundation for
understanding the impacts of climate change on coastal
ecosystems. Warming in uences species metabolism and
geographic distribution, whereas ocean deoxygenation can trigger
widespread hypoxia, altering community structure and ecosystem
function (Chust et al., 2014; Gattuso et al., 2015; Vaquer-Sunyer and
Duarte, 2008). Food web models have become indispensable for
investigating such effects. The Ecopath framework has been used
extensively to construct ecosystem structures based on energy ow
(Christensen and Walters, 2004; Heymans et al., 2016). The
Ecopath framework has been instrumental in assessing the
potential effects of over shing, climate-driven changes in primary
productivity, and aquaculture expansion on ecosystem structure,
function, and energy transfer ef ciency (Stock et al., 2023; Ullah
etal., 2018). It has also been used to estimate the ecological carrying
capacity of aquaculture activities such as bivalve farming (Byron
et al., 2011; Outeiro et al., 2018; Zhang et al., 2023).

Despite the signi cant advances above, previous research has
focused primarily on individual regions, such as the North
Atlantic (Byron et al., 2011; Potier et al., 2025), Mediterranean
Sea (Coll et al., 2008; Raptis et al., 2025), and Chinese sea areas,
such as the Bohai Sea (Yan et al., 2025; Zhang et al., 2023). Few
studies have compared multiple regional ecosystems within the
same climatic and management context (Gao et al., 2022; Zhang
et al., 2022). The scarcity of cross-regional and comparative
analyses limits our capacity to understand how inherent
structural heterogeneity governs ecosystem responses to climate
stressors comprehensively, which may in turn hinder effective
identi cation of system-speci ¢ vulnerabilities during
formulation of management strategies.

The research gap above is particularly evident along the Fujian
coast, one of the most economically dynamic and ecologically
diverse regions in China.
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As a core area of the “21st Century Maritime Silk Road” and a
key national marine economic development zone, the Fujian coast
supports intensive aquaculture, international shipping, and
emerging industries. The representative bays of the area, such as
Sansha, Fuging, and Xinghua Bay, are therefore, at the forefront of
navigating the complex trade-offs between economic prosperity and
climate resilience. The three bays are typical bays of the Fujian
coast; they have comparable climatic foundations yet differ in
ecological and anthropogenic structure in ways directly relevant
to climate sensitivity. All three bays are shallow coastal systems
within the same subtropical monsoon coastal zone, sharing a
consistent climate forcing and dominant plankton—benthos
energy pathways. The environmental consistency provides a
stable foundation, allowing effective isolation of the impact of
structural differences on climate vulnerability. Understanding
their differential vulnerability is not simply a scienti ¢ question
but a pressing policy imperative for sustainable regional planning.

Despite such shared climatic baselines, the three systems exhibit
distinct hydrographic and anthropogenic characteristics that shape
their ecological structure and sensitivity to climate pressures.
Sansha Bay is a semi-enclosed system with weak tidal ushing
and relatively limited riverine input, resulting in pronounced
summer strati cation and long water residence times. The bay is
recognized as the largest aquaculture base for large yellow croaker
in China, and it is dominated by high-intensity mariculture. The
aquaculture industry has undergone rapid expansion, growing from
6.2 km in 2005 to 154 km in 2020 (Yao et al., 2025). Intensive
aquaculture development in combination with port and industrial
growth has increasingly imposed environmental pressure on the
bay ecosystem. Such pressures manifest in the form of deteriorating
water quality, sediment enrichment, and habitat degradation, which
collectively intensify ecological stress and alter the bay’s biological
community structure (Fang et al., 2024).

Fuging Bay covers a sea area of 226.7 km and harbors over 130
islands and reefs. The Bay receives signi cant freshwater discharge
and experiences strong tidal mixing driven by its complex
archipelago topography, which enhances localized water
exchange. It is a key aquaculture base in Fujian Province, with
more than 32 km dedicated to aquaculture. It also supports a port
economy that includes advanced manufacturing, chemical
materials, and modern logistics. This combination of aquaculture
and industrial development makes Fuging Bay an ideal site for
studying the impacts of human activities and climate change on
coastal ecosystems.

Xinghua Bay is shallow, with a wide mouth, and it exhibits
ef cient basin-scale tidal ushing, largely driven by the offshore
wind power industry, with ports facilitating wind turbine transport
(Zhang et al., 2020). The bay also supports bivalve farming and
experiences stronger land-based nutrient inputs alongside large-
scale coastal development. However, rapid industrial development
has induced several environmental challenges, including wastewater
pollution from aquaculture (He et al., 2019) and potential
disruptions to marine life owing to wind turbine construction
(Zhang et al., 2023). Such activities disrupt the food web structure
severely and increase its vulnerability to external disturbances,

frontiersin.org


https://doi.org/10.3389/fmars.2025.1746943
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Lin et al.

offering an opportunity for studying the combined effects of
industrial growth and climate change on coastal zones. The
physical and anthropogenic gradients in the bay create
heterogeneous exposure pathways to warming, precipitation
extremes, and deoxygenation, providing a natural experimental
framework for elucidating differentiated climate-response
patterns. In addition, the systems establish a crucial ecological
and anthropogenic gradient along the Fujian coast, providing
meaningful insight into the regional vulnerability spectrum.

Furthermore, prior ecological research underscores the need for
an integrated comparison. In Sansha Bay, studies have quanti ed
aquaculture-driven nutrient loading (Li et al., 2025; Song et al.,
2023) and hydrodynamic constraints (Lin et al., 2017). Research in
Fuging Bay has focused primarily on heavy metal pollution
assessment and source apportionment, as well as hydrodynamic
transport characteristics (Liu et al., 2009; Wang et al., 2025).
Although previous studies in Xinghua Bay have examined nekton
and macrobenthos communities, and ecosystem degradation, such
efforts have remained fragmented and short-term (Cai et al., 2021;
Zhang et al., 2025). Crucially, no comparative study has integrated
the three representative bays within an ecological framework to
evaluate how structural heterogeneity shapes differential sensitivity
to climate stressors. Addressing such a regional synthesis gap is
essential for climate-resilient coastal management.

To address the research gap, the present study employed the
Ecopath model to systematically compare the ecological responses
of the three bays along the Fujian coast. To evaluate the impact of
climate change on food web dynamics and bivalve ecological
carrying capacity in Fujian coastal bays, increases in key climate-
driven stressors were selected as scenarios: precipitation, ocean
deoxygenation, and ocean warming. The stressors were selected
because they represent environmental pressures in the region and
have direct implications for aquaculture-based ecosystems.
Observational and modeling studies have indicated increasing
precipitation in Fujian (Ma et al., 2021; Su et al., 2022; Fan et al.,
2017), seasonal hypoxia, declining dissolved oxygen (Li et al., 2024;
Zhang et al., 2022), and a consistent warming trend in sea surface
temperature in the East China Sea (Ding et al., 2024; Lin et al., 2022;
Wang et al., 2019). Such environmental changes in uence primary
production, species interactions, and the bivalve ecological carrying
capacity, thus providing a scienti ¢ basis for scenario selection.

In designing the climate scenarios, the authors focused on three
key stressors, including precipitation, deoxygenation, and warming,
because they represent the primary climate-driven pathways that
regulate energy ow, species interactions, and ecological carrying
capacity in coastal ecosystems. Changes in precipitation and river
discharge alter salinity regimes and introduce pulses of dissolved
organic carbon and nutrients, which can reduce light availability,
constrain primary production, and intensify eutrophication-driven
oxygen depletion (Balch et al., 2016). Persistent ocean warming
reduces oxygen solubility and elevates metabolic oxygen demand,
thereby accelerating deoxygenation in shallow coastal waters. The
effect is ampli ed further in semi-enclosed bays where restricted
water exchange and nutrient enrichment enhance benthic
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respiration and increase the likelihood of seasonal hypoxia
(Breitburg et al., 2018).

By incorporating such stressors, the authors aimed to evaluate
the sensitivity and vulnerability of the bay, with particular attention
to changes in ecological carrying capacity. Bivalve ecological
carrying capacity was selected as a focal metric because
suspension-feeding bivalves play a central ecological and
management role in such coastal systems. Ecologically, bivalves
represent a major benthic Iter-feeding component, and they
regulate particulate organic matter, and participate to a great
extent in nutrient removal and water-quality improvement (van
der Schatte Olivier et al., 2020). In addition, their biomass and

Itration capacity in uence energy transfer ef ciency and the
stability of lower trophic levels, making them sensitive indicators
of ecosystem responses to climate-driven changes in primary
production, oxygen availability, and hydrological conditions.
From a management perspective, bivalve aquaculture is the
dominant human activity in the three bays and constitutes a key
sector for regional livelihoods and coastal blue-carbon strategies.
Therefore, ecological carrying capacity estimation is essential for
balancing production goals with ecosystem integrity, and the
Ecopath framework has been applied extensively to quantify such
limits in coastal and estuarine systems (Byron et al., 2011; Outeiro
et al, 2018; Zhang et al., 2023). Focusing on bivalve ecological
carrying capacity provides both an ecologically meaningful and
management-relevant indicator for assessing system-speci ¢
climate vulnerability.

We aimed to evaluate the bays’ sensitivity and vulnerability, and
how baseline ecosystem structures shape divergent response modes
under climate stressors. Based on their different food-web
con gurations, two guiding hypotheses were formulated:

H1. Bays with food webs simpli ed by strong mariculture
dominance and reduced trophic redundancy exhibit higher
sensitivity to climate stressors, as perturbations propagate more
directly through linearized energy pathways.

H2. Bays with higher trophic diversity, stronger internal energy
recycling, and more coupled benthic—pelagic linkages display lower
sensitivity to climate stressors due to greater functional
compensation and buffering capacity.

The hypotheses provide a basis for interpreting the comparative
climate responses of the three bays. Our results could provide new
perspectives on the differentiated risks faced by coastal ecosystems
in the context of climate change and lay a scienti ¢ foundation for
developing site-speci ¢ management and adaptation strategies.

2 Materials and methods
2.1 Study area

The ecosystem structure of three representative bays in Fujian
Province under different climate change scenarios, including Sansha

Bay, Fuging Bay, and Xinghua Bay (Figure 1), were investigated
comparatively. The bays were selected because of their distinct
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FIGURE 1
Map of the study area.

geomorphological and hydrological characteristics that shape their
physical foundations, such as water exchange capacity and habitat
heterogeneity, thereby in uencing ecosystem structure and
function. In addition, each bay has been subjected to different
forms of anthropogenic pressure driven by unique development
models, providing a context suitable for comparative analysis of
climate responses (Table 1) (Wang et al., 2021, 2019).

2.2 Ecopath modeling approach

Given the complex ecological and anthropogenic dynamics of
the three bays, an ecosystem modeling framework is required to
quantify energy ows, trophic interactions, and system responses
under climate change scenarios. Therefore, the EwE approach
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(software v. 6.7.0; Ecopath International Initiative, Barcelona,
Spain), which has been used extensively to analyze the impact of
sheries on ecosystems (Christensen and Walters, 2004), was
adopted. Ecopath is based on the principle of mass and energy
conservation, which ensures that the total energy inputs and
outputs are balanced for each functional group.

Each functional group is constrained by two master equations:
the energy balance (Equations 1, 2) and production balance
(Equation 3) (Christensen and Walters, 2004):

Consumption = production + respiration + unassimilated food (1)

For each functional group (i), the mass balance master equation is:

Pi:Yi+Bi'M2i+Ei+BAi+Bi'MOi (2)
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