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Abstract: Due to the rapid rise of China’s coastal economic zone, the urbanization of the surrounding
islands has accelerated. Intensive disturbance caused by human activities and frequent changes
in land types have resulted in the continuous erosion of ecological sources and the degradation of
ecosystem services on the islands year by year. It is particularly important to explore sustainable
development strategies for the islands to achieve a balance between conservation and development,
which is particularly important for the islands in the process of urbanization. Taking Zhoushan
Archipelago as an example, this paper uses multi-source spatial data and employs InVEST models and
USLE to quantify island ecosystem services. Furthermore, using principal component analysis and
cluster analysis, the study aims to identify clusters of island ecosystem services and investigate their
tradeoffs, synergistic mechanisms, and regional heterogeneity using spatial analysis. In addition to
providing island urban planners with effective zoning governance recommendations and assistance
in spatial planning to promote coordinated and sustainable development, the findings of this study
can assist in the development of appropriate management plans for each ecological functional service
cluster on islands.

Keywords: islands; urbanization; ecosystem services bundles; tradeoffs; synergies

1. Introduction

Ecosystem services refer to the direct or indirect benefits that ecosystems provide
to human wellbeing [1–5]. With growing recognition and evidence that the concept of
ecology and environment is a valuable tool for guiding landscape planning and decision
making, governments and NGOs around the world are now using ecological approaches
to address sustainability challenges [6,7]. Due to the significance of ecosystem services
in promoting sustainable development, there has been rapid growth in the research on
ecosystem service provision in recent years. Studies have indicated that at least two-thirds
of ecosystem services globally are presently diminishing, and this trend is expected to
intensify in the upcoming decades [6]. The increase in certain ecosystem services may
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lead to a decrease in other services that are equally important to human interests, in
particular the provision of services and the regulation of services. Studies conducted at the
local level have demonstrated that many ecosystem services, including water regulation,
carbon storage, and soil erosion control, are experiencing a decline both temporally and
spatially [8–10]. As a result, there is a growing need for accessible and user-friendly
information that can aid in comprehending the mechanisms driving changes in ecosystem
services, and support informed and sustainable decision making.

Land use and cover are crucial factors for providing ecosystem services [11–16], as
their capacity is directly related to the types and spatial arrangement of ecosystems. For
this reason, the Law of the People’s Republic of China on the Protection of Offshore
Islands, one of China’s basic laws, clearly stipulates the strengthening of the protection
of ecosystems [8,17]. Land-use changes affecting biophysical and biochemical processes
significantly affect a wide range of ecosystem services on a global scale. Changes in
ecosystem services are often driven by alterations in land use, making land-use change a
significant factor to consider. Developing a better understanding of how land-use changes
impact the delivery of ecosystem services is essential for promoting sustainable ecosystem
management [18–21]. However, the root cause of changes in land use must be examined.
Many studies have explored the impact of land-use change on ecosystem services, linking
observed changes to factors like heightened human activity, urban expansion, agricultural
and mining practices, and climate change [22–30]. But few studies have analyzed the real
drivers of land-use change, especially in most cases where the drivers are location-specific.
As a result, identifying these drivers becomes more complex, but it is important for decision
making and management optimization.

Ecological ‘tradeoffs’ occur when the increased use of one ecosystem service leads
to a reduction in the supply of another, while ‘synergy’ describes situations where the
simultaneous enhancement or reduction in two or more ecosystem services occurs [31,32].
The interaction between various types of ecosystem services has different interest needs
at different space and time scales, and almost all decisions on ecosystem services involve
tradeoffs of interests; the tradeoff synergy is common among ecosystem services on a global
scale, while showing obvious geographical differences and dynamic changes [31,33,34]. In
recent times, the research of ecosystem services and their interrelationships has emerged
as a multidisciplinary frontier, spanning geography, ecology, and ecological economics.
At present, the relevant theories of geography and ecology are mainly used to conduct
qualitative analysis of the tradeoffs and synergies of ecosystem services. There have been
few studies quantifying the benefits of ecosystem services [35]. Studies at a single point
in time cannot reflect the dynamics of relationships between ecosystem services, so more
and more studies are beginning to focus on how relationships between ecosystem services
change over time. Researching the tradeoffs and synergies of ecosystem services, along
with their underlying drivers, can enhance our understanding of the distinctive features
of different ecosystem services and contribute to a more comprehensive understanding
of them.

Zhoushan Archipelago is the gateway to East China and is located in Zhejiang
Province, facing the Pacific Ocean, bordered by Shanghai, Hangzhou, and Ningbo [36]. In
the context of rapid urbanization, it is bound to affect the ecosystem health of Zhoushan
Archipelago in the face of a sharp increase in construction land, an accelerated non-
agricultural transformation of cultivated land, a rapid decrease in tidal flats and wetlands,
and an increasingly deteriorating environment [4,37]. Islands present special challenges
in terms of sustainable development, and this has been addressed through a range of
qualitative and quantitative approaches [38–41].

While the traditional planning strategy of the Zhoushan Archipelago is oriented to-
ward industrial development, it does not adequately consider the ecological perspective or
does not take the ecological factors into account in a comprehensive manner. As an adjunct
to the existing planning system, land-use analysis from the perspective of ecosystem ser-
vices can be used to analyze land uses among islands. Zhoushan Archipelago is a typical
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example of an archipelago on the southeast coast of China [42], with scarce land resources,
a diverse land-use pattern, and significant conflicts between industrial development and
ecosystems. We analyzed the tradeoffs and synergies among various ecosystem service
bundles in the Zhoushan Archipelago and suggested targeted suggestions and strategies for
land-use planning for these bundles. In addition to the fact that archipelagos are collections
of islands with distinct characteristics, their management is even more challenging, involv-
ing the negotiation of often-divergent needs and potentials across marine and terrestrial
environments. This paper proposes a corresponding management plan for each ecological
function service cluster of the islands, which can provide effective zoning governance
suggestions for island city planners, as well as assisting in spatial planning, promoting
the coordinated sustainable development of each zone, and minimizing tradeoffs between
them. The specific objectives of the study include the following: (1) quantify island ecosys-
tem services; (2) conduct ecological function zoning; (3) clarify the mechanisms of action
and regional differences in tradeoffs and synergies.

2. Materials and Methods
2.1. Study Area

Zhoushan Archipelago, located in the southeast coast of China, is in the northern part
of Zhejiang Province in the East China Sea. It is situated north of the outer edge of the
Yangtze River estuary, west of Hangzhou Bay, connected to the Lishan Islands, which open
up the Yangtze River Delta and the Yangtze River basin open to the outside world, the sea
gateway [43]. Zhoushan Archipelago is the largest archipelago in China, covering a total
area of 22,200 km2, which includes 1400 km2 land area and 20,800 km2 sea area. Its natural
geomorphology mainly consists of mountains, plains, and coastal mudflats and wetlands,
and the islands show a distribution trend of ‘large islands near shore and small islands
discrete’ [5]. There are many islands in Zhoushan Archipelago; among them, the larger
ones are Zhoushan Island, Daishan Island, and Jintang Island. Zhoushan City (prefecture
level), which is established as an Archipelago, consists of four administrative districts,
namely Daishan County, Putuo District, Dinghai District, and Shengsi County (Figure 1).
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Figure 1. Distribution of landscape types in Zhoushan Archipelago.

Zhoushan Archipelago has a subtropical marine monsoon climate, with a warm and
humid climate. The archipelago experiences an annual temperature between 15.8 ◦C and
16.7 ◦C on average, with an average of 2025 to 2262 h of sunshine per year. The islands
receive an average annual precipitation of 1356.3 mm and have a frost-free period lasting
from 254 to 293 days each year. The region’s favorable climate creates an environment that
is favorable for the growth and development of a diverse range of biological communities.
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The region is dominated by hilly terrain, with the topography sloping from southwest to
northeast, with many large islands in the southwest and small islands in the northeast.
The vegetation types of the island mainly include coniferous forest, mixed coniferous and
broad coniferous forest, broad-leaved forest, bamboo forest, scrub, and sandy and saline
plant communities [44]. Soil types mainly include red soil, coarse bone soil, stony soil, and
sandy soil, among which coarse bone soil accounts for more than half of the area of hilly
mountains; followed by red soil, accounting for 35.1%, which is mostly distributed in the
foothills and is the main soil for the distribution of forest vegetation [4].

Over the last few decades, the Zhoushan Archipelago has undergone rapid urbaniza-
tion, establishing itself as a key center for politics, economics, and culture. This growth,
driven by an expanding population and economy, is largely attributed to the development
of port services, tourism, and the marine product industry. However, this accelerated
progress has resulted in considerable changes in land use and cover, placing significant
pressure on the area’s fragile ecosystems and limited land resources [45,46].

2.2. Ecosystem Services Indicators

The study aimed to investigate the features of the primary ecosystem services in
Zhoushan Archipelago in 2020 by evaluating 6 ecosystem services in total, comprising
1 provisioning service, 2 cultural services, and 3 regulating services. The ecosystem services
examined in this research were selected by their significance to the area, the requirement
to encompass all three categories of ecosystem services (provisioning, regulating, and
cultural), and the accessibility of pertinent data (as depicted in Table 1).

Table 1. List of selected ecosystem services with their potential indicators and data source.

Services Indicators Indicator Description Data Name Resolution Source

Provisioning Crop production

Yield of essential crops can be calculated
by weighting the total output of grain
crops and vegetables to cropland
according to the NDVI, t/hm2 [47]

Land use 30 m RESDC a

Field measurements Points Ground surveys
Statistical data / BZS b

NDVI 30 m RESDC a

Cultural Tourism Scenery
Landscape (fruits, vegetables, ocean, etc.)
scores that take into account the visibility,
accessibility, and tourists’ evaluation of
attractions, 0–100

DEM 30 m SRTM c

Survey data Points Questionnaire
Road Lines OSM d

Tourism Culture Buddhist culture that takes into account
the web ratings, 0–100

Points of interest Points Amap e

Survey data Points Questionnaire
Web ratings Points Baidu f

Regulating Water retention Annual water yield, m3/hm2

Land use 30 m RESDC a

Precipitation Points CMA g

Surface runoff Points Ground surveys
Evapotranspiration Points CMA g

Carbon
sequestration

Net Ecosystem Productivity (NEP),
gC/m2

Land use 30 m RESDC a

NPP GRSENP h

Soil data 1000 m LAIRG i

Soil erosion
control Soil erosion reduction, t/hm2

Land use 30 m RESDC a

Precipitation Points CMA g

DEM 30 m SRTM c

Soil data 1000 m LAIRG i

NDVI 30 m RESDC a

Note: a Resource and Environmental Science and Data Center (RESDC, https://www.resdc.cn/, accessed on 17
November 2023), b Bureau of Zhoushan Statistics (BZS, http://xxgk.zhoushan.gov.cn/, accessed on 17 November
2023); c The NASA Shuttle Radar Topographic Mission (SRTM, http://dwtkns.com/srtm30m/, accessed on
17 November 2023); d Open Street Map (OSM, https://www.openstreetmap.org/, accessed on 18 November
2023); e Amap (https://lbs.amap.com, accessed on 18 November 2023); f Baidu map (https://map.baidu.com/,
accessed on 18 November 2023); g China Meteorological Administration (CMA, http://data.cma.cn, accessed on
18 November 2023); h Geographic Remote Sensing Ecological Network Platform (GRSENP, www.gisrs.cn, accessed
on 18 November 2023); i Land–Atmosphere Interaction Research Group (LAIRG, http://globalchange.bnu.edu.cn,
accessed on 18 November 2023).

2.3. Ecosystem Service Quantification

While ecosystem services are abundant, not all of them are amenable to mapping and
modeling. Therefore, the study focused on 6 ecosystem services that are commonly mapped

https://www.resdc.cn/
http://xxgk.zhoushan.gov.cn/
http://dwtkns.com/srtm30m/
https://www.openstreetmap.org/
https://lbs.amap.com
https://map.baidu.com/
http://data.cma.cn
www.gisrs.cn
http://globalchange.bnu.edu.cn
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and modeled due to the availability of reliable spatial data and established methods: crop
production, cultural tourism, scenic tourism, carbon sequestration, water retention, and
soil erosion control [7]. Out of these ecosystem services, carbon sequestration is related to
the fundamental capacity of the landscape for production; crop production and soil erosion
control are crucial for agriculture industry; water yield, tourism scenery, and culture have
direct implications for resident’s livelihoods. Various models and algorithms were utilized
to estimate the ecosystem services, including the Integrated Valuation of Ecosystem Services
and Tradeoffs (InVEST) model, the Carnegie–Ames–Stanford Approach (CASA) model [48],
the Revised Universal Soil Loss Equation (RUSLE) model, and others. A summary of the
estimation methods is presented in Table 2, while the detailed formulas can be found in
reports from related research [22,49–56].

Table 2. Estimation methods for quantifying ecosystem services.

Indicators Formula Formula Description

Crop production GPx = NDVIx
NDVIsum,i

× GPsum,i

Crop production has a significant linear relationship with the Normalized
Difference Vegetation Index (NDVI) [56].
GPx is the grain yield of cell x (t/yr); GPsum,i is the total grain yield of
county I; NDVIx is the NDVI of cell x, NDVIsum,i is the sum of NDVI of
arable land in county i.

Tourism Scenery TRs = La×Lv

TRs is the score of tourism scenery. La represents accessibility to scenic
spots and was determined through distance analysis using a road map in
a GIS layer. Lv represents the visibility from attraction and was calculated
using viewshed analysis, a method employed involves the identification
of raster surface locations that are perceptible to a collection of observer
features, specifically designated as scenic spots. To obtain this value, the
viewshed tool of ArcGIS was employed with a Digital Elevation Model [54].

Tourism Culture TRc(s0) =
n
∑

i=1
λi × Z(si)

The tourism culture score (TRc) was obtained through tourist evaluations
and interpolated using kriging interpolation. Z(si) denotes the observed
data at a specific location i. λ represents the unknown weight assigned to
the observed value at the ith position. Additionally, n signifies the total
count of observed data instances [54,57].

Water storage WR = (P − ET − Ra)× Ai × 10−3

Ra = Ph × α

In the formula for estimating water storage (m3/yr), P represents
precipitation for each pixel in millimeters per year (mm/yr) and ET
symbolizes the actual evapotranspiration occurring at each individual
pixel (mm/yr). Similarly, Ra represents the surface runoff taking place at
each pixel (mm/yr), and Ai is utilized to represent the spatial extent of the
ecosystem in square meters (m2). Ph is rainfall that generates runoff, and
α is the runoff coefficient [33].

Carbon sequestration NEP = NPP − 0.592 × Rs0.714

Rs = 1.55e0.031T × P×0.001
P+0.68 × SOC

SOC+2.23

In the formula for estimating carbon sequestration value NEP
(gC/(m2·yr)), NPP characterizes the net uptake and fixation of carbon
dioxide (CO2) by the ecosystem (gC/(m2·yr)). The computation of NPP
can be achieved through the utilization of the Carnegie–Ames–Stanford
Approach (CASA), employing the principle of light use efficiency (LUE)
as established by Potter et al. (1993). Rs denotes soil respiration, which
quantifies the release of carbon dioxide (CO2) from the soil (gC/(m2·yr)).
The estimation of Rs can be accomplished through the application of
Chen’s methods [55]. T represents the average annual air temperature in
degrees Celsius (◦C), P represents annual precipitation in millimeters
(mm), and SOC denotes topsoil soil organic carbon (kg C/m2), The
estimation of SOC can be achieved through the application of Chen’s
methods [55].

Soil erosion control SC = R × K × LS × (1 − C × P)

In the formula for estimating soil conservation capacity SC (t/yr), R
represents annual rainfall erosivity in MJ mm/(ha·h·yr), which is
determined using Fu’s methods [22]. K denotes soil erodibility
(t·ha·h/(ha·MJ·mm)). The quantification of soil erodibility is
accomplished by employing the Erosion/Productivity Impact Calculator
(EPIC) model [53]. The topographic factor, LS, is a parameter that
captures the influence of slope length and steepness on soil erosion. The
calculation of LS is performed using an Arc Macro Language (AML) script
within the ArcGIS 10.3 software, as outlined by Hickey (2000). C is the
dimensionless vegetation cover factor, estimated using the Normalized
Difference Vegetation Index (NDVI) method, while P is the dimensionless
conservation practice, estimated using the Wener method [22,52].
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2.4. Tradeoffs and Synergies Analysis

To evaluate the associations between different ecosystem services, Pearson parametric
correlation tests were conducted using R v3.5 statistical software [32]. It is calculated
as follows:

ρx,y =
N∑N

i=1 xiyi − ∑N
i=1 xi∑N

i=1 yi√
N∑N

i=1 xi
2 −

(
∑N

i=1 xi

)2
√

N∑N
i=1 yi

2 −
(

∑N
i=1 yi

)2

In the formula, X and Y denote the variables (representing ecosystem services), and
N represents the number of sample cells. When ρx,y equals 0, X and Y are not linearly
correlated. If ρx,y is greater than 0, X and Y exhibit a synergistic relationship. Conversely, if
ρx,y is less than 0, X and Y demonstrate a tradeoff relationship. When ρx,y is closer to 1, the
correlation is higher.

N is the sample size.

2.5. Ecosystem Service Bundles

The study employed K-means clustering through the fact extra package in R 4.2.0 to
identify clusters of municipalities with similar combinations of ecosystem services. These
clusters were referred to as ecosystem service bundle types and were determined based on
the principle of similarity, where tradeoffs and synergies between ecosystem services were
consistent within each cluster [58]. To determine the optimal number of clusters, the study
utilized the elbow method, which evaluates variability through within-group homogeneity
or heterogeneity. The resulting ecosystem service bundles were visualized using ArcGIS
software to display their spatial distribution, and rose plots were generated for each cluster
to visually illustrate the mean values of ecosystem services and the characteristics of
each cluster (source: https://www.guru99.com/r-k-means-clustering.html, accessed on 1
August 2023).

3. Results
3.1. Spatial Pattern of Island Ecosystem Services

The spatial distribution characteristics of ecosystem services of islands were calculated
based on the hexagon as statistical unit (Figure 2). There is a great variation in the ecosystem
services supplement across the landscape. The central plains of the islands are the primary
areas with high food production, while the central mountainous regions of the islands are
mainly characterized by low food production. Regions that exhibit high levels of food
production are primarily situated in the lowlands surrounding the islands, characterized
by predominantly red soil, flat terrain, and ample rainfall, which is the main food growing
area in Zhoushan Archipelago.

Tourism scenery and cultural services are highest in the central mountainous region
of the Archipelago, where the vegetation type is primarily forest and shrub. The elevation
is high, the natural scenery is well preserved, and a large number of famous temples, ruins,
and other humanistic cultural distributions can be found, resulting in high cultural service
output. In addition, the water storage, carbon sequestration, and soil conservation are
higher in the central mountainous region than in other areas around the Archipelago. In
the central hilly region of the Archipelago, the main vegetation types are forest and shrub,
which have higher vegetation cover and depression, making them show stronger water
retention, soil conservation, and carbon sequestration ability.

The global Moran’s I indices of ecosystem services were calculated based on hexagonal
statistical units (Table 3). It is clear from the table that the global Moran’s I indices of all
six ecosystem services in Zhoushan Archipelago are greater than 0 (p < 0.01), indicating
that there is significant spatial aggregation (positive spatial autocorrelation) for all six
ecosystem services in the islands. Furthermore, findings from other studies suggest that
there are notable tradeoffs and synergies among various ecosystem services in Zhoushan
Archipelago [59]. Due to the above characteristics, it can be inferred that certain clusters of
ecosystem services exist in the islands.

https://www.guru99.com/r-k-means-clustering.html
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Table 3. The Moran’s value for various ecosystem services in Zhoushan Archipelago.

Crop
Production

Tourism
Scenery

Tourism
Culture Water Storage Carbon

Sequestration
Soil Erosion

Control

Moran’s I 0.11 0.12 0.15 0.16 0.10 0.08
Z Score 56.24 59.96 75.00 82.08 50.02 40.40

p <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

3.2. Spatial Distributions of Island Ecosystem Services Bundles

K-means cluster analysis can accurately classify ecosystem service bundles. In this
study, six ecosystem services from 1791 statistical units in Zhoushan Archipelago were
subjected to K-means cluster analysis. The study ultimately identified three distinct types
of ecosystem service bundles, as depicted in Figure 3. The three types of ecosystem service
bundles are: Ecosystem Service Bundle 1, which is based on agricultural production; Ecosys-
tem Service Bundle 2, which is based on forest regulation and tourism; and Ecosystem
Service Bundle 3, which is based on mixed land balance. Based on the three service bundles,
Zhoushan Archipelago was divided into three ecological function zones: the central island
food production zone; the central mountainous forest ecological regulation–tourism zone;
and the southern development–protection balance zone. The ecosystem services of each
ecological function zone were counted, and food production services were highest in the
central island ring food production zone; water connotation, carbon sequestration services,
and soil conservation were highest in the central mountainous forest ecological regulation–
tourism zone; and tourism services were highest in the southern development–protection
balance zone.
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Figure 3. Spatial distribution of the three bundles and occurrence of different ecosystem services
in each bundle (radar graphs). Graphs were built by comparing the total supply value of a given
ecosystem service within the bundle and the total supply of the same ecosystem service across the
whole Archipelago (The proportion of total given ecosystem service occupied by given ecosystem
service within the bundle, value range 0–100%).

3.3. Tradeoffs and Synergies among Bundled Island Ecosystem Services

Central Round Island Food Production Zone (Bundle 1): The area of this zone is about
29.59%. This zone is concentrated in the Round Island Plain, with fertile soil, mainly red
soil, and arable land as the main land-use type and the climate type is subtropical marine
monsoon climate, with flat terrain and abundant precipitation. At the same time, the
zone has strong human interference, frequent agricultural activities, and prominent food
production services, but the soil conservation, water connotation, and carbon sequestration
services are relatively weak. Tourism and cultural services are on the rise as the frequency
of human activities increases, and there is a certain synergy between food production and
cultural services in this zone (Figure 4).

Central Mountainous Forest Ecological Regulation–Tourism Zone (Bundle 2): The
area of this zone is about 46.85%, the zone is mainly distributed in the central mountain
range of the main island. The main types of vegetation are middle subtropical evergreen
broad-leaved forest, the central forest area is the largest natural forest area in Zhoushan,
influenced by the subtropical maritime monsoon climate, high temperature, and rain in
summer, suitable for forest growth and development. This zone has the highest vegetation
cover, good growth dynamics, balanced functions of soil conservation, water connotation,
and carbon sequestration. The quality of ecological environment has been greatly improved,
which belongs to the ecological surplus zone. The ecosystem supply services in this zone are
significantly lower than the regulating services, showing a clear tradeoff, but a good synergy
between regulating services and tourism and cultural services is presented (Figure 4).

Southern Development–Protection Balance Zone (Bundle 3): This zone covers about
23.56% and is concentrated in the discrete areas along the coast of Zhoushan Archipelago.
Each ecosystem service is fairly balanced in terms of its composition structure. The food
production and regulating services in this zone have a tradeoff relationship (Figure 4).
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4. Discussion

Different land-use types lead to different changes in landscape patterns and different
spatial impacts on ecosystem services, i.e., spatial heterogeneity of landscape patterns.
Analyzing the landscape pattern enables the quantitative determination of the spatial
distribution characteristics of ecosystem service components, offering fundamental details
for studying the dynamic changes in landscape patterns. The conclusion of this paper is
that the similar ecosystem service has obvious aggregation characteristics in geospatial,
and the various ecosystem services in each ecosystem service cluster show spatial tradeoffs
and synergies. According to the results, the Zhoushan Archipelago has rich and irregular
landscape diversity. As there are several types of plaques, the supply capacity of various
ecosystem services in the ecosystem service cluster varies greatly across the landscape as
a whole.

Ecosystem service clusters are a combination of multiple ecosystem services. In
addition to characterizing the spatial agglomeration characteristics and regionally dominant
service functions of various ecosystem services, the effective identification of ecosystem
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service clusters can reveal the combination of different ecosystem services by clarifying
their internal spatial structure characteristics [60]. Studies on service clusters typically focus
on understanding the overall pattern of an area. These types of research are frequently
conducted in densely populated urban regions along the southeastern coast where land
use is constrained and ecological landscape management is challenging. The tension
between economic development and ecological conservation is apparent, and research on
the relationship between economic development and ecological protection is primarily
conducted from a novel perspective focusing on ecosystem service clusters. In this paper,
the islands of Zhoushan City are divided based on the zoning of ecosystem functions.
Zhoushan City has identified three ecological function zones that are aligned with its land-
use planning, and the zoning management based on the relationship between ecosystem
services is of practical significance for the integration of regional resources in the future.

The changes in ecosystem pattern processes-functions and services will lead to the
fact that tradeoffs or synergies between different ecosystem services. Although the current
research results on ecosystem service tradeoffs and synergies are abundant, problems and
limitations still exist. There is still a lack of dynamic trend change analysis of ecological-
service-related relationships; meanwhile, tradeoffs and collaborative studies are mostly
based on quantitative analysis of statistical relationships, and the expression of differences
in regional space still needs to be supplemented [17]. Principal component analysis and
cluster analysis can be used to accurately divide ecosystem service clusters, which is
conducive to clarifying the mechanism of action and regional differences in tradeoffs and
synergies. To preserve the integrity of the ecosystem service cluster in Zhoushan City, it is
crucial to consider the tradeoffs and synergies between various ecological services while
also striving to enhance the benefits associated with these services over time. There are
several recommendations in the following content that can be used to optimize different
ecosystem service bundles.

4.1. Optimization Strategies for Bundle 1

Those areas with a suitable climate naturally attract people to live and produce, thereby
forming settlements. The agricultural production process is arranged around settlements
in order to satisfy the ecosystem provisioning needs of the community. Its long history and
humanity create a cultural tourism landscape. In specific policy planning, we can combine
the current policy orientation of rural revitalization and common prosperity in China, and
promote the transformation of traditional agricultural production based on the primary
industry to one that combines agriculture and tourism with the combination of primary
and tertiary industries in a production mode. Furthermore, it can enhance the value of
cultural services in the zone by utilizing the rich historical and cultural heritage of the
zone. With the current state of soil protection, water content, and carbon sequestration,
the popularization of new agricultural production methods can be strengthened under the
presumption of ensuring sufficient ecosystem supply functions (Table 4).

4.2. Optimization Strategies for Bundle 2

Within the central mountainous zone, there are relatively few human settlements
and more natural environments, which provide a favorable natural ecological climate and
underlying surface environment. Due to the high landscape value, people are naturally
attracted to the area, resulting in the synergy of ecosystem cultural services and ecosystem
regulation services. The specific policy planning may involve, on the one hand, strengthen-
ing the ecosystem regulation service in the relevant areas, primarily in the central mountain
zone, under the premise of protection and moderate development, and establishing a
natural ecological reserve. In contrast, in some areas with high coastal landscape values,
appropriate tourism culture development can be carried out with respect to the original
natural style, digging historical deposits and enhancing the value of ecosystem cultural
service. Due to the current lack of ecosystem provisioning services, it is possible to con-
sider the ecosystem supply function on the basis of maximizing the protection of natural



Sustainability 2024, 16, 394 11 of 15

landscape by carrying out environmentally friendly agricultural production and tourism
activities (Table 5).

Table 4. Ecosystem service bundle 1’s advantages and disadvantages summary and optimiza-
tion strategies.

Ecosystem
Service Bundle Advantages and Disadvantages Optimization Strategies

Central Round
Island Food

Production Zone
(Bundle 1)

Advantage

Superior natural
conditions and good
climate environment;
human activities are
frequent, and crop
production service
is strong.
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Service Bundle Advantages and Disadvantages Optimization Strategies

Central
Mountainous

Forest Ecological
Regulation–

Tourism Zone
(Bundle 2)

Advantage

Climate tends to be
natural, suitable for
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development; strong soil
protection, water content,
and carbon sequestration
services.
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(1) Strengthen environmental
regulation services in the central
mountain area so that nature reserves
can be established.
(2) In areas with high coastal
landscape values, appropriate tourism
culture development should be
carried out.
(3) Produce services through
low-impact agricultural production.

Disadvantage Ecosystem provision
services are weak.

4.3. Optimization Strategies for Bundle 3

The coastal discrete area is the boundary between the land and the sea [61]. This
zone is often used by Zhoushan as an industrial carrier for the production, processing, and
culture of fish. In spite of this, the fishery and its downstream industries have a relatively
large impact on the environment, and traditional fishery production is capable of causing
more pollution. It follows that there is a tradeoff between the service of food production
and the service of environmental regulation in this zone. As a supplement to the overall
regional planning strategy, the service balance of any specific policy can be used. However,
in light of the historical characteristics of its rich fishery production, the fish industry
should conduct industrial iteration and upgrading while retaining the industrial forms
that have considerable value in the first, second, and third industrial chains. In view of
the relationship between food production service and environmental regulation service,
agricultural land indicators of this ecosystem service bundle and other ecosystem service
bundles can be exchanged, thereby increasing the land indicators available for the further
development of this zone within this ecosystem service bundle on the basis of maintaining
a balance of ecosystem services (Table 6).
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Table 6. Ecosystem service bundle 3’s advantages and disadvantages summary and optimiza-
tion strategies.

Ecosystem
Service Bundle Advantages and Disadvantages Optimization Strategies

Southern
Development–

Protection
Balance Zone

(Bundle 3)

Advantage

The structure of
ecosystem services is
fairly balanced; the
distribution area belongs
to the coastal external
strong active area.
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(1) Complement the overall planning
land use by including a functional,
flexible area.
(2) Maintain the vitality of the fishing
industry, retain the appropriate stage
of the industrial chain, and develop in
an iterative manner.
(3) It is also necessary to increase the
available index support for the region
through the replacement of land use
indexes.

Disadvantage
There are tradeoffs
between food production
and regulatory services.

5. Conclusions

In this study, Zhoushan Archipelago was used as the research area, and K-means
cluster analysis was used in this region. The region has been zoned for ecological functions,
exploring the ecosystem service types, which are provided by the region. Additionally,
the tradeoffs and synergies of multiple ecosystem services within each ecosystem service
cluster were quantitatively evaluated using correlation analysis.

The dominant service of the Central Round Island Food Production Zone (Bundle 1)
is the food production service, which shows a certain synergy with the maintenance of
cultural services and has not yet shown a clear tradeoff and synergy with other regulatory
services. The Central Mountainous Forest Ecological Regulation–Tourism Zone (Bundle 2)
in the central mountainous area belongs to the ecological surplus area, and the ecosystem
food supply in this area is considerably lower than that of the regulating service, indicating
a clear tradeoff between one or the other. However, the regulation service and the tourism
and cultural services in the region share a good synergy. The ecosystem services in the
Southern Development–Protection Balance Zone (Bundle 3) are relatively balanced, and
there is a tradeoff between food production and regulatory services in this zone.

Overall, the current state of ecosystem services in the coastal archipelago system
represented by Zhoushan is complex and multiregional. The quantitative assessment
of ecosystem services in the island ecosystem service cluster in this study can assist in
clarifying the tradeoffs and synergies between ecosystem services in different service
clusters [62], as well as providing theoretical guidance and technical support to formulate
effective, sustainable socioeconomic–ecosystem management programs in island areas. By
developing economy and society, island space is developed in a more efficient, ecological
manner, and traditional primary industry is transformed into secondary and tertiary
industries. Considering the future industrial development process and its allocation of
land space, more detailed optimization needs to be carried out from the perspective of
ecosystem services, in order to maximize the efficiency of space utilization and ecosystem
service output in the future.
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