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How to recover from extreme events and anthropogenic impact?
Knowledge and best practices from thirteen case studies
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Thirteen Open Air Laboratories (OALs) were In some OALs, Ecosystem Restoration Within the thirteen OALs, biotic and abiotic parameters )
set up and monitored under Spoke 4/Activity (ER) and Nature-based Solutions (NbS) relevant for biodiversity were monitored using shared b
4.5 of the National Biodiversity Future Center ~ were implemented, while others were usedto  impact evaluation frameworks focused on biodiversity .
(NBFC). These OALs represent case studies monitor spontaneous regeneration after dynamics in the soil-plant continuum. These frameworks % 8-
addressing the main ecological and extreme events. The OALSs cover different are coherent with established international standards, such § 6 -
environmental threats affecting Italy, terrestrial biomes across the national territory,  as the GEOBON Essential Biodiversity Variables and the S .
including natural disturbances (e.g. storm from Alpine area to the Po Plain, Sardinian European NbS Impact Evaluation Framework, ensuring .
winds in mountain areas, flooding in riparian mountains, and the central Apennines. Six comparability and replicability across sites. .
zones), anthropogenic pressures (e.g. OALs are included in the Spoke 4 Broad Area
agriculture, forest management, energy Sites (BASs), and seven participate in the
production), and combined impacts such as Biodiversity and Ecosystem Function
forest fires. Network (BioFUNet) of NBFC. - o -
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= Species richness as a function of
management. Corli et al. (2025) Forest
¢ Ecology and Management 595, 123000.

T=Transition area

=New plantations
=Spontaneous vegetation

no-till + rye [NT-R], and no-till + hairy
vetch [NT-V]).

& Bray Curtis beta-diversity for fungi, with
PERMANOVA P-values (**, P < 0.01; ***, P < 0.001).
E Traversari et al. (2025), STOTEN 1001, 180432.
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SiLaakan —— : _ Padana — Piacenza - agriculture site
Po Vercellese - riparian sites under floodplain and with no-till and cover crops as

_ 00dp Adamello-Brenta - forest structure, soil traits, Soil carbon sequestration in
human impact, where vascular plant diversity, stand regenerative strategy to enhance soil endophytic and soil bacteria and fungi were compared post-Vaia sites.
structure, and soil have been monitored in CUItivated, qua“ty and sustain crop production; in managed (i.e., thlnnlng) and Unmanaged alpine
semi-natural, and natural poplar stands, with semi- environmental performances were Norway spruce stands. Specific taxa featuring the
natural showing the best trade-off. driven mostly by quantity of biomass different forest management have been identified.
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Goslerside [ Nov-23 o ®\/erona different cover crops monoculture/mixtures as ;e £
> Apr-24 TR I regenerative strategy to enhance soil quality A @ K N e
””””” T Monte Pisano - La Verruca - a burned and sustain crop production. Legume and grass g g ' I
Mediterranean area was used to test different : Bl ees B B vertiorrdir o it

mixtures yield the best performances.
N enzyme / P enzyme e =
Ecoenzyme stoichiometry in soil

= 2 container types for cork oak seedlings; plant growth 7 ' ROI00NA RN A SO T
i i imati 2 nd physiology and soil health were monitored Ay
under different microclimatic - i a .p y ay _ , e { .
conditions in La Verruca. revealing that the largest seedlings showed the best : ®zadar A
7 lishment and performance, and that Florencon § o SR : : :

_establishment and p ’_ Pisar CENCENE Po Parmense - in the Po valley, in the oxbow site of

mlcroc_:llmatlc variables affect plantlng success. Isola Maria Luigia, the resilience of different woody
. Monte Pls.ano = Montemag!no -in CheS_tnut_and pine species subjected to severe river drought events | .
. forests, soil health was monitored over time in burned A taly, was evaluated by high-resolution Sentinel-2 imagery |

areas under natural regeneration and compared to o, capturing vegetation indices at stand scale.
unburned areas as control; soil enzymes, stable N . Cro
35)

isotopes and mycorrhizal colonization were suitable
indicators for monitoring soil recovery.
Monte Pisano — Vicopisano - above and below
ground biomass, soil health, and biodiversity were
monitored over time in a pine forest under natural
regeneration within the NBFC "Gruppo Incendi”.

' Average annual N,O emissions as
affected by different cover crop treatment.

O Chesnutburned A Pine burned
-@- Chestnut unburned-A- Pine unburned

®Pescara

S Mean LAl variation (with sd) from
2015 to 2024.

5] NDVI times series
2018 2019 2020 2021 2022 2023 2024 iN Montemagno.

Monte Morrone - charred logs were placed along the
steepest slope to reduce soil erosion from surface runoff

and improve soil retention, thereby supporting vegetation .
recovery. Fungal and microbial community and soil CO, g
efflux have been measured immediately upslope and in
adjacent unprotected soil, to prove efficacy.

. V- R
~ Rl 3 1
. \ : BN o
a "
" o E
J “RE ) /
o 4 .l
oA AN 4 :
- - P Pt b N
- A Wi’ £ o) 2l . | 5 B
oo & P v Q.\.. Rt WS, .
v oy -
o Pa\ RV " < (A
L 7 AT R SR Y 5
. - Wy - N
- N 7 .
. S Ve N 4 0
P, S 2 . e \ 2 " Fire NBS Control
R Sy oty "1 L N ~
¥ oo , ey Y -
4 - o b . . RS v - -
¥ - o . : ' s
4 3 X, o
7
2 ¢ Y. X D % <
4 S
)
x
A - I

Riblsn 20

Montalto di Castro -
photovoltaic plant planned
and realized with ,
biodiversity safeguarding: SardfAgna
soil health, vegetation and

bats population were
monitored before and after
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Riparian Relative abundance of top 20 bacterial
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3 the const.ruct|on and during Cagliari Agriculture/sylviculture amilies by treatment

Ea | / operational phase; for

%30 % - Estimated marginal means instance, bat populations, Energy production Bastardo - biodiversity safeguarding and N - o

%  J | 1 (igs%. CI) Of Weekly bat Showed no Significant eCOSyStem SerViceS improvement have been . Pollinators' abundance B Floral availability B Nesting suitability
20 detections before (2023), changes over time. N

implemented in an already existing
: ®Ralermo hotovoltaic plant: nectareous species,
Agro di Orotelli - selected plots were cleared of the .Trapam@ tl)oeehives, mifes for carbon farm?ng and
understored shrubs and small trees following a typical Sicilia sustainable agricultural practices were
management practice. The cleared plots and the control plots implemented and relevant improvement in
were monitored to determine the optimal degree of biomass  SIEHEEEWRLERIEFEENERE  biodiversity indicators has been obtained.
removal to maximize biodiversity and carbon storage (soil and Fagae AR EASaEEEE RS,
above ground biomass) while maintaining the feed supply.
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Biodiversity indicators as a function of time.

Monitoring of natural recovery following extreme events enabled to:
(a) map vegetation recovery as a function of fire impact,

(b) identify optimal management practices for poplar plantations to
enhance biodiversity restoration in riparian sites,

(c) characterise fungal and bacterial taxa in soils and plants from
managed and unmanaged forest stands.
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