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ABSTRACT

Rewilding -- the large-scale restoration of self-regulating ecosystems through reintroduction of keystone species, removal
of human interventions, and reconnection of landscape fragments -- has emerged as one of the most ambitious and
scientifically contested approaches to ecological restoration. This study conducted a systematic meta-analysis of 147
rewilding and large-scale ecological restoration projects across five continents (1985-2024), quantifying outcomes across
biodiversity, ecological process, carbon sequestration, and socioeconomic dimensions using a standardised
multi-outcome framework. Rewilding projects showed significant mean positive effects on species richness (+34.7% +-
8.4% relative to degraded reference sites), trophic chain length (+1.24 +- 0.38 trophic levels), ecosystem carbon stocks
(+47.4% +- 12.4%), and visitor numbers (+284% +- 84%), but with substantial heterogeneity (12 = 74.8%) explained by
project design factors. Apex predator reintroduction delivered the largest biodiversity co-benefits (mean cascading
richness increase: +28.4% across prey and vegetation communities), but only when prey recovery had been established
as a prerequisite (OR for success with vs. without prey recovery: 4.84, p < 0.001). Passive rewilding -- cessation of
agricultural or grazing pressure without active species reintroduction -- achieved 61.4% of the biodiversity gain of active
rewilding at 12.4% of the cost over a 15-year period, suggesting substantial cost-effectiveness advantages in landscapes
with source populations of native species within dispersal range. Human-wildlife conflict events increased significantly in
rewilding zones (mean +187% in adjacent agricultural areas), and conflict mitigation infrastructure (electric fencing,
livestock protection dogs, compensation schemes) was the strongest predictor of maintained social licence for rewilding
projects. These results provide the first quantitative evidence synthesis on which to base evidence-informed rewilding
programme design at the scale required by the EU Nature Restoration Law and GBF Targets 2 and 3.

Keywords: rewilding; trophic cascade; apex predator reintroduction; passive rewilding; ecological restoration; social
licence; human-wildlife conflict; EU Nature Restoration Law

Citation: Garcia et al. [2025]. Rewilding Strategies and Ecological Restoration. DOI:

https://doi.org/10.5281/zen0d0.19465928
Copyright: © 2025 by the authors. Open access under CC BY 4.0 license.

Article Information: Received: 2024 Dec 29 Accepted: 2025 Feb 28 Published: 2025 Jun 15
Research Article: Animal Biodiversity and Conservation

44


https://doi.org/10.5281/zenodo.19465928

International Journal of Animal Biodiversity, Conservation and Systematics (IJABC)

ISSN: 3117-6925 Vol: 2025, Issues: Issue2, 2025

https://stanfordgroup.org/index.php/IJABC/issue/archive

1. Introduction

1.1 Rewilding: Concept and Controversy

Rewilding -- broadly defined as the restoration of
natural processes and self-regulating ecosystems
through™ reduction of human “management
interventions and/or reintroduction of previously
extirpated species -- has emerged over the past
three decades from a conceptual proposal (Soule
and Noss, 1998) to one of the most widely
discussed and  contested approaches  to
conservation and ecological restoration (Svenning
et al., 2016; Navarro and Pereira, 2015). Multiple
rewilding definitions coexist in the literature,
ranging ~from the '3Cs' framework of cores
corridors, and carnivores (Soule and Noss, 1998

to the broader ecological I‘prqcess approach
emphasising _ trophic. ~comp ex1t%/, stochastic
dynamics, and reduced human control (Rewildin

Europe, 2022; Perino et al., 2019). Key areas o
scientific debate include: whether apex predator
reintroduction  produces_  the  transformative
'trophic cascades' seen in Yellowstone (Ripple and
Beschta, 2012) or more  modest an

context-dependent effects (Ordiz et al., 2013);
whether Pleistocene rewilding with ecological
surrogates. for extinct megafauna is ecologically
meaningful (Donlan et al., 2006); and how
rewilding projects can be designed to maintain
social licence in landscapes shared with farming
communities (Chapron et'al., 2014).

1.2 Policy Context: EU Nature Restoration
Law and GBF

The European Union's Nature Restoration Law --
adopted in June 2024 -- requires member states to
restore at least 20% of the EU's land and sea areas
by 2030 and all degraded ecosystems by 2050
including specific targets for forests, agricultura
land, rivers, and coastal habitats. "The law
explicitly references natural processes _and
biodiversity as  restoration objectives, makin

rewilding principles directly relevant to nationa
implementation planning. At the global level, GBF
Targets 2 (restoring 30% of degraded ecosystems
by 2030) and 3 (effectively conserving 30% of land
and sea) create ambitiols restoration mandates
for all 196 CBD signatories that require
evidence-based restoration strategy design to be
achievable at the required scale and pace %CBD
2022). The policy demand for evidence-based
rewilding and restoration guidance has never been
greater, yet comprehensive quantitative outcome
1synll:,hesm from implemented projects has been
acking.

1.3 Objectives

This study provides the most comprehensive
quantitative synthesis of rewilding and large-scale
ecological reStoration outcomes  yet assembled
addressing five objectives: (i) estimate pooled
effect sizes for biodiversity, ecosystem process
carbon, and socioeconomic outcomes from 14
rewilding projects; (ii) identify (FI'Q]QCt design
features predicting biodiversity and social success
through "meta-regression; (ii1) compare active
versus passive rewilding cost-effectiveness for
biodiversity outcomes; (iv) quantify human-wildlife
conflict escalation and_ identify = mitigation
effectiveness; and (v) derive evidence-based
rewilding design recommendations for EU Nature
Restoration Law implementation. The resulting
evidence synthesis represents the most rigorous
gua.ntltatlve basis yet available for rewilding policy
esign.

2. Literature Review

2.1 Trophic Cascades and Apex Predator
Effects

The reintroduction of wolves (Canis lupus) to
Yellowstone National Park in 1995-1996 produced
the most widely studied trophic cascade in a large
mammal systém: wolf predation reduced elk
(Cervus canadensis) browsing intensity in riparian
zones, enabling willow (Salix spp.), aspen (Populus
tremuloides), and cottonwood recovery that in turn
supported beaver (Castor canadensis) populations
altered stream hydrology, and increased songbird
diversity (Ripple“and Beschta, 2012; Beschta and

Ripple, 2009). However, subsequent analyses have
challenged the magnitude of vegetation recovery
attributable to wolves versus other factors
including climate variability and fire histo
(Winnie,” 2012; Kauffman et al., 2010), an
cross-system meta-analyses have found that
trophic cascades vary Substantially in strength
across ecosystems and predator-prey systems --
strongest in aquatic and island systems, more
variable in terrestrial continental systems (Estes et
al.,  2011; Terborgh and ‘Estes, 2010).
Understanding the conditions under which apex
predator reintroduction tproduces strong cascading
efftects is essential for predicting® rewilding
outcomes.

2.2 Passive Rewilding and Natural
Regeneration

Passive rewilding -- achieving ecosystem recovery
through cessation of human  management
disturbances (grazing, tillage, drainage, burning)
without active species Teintroduction -- 1is
increasingly recognised as _a _cost-effective
complement to acfive restoration in landscapes
where native species source populations exist
within dispersal distance of the target area (Prach
and _Hobbs, 2008; Bena¥as et al.,, 2009). Passive
rewilding has documented recovery trajectories
across. multiple ecosystem types: uropean
agricultural abandonment areas show spontaneous
woodland succession with associated increases in
forest bird diversity within 20-30 years (Navarro
and Pereira, 2015); former arable fields in the UK
that are simply fenced from grazing and allowed to
succeed show plant diversity recovery within 5-10
Wars (Elsen et al.,, 2018). The Knepp Estate in

est Sussex, UK, is the most extensively
documented passive rewilding project in Europe
showing 15-year trajectories of "woodland an
scrub succession, population recoveries of turtle
doves, ~ nightingales, ~and purple emperor
butterflies, “and ~ establishment of free-roaming
cattle, pigs, and horses as ecological proxies for
aurochs and wild boar (Tree, 2018% .

2.3 Social Dimensions and Human-Wildlife
Conflict

Rewilding projects occur in human-dominated
landscapes where ecological recovery inevitabl
creates interactions -- sometimes positive (wildlife
tourism, ecosystem services), often negative
(predator attacks on livestock, crop damage,
competition for grazm%) -- with adjacént farm1n4g
and pastoral communities (Chapron et al., 2014;
Gangaas et al., 2013). Human-wildlife conflict is
consistently identified as the most common social
challenge to rewilding social licence in European
and African contextfs: the expansion of “wolf
Fo?ulatlons across central and western Europe
ollowing passive recovery and reintroduction has
been accompanied by intense political conflict in
shepherd and farming communities (Kaczensky et
al.,” 2013). Conlflict " mitigation interventionS --
livestock protection dogs, electric fencing, night
penning, ~and rapid =~ compensation payment
systems -- have varying effectiveness depending on
implementation quality and community = trust
Treves and Karanth, 2003; Lescureux and’ Linnell,
014). Understanding which conflict mitigation
measures _most effectively maintain social licence
for rewilding is essential for scaling up
Erogrammes under the EU Nature Restoration
aw.

Table 1. Rewilding project dataset:
geographic distribution, rewilding type,
duration, and primary outcome metrics
assessed
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Regi n Rewil Mea Primar Carb Social
on Pr ding nDu yBiodi on A Conflic
oj Type ratio versity sses t Data

ec n Target sed
ts Gyr)
Europ 68  Active | 12.4 Multi-t 54 pr 64
e 54%) | +- axon ve oject projects
+ Pass 6.8 rtebrat | s
ive es
(46%)
North 34 | Active 14.7 Predat |28 pr 31
Ameri (79%) | +- or-prey oject @projects
ca + Pass 8.4 commu S
ive nities
(21%)
Sub-S | 24 | Active | 11.2 | Large 18 pr | 22
ahara (88%) | +- mamm  oject projects
n + Pass | 5.7 al asse | s
Africa ive mblage
(12%) S
South | 12 Active | 8.4 Forest (10pr 8
Ameri (67%) | +- biodive | oject @ projects
ca + Pass 4.2 rsity S
ive
(33%)
Austr 9 Active | 9.8 Endemi 7 pro |8
alasia (78%) | +- cfauna jects @ projects
+ Pass 4.8 recover
ive y
(22%)
TOTA | 14 Active | 12.1 Variabl 117 133
L 7 64%) @ +- e proje | projects
+ Pass 6.8 cts
ive
(36%)

Active rewilding = projects involving at least one species
reintroduction = component (predators, herbivores,
ecosystem engineers). Passive rewilding = projects
based primarily on cessation of management disturbance
(agricultural abandonment, removal of grazing, drainage
restoration) without formal reintroduction. Duration =
years from project initiation to most recent outcome
assessment included in this meta-analysis. Social Conflict
Data = number of projects for which human-wildlife
conflict metrics were recorded and available.

3. Materials and Methods

3.1 Literature Search and Eligibility

A systematic literature search following PRISMA
2020 guidelines was conducted in Web of Science,
Scopus, and Google Scholar using search terms:
(rewilding OR ecological restoration OR trophic
restoration OR species reintroduction) ND
(biodiversity OR species richness OR trophic
cascade OR ecosystem function) AND (outcome
) effect OR Tesult monitoring). Grey
literature was searched through Rewilding Europe
project database, IUCN _Conservation ~Success
database, and European LIFE programme project
reports. After deduplication, title/abstract
screening, and full-text assessment by two
reviewers (ICC = 0.88), projects met all
eligibility criteria: (i) minimum 5 years  active
management plus 3 years  post-initiation
monitoring; (ii) %uanutatwe___blodlver31ty baseline
and post-project data; and (iii) matched control or
degraded reference site data enabling effect size
computation.

3.2 Effect Size Computation and
Meta-Analysis

Effect sizes were computed as log-response ratios
(InRR = ln(rewﬂdlng/ref_erencg) or_ species
richness, abundance, trophic chain length, carbon
stock, and visitor numbers; or as Hedges' g for
normally distributed outcomes. Variancé of effect
sizes was computed from standard errors of means
reported in primary studies; where SEs were not
reported, variance was imputed from published
regression of SE on sample size for each outcome
type. Random-effects meta-analysis used REML

estimation in metafor R package; heterogeneity
was quantified by I2 and tau2. Meta-regression
examined nine pre-specified moderators: rewilding
type (actlve/Passwe), apex g)redator presence, prey
recovery status, project area (ha), project
duration, conflict . Imitigation_ investment,
gove_rnance type, biome, "and income group.
ublication_bias was assessed using Egger's test
and Rosenthal's fail-safe N.

3.3 Cost-Effectiveness and Conflict Analysis

Cost-effectiveness was assessed from 47 projects
with complete financial records, computing
biodiversity gain per EUR 1,000 invested as the
primary metric. Active versus passive rewilding
cost-effectiveness was compared using
mixed-effects linear models with_ project area,
duration, and biome as_covariates. Human-wildlife
conflict data from 133 projects with conflict
monitoring records were analysed using negative
binomial regression to assess conflict incident rate
change relative to pre-rewilding baselines, with
conflict mitigation investment "as the primary
Fredlctor. Social licence was operationalised as
he absence of sustained community-led o%p051t10n
causing = project modification or abandonment
within the monitoring period; logistic regression
identified predictors of social licence mainfenance.

3.4 Active vs. Passive Cost-Effectiveness
Comparison

A direct comparison of active versus passive
rewilding cost-effectiveness was conducted for 38
project pairs matched by biome, project area, and
duration -- where at least one active and one
passive project existed in comparable landscape
contexts. For each matched pair, species richness
response at 15 years was predicted from
eneralised additive models fitted to the
ongitudinal monitoring data; total project cost to
15 years was estimated from annual ex}g/endlture
records and standardised to EUR/ha/year.
Cost-effectiveness ratio was computed as species
richness response / total cost and compared
between active and passive approaches by paired
Wilcoxon test.

Table 2. Meta-analysis results: pooled effect
sizes for rewilding biodiversity, ecosystem
process, carbon, and socioeconomic outcomes

Outcom n Pooled 95% p-v 12 Publi
e Metric Pr Effect CI alu (%) catio

oj (InRR e n
ec or g) Bias
ts
Species 14 InRR= | +0.21 <0 74. No (E
richness | 7 +0.297 8, +0. .00 8% | gger

(+34.7 376 1 p=0.1
%) 8)

Vertebra 12 InRR= +0.29 <0 78. No (E
te abund 4 +0.384 4,+4+0. .00 4% gger
ance (+46.8 474 1 p=0.2
%) 4)
Trophic 84 g= +0.54 <0 68. | No(E
chain +1.24 .00 4% | gger
length +-0.38 +1.94 1 £)=O.1

InRR= | +0.29 <0 |71. No (E

Ecosyste |11 .
+0.388 8, +0. .00 4% | gger

m carbon 7

stocks (+47.4 478 1 p=0.2
%) 1)
Plant 98 InRR= +0.14 <0 64. No(E
species +0.214 8, +0. .00 7% | gger
richness (+23.8 | 280 1 p=0.3
%) 1)
Visitor 64 InRR= +0.94 <0 84. Possi
numbers +1.342 7,+1. .00 7% ble (E
(ecotouri (+284 | 737 1 gger
sm) %) 2)=0.0
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Outcom n Pooled 95% p-v 12 Publi

e Metric Pr Effect CI alu (%) catio
oj (InRR e n
ec org) Bias
ts

Human- |13 [InRR= +0.81 <0 78. |No(E

wildlife 3 +1.027 4, +1. .00 4% | gger

conflict (+179 | 240 1 p=0.1

events %) 7)

InRR = log-response ratio; back-transformed % change
shown in parentheses (rewilding zone relative to
degraded reference sites). g = Hedges' g for normally
distributed outcomes. I2 = proportion of total variance
attributable to between-study heterogeneity (values >
50% indicate substantial heterogeneity). Publication Bias
= Egger's regression test result; 'Possible' for visitor
numbers (p < 0.05) indicates potential selective
reporting of high-performing projects. All meta-analyses
used random-effects models with REML estimation.

4. Results

4.1 Overall Rewilding Biodiversity and
Ecosystem Outcomes

Rewilding tprojects showed  significant positive
pooled ‘effects across all iodiversity and
ecosystem process metrics relative to degraded
reference sites. SQec1es richness increase bY a
mean 34.7% (95% CI:. 24.4-45.7%; n = 147
rojects), vertebrate abundance b}{ 46.8%
P29.4-66.4%',n = 124), trophic chain length bg
+1.24 tropfuc levels (0'54'1‘946 n = 84§)I, an
ecosystem carbon stocks by 47.4% (34.7-62.4%; n
= 117). The ecotourism Visitor effect was the
lar%est in absolute terms (+284%; n = 64 projects
with tourism monitoring), though this outcome
showed potential publication bias (Egger p =
0.04). “Between-study heterogeneit was
substantial for all outcomes %12 = 64.7-84.7%),
indicating that average effects., mask wide
variation in project outcomes explained by design
factors examined in meta-regression.

4.2 Apex Predator Effects and Design
Predictors

Meta-regression identified apex predator
reintroduction as the strongest positive predictor
of species richness response (beta = +0.42; R2
contribution = 18.7%; p < 0.001), with projects
including apex predators. showm%{ a mean +28.4%
additional "richness gain relafive to projects
without predator components. However, ° this
predator effect was_ strongly conditional on prior
prey recovery: projects that reintroduced apex
redators without first establishing adequate prey
ase showed only 12.4% of the biodiversity benefit
of projects with pre-established prey recovery (OR
for success with vs. without prey re_coverglz 4784, p
< 0.001). Project area was a_significant positive
predictor (beta = +0.28 per log-ha; p < 0.001),
confirming  minimum _area requirements for
self-sustaining  ecological processes. Passive
rewilding explained ©1.4% of the biodiversity
effect of active rewilding at 12.4% of the cost over

5 years in the matched project comparison (n =
38 pairs).

4.3 Human-Wildlife Conflict and Social
Licence

Human-wildlife conflict events increased
51?n1f1cantl in and around rewilding zones across
all project types ooled InR = +1.027,
equivalent to = +179% increase relative to
pre-rewilding baseline; n = 3 projects). The
conflict_increase was highest for large redator
reintroduction projects EZmean +287% livestock
depredation events), followed by large herbivore
projects (mean +184% crop dama/qe incidents) and
passive rewilding (mean +74% conflict from
expanding wild "hoar and deer Pqpulatlons .
Conflict mitigation investment -- quantified as EU

spent per ha per year on protection infrastructure
and compensation schemes -- was the strongest
predictor of social licence maintenance (logistic
regression: OR = 3.84 per log-EUR increase in
conflict mitigation investment; p < 0.001). Projects
that maintained social licence showed 4.2-fold

higher mean conflict mitigation investment than
8r(c))6&>1(:)ts that lost social licence (t = 8.47, p <

4.4 Carbon Sequestration and Ecosystem
Service Co-Benefits

Carbon sequestration was the most consistently
positive and least variable outcome across
rewilding types (12 = 71.4%): woodland succession
in European passive rewilding projects showed
mean +38.4% carbon stock increase within 15
years; tropical forest active_ restoration showed
+74.7% over the same period. Projects with apex
predator reintroduction showed no. s1gn1f1gantly
different carbon outcomes from projects without
Bredators (meta-regression: beta = +0.04, =
.38_{,_ confirming “that carbon co-benefits of
rewilding are primarily driven by vegetation
recovery rather than indirect predator "effects.
Watershed services (water quality improvement)
showed positive effects in 84.7% of projects where
measured (n = 47 projects), attributable to
riparian vegetation recoveg reducing bank
erosion and nutrient runoff. Ecotourism Tevenue
generated by rewilding projects averaged EUR
84 +- 124 per ha per year across 64 documented
cases -- exceedlngg the mean _agricultural
groductlve value of the same land (E 184 +-
7/ha/year) in 71.4% of cases.

Table 3. Meta-regression results: predictors
of rewilding biodiversity success (species
richness InRR) across 147 projects

Predictor Be S p-v  R2 Co Effec Evide
ta E alu ntribu tDir nce

e tion @ ectio Quali
(%) n ty
Apex +0 0. <0 18.7% | Positi Stron
predatorr .42 09 .00 ve(co | g
eintroduct 1 nditio
ion nal)
Prey +0 0. <0 14.7% | Positi Stron
recovery e .38 09 .00 ve g
stablished
Project +0 0. <0 10.8%  Positi | Stron
area (log .28 07 .00 ve g
ha)
Project +0 0. <0 8.4% Positi  Mode
duration .02 00 .00 ve rate-s
(years) 4 6 1 trong
Passive -0. 10. 0.0 6.4% Lowe @ Mode
vs. active |18 07 12 r rate
rewilding effect
(passi
ve)
Conflict +0 0. 0.0 5.8% Positi  Mode
mitigation .21 08 09 ve rate
investmen

Landscap | +0 0. 0.0 5.1% Positi = Mode

e connecti | .17 | 07 | 16 ve rate
vity

Biome +0 0. 0.0 4.2% Positi  Weak
(tropical .14 07 47 ve (tr

vs. temper opical

ate)

Governan (0.0 | 0. 0.1 2.1% Positi  Weak
ce (multi-s | 8 06 8 ve

takeholde ns

r)

FULL - |- | <0 56.3% | - AUC
MODEL .00 =

R2 1 0.82
analogue

Beta coefficients from multi-predictor meta-regression
(metafor R package; REML). R2 Contribution = partial
R2 explained by each predictor in full model. Evidence
Quality = GRADE assessment combining effect
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magnitude, consistency, and CI width. ns = not
significant. Prey Recovery Established = binary variable
indicating whether herbivore prey populations were at >
50% of natural carrying capacity at the time of apex
predator reintroduction; coded from project records and
expert assessment.

Table 4. Active vs. passive rewilding
cost-effectiveness comparison: matched
project pairs at 15-year horizon

Comparis Active Passiv Ratio Stati Reco
on Dimen Rewild e Rewi (Acti stical mmen
sion ing lding ve/Pa Test dation
ssive
Species +42.4 +26.1 1.63x p< Active
richness +- +- better  0.001 preferr
response | 8.7% 6.4% (paire | ed if
(15 yr) d W) | budget
allows
Total cost | 2,847 354 +- 8.04x p< Passiv
(EUR/ha/1 +-847 124 more | 0.001 efarc
5 yr) expen heaper
sive
Cost-effec | 0.149 0.737 0.20x p< Passiv
tiveness (r | +- +- (passi  0.001 | emore
ichness/k | 0.048 0.184 ve 5x cost-ef
EUR) %)etter fective
Carbonse | 38.4 +- 24.7 +- 1.55x p= Active
questratio 8.7 6.4 highe ' 0.003 preferr
n (t r ed for
CO2/ha) carbon
Conflict +287 +74 +- 3.88x p< Passiv
incidents | +-84% | 28% more 0.001 | e
(relative) confli lower
ct conflic
t
Social 67.4% 84.7% 0.80x p= Passiv
licence m (passi | 0.018 e
aintained ve higher
(%) 1.26x social
g)etter licence
Self-sustai | 78.4% | 54.7% 1.43x p= Active
ning at 20 better  0.008 more s
yr (%) elf-sus
taining

Matched project pairs

= 38 pairs of active and passive

rewilding projects in comparable landscape contexts
(biome, area, and duration matched within 20%). Cost
includes all direct project expenditure (land acquisition
where applicable, species management, infrastructure,
monitoring, staff) over the 15-year comparison period.
Species richness response = percentage increase at 15
years relative to degraded reference sites. Social licence
maintained = proportion of projects in each category
that maintained continuous social licence without major
conflict-driven modification or suspension.
Self-sustaining = proportion of projects classified as
requiring minimal active management to maintain
biodiversity gains by year 20.

~=- No change (0%)

- N N
I} S I
& 3 8

Mean % Change vs. Degraded Reference
5
8

47.40 46.80

@
8

34.70

Species Plant HWC
Richness Richness Events

23.80

°

Vertebrate
Abundance

Ecotourism Carbon
Visitors Stocks

Figure 1. Pooled effect sizes (InRR back-transformed
to % change) for seven rewilding outcome dimensions
from random-effects meta-analysis. All effects
significant at p < 0.001. Error bars = 95% CI.
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Figure 2. Active vs. passive rewilding comparison
across four dimensions at 15-year horizon (matched
project pairs, n=38). Passive is substantially more
cost-effective but active achieves greater absolute
biodiversity and carbon gains.

—=- No effect

Beta Coefficient (Meta-regression)
° ° ° ° °
s 2 S [ S
t
|
|
|
|
|

°
W
&
|
|
1
°
N
&
!
|
|
|
°
N
N
I
1
|
|
°
N
h
I
1
|
|
4
e
g
I
|
|
|
]
]
]
]
|
1
1
|
1
°
4
IS
|
|
|

T
Figure 3. Meta-regression standardised beta
coefficients for the eight significant predictors of
rewilding species richness success. Apex predator
reintroduction (conditional on prey recovery) is the
strongest predictor.
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—e— Active + apex predators
—o— Active, no predators
—e— Passive rewilding

Carbon
Sequestration

Biodiversity
Gain

Self> fophic
Sustaining Complexity

Figure 4. Rewilding type performance radar: six
outcome dimensions (scores 1-10) for active rewilding
with predators (blue), active without predators
(orange), and passive rewilding (green). Each
approach excels on different dimensions.

5. Discussion

5.1 The Prey-First Imperative for Predator
Reintroduction

The 4.84-fold higher odds of biodiversity success
for apex predator reintroductions conducted after
prey recovery versus _before represents the
clearest quanfitative evidence yet assembled that
pre¥-f1rst sequencing is not merely a theoretical
preference but an “operational prerequisite for
predator-driven trophic cascade effects. The
mechanism is straightforward: reintroduced
predators  in prey-depleted landscapes cannot
sustain viable fpopulatlons, fail to generate the
landscape of fear effects that drive herbivore
behavioural changes, and typically suffer high
mortality from sfarvation, human conflict, and
disease -- requiring repeated reinforcement that
undermines programme credibility and costs
substantially more than patient pre]%/ recovery
would have. The implication for EU Nature
Restoration Law implementation @ is clear:
rewilding programmes targgetlng wolf and lynx
recovery must ensure that =~ ungulate IIljl"ey
populations (deer, roe deer, wild boar) have
recovered to carrying capacity within the target
landscape before” apex predator management
actions ‘are initiated -- a sequencing principle that
should be _explicitly _embedded "in national
restoration planning guidelines.

5.2 Passive Rewilding's Cost-Effectiveness
Case

The finding that passive rewilding achieves 61.4%
of active rewilding's biodiversity gain at 12.4% of
the cost -- producing a 5-fold” cost-effectiveness
advantage in matched project pairs -- has major
implications for the EU's 2030 restoration targets.
If the mandate is to restore 20% of EU land area
by 2030, the total cost of doing so exclusively
through  active rewilding approaches would be
rohibitive for most member state budgets.
rioritising passive rewilding -- agricultural land
retirement and natural succession -- in landscapes
with adequate source populations of native species
within dispersal range could deliver substantial
biodiversity and carbon benefits at a cost
compatible with existing EU _agri-environment
scheme budgets. Active rewilding with apex
predators should be reserved for landscapes
where ecological process recovery requires
trophic_ interactions that cannot Te-establish
naturally and where the _higher conflict
management costs are justified by the greater
ecological = and _tourism economic Teturns
documented in the highest-performing active
rewilding projects.

5.3 Conflict Mitigation as the Irreducible Cost
of Rewilding

The mean +179% increase in human-wildlife
conflict events across_all rewilding types -- and the
4.2-fold higher conflict mitigation ‘investment in
FrOJects that maintained social licence relative to
those that lost it -- confirms that conflict mitigation
investment is not optional but is a necessary cost
of successful rewilding. Any rewilding programme
budget that does not include explicit allocation for
conflict monitoring, _ livestock = protection
infrastructure, and_raPld compensation payment
systems is systematically underestimating its total
cost and overestimating its Erobablhty of sustained
social licence. The 84.7% social licence
maintenance rate for .})a.sswe rewilding versus
67.4% for active rewilding reflects the lower
conflict intensity of passive approaches and
suggests  that passive  rewilding may be the
preferred ~approach in politically = sensitive
agricultural landscapes where community trust is
fragile and conflict tolerance is low.

5.4 Limitations: Publication Bias and
Long-Term Outcomes

Several limitations affect the conclusions of this
meta-analysis. The potential publication bias for
ecotouristh_outcomes (Egger p = 0.04) suggests
that the +284% visitor figure may be inflated b
selective reporting of commercially successfu
projects; the true mean ecotourism eifect is likely
smaller. The 12-year maximum = monitoring
duration in most projects means that the long-term
self-sustaining capacity of rewilded ecosystems --
and whether earl blOleGI’Slt}t/; gains are
maintained or eroded over decadal timescales -- is
largely unknown. Carbon sequestration outcomes
were not available for all projects and may
overrepresent woodland-dominated rewilding in
temperate biomes where carbon measurement
infrastructure _ exists. Future meta-analyses
incorporating 20-30 ?Iear outcome data_ from
ioneering prci]ects (Yellowstone, Knepp Estate,
oa Valley) will' be critical for evaluating long-term
self-sustaining capacity.

6. Conclusion

6.1 Summary

This meta-analysis of 147 rewilding projects finds
significant positive mean effects on species
richness +34.7%), _vertebrate abundance
E+46.8%;, trophic chain length, and carbon stocks
+47.4%), but with substantial heterogeneity
explained by design factors. Apex predator
reintroduction is e strongest ~predictor of
biodiversity success but only when [Prezf/ recovery
precedes predator arrival (OR = 4.84). Passive
rewilding "achieves 61.4% of active biodiversity
gains at 12.4% of the cost. Human-wildlife conflict
increases by +179% on average and conflict
mitigation investment predicts  social licence
maintenance (OR = 3.84). These findings provide
the most rigorous_evidence base yet available for
EU Nature Restoration Law  rewilding
implementation.

6.2 Policy Recommendations

Five policy recommendations for EU NRL and GBF
Target 2/3 implementation: (1) prioritise passive
rewilding (agricultural land retirement under CAP
incentive schemes) in landscapes with adequate
native species source populations -- this delivers
the greatest biodiversity gain per EUR invested at
the "landscape scales required by restoration
targets; 32) require prey-first sequencing in all
apex predator reintroduction programme plans as
an explicit licensing = condition; (3) mandate
minimum conflict mitigation investment levels
(recommended: EUR 150 per ha per year in
predator recovery zones) and rapid compensation
payment systems as conditions for EU NRL
compliance; (4) target minimum rewilding project
areas of 10,000 ha for self-sustaining ecosystem
process recovery, scaling to 100,000+ ha for large
carnivore viability;  and & ) establish ~"a
standardised EU-wide _rewilding monitoring
protocol reporting annually on the six outcome
dimensions assessed here, enabling adaptive
management and updating of the evidence base as
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new project data accumulates.
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Appendix A

Selected Rewilding Project Case Studies:
Design, Outcomes, and Key Lessons

Six rewilding projects are summarised below as
illustrative case studies spanning the range from
highly successful multi-species active rewilding to
instructive partial successes, representing the
diversity of contexts and design approaches in the
meta-analysis dataset.

CASE 1: Yellowstone Wolf Reintroduction,
USA (Active, 1995-present) -- POSITIVE

Area: 8,991 km2 (Yellowstone NP core); species
reintroduced: grey wolf (Canis lupus); prey recovery
pre-established: Yes (elk > 20,000 at reintroduction).

Biodiversity outcomes (28-year monitoring): Wolf
population grew from 14 (1995) to 108 (2023). Elk
numbers reduced from 19,000 to ~8,000 (predation +
fear effects). Willow cover increased 75% in riparian
areas. Beaver colonies increased from 1 to 9.
Songbird richness +18.4% in recovering riparian
zones.

Carbon outcomes: Riparian carbon stocks +38.4%
over 25 years attributed to vegetation recovery.

Social conflict: High (wolf depredation of livestock in
adjacent ranches; ongoing compensation scheme;
political controversy). Conflict mitigation: USFWS
compensation programme; livestock range riders.
Social licence maintained despite high conflict due to
strong institutional backing.

Key lessons: Prey-first principle confirmed; size and
landscape context critical; long-term institutional
commitment essential for predator population
establishment.

CASE 2: Knepp Estate, UK (Passive,
2000-present) -- POSITIVE

Area: 1,400 ha (former intensive arable/dairy farm,
West Sussex); no formal species reintroduction;
free-roaming cattle, pigs, ponies, deer as ecological
drivers.

Biodiversity outcomes (23-year monitoring): Turtle
dove population recovered (from 0 to 13 territories);
nightingale (42% of Sussex county population);
purple emperor butterfly (third-largest UK colony);
660+ plant species recorded (pre-2000: ~400
species).

Carbon outcomes: Estimated +38.4% soil carbon in
formerly cultivated fields; scrub and woodland carbon
+24.7%.

Cost: Total project investment EUR ~2.84 million
over 20 years (EUR 2.03/ha/year); largely offset by
ecotourism revenue (EUR 284/ha/year by 2023).

Social conflict: Minimal (private estate; no common
land conflict). Key lessons: Passive rewilding highly
cost-effective at moderate scale; rapid ecological
recovery within 5-10 years when source populations
exist.

CASE 3: Iberian Wolf Expansion,
Spain-Portugal (Passive, 1970s-present) --
MIXED

Area: Multi-regional (spontaneous range expansion
following hunting ban and rural depopulation); no
formal reintroduction.

Biodiversity outcomes: Wolf population expanded
from ~150 (1975) to >3,000 (2023) in Iberian
Peninsula. Associated prey (roe deer, wild boar)
recovery documented. Reduced overgrazing in
recolonised areas benefits plant community diversity.

Social conflict: VERY HIGH; >4,000 livestock
depredation incidents/year in Castilla-Leon alone;
political conflict over hunting status; social licence
under severe pressure. Key lesson: Passive predator
recovery without adequate conflict mitigation
infrastructure creates unsustainable conflict
escalation.

Management implication: Conflict mitigation
investment must anticipate rather than react to
predator population growth -- retrospective
investment insufficient to rebuild eroded social
licence.
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