
 

 

 

Regional Ecology and Management 

https://www.sciltp.com/journals/rem 

 

 

Copyright: © 2026 by the authors. This is an open access article under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 
Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

Perspective 

From GIS-Based Mapping to Ecological Evidence: Why 
Ecological Networks Still Need Field Validation 
Zechen Wang 1, Sicheng Yan 2, Yanhui Yan 3, Jingeng Huo 4,* and Yunlong Pan 5 
1 School of Environment, Beijing Normal University, Beijing 100875, China 
2 Faculty of Geographical Science and Engineering, Henan University, Zhengzhou 450046, China 
3 School of Geography, South China Normal University, Guangzhou 510631, China 
4 College of Architecture and Urban Planning, Chongqing University, Chongqing 400045, China 
5 School of Geography and Environmental Engineering, Gannan Normal University, Ganzhou 341000, China 
* Correspondence: Huojg@stu.cqu.edu.cn 

How To Cite: Wang, Z.; Yan, S.; Yan, Y.; et al. From GIS-Based Mapping to Ecological Evidence: Why Ecological Networks Still Need 
Field Validation. Regional Ecology and Management 2026, 1(1), 9. https://doi.org/10.53941/rem.2026.100009 

Received: 24 July 2026 
Revised: 17 August 2026 
Accepted: 31 August 2026 
Published: 3 September 2026 

Abstract: Ecological networks are central tools for addressing habitat 
fragmentation, but research practice has increasingly shifted from organism-center 
evidence toward GIS-based mapping and structural connectivity modeling. 
Remote-sensing data, resistance surfaces, circuit theory and ecosystem-service 
layers now allow visually persuasive networks to be produced over large areas with 
limited fieldwork. These approaches are indispensable for broad-scale conservation 
planning, yet they can blur the distinction between potential connectivity and 
demonstrated ecological function. A mapped corridor is not necessarily a 
movement pathway, and structural connectivity does not automatically imply 
dispersal, gene flow, recolonization or population persistence. This perspective 
argues that modelled corridors should be treated as testable hypotheses unless they 
are supported by independent biological evidence. We propose a tiered claim–
evidence framework that distinguishes structural predictions, species-informed 
hypotheses, demonstrated corridor use and demonstrated conservation outcomes. 
Field validation need not be universal or identical across studies; its intensity should 
be proportional to claim strength, spatial scale and decision risk. Moving from one-
off mapping toward an adaptive prediction–validation–update cycle would make 
ecological networks more credible scientific and conservation tools. 

 Keywords: ecological network; field validation; structural connectivity; functional 
connectivity; corridor validation 

1. Introduction 

Ecological networks emerged from a concrete conservation problem: isolated protected areas and fragmented 
habitat patches can restrict movement, migration, recolonization and long-term population persistence [1–3]. 
Connectivity was therefore conceived as an ecological process linking otherwise separated populations and 
habitats. During the past two decades, however, the operational center of the field has increasingly shifted toward 
Geographic Information System (GIS)-based network construction. Remote-sensing products, resistance surfaces, 
circuit-theory models and ecosystem-service layers now make it possible to delineate sources, corridors and 
priority nodes across very large areas [4–6]. 

This technical development has strengthened conservation planning, but it has also created an evidentiary 
ambiguity. After an ecological network is drawn, do organisms actually move through its corridors (Figure 1)? 
Does gene flow increase? Are road mortality, local extinction risk or barriers to recolonization reduced? A spatial 
connection that is persuasive on a map may identify where movement could occur without demonstrating that 
movement does occur or that conservation outcomes improve [7,8]. 
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Figure 1. From isolated patches to corridor-linked habitats. (a) Isolated habitat patches with animals occurring 
within separate patches. (b) Habitat patches linked by modelled ecological corridors. The question mark indicates 
uncertainty over whether animals use the corridors as movement pathways. 

The distinction matters because structural connectivity and functional connectivity answer different questions. 
Structural connectivity describes the physical arrangement and continuity of habitat, whereas functional 
connectivity concerns the realized movement of organisms or the ecological flows enabled by a landscape. 
Resistance surfaces are designed to represent the expected effects of roads, fences, flooding, disturbance and other 
landscape features on movement, but they remain models of landscape permeability. Realized connectivity also 
depends on factors not captured by landscape structure alone, including population density, reproductive output, 
source-habitat quality and functionality, behavioral state, species interactions and the availability of dispersers. A 
mapped connection may therefore be meaningful for a wide-ranging carnivore while remaining irrelevant to an 
amphibian, insect or plant with limited dispersal. 

This perspective does not argue against modeling. For regional and national planning, maps are often the 
only realistic starting point. It instead asks that the strength of connectivity claims be matched to the strength of 
supporting evidence. Although validation is receiving greater attention, it remains far from a routine component 
of connectivity research [9,10]. We examine how connectivity became predominantly map based, why structural 
approaches remain attractive, and how a tiered claim–evidence framework can distinguish exploratory spatial 
hypotheses from demonstrated ecological connections. 

2. From Ecological Processes to Mapped Connectivity 

Over the past two decades, the operational center of ecological-network research has increasingly moved 
toward mapped connectivity. This shift has been enabled by the rapid availability of remote-sensing products, 
land-cover datasets, digital elevation models, road networks, ecosystem-service layers, and increasingly accessible 
GIS software. As a result, ecological networks are now frequently constructed through workflows that identify 
ecological sources, assign resistance surfaces, identify or delineate corridors, and optimize nodes, pinch points, or 
priority areas. Methods such as morphological spatial pattern analysis, minimum cumulative resistance modeling, 
graph theory, circuit theory, gravity models, and ecosystem-service integration have made it possible to produce 
spatially explicit and visually persuasive networks across cities, watersheds, mountain regions, protected-area 
systems, and national-scale planning units. 

This methodological expansion has brought real benefits. It has made connectivity planning more systematic, 
repeatable, and policy-relevant, especially where field data are scarce and conservation decisions must be made at 
broad spatial scales. Yet it has also changed the evidentiary basis of the field. A recent bibliometric analysis of 
ecological-network and ecological-security-pattern research identified 1806 relevant records from 1991 to 2024 
and showed that publication output has increased sharply since 2010. The dominant research themes in this 
expanding literature include ecological-network construction, graph theory, circuit theory, minimum cumulative 
resistance models, ecological corridors, ecological security patterns, and ecosystem-service integration [11]. These 
are largely tools for representing potential or structural connectivity rather than direct tests of whether organisms 
use the mapped connections. 
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Evidence from systematic reviews points in the same direction. In a review of 142 connectivity studies in European 
forests, 75 studies (53%) used solely structural approaches, 26 (18.3%) combined structural and functional approaches, 
and 22 (15%) used functional approaches exclusively. The remaining 19 studies used genetic evidence: 18 (13%) 
combined genetic methods with other approaches and one (0.7%) used genetic methods alone (Figure 2) [12]. Thus, all 
five mutually exclusive categories sum to the reported total of 142 studies. This does not mean that structural 
studies are unimportant. Many conservation problems require maps before they can be acted upon. But it does 
suggest that ecological-network research has grown faster as a mapping and modeling enterprise than as an 
organism-center testing enterprise. 

 

Figure 2. Connectivity approaches used in the 142 European forest studies reviewed by Martínez-Richart et al. [12]. 

The consequence is that “connectivity” can become ambiguous. A corridor identified by a resistance model 
may be a useful planning hypothesis, but it is not yet evidence of movement. A network optimized for habitat 
contiguity, landscape permeability, or ecosystem-service supply may indicate where connectivity could occur, but 
it does not demonstrate that dispersal, gene flow, recolonization, or demographic rescue is actually taking place. 
When connectivity becomes a map, the field gains spatial power; it also risks losing sight of the organisms and 
processes that made connectivity ecologically meaningful in the first place. 

3. Why Structural Connectivity Dominates 

There are practical reasons why structural connectivity has become so attractive. A mapped ecological 
network can often be produced within an office-based workflow. Public land-cover products, satellite imagery, 
digital elevation models, road layers, hydrological data, protected-area boundaries, and ecosystem-service datasets 
can be downloaded, processed, and combined in GIS. With established software and modeling packages, 
researchers can delineate ecological sources, construct resistance surfaces, identify least-cost paths, simulate 
current flow, and rank corridors or pinch points without necessarily collecting new biological data. Satellite remote 
sensing has greatly expanded the ability of applied ecologists to describe land cover, habitat structure, 
fragmentation, degradation, and other environmental conditions across broad spatial scales [13]. For large regions, 
this capacity is indispensable. 

By contrast, testing functional connectivity is usually slower, more expensive and less predictable. To know 
whether organisms actually use mapped corridors, researchers may need telemetry, camera traps, genetic sampling, 
environmental DNA, mark–recapture or repeated occupancy surveys (Figure 3). These approaches often require field 
permits, animal-handling approval, species-specific expertise, seasonal sampling windows, equipment purchase and 
maintenance, local access, trained personnel and repeated visits across months or years. Global Positioning System 
(GPS) and biologging technologies can provide detailed animal locations and behavioral information, but they depend 
on devices, power supply, data retrieval systems and species-appropriate deployment [14,15]. Genetic or eDNA 
evidence may reveal movement or connectivity more indirectly, but it still requires sampling design, laboratory 
work and careful interpretation. In many cases, the outcome is uncertain: animals may avoid the expected corridor, 
sample sizes may be small, devices may fail and rare dispersal events may not be observed during the study period. 
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These constraints do not make broad-scale validation infeasible. A national analysis in Canada tested a 300-m 
connectivity surface with independently collected wildlife observations [16], and a subsequent assessment used 
GPS records from 3525 individuals of 17 species across 46 study areas to test predictions for multiple movement 
processes [17]. Such studies show that large-scale validation can be achieved by reusing existing monitoring data 
and coordinating collaborations, although taxonomic, geographic and behavioral coverage remains uneven. 

 

Figure 3. Practical asymmetry between structural connectivity mapping and functional validation. 

The difference in research cycle is therefore substantial. A structural connectivity study based on existing 
spatial datasets may be completed within weeks or months once the workflow is established. A functional 
validation study may require at least one field season, and often several years, before movement, gene flow, 
recolonization, or demographic effects can be evaluated. The difference is not only financial; it also concerns time, 
logistics, disciplinary training, and publication risk. A map-based study can usually guarantee an output: sources, 
corridors, resistance surfaces, and priority areas. A biological test cannot guarantee the expected result, because 
the organisms themselves may not behave as the model predicts. 

This asymmetry helps explain why ecological-network research has expanded more rapidly as a modeling 
enterprise than as a testing enterprise. Structural connectivity studies are scalable, visually persuasive, and readily 
aligned with planning needs. Functional studies are biologically stronger, but they are harder to design, harder to 
fund, and harder to generalize across regions. The convenience of structural connectivity is therefore 
understandable. It is not a weakness in itself. The problem begins when this convenience changes the evidentiary 
standard of the field. 

4. A Tiered Claim–Evidence Framework 

Ecological-network research does not require a single universal standard of field validation. The appropriate 
evidence depends on the ecological process being represented, the spatial and temporal scale of analysis and the 
strength of the claim being made. A structurally identified corridor may be sufficient as a preliminary planning 
hypothesis, provided that its assumptions and uncertainty are reported clearly. However, claims that a corridor 
supports movement, gene flow, recolonization, demographic rescue or population persistence require 
corresponding biological evidence. Existing work provides complementary guidance: Beier et al. [18] outline best 
practices for producing regional connectivity maps; Creech et al. [10] synthesize available validation approaches; 
Poor et al. [19] propose a post-hoc corridor-validation workflow; and Zeller et al. [20] demonstrate empirically 
that model and data choices can change corridor predictions. Our framework addresses a different but related 
question: not which technical validation method should be selected, but what strength of ecological claim is 
warranted by the evidence available. It extends beyond model-performance validation by placing mapped 
predictions, direct corridor use and conservation outcomes on a common reporting ladder. This framing is 
consistent with the field-wide synthesis of Liczner et al. [21] and with Keeley et al.’s [22] emphasis that validation 
must align with model objectives, landscape context, spatial resolution and data assumptions. The central principle 
is not that every network must be tested in the same way, but that evidence strength should match claim strength. 
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This principle can be applied as an evidence gradient. Networks based solely on landscape configuration or 
resistance surfaces should be described as potential structural connections. Models informed by species ecology and 
tested with occurrence, occupancy or habitat-use data can support species-informed hypotheses only when the test 
data are independent of the data used to build, parameterize or calibrate the model. Reusing the same observations 
for model fitting and evaluation without a genuine holdout or external dataset is circular and does not constitute 
validation. The grain, extent and temporal window of the validation data must also be appropriate to the model’s 
resolution and stated objective [10,22]. Claims of actual movement require direct and appropriately designed 
evidence, whereas claims about gene flow, recolonization or demographic benefit require genetic, population or long-
term monitoring evidence. Evidence quality also varies within each level according to independence, replication, 
sampling effort, detection probability, spatial resolution and the match between the observation and the claimed 
process. A single road-crossing observation is weaker than replicated telemetry, camera or mark–recapture evidence 
and may indicate barrier encounter rather than successful movement. Roadkill records can identify mortality risk but 
cannot by themselves demonstrate successful crossing or reduced mortality; Level 4 therefore requires an outcome 
design capable of estimating change, such as before–after or control-impact evidence. 

Operationally, the gradient can be expressed in four levels. Level 1 comprises structural predictions based on 
landscape configuration, resistance surfaces, least-cost paths or current-flow models; regional connectivity maps 
developed under explicit assumptions exemplify this level [18]. Level 2 adds species-specific ecological information 
and genuinely independent occurrence, occupancy or habitat-use data, allowing a species-informed connectivity 
hypothesis; Iverson et al. [23] illustrate an independent test of mapped linkages using wildlife occurrence and 
movement-related datasets. Level 3 requires direct evidence of corridor use, preferably from replicated telemetry, 
camera detections, mark–recapture, genetic assignment of movement or similarly process-matched observations; 
empirical tests with dispersal data provide examples [17,20]. Level 4 evaluates conservation outcomes through gene 
flow, recolonization, survival, demographic rescue, population persistence or demonstrated mortality reduction; 
genetic evidence that wildlife crossing structures facilitated migration, reproduction and admixture in bears illustrates 
this level [24]. These levels classify the claim that the evidence can support; they do not imply that every dataset 
within a level is equally strong (Figure 4). 

 

Figure 4. A tiered claim–evidence framework linking structural connectivity mapping to functional connectivity 
and conservation outcomes. 

A claim–evidence standard would make network studies easier to interpret and use. Authors should identify 
the target organism or ecological process, state whether the network is a structural prediction or a functionally 
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supported connection, and report its principal uncertainty. Reviewers could then assess whether terms such as 
corridor, movement pathway or functional connection are justified, while planners could distinguish exploratory 
priorities from demonstrated connections. The governing rule is simple: the strength of a connectivity claim should 
not exceed the strength of its supporting evidence. 

5. Discussion 

A tiered framework should not be interpreted as a requirement that every ecological network undergo 
identical field validation. Validation needs differ with the research question, target organism, spatial scale, data 
availability and intended decision. A continental assessment designed to identify broad planning priorities cannot 
be evaluated in the same way as a local wildlife crossing or restoration corridor. Structural models remain 
legitimate when their purpose is exploratory and their assumptions are transparent. The problem arises when 
potential connections are reported as functioning corridors or when planning outputs are treated as demonstrated 
conservation outcomes. 

Validation should therefore be proportional to decision risk. Low-risk exploratory studies may rely on 
sensitivity analysis, alternative resistance surfaces and independent occurrence data. Studies guiding land 
acquisition, infrastructure mitigation, protected-area design or major restoration investment require stronger 
evidence because their costs and ecological consequences are difficult to reverse. Validation can also be strategic 
rather than exhaustive: representative corridors can be sampled, competing models can be tested against 
independent data, and multiple evidence sources can be triangulated. This approach preserves the scalability of 
GIS-based planning while reducing the risk of overconfident interpretation. 

The science–implementation gap also deserves attention. Reviews of connectivity conservation planning 
show that producing a technically credible plan does not guarantee implementation or measurable conservation 
outcomes [25]. Governance, land tenure, infrastructure conflict, local participation, funding and long-term 
monitoring can determine whether mapped corridors persist outside the publication. Global guidance increasingly 
recognizes ecological connectivity as a conservation objective, but it likewise emphasizes clearly defined 
ecological objectives, implementation mechanisms and monitoring [26]. Field validation is therefore one 
component of a broader accountability chain linking spatial prediction, management action and biological response. 

6. Conclusions and Future Directions 

GIS-based ecological networks are indispensable for identifying potential connections across fragmented 
landscapes, but spatial coherence alone does not demonstrate ecological function. The central issue is not whether 
modeling or field ecology should dominate, but whether the evidence supports the terminology and management 
claims attached to a network. Distinguishing structural predictions, species-informed hypotheses, demonstrated 
corridor use and demonstrated conservation outcomes would improve scientific clarity, reviewer evaluation and 
practical decision-making. Ecological networks remain valuable hypotheses; their conservation credibility 
increases when those hypotheses are tested. 

Future ecological-network research should first establish a minimum reporting standard. Each study should 
identify the target organism or ecological process, define the spatial and temporal scale, describe how resistance 
values were derived, distinguish model-building and calibration data from genuinely independent validation data, 
justify the match between validation resolution and model objectives, report uncertainty and state the evidence 
level supported by the analysis. Journals and reviewers could use these elements to prevent potential structural 
connections from being presented as proven movement pathways. 

Second, validation should increasingly integrate complementary evidence. Telemetry can reveal individual 
movement, camera traps and road-crossing records can document repeated use, genetic data can capture 
intergenerational connectivity, and environmental DNA or occupancy surveys can extend inference to difficult-
to-observe taxa. Combining these sources with remote sensing and spatial models will not eliminate uncertainty, 
but it can reveal where independent lines of evidence converge or conflict. 

Third, ecological networks should be treated as adaptive rather than final products. An initial model can 
identify candidate connections; targeted observations can test those predictions; discrepancies can be used to revise 
resistance surfaces, corridor locations and management priorities; and subsequent monitoring can evaluate whether 
interventions improve movement, gene flow, recolonization or population persistence. The next generation of 
ecological-network research should move from mapping where connectivity might occur to testing when, for 
whom and with what conservation consequences it actually occurs.  
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