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Effects of different-ecological restoration approaches on ecosystem services and

biodiversity : a meta-analysis
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Abstract: The global-losses of biodiversity and critical ecosystem services are great threats to human society. Ecological
restoration is an important way to regain the lost ecosystem services and biodiversity. In order to achieve successful results,
various restoration approaches have been developed. While some approaches take advantage of the self-designing ability of
natural restoration systems, others rely on man-made designs at various levels. Since different restoration approaches may
have different effects, identifying the best approach becomes crucial for successful restoration implementation. In order to

achieve this objective, we proposed herein a system to classify various restoration methods into three types of approaches,
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namely, high-, intermediate- and low-intensity intervention approaches based on the intensity or the degree of human
intervention. We then conducted a meta-analysis by using data obtained from ISI Web of Knowledge to study the effects of
different restoration approaches on ecosystem services and biodiversity. In addition, we examined restoration effects under
different climate zones, ecosystem types, restoration ages, and ecosystem service types. Finally, the relationship between
biodiversity and ecosystem services was studied. We used the median response ratio as an indicator of biodiversity and
ecosystem service restoration effects. Since our data were not normally distributed, Wilcoxon and Kruskal-Wallis non-
parametric analyses were applied to detect statistical differences. Spearman rank analysis was used to test the correlation
between biodiversity and ecosystem services. In this study, a low-intensity intervention approach indicates 'that the
restoration effects are entirely achieved by natural forces. Human contributions to ecosystem restoration occur only through
behavioral changes, such as land abandonment and threat removal. The intermediate-intensity approach applies when people
only alter the environment during restoration. There is no direct intervention exerted on restoration targets. Some examples of
intermediate intensity approaches include fertilizer application, the establishment of green corridors-to improve habitat
connectivity, and the addition of large deadwood to streams in order to improve habitat~heterogeneity. A high-intensity
approach is defined by direct human control on restoration targets. This approach usually invelves anthropogenic biological
recovery of a degraded ecosystem. Tree planting and species introduction are good examples of high-intensity approaches.
The meta-analysis indicated that the median increment of ecosystem services and biodiversity in restored ecosystems was
45% and 151% , respectively, when compared to that of degraded ecosystems. The median enhancement of ecosystem
services and biodiversity was 31% and 25%, respectively, for the low-intensity approach, and 31% and 22%,
respectively, for the intermediate-intensity approach. A positive correlation) was observed between biodiversity and ecosystem
services, especially in restored versus degraded ecosystems. Further detailed analysis revealed a significant variation with
regard to the effects of restoration approaches dependent on restoration goals ( biodiversity or ecosystem services) , referring
systems ( degraded or reference ), climatic conditions, and_.time elapsed since restoration. However, some prominent
differences were still found in tropical and terrestrial ‘ecosystems. In this context, the high-intensity approach generally
generated the best restoration effects when compared to degraded ecosystems. However, this approach may be suboptimal if
the goal of restoration is to recreate the original environmental state. Indeed, the high complexity of reference ecosystems
may be more easily recreated via intérmediate intensity approaches. Our study emphasizes the importance of considering
socioeconomic factors during restoration planning and creating a standard evaluation system for restoration effects and

sustainability based on indicators of ecosystem services.

Key Words: ecological restoration; meta-analysis; ecosystem services; biodiversity
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Fig.1 General effects of restoration approaches on ecosystem services and biodiversity
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Fig.2 Effects of restoration approaches on different ecosystem services types
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Fig.3 Effects of climate zone and restoration approaches on ecosystem services and biodiversity
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Table 4 The results of Kruskal-Wallis tests under different restoration approaches and climate zones

AR A5
Categories of

restoration

AR GRS

(IR RS)

Ecosystem services

(vs Degraded)

BRGNS
(M LB MAL)
Ecosystem services

(vs Reference)

ER7/ B2 5
(M B LRSE)
Biodiversity

(vs Degraded)

(M HLSIHARS)
Biodiversity

(vs Reference)

ARSI Z AR 2% 5% Between climate zones

{REEA A Low intensity
RS A

Intermediate intensity

= B A High intensity

N=48 H=0.063
P=0.802
N=213 H=0.02
P=0.887
N=246 H=6.611
P=0.010

N=44 H=01.256
P=0.262
N=241 H=0.414
P=0.520
N=337 H=47.998
P=0.000

N=122 H=3.793
P=0.051
N=121 H=0.019
P=0.890

N=133 H=31.198
P=0.000

N=94 H=0.020
P=0.888

N=119 H=0.397
P=0.528

N=160 H=32.777
P=0.000

i B A AR E 72N Z M9 2% 5 Among approaches

S
75 Temperate zone

AT Tropical zone

N=390 H=0.733
P=0.693

N=117 H=6.616
P=0.037

N=481 H=4.125
P=0.127

N=141 H=34.156
P=0.000

N=278 H=6.22
P=0.045

N=98 H=19.303
P=0.000

N=275 H=22.097
P=0.000

N=98 H=8.931
P=0.011

N FEAN i Sample size; H: KI5 {E Chi-square value
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Fig.4 Effects of ecosystem types and restoration approaches on ecosystem services and biodiversity
P N BT AR A 1 B0 J7 % 2 Wileoxon TR R HP 245 5 0 1925515 + = + P<0.001, * * P<0.01, * P<0.05
RS AEANNEE/ESRELB 2 BESHENRE FH Kruskal-Wallis #5525 R
Table 5. The results of Kruskal-Wallis tests under different restoration approaches and ecosystem types
BRGNS BRGNS EXYEZS e A=W 2
A IR 20 (X R RS (MUSHRARS) (KT IR R SE) (MBS MRS
Categories of restoration Ecosystem services Ecosystem services Biodiversity Biodiversity

(vs Degraded)

(vs Reference)

(vs Degraded)

(vs Reference)

AN SR G RREZ A F) 225+ Between ecosystem types

N=48 H=4.748 N=44 H=4.015 N=122 H=1.976 N=94 H=9.51
fIRHESRA, Low intensity P=0.029 P=0.045 P=0.160 P=0.002
A A N=213 H=3.069 N=241 H=0.203 N=121 H=5.253 N=119 H=18.0
Intermediate intensity P=0.080 P=0.653 P=0.022 P=0.000
N N=246 H=1.533 N=337 H=123.497 N=133 H=20.121 N=160 H=26.9
(=NGEAN i i 1
FIBEIT A High intensity 05 1 P=0.000 P=0.000 P=0.000
ik b B AR T N Z )19 2% 57 Among approaches

_ N=198 H=10.247 N=169 H=30.095 N=266 H=47.089 N=204 H=1.19
HliZk: 355 Terresirial P=0.006 P=0.000 P=0.000 P=0.552
N=309 H=2.179 N=453 H=0.053 N=110 H=2.290 N=169 H=2.55
: &Y atic
KA Aquatie P=0.336 P=0.974 P=0.318 P=0.279

N AL Sample size; H: K7 {H Chi-square value
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Fig.5 Effects of restoration time and restoration approaches on ecosystem services and biodiversity
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Table 6 The results of Kruskal-Wallis tests under different restoration approaches and restoration stage

BRGNS BRGNS AW 2R EX/ P2 o
AR5 (W HBERSE) (M HLB MRS (M HIBERSE) (NSRS
Categories of restoration Ecosystem services Ecosystem services Biodiversity Biodiversity

(vs Degraded )

(vs Reference)

(vs Degraded)

( vs Reference)

AR E By B Z ] 1) 25 5 Among restoration stages

N=47 H=9.472 N=44 H=2.262 N=94 H=6.488 N=88 H=0.383
N T
fREEAT A Low imtensity g g P=0.323 P=0.039 P=0.826
FEANA N=191 H=1.791 N=219 H=3.019 N=111 H=0.80 N=109 H=11.6
Intermediate intensity P=0.408 P=0.221 P=0.671 P=0.003
. N=243 H=9.423 N=335 H=12.976 N=132 H=12.5 N=159 H=5.38
= soh i :
RIS A High intensity ) 10 P=0.002 P=0.002 P=0.068
i R AMRE N2 1225 Among approaches
o N=230 H=7.311 N=161 H=19.650 N=104 H=1.69 N=99 H=13.31
vyl RATY SHge P=0.026 P=0.000 P=0.429 P=0.001
I Intermediate st N=128 H=6.728 N=269 H=2.509 N=143 H=40.0 N=164 H=2.71
71 mermediale stage P=0.035 P=0.285 P=0.000 P=0.258
K Late st N=123 H=1.606 N=168 H=4.618 N=90 H=10.65 N=93 H=6.308
7 Lale stage P=0.448 P£0:099 P=0.005 P=0.043

N:FEAE Sample size; H: K J7{E Chi-square value
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