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Abstract

This study aimed to identify types of restoration design models for enhancing habitat connectivity and their
characteristics by systematically collecting and classifying academic literature and domestic restoration projects
related to ecological networks. A mapping review was conducted using academic literature from the Web of Science
and RISS, together with data from domestic restoration projects, including ecosystem conservation charge return
projects, ecological axis restoration projects, and ecological stream restoration projects. In the primary core mapping,
240 sources (131 academic articles and 109 project reports) were selected, while a secondary supplementary
contextual mapping focused on domestic application, identified 39 additional sources (8 academic articles and 31
project reports). The selected sources were systematically coded across habitat type, spatial patch, network
components, connectivity type, planning and governance, restoration measures, connectivity analysis methods, and
design factors. Based on the network component targeted for intervention, four restoration design model types were
identified: Type A, a core habitat restoration model strengthening nodes (88 cases, 36.7%); Type B, a linkage
construction model establishing or restoring links between nodes (76 cases, 31.7%); Type C, a stepping-stone habitat
network model supplementing sub-nodes (69 cases, 28.8%): and Type D, a landscape permeability improvement
model reducing matrix resistance (7 cases, 2.9%). Academic literature was dominated by Type B (45.8%), whereas
domestic project reports were dominated by Type A (60.6%), revealing a structural difference between broad-scale,
corridor-focused academic research and neighborhood-scale, node-oriented domestic practice. Each type also relied
on distinct connectivity analysis methods: structural connectivity indices and graph theory for Type A, least-cost path
analysis for Type B, circuit theory and least-cost path analysis for Type C, and habitat suitability modeling for Type
D. These findings provide a systematic typology linking connectivity restoration research with practice, offering
foundational evidence for developing an integrated institution-data—technology framework for habitat connectivity and
ecological network restoration in Korea.
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Table 1. Data sources and search criteria for the systematic mapping review

Division 1st core mapping Supplementary contextual mapping
* Academic literature: Web of Science ) Aca.dermc hte?aturel I.{ISS ) .
. . ; * Project report: Ecological Corridor Restoration
Database * Project report: Ecosystem Conservation . . . .
Charge Return Project (ECCRP) Report Project Report, Ecological River Restoration
Project Report, Ecological Park Report
Document type of academic * Article * Article
literature * Review * Review
Language of academic literature  * English * Korean
Year of academic literature * 2015-2025 * 2015-2025
Year of project report * 2014-2026 * 1998-2022
Index category of academic gy g oonded, SSCI, ARHCI ESCI “ KCI
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Table 2. Keyword blocks and search terms used for the systematic mapping review

Block Theme

Keywords

“habitat connectivity”, “ecological connectivity”, “functional connectivity”, “structural connectivity”,

A Connectivity

“landscape connectivity”, “patch connectivity”, “ecological network”, “habitat network”

Restoration /

“habitat restoration”, “ecological restoration”, “restoration design”, “restoration model”, “restoration
Design framework”, “restoration planning”

C Methodology « . . »
structural connectivity metrics’,

“least cost path”, ‘resistant kernels”, “circuit theory”, “graph theory”, “agent-based models”,
“spatial prioritization tools”

Table 3. Inclusion and exclusion criteria for literature selection

Category Criteria
Studies in which habitat connectivity or ecological networks were identified as key research themes
lusi Studies in which restoration, design, or planning was discussed within an ecological context
Iz;;;s;;n Studies that applied quantitative methods for connectivity assessment, such as graph theory or least-cost path

analysis

Studies that explicitly focused on terrestrial or wetland habitats

Studies addressing tropical rainforests, mangroves, marine, alpine, or polar ecosystems

Studies unrelated to ecological restoration or ecological networks, or focusing on substantially different research

Exclusion  topics
criteria

Studies focusing on populations of specific species or plants, or primarily addressing biological or genetic aspects

Studies focusing solely on climate modeling, climate change projections, or ecosystem services, without

relevance to habitat restoration or design
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Table 4. PECO-based inclusion and exclusion criteria for literature selection

Category PECO

Criteria

Population (P)
basins, and forests

Exposure (E)

Studies focusing primarily on terrestrial or wetland habitats, including wetlands, reservoirs, river

Studies that address habitat connectivity, or present connectivity-based restoration technologies

Inclusion as a core theme, restoration design factor, or component technology
criteria Comparator (C)  Studies including comparative analyses of pre- and post-restoration conditions, connectivity
effects, or alternative restoration scenarios
Outcome (O) Studies that present connectivity-related analytical methods, restoration measures, design
factors, component technologies, or connectivity outcomes
Population (P)  Studies not focusing on terrestrial or wetland habitats, or not addressing habitats or ecological
networks
Exposure (F) Studies limited to assessing and analyzing existing connectivity conditions, without proposing
) validation approaches, restoration techniques, design factors, or component technologies
Exclusion related to connectivity
criteria

Comparator (C)  Studies that only compare current connectivity conditions, without proposing restoration
strategies and focusing solely on diagnosis of existing conditions

Outcome (O)

Studies presenting only changes in individual organisms of a specific species or genetic diversity,

without relevance to habitat connectivity or design factors
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Table 5. Inclusion and exclusion criteria for project report selection
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Category Criteria

Projects in which habitat or ecological fragmentation is explicitly identified as an issue within the project area

Projects in which wildlife movement is restricted by physical barriers, such as roads, railways, fences, or
development sites

Inclusion

criteria

Projects that explicitly include measures to enhance ecological connectivity, such as ecological corridors or
wildlife movement corridors

Projects in which improving habitat connectivity, including facilitating wildlife movement or strengthening
ecological network functions, is identified as a key project objective or expected outcome

Exclusion

Projects primarily focused on the restoration of individual habitats, such as wetlands, forests, or grasslands,
without an explicit objective of connecting them with surrounding habitats

Projects primarily focused on creating or improving breeding, reproductive, feeding, or roosting habitats for
specific species, without a clear objective related to wildlife movement or habitat connectivity

Projects primarily aimed at recreation, environmental education, landscape improvement, or the provision of
visitor spaces for local residents

criteria

Projects primarily aimed at carbon storage, climate change adaptation, or the enhancement of carbon sinks

Projects primarily aimed at improving local environmental conditions, such as pollutant removal, odor
reduction, water-quality improvement, or the management of abandoned waste facilities

Projects that only refer to green-space creation or biodiversity enhancement, without explicitly addressing
habitat fragmentation, connectivity, or wildlife movement

= om-H®n

N Tm-H®»

Identification

Identification

Core mapping

International academic literature (WoS) Project reports

Filters applied and duplicates removed
(n=113)

Search strategy (TS) setup and search
(n=531)

Review of project reports
(n = 348)

Grey literature and other
—| project types removed
(n = 202)

I

Title and abstract screening
418)

Screenin Excluded after title/abstract screening
B (n = 418) (n = 244)

|

Full-text eligibility assessment
(n=174)

Eligibility
— assessed using the PECO framework (n=146)

| |

Included academic articles ’ ‘ Included project reports ‘

— Not relevant to connectivity

Full—text articles excluded Screening for relevace to Projects excluded
s (n=43) connectivity—related projects — (n=237)

Include ‘ n=131 n=109

‘ Final included records: academic articles + project reports (n = 240) ‘

Supplementary contextual mapping

Domestic academic literature (RISS) Project reports

Search strategy (TS) setup and search
(n = 325) (n=13)

I |

Title and abstract screening ‘ Excluded after title/abstract screening ‘ Screening of g%?e”;‘;""“""e'a'w ‘

(n=312) (n = 282) o83
| |

Full-text eligibility assessment ‘ ‘ Full-text articles excluded (n = 22)

Filters applied and duplicates removed‘ ‘ Review of project reports
(n=83)

Projects excluded (n = 49)
~ Duplicate projects: 5

Screening
~ Obiectives, content missing or not relevant: 44|

Project content eligibility assessment
(n=34)

| |

Included academic articles ‘ ‘ Included project reports ‘

(n=30) — assessed using the PECO framework

Eligibility
— Not relevant content in project details

’ Projects excluded (n = 3) ‘

Include ‘ = =
n= n=

‘ Final included records: academic articles + project reports (n = 39) ‘

Fig. 1. Systematic mapping review process.
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Table 6. Classification axes for identifying restoration design models

Axis Sub-category Description
Terrestrial Dominated by terrestrial vegetation such as forest, grassland, or urban green
space
Habitat type  Wetland Dominated by wetland, lake, coastal, or riparian habitat
Mixed Terrestrial and aquatic systems intentionally addressed together as design
targets
Patch Individual patch or small site unit
Spatial patch  Landscape Single city or landscape unit
Regional Broad scale such as region, watershed, or metropolitan area
Node Core habitat patch itself is the direct object of intervention
" Sub-node Intermediate stepping stone, ecological node, or pinch point between patches
ccl:lrigf)?lrent Link Connecting path between nodes
Matrix Land-cover mosaic surrounding patches and links, with varying resistance and
permeability
Structural Based on physical configuration and spatial arrangement
Con?;)cetlvny Functional Based on species movement, dispersal, and gene flow
Composite Structural and functional indicators used together

Planning and
governance

International strategy
National strategy
Regional ecological plan
Urban planning
Neighborhood ecology

Protected area

Linked to international frameworks such as the Global Biodiversity Framework
National-level policy or strategy

Ecological planning at regional or watershed level

Targeting a single city

Neighborhood or living-zone unit

Management of protected or nature conservation areas

Restoration

Ecological corridor
Stepping-stone habitat

Habitat quality improvement

Physical corridor connecting nodes
Small intermediate habitat between patches

Enhancement of vegetation quality or physical expansion of existing habitat

measure
Landscape-scale network Ecological green network planning at landscape unit
Green and blue infrastructure Use of green and water infrastructure such as parks and streams
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Table 7. Definition of descriptive attributes

Category

Description

Connectivity model: Least-cost path (LCP), Resistant kernel, Circuit theory, Graph theory, Agent-based

model (ABM)
Connectivity analysis
and assessment

pattern analysis (MSPA)
methods

Input/diagnosis: Structural connectivity metrics, Habitat suitability model (HSM), Morphological spatial

Prioritization/design: Spatial prioritization tools

Empirical validation: Genetic connectivity analysis

Target species

Species or taxonomic group set as the restoration target

Primary design factor

A factor presented as the direct object of intervention for enhancing connectivity, whose manipulated
outcome is measured as a performance indicator

Secondary design

A factor not itself subject to intervention, but used as an input variable or decision basis for determining

factor the location, extent, or priority of the primary design factor
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Fig. 2. Distribution of habitat and network design model types by literature source.

Type A: Core habitat restoration model n=88(SL22/ PR 66)
* Key point
Unprotected Unprotected
habitat habitat - Enlarge node area and improve habitat quality

- Absorb unprotected habitat into the core (source-sink)
- Strengthen the node rather than add new links
* Restoration means
- Habitat quality improvement 84%
- Green-blue infrastructure 24%

H  Core connectivity factors
Core habitat NSty 1n

- Core habitat identification 19% (SL)
(Node) ) .

- Habitat creation 16% (PR)
= Supporting prioritisation factors
- Resistance surface 11% (SL)

- Ecological corridor 8% (SL)

+ Connectivity analysis and assessment methods
Unprotected - Structural connectivity index 68% (SL)
- Graph theory 41% (SL)

Unprotected

habitat habitat

% 9k AL Mol 4 itk BRE-S SHFS YA e
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Type B: Connectivity corridor development model

n=76(SL60/PR 16)

Core
habitat A

- Least-cost path
= Corridor width

Fragmented section
(roads, railways, etc.} ~

Core

Establish ecological corridor
- Remove Barrier Elements

habitat B

* Key point

- Restore or establish links (corridors)

- Bridge the fragmented section between two nodes
- Spatial extent is explicitly linear

* Restoration means

- Landscape-level network 72%

- Habitat quality improvement 29%

+ Core connectivity factors

- Ecological corridor 67%

- Core habitat identification 20% (SL)

« Supporting prioritisation factors

- Resistance surface 39% (SL)

- Core habitat identification 32% (SL)

* Connectivity analysis and assessment methods
- Least-cost path 63% (SL)

- Structural connectivity index 48% (SL)

Fig. 4. Conceptual model of type B, the connectivity corridor development model (link creation and restoration).
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n=69(SL44/PR 25)

Stepping-stone
habitat

Core

Fragmented section
(roads, railways, etc.)

Core
habitat A

habitat B

* Key point
- Add or reinforce intermediate sub-nodes

- Enable stepwise movement where a continuous corridor
is infeasible

- Point-based rather than line—based connectivity
* Restoration means

- Habitat quality improvement 55%

- Stepping-stone habitat 35%

« Core connectivity factors

- Pinch point / barrier 36% (SL)

- Ecological corridor 30% (SL)

« Supporting prioritisation factors
- Resistance surface 43% (SL)
- Core habitat identification 42% (SL)

« Connectivity analysis and assessment methods

- Circuit theory 70% (SL)
- Least—cost path 61% (SL)

Fig. 5. Conceptual model of type C, the stepping-stone habitat network model (sub-node insertion).
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Type D: Landscape permeability improvement model

n=7(SL5/PR2)

Core

habitat B

Core
habitat A

Stepping-stone
habitat

Aol 1773(68.0%) 2.2 e AA ol 57Fe A<
AAZ s AAHE AASHL ot A4S A5
I ok

A2 B4 9 HrpEe ARIETA 2571 A
7t 24 d §rt Aakg PAIeHA] grot SR 44
< o2 HESII) 3 20]20] 317(70.5%) 22
7V =gk, H4Hl 84 Z(LCP) 2771(61.4%), %
2 AAA A& 2571(56.8%), FEFIHHEEA 217
(47.7%) &=0.2 ettt ol& Fofl 57t Aol
OEE AAA JAA-7 -G gf-go] o]Feix]7]
o g2o|2g go] A8l Qs A o2 mpolsh
o Atk BERFL SEREA e R PAleHA] &
dom, AAHEIA A= 27 1871(72.0%), L35+
1173(44.0%), FA 7 971(36.0%) =20 = HErtTh
8 AR E W2 257(36.0%), AEE 2 A
HE2 1071(14.5%), AAA- 24 771(10.1%) 2.2 Y
ERfon B AARIZH= AFH 307(43.5%), 34
AAA A 2070(42.0%), AJES 2 AEiE= 107
(14.5%) <=2 2 gelgh 4= 9)9)th.

22 g RS B9 5 C= A, 2Ang4=
DELHEAERIE, HE77HE Adsto] HXL T

o 77+¢ 4o}, BRI ES] 24 842 AYE A

* Key point

- Lower matrix resistance to improve link weight

- Remove barriers instead of building new corridors
- Only model in which all records are coded as matrix
* Restoration means

- Habitat quality improvement 86%

- Landscape-level network 43%

= Core connectivity factors

- Land use / matrix optimisation 43% (SL)

- Ecosystem services 29% (SL)

« Supporting prioritisation factors

- Patch importance / connectivity index 43% (SL)

- Habitat suitability / quality 29% (SL)

+ Connectivity analysis and assessment methods
- Habitat suitability model (HSM) 60% (SL)

- Structural connectivity index 20% (SL)
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