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Abstract 
Giovacchini, P., Borghi, L., Tartari, D., Cucci, F., Caldarelli, A., Tassinari, M., Melandri, P., Di-
netti, M., Battisti, C., Marsili, L.,  2024. Applying threat analysis approach in a small forest urban park 
(Northern Italy): local expert-based assessment to prioritize the management actions. Folia Oecologica, 51 
(1): 66–74.

To overcome the human-induced threats impacting on ecosystems, managers should focus on priorities. 
Here, we applied the expert-based Threat Analysis (TAN) in a forest urban park (Northern Italy), involving 
experts which ranked local threats, from the more to less impacting and following the IUCN classification. 
We also evaluated the level of knowledge of operators about these threats. Experts identified five priority 
target-specific threats:  Roads and Railroads; Invasive-Non Native/Alien species; Other Ecosystem modifi-
cations; Recreational Activities, and Storms and Flooding. Storms and Flooding and Invasive-Non Native/
Alien species appeared the threats with significant highest magnitude. Knowledge of threats is comparable 
without significant difference among them. However, Storms and Flooding and Roads and Railroads are the 
threats having both the highest level of knowledge by experts and the highest magnitude. At the opposite, 
Mowing was the less known threat regarding its regime and showed the lowest magnitude. TAN approach 
should be routinely used to build conceptual frameworks, ranking threats from the more to less impacting, 
therefore optimizing the management effort and developing local projects.
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Short communication

Introduction

Conservation projects and actions can lead to 
effective results in countering human-induced 

threats to species and biological communities (Margolu-
is and Salafsky, 1998; Salafsky et al., 2008). To eval-
uate the effectiveness of these actions, managers can use 
specific biological indicators to compare the changes that 
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have occurred following your projects (Battisti, 2018). 
However, project effectiveness monitoring focused only 
on biological indicators may show some weaknesses, for 
example due to the long response times of species and 
communities. Indeed, the effects of conservation measures 
on biological targets are often observable on different 
spatial and temporal scales (Noss, 1990). To overcome 
these weaknesses, Salafsky et al. (2008) suggested that 
managers and professionals should also focus their mon-
itoring on human-induced threats, shifting attention from 
the state of biological targets to the pressure induced by 
anthropic threats (DPSIR framework: Driving force-Pres-
sure-State-Impact-Response; Maxim et al., 2009).
 Using specific regimen attributes such as ex-
tent, intensity, duration, frequency (review in Battisti et 
al., 2016), each threat could be quantified following the 
disturbance ecology theory (Sousa, 1984; Pickett et al., 
1989). In this procedure, the threat regime assessment is 
expert-based. Compared to biological monitoring, threat 
monitoring based on expert evaluation shows interesting 
strengths having available short times and reduced human, 
economic and technological resources. This fact is particu-
larly strategic since time and economic resources are often 
scarce in conservation (Margoluis and Salafsky, 1998;  
Johnson et al., 2012).
 Project managers and practitioners use the IUCN 
‘Threat Analysis’ (hereafter, TAN) approach to make an 
expert assessment, assigning a standardized code to each 
threat. Furthermore, experts can assign a score that allows 
an assessment of the threat regime, namely: extent, in-
tensity, and magnitude (Margoluis and Salafsky, 1998; 
Bauer et al., 2022). In this way it will be possible to obtain 
a ranking among the threats (from the most to the least 
impactful), defining the priorities among them (i.e., the 
threats that deserve to be resolved urgently), thus support-
ing the decision-making process (Salafsky et al., 2008). 
The quantification of threat regimes through scores can 
also be used to carry out before-after monitoring, to verify 
the effectiveness of the measures (Battisti et al., 2008). In 
this paper, first we carried out a TAN on a small urban park 
in Northern Italy.
 In this work, we have identified a set of threats 
acting locally in a northern Italian urban park, structuring a 
conceptual framework, with driving forces-threats-targets 
as causal chains. This framework will be useful for defin-
ing specific conservation measures to be implemented to 
counter local threats. Through a panel of experts, we quan-
tified the threats using the scores assigned to obtain a clas-
sification in extension, intensity, and magnitude (Salaf-
sky et al., 2008). We also evaluated the level of knowledge 
of operators about these threats, comparing this level of 
awareness to the score in threat magnitude.

Methods

Study area

The Naturalistic Garden “Le Capinere” (11°36’53’’E / 
44°50’58’’N) was in the city of Ferrara (Emilia-Romagna, 

Northern Italy) where the climate is wet-temperate, and the 
average temperature is 20 °C while during the year rain-
fall can peak 1,107 mm (https://it.climate-data.org/euro-
pa/italia/emilia-romagna/ferrara-3207/). The Garden was 
established in 1992 in the former Municipal Camping 
(10,000 m2), in collaboration with the Municipality of Fer-
rara and the Lipu-BirdLife International (hereafter ‘Lipu’). 
At first, in 1995, the most urgent environmental interven-
tions were carried out following an award-winning project 
approved by the ERA (Emilia Romagna Region Award for 
the Environment), such as the intervention to make trees 
likely to fall safe, an artificial lake, and the re-proposition, 
in an urban forest ecosystem, of a part of the rural land-
scape with also the planting of trees (e.g., Fraxinus excel-
sior, Quercus robur, Quercus ilex and Morus alba) and 
the zoning of spaces according to their natural vocations 
of the individual areas. Sixty-nine species of birds have 
been found in the Garden, of which six (Falco peregrinus, 
Egretta garzetta, Ardea alba, Nycticorax nycticorax, Al-
cedo atthis and Ficedula albicollis) pursuant to Directive 
147/09/CE. Now the management of the “Le Capinere” 
Naturalistic Garden - Lipu is still in collaboration with the 
Municipality of Ferrara, the Province of Ferrara and the 
Emilia Romagna Region and the Wild Bird Rehabilitation 
Center and the Wildlife Education Center (Lipu Ferrara, 
unpublished data).

The panel of experts

To carry out the assessment of the local threat regime, we 
selected six experts (two managers, two operators, and two 
volunteers) belonging to a local non-profit organization 
(Lipu-BirdLife International) for the TAN procedure. 
 All these experts participated in the operational 
selection phases of the conservation measures adopted. 
Each of them has a good knowledge of both the project 
site (ecological values and surrounding social context) and 
the local threats. This has proved to be useful to have all 
the evidence to carry out the naming of the threat, the eval-
uation of the magnitude, the classification into priorities.

Threat analysis

By “threat” we mean “any anthropic process that nega-
tively affects specific components of biodiversity (spe-
cies richness, habitat condition and area, ecosystem func-
tioning) in a real local context” (Salafsky et al., 2008). 
In this work, for the study area, the set of threats defined 
a priori by a panel of experts in an urban park located in a 
city in northern Italy (Ferrara) was analysed.
 Threat nomenclature was reported in 2022 
using the IUCN unified classification of direct threats 
(Salafsky et al., 2008; reviewed in Battisti et al., 2016).
 Once the target-specific threats were named, 
we asked the experts the following questions: (i) What 
are the local threats acting on the small urban park that 
can be reduced (mitigating their impacts)? To answer this 
question, the experts analyzed all the factors and pro-
cesses that act locally on a set of local ecological targets 
(list in Table 1). Subsequently, these factors/events were 
named and classified using the IUCN coded nomencla
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Threat Effects Potential mechanisms and targets

Road (Porta Catena’s street) Accumulation of rubbish on the border ‘Trap effect’ on small mammals and
[4.1 - Roads and Railroads] of the “Giardino delle Capinere”. invertebrates.
  
 Noise. Interference on singing activity of   
  nesting birds.
 
 Road-killing. Direct impact on European green toad 
  (Bufotes viridis), European hedgehog 
  (Erinaceus europaeus), Hare (Lepus 
  europaeus), birds.
 
Alien/domesticated species Feral cats. Predation on European green toad (Bufotes  
(parakeets, tree species)  viridis) and birds.
[8.1 - Invasive-Non Native/Alien
species/Diseases] Rose-ringed Parakeet (Psittacula krameri). Direct competition for nesting-holes 
  (in hole-nesting species, locally occurring: 
  Scops-owl (Otus scops), Great Spotted 
  Woodpecker (Dendrocopos major), 
  Eurasian Green Woodpecker (Picus 
  viridis), tits etc.
 
 Robinia sucker (Robinia pseudoacacia)  Competition to native herbaceous
 and Ailanthus (Ailanthus altissima). vegetation/shrub/tree vegetation.

Grass mowing in the immediate  Direct (killing) and indirect (reduction 
surrounding  in habitat suitability) impact on Hare
[7.3 - Other Ecosystem  (Lepus europaeus), Common Pheasant 
modifications]  (Phasianus colchicus), European hedgehog 
  (Erinaceus europaeus), European green 
  toad (Bufotes viridis) and other open-
  habitat (crop land) and edge species.
  
Uncontrolled use by people Annoying noises especially during the Wintering wild birds, irrecoverable birds
[6.1 - Recreational Activities] holidays beginning of the year, rubbish. in aviaries, animals being treated in the 
  BirdLife International ‘Wild Bird Rescue 
  Centre’.

 Break in attempts and related damages. Doors, gates, padlocks.

Extreme atmospheric/climate Severe thunderstorms can prevent the Herbaceous vegetation and wild animals 
events sewage system to work properly and that feed on the ground.
[11.4 Storms and Flooding]  cause the accumulation of foul-smelling 
 waste.

 Severe thunderstorms can bring down  Wooden or masonry structure (animal
 trees or large branches and cause extensive aviaries unrecoverable, inpatient aviaries 
 damage. for those under treatment, trails) and/or the
  animals themselves.

 Drought and related water strees. Herbaceous vegetation, shrub and native 
  tree.

 High temperatures and scarcity of rain for Waterfowl. 
 long periods can contribute to accumu-
 lation of botulinum toxin on the bottom 
 of the pond.

Table 1. Matrix with threats (with IUCN code), effects and potential mechanisms and biological targets in the study area
(“Le Capinere” urban park, Ferrara, Italy)
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Fig. 1. Threat Analysis (TAN) procedure. Histograms reporting mean values (and ± standard deviation) in regime attributes 
(Area, Intensity, and Magnitude; see Methods for details) for the human-induced direct threats selected in the small urban park 
studied (Northern Italy).

ture (Battisti et al., 2016); (ii) What is their extent, se-
verity, and magnitude? How are they ranked in order of 
priority? To answer this question, for each direct threat, 
the expert panel scored two attributes of the regime (ex-
tent and severity) using a scale from 1 (low) to 4 (high). 
Considering the different regimen attributes, extent, and 
severity (i.e., the perceived intensity of the targets) seem 
the easiest to calculate using an expert-based approach 
(Salafsky et al., 2008). “Extent” can be measured as the 
proportion of “area” that has been, is, or will be affected 
by the threat, relative to the total available land area. “Se-
verity”, as a proxy for the intensity of the threat on the 
targets: this constitutes an assessment of the past, present 
or future pressure, possibly caused by the threat event and 
which can affect the target by causing a specific potential 
or actual alteration, i.e., a negative impact on the target 
(see TNC, 2000). After this step, “Magnitude” is the sum 
of the two extent and severity scores, calculated for each 
threat. “Magnitude”, as a compound variable, is a proxy 
for the pressure (and subsequent impact) of any threat 
on selected targets (Salafsky et al., 2008). Once experts 
have assigned a score to any threat attribute (extent, se-
verity, and magnitude), their mean values (and standard 

deviation) are calculated. Finally, the experts sorted the 
threats in descending order (ranking) according to their 
magnitude values. Threats with the highest average value 
were prioritized; (iii) What is the level of local knowl-
edge about the threat magnitude? To respond to this ques-
tion, for each direct threat, the panel of experts assigned 
a score to the individual level of knowledge about each 
threat using a scale from 1 (low) to 4 (high).
 To compare median values of threat Magni-
tude, due to not normal (asymmetric) distribution of data, 
we used the non parametric Kruskall-Wallis test (Dytham, 
2011). We performed an Ordinary Least Squares regression 
between scored values in threat Magnitude and Knowledge. 
For statistical analyses, we used the PAST software (Ham-
mer and Harper, 2001). Alpha was set at 0.05 level.

Results

The panel of experts identified the following local hu-
man-induced direct threats (classified following the IUCN 
Threat Nomenclature in Table 1): Roads and Railroads: 
locally represented by Road (Porta Catena’s street); In-
vasive-Non Native/Alien species/Diseases, locally repre-
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Threats IUCN category Area Intensity  Magnitude Knowledge

Road (Porta Catena’s street)  4.1 Roads and Railroads 2.0 (±0.89) 2.0 (±1.09) 4.0 (±1.79) 3.17 (0.98)

Alien/domesticated species 8.1 Invasive-Non native/ 3.0 (±1.26) 2.0 (±0.63) 5.0 (±1.67) 3.0 (0.09) 
(parakeets, tree species) Alien species/Diseases 

Grass mowing in the 7.3 Other Ecosystem 1.8 (±0.75)  1.1 (±0.40) 3.0 (±0.89) 2.33 (0.52)
immediate surrounding modifications 

Uncontrolled use by people 6.1 Recreational Activities 2.8 (±1.16)  1.3 (±0.51) 4.17 (±1.33) 2.83 (0.98)

Extreme atmospheric events  11.4 Storms and Flooding 3.5 (±0.83)  3.0 (±0.63) 6.5 (±1.38) 3.17 (0.98) 
 (climate change)

Table 2. Threat Analysis (TAN) procedure. Mean values (and ± standard deviation) in regime attributes (Area, Intensity and 
Magnitude; see Methods for details) for the human-induced direct threats selected in the small urban forest park studied (Fer-
rara, Northern Italy)

Fig. 2. Threat analysis (TAN) in the small urban park, with causal chain driving forces (social actors)-threats-targets. Actions 
(and their IUCN code) have been reported in exagons. IUCN nomenclature of threats follows Salafsky et al. (2008); review 
in Battisti et al. (2016).

sented by Alien/domesticated species (parakeets, tree spe-
cies); Other Ecosystem modifications, locally represented 
by Grass mowing in the immediate surrounding; Recre-
ational Activities, locally expressed by Uncontrolled use 
by people; Storms and Flooding, i.e., Extreme atmospheric 
events (Fig. 1). All these local threats show specific driv-
ing forces (Tables 1 and 2, Fig. 2).
 After expert-based quantification, we showed as 
local threats differ significantly in magnitude among them 

(H = 11.73; p = 0.017; Kruskall-Wallis, test for equal me-
dians), with highest magnitude showed by 11.4 Storms and 
Flooding and 8.1 - Invasive-Non Native/Alien species/
Diseases.
 Knowledge of threats is comparable without sig-
nificant difference among them (H = 3.083, p = 0.471). 
However, Storms and Flooding and Roads and Railroads 
are the threats having the highest level of knowledge by 
experts and, at the same time, they have been assessed 
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as threats having the highest magnitude. At the opposite, 
Mowing was the less known threat regarding its regime 
and showed the lowest magnitude. Regression between 
total scores assigned by experts both in magnitude and in 
knowledge showed a medium-low variance (R2 = 0.53) but 
not significance (r = 0.73, t = 1.85, p = 0.16) Ordinary 
Least Squares Regression: K-M, 95% bootstrapped confi-
dence intervals (N = 1,999).

Discussion

The panel of experts selected a set of main (direct and indi-
rect) human-induced threats acting locally, using the TAN 
approach in a small forest urban park of Northern Italy.
 Considering the judgment of the experts, the park 
is mainly affected by extreme climate events, which can be 
classified as an indirectly anthropogenic threat, as it is in-
fluenced by larger-scale climatic phenomena that have been 
occurring for some years in the Mediterranean (“Medicane”; 
Bakkensen, 2017) and which show heavy implications on 
biodiversity (e.g., Pinna et al., 2022). Regarding severe cli-
mate events, the city of Ferrara and all the North-Eastern It-
aly has suffered in recent years from extreme climate events 
(Brunetti et al., 2001; Straffelini and Tarolli, 2023). 
 The nature of extreme meteorological events, es-
pecially if markedly widespread on a scale, often makes 
it difficult to contain. In this regard, urban forest planners 
should adapt the urban forest to become more resilient in 
the face of such events (Marshman, 2018). Actions fo-
cused on the recovery of damaged plants can constitute 
further options useful for responding to a threat whose 
causes cannot be locally controlled. The staff managing 
the park should carry out a census of the tree species most 
susceptible to these impacts, as has already been done in 
other areas (e.g., Foran et al., 2015).
 Alien species represent the direct anthropogenic 
threat that was prioritized. In lowland anthropized areas, 
simplified ecosystems are highly vulnerable to invasions 
by these species. In this sense, a large part of the Po Plain, 
where the city of Ferrara is located, is characterized by a 
high presence of non-native species, belonging to various 
animal and plant groups (Lurz et al., 2001; Castaldel-
li et al., 2013; Bianco, 2014; Verloove and Ardenghi, 
2015; Falaschi et al., 2018). These species may act im-
pacting on native vanishing fauna (e.g., Ferri et al., 2017).
 Specifically, the expert group locally consid-
ered as worthy of attention the local breeding colony of 
Rose-ringed parakeets (Psittacula krameri), nesting on 
the mature trees. The competition of these species during 
the reproductive period for cavities ecologically suitable 
for native hole-nesting birds (e.g., woodpeckers, tits, nut-
chatchs, starlings, owls) is known from literature (Strub-
be and Matthysen, 2007; Dodaro and Battisti, 2014; 
Menchetti and Mori, 2014) and represents a cause for 
concern. Furthermore, parakeets show a very marked 
competitive behaviour (bullying; Le Louarn et al., 2016), 
also towards species of conservation interest (e.g., hawks; 
Battisti and Fraticelli, 2023). The management of the 
park in an ecological sense will have to take this threat 
into account as a priority: specifically, it may be neces-

sary to define a control plan for this species and commu-
nication actions aimed at preventing parakeets from being 
released into the wild. Among the alien species, there are 
also recently introduced tree species, even unintentional 
ones (Ailanthus altissima, Robinia pseudoacacia) which 
can interfere with local plant successions (Halabuk and 
Gerhátová, 2011; Csiszár et al., 2020; Grigorescu et al., 
2020; for Italy, see Montecchiari et al., 2020).
 A targeted control of this vegetation with opera-
tional actions of eradication and replacement with hedges 
and rows of native species can be planned (e.g., Nunes, 
2022). Finally, non-native species include feral cats that 
can pose a threat to many animal species, especially birds 
(Mori et al., 2019). Both in the case of non-native tree 
species and feral domesticated species, a control and eradi-
cation plan may be useful, as already implemented in other 
contexts (Sabo, 2000; Natoli et al., 2006; Liess and Dre-
scher, 2008).
 Note how the first two priority threats in the park 
can be interconnected. For example, it is known that inva-
sions of non-native species can be facilitated by the occur-
rence of extreme climatic events (Diez et al., 2012).
 Other threats are not a priority, but staff may still 
be able to take steps to mitigate them. The road adjacent 
to the urban park is at the origin of three impacting mech-
anisms (sensu Balmford et al., 2006): accumulation of 
rubbish, noise, and direct impact by motor vehicles. The 
presence of perimeter roads in natural areas causes a series 
of impacts that can generally be included in the category of 
road edge effect (Fuentes-Montemayor et al., 2009; re-
view in Coffin, 2007). Each of these processes can impact 
specific components (e.g., rubbish can trap small mam-
mals and invertebrates; Ferri et al., 2023; motor-vehicles 
can kill many amphibians, reptiles, small mammals, and 
birds by impact; Battisti et al., 2012; noise at roadsides 
can influence the presence of birds at roadsides; Pieretti 
and Farina, 2013).
 Among the threats considered to be of minor 
magnitude was grass mowing in the immediate surround-
ings. This activity has been indicated as having an im-
pact on different biological species (Vickery et al., 2000; 
Vickery et al., 2001; Humbert et al., 2009; Hyvönen and 
Huusela-Veistola, 2011). In this regard, the staff of the 
urban park should adopt some guidelines for grass man-
agement (e.g., Vickery et al., 2000).
 Finally, the unmanaged people fruition by citi-
zens can cause impact if not addressed (Giovacchini et al., 
2022). The management effort, already started some years 
ago by the park staff, is aimed at defining a network of 
paths to prevent uncontrolled use (and therefore, trampling 
on the vegetation and general disturbance). However, the 
effects of uncontrolled use are little known to the group of 
experts as shown by the knowledge analysis.
 It has been underlined how the expert-based 
threat analysis procedure can show some weaknesses: 
among these, the lack of analytical data that can influence 
the general judgment through bias related to subjectivity 
(see Johnson et al., 2012). However, the assessment was 
carried out by experts who have long demonstrated a high 
local knowledge of the threats and their regime.
 However, the expert-based TAN approach may 
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show some strengths (Fazey et al., 2006). When budget 
and economic resources are scarce and threats are dif-
ficult to compare with each other, the use of an expert 
method can provide a preliminary assessment, useful for 
decision-making and planning strategies according to an 
order of priorities (Margoluis and Salafksy, 1998; Mi-
latoviċ et al., 2019).
 Furthermore, the evaluation through scores as-
signed before and after a project can allow a comparison 
and an evaluation of their effectiveness, facilitating the 
process of adaptive management (McCarthy and Pos-
singham, 2007).

Acknowledgements

The panel of experts was composed by: Lorenzo Borghi, 
Andrea Caldarelli, Francesca Cucci, Pietro Melandri, Da-
vide Tartari and Massimo Tassinari. The first part of this 
project was supported by the Lipu-BirdIife International 
and University of Siena (Italy). All authors have read and 
agreed to the published version of the manuscript. Two 
anonymous reviewers and the Editor-in-Chief provided 
useful comments and suggestions which improved largely 
the first draft of the manuscript.

References 

Bakkensen, L.A., 2017. Mediterranean hurricanes and asso-
 ciated damage estimates. Journal of Extreme Events, 4 
 (02): 1750008. https://doi.org/10.1142/S2345737617500087.
Balmford, A., Carey, P., Kapos, V., Manica, A., Rodrigues, 
 A.S., Scharlemann, J.P., Green, R.E., 2009. Captur-
 ing the many dimensions of threat: comment on Salaf-
 sky et al. Conservation Biology, 23 (2): 482–487. https://
 doi.org/10.1111/j.1523-1739.2009.01196.x.
Battisti, C., 2018. Unifying the trans-disciplinary arsenal of 
 project management tools in a single logical frame-
 work: further suggestion for IUCN project cycle deve-
 lopment. Journal for Nature Conservation, 41: 63–72. 
 https://doi.org/10.1016/j.jnc.2017.11.005.
Battisti, C., Amori, G., De Felici, S., Luiselli, L., Zappa-
 roli, M.,  2012. Mammal road-killing from a Medite-
 rranean area in central Italy: evidence from an atlas 
 dataset. Rendiconti Lincei, 23: 217–223. DOI: 10.1007/
 s12210-012-0163-7.
Battisti, C., Fraticelli, F., 2023. When ‘bullies’ come out 
 of cities: mobbing among introduced Rose-Ringed Pa-
 rakeets Psittacula krameri and native species of con-
 servation concern in extra-urban habitats with sugges-
 tions for a framework of PSIR indicators. Biodiversity, 
 24 (1-2): 96–101. https://doi.org/10.1080/14888386.202
 3.2187459. 
Battisti, C., Luiselli, L., Pantano, D., Teofili, C.,  2008.
 On threats analysis approach applied to a Mediterranean 
 remnant wetland: Is the assessment of human-induced 
 threats related to different level of expertise of respon-
 dents? Biodiversity and Conservation, 17: 1529–1542. 
 DOI: 10.1007/s10531-008-9360-1.
Battisti, C., Poeta, G., Fanelli, G., 2016. An introduction 
 to disturbance ecology: a road map for wildlife manage-
 ment and conservation. Cham, Switzerland: Springer. 

Bauer, H., Dickman, A., Chapron, G., Oriol-Cotterill, 
 A., Nicholson, S.K., Sillero-Zubiri, C., Hunter, 
 L., Lindsey, P., Macdonald, D.W.,  2022. Threat ana-
 lysis for more effective lion conservation. Oryx, 56 (1): 
 108–115. https://doi.org/10.1017/S0030605320000253. 
Bianco, P.G., 2014. An update on the status of native and 
 exotic freshwater fishes of Italy. Journal of Applied 
 Ichthyology, 30 (1): 62–77. https://doi.org/10.1111/jai.
 12291.
Brunetti, M., Maugeri, M., Nanni, T.,  2001. Changes in 
 total precipitation, rainy days and extreme events in 
 northeastern Italy. International Journal of Climatology: 
 A Journal of the Royal Meteorological Society, 21 (7): 
 861–871. https://doi.org/10.1002/joc.660.
Castaldelli, G., Pluchinotta, A., Milardi, M., Lanzoni, 
 M., Giari, L., Rossi, R., Fano, E. A.,  2013. Introduction 
 of exotic fish species and decline of native species in 
 the lower Po basin, north-eastern Italy. Aquatic Conser-
 vation: Marine and Freshwater Ecosystems, 23 (3): 405–417.
 https://doi.org/10.1002/aqc.2345,
Coffin, A.W., 2007. From roadkill to road ecology: a re-
 view of the ecological effects of roads. Journal of Trans-
 port Geography, 15 (5): 396–406. https://doi.org/10.1016/
 j.jtrangeo.2006.11.006.
Csiszár, Á., Kézdy, P., Korda, M., Bartha, D., 2020. 
 Occurrence and management of invasive alien species 
 in Hungarian protected areas compared to Europe. 
 Folia Oecologica, 47 (2): 178–191. https://doi.org/10.2478/
 foecol-2020-0021.
Diez, J.M., D’Antonio, C.M., Dukes, J.S., Grosholz, E.D., 
 Olden, J.D., Sorte, C.J.B., Dana, M., Blumenthal, 
 D.M., Bradley, B.A., Early, R., Ibáñez, I., Jones, S.J., 
 Lawler, J.J., Miller, L.P.,  2012. Will extreme climatic 
 events facilitate biological invasions? Frontiers in Ecology 
 and the Environment, 10 (5): 249–257. https://doi.org/
 10.1890/110137.
Dodaro, G., Battisti, C.,  2014. Rose-ringed parakeet (Psit-
 tacula krameri) and starling (Sturnus vulgaris) syntopics 
 in a Mediterranean urban park: evidence for competition 
 in nest-site selection? Belgian Journal of Zoology, 144 
 (1): 5–14.
Dytham, C., 2011. Choosing and using statistics. a biolo-
 gist’s guide. UK: Wiley-Blackwell. 
Falaschi, M., Mangiacotti, M., Sacchi, R., Scali, S., Raz-
 zetti, E.,  2018. Electric circuit theory applied to alien 
 invasions: a connectivity model predicting the Balkan 
 frog expansion in Northern Italy. Acta Herpetologica, 13 
 (1): 33–42. https://doi.org/10.13128/Acta_Herpetol-20871.
Fazey, I., Fazey, J.A., Salisbury, J.G., Lindenmayer, D.B., 
 Dovers, S.,  2006. The nature and role of experiential 
 knowledge for environmental conservation. Environ-
 mental Conservation, 33: 1–10. https://doi.org/10.1017/
 S037689290600275X. 
Ferri, V., Battisti, C., Fanelli, G., 2017. Vanishing herpe-
 tofauna: 30 years of species relaxation in a wetland rem-
 nant of the Po plain (Northern Italy). Regional Environ-
 mental Change, 17: 2179–2185.
Ferri, V., Crescia, P., Battisti, C.,  2023. Discarded bottles 
 entrap endemic small mammals species in a large Medi-
 terranean island. Environmental Science and Pollution 
 Research, 30: 57164–57173. https://doi.org/10.1007/
 s11356-023-26133-y.
Foran, C.M., Baker, K.M., Narcisi, M.J., Linkov, I.,  2015. 
 Susceptibility assessment of urban tree species in Cam-



73

 bridge, MA, from future climatic extremes. Environ-
 ment Systems and Decisions, 35: 389–400. DOI: 10.1007/
 s10669-015-9563-4.
Fuentes-Montemayor, E., Cuarón, A.D., Vázquez-Domín-
 guez, E., Benítez-Malvido, J., Valenzuela-Galván, D., 
 Andresen, E.,  2009. Living on the edge: roads and 
 edge effects on small mammal populations. Journal of 
 Animal Ecology, 78: 857–865. https://doi.org/10.1111/
 j.1365-2656.2009.01551.x.
Giovacchini, P., Battisti, C., Marsili, L.,  2022. Evaluating 
 the effectiveness of a conservation project on two threat
 ened birds: applying expert-based threat analysis and 
 threat reduction assessment in a Mediterranean wetland. 
 Diversity, 14 (2): 94. https://doi.org/10.3390/d14020094.
Grigorescu, I., Kucsicsa, G., Dumitraşcu, M., Doroftei, 
 M., 2020. Invasive terrestrial plant species in the Ro-
 manian protected areas. A review of the geograph-
 cal aspects. Folia Oecologica, 47 (2): 168–177. https://
 doi.org/10.2478/foecol-2020-0020.
Halabuk, A., Gerhátová, K.,  2011. Comparative study of 
 leaf litter decomposition of exotic and native species in 
 an ecotop of the hornbeam-oak forest near Báb village, 
 SW Slovakia. Folia Oecologica, 38 (1): 17–27.
Hammer, Ø., Harper, D.A.,  2001. Past: paleontological sta-
 tistics software package for education and data analysis. 
 Palaeontologia Electronica, 4 (1): 1.
Humbert, J.Y., Ghazoul, J., Walter, T.,  2009. Meadow har-
 vesting techniques and their impacts on field fauna. Agri-
 culture, Ecosystems and Environment, 130 (1-2): 1–8.
Hyvönen, T., Huusela-Veistola, E.,  2011. Impact of seed 
 mixture and mowing on food abundance for farmland 
 birds in set-asides. Agriculture, Ecosystems and En-
 vironment, 143 (1): 20–27. https://doi.org/10.1016/j.agee.
 2011.04.008.
Johnson, C.J., Hurley, M., Rapaport, E., Pullinger, M., 
 2012. Using expert knowledge effectively: lessons from 
 species distribution models for wildlife conservation 
 and management. In Perera, A.H., Drew, C.A., John-
 son, C.J.  (eds)., Expert knowledge and its application in 
 landscape ecology. New York: Springer, p. 153–171. 
 https://doi.org/10.1007/978-1-4614-1034-8_8.
Le Louarn, M., Couillens, B., Deschamps-Cottin, M., 
 Clergeau, P.,  2016. Interference competition between 
 an invasive parakeet and native bird species at feeding 
 sites. Journal of Ethology, 34: 291–298. DOI: 10.1007/
 s10164-016-0474-8.
Liess, N., Drescher, A.,  2008. Ailanthus altissima spreading 
 in the Danube National Park –possibilities of control. 
 Neobiota, 7: 84–95.
Lurz, P. W. W., Rushton, S.P., Wauters, L.A., Bertolino, 
 S., Currado, I., Mazzoglio, P., Shirley, M.D.F.,  2001. 
 Predicting grey squirrel expansion in North Italy: a spa-
 tially explicit modelling approach. Landscape Ecology, 
 16: 407–420.
Margoluis, R., Salafsky, N.,  1998. Measures of success. 
 New York: Island Press.
Marshman, K.,  2018. The eye of the storm: extreme weather 
 events and sustainable urban forest management. Dal-
 housie Journal of Interdisciplinary Management, 14: 1–16.
Maxim, L., Spangenberg, J. H., O'Connor, M.,  2009. An 
 analysis of risks for biodiversity under the DPSIR 
 framework. Ecological Economics, 69 (1): 12–23. 
 https://doi.org/10.1016/j.ecolecon.2009.03.017.
McCarthy, M.A., Possingham, H.P.,  2007. Active adaptive 

 management for conservation. Conservation Biology, 
 21: 956–963. DOI: 10.1111/j.1523-1739.2007.00677.x.
Menchetti, M., Mori, E.,  2014. Worldwide impact of alien 
 parrots (Aves Psittaciformes) on native biodiversity and 
 environment: a review. Ethology Ecology and Evolu-
 tion, 26: 172–194. https://doi.org/10.1080/03949370.20
 14.905981.
Milatoviċ, L., Anthony, B.P., Swemmer, A.,  2019. Estimating 
 conservation effectiveness across protected areas in Lim-
 popo Province, South Africa. Koedoe: African Pro-
 tected Area Conservation Science, 61: 1–10. http://dx.
 doi.org/10.4102/koedoe.v61i1.1530.
Montecchiari, S., Tesei, G., Allegrezza, M., 2020. Ailan-
 thus altissima forests determine a shift in herbaceous 
 layer richness: a paired comparison with hardwood 
 native forests in sub-Mediterranean Europe. Plants, 9 
 (10): 1404. https://doi.org/10.3390/plants9101404.
Mori, E., Menchetti, M., Camporesi, A., Cavigioli, L., Taba-
 relli de Fatis, K., Girardello, M., 2019. License to 
 kill? Domestic cats affect a wide range of native fauna 
 in a highly biodiverse Mediterranean country. Frontiers 
 in Ecology and Evolution, 7: 477.  https://doi.org/10.3389/
 fevo.2019.00477. 
Natoli, E., Maragliano, L., Cariola, G., Faini, A., Bonanni, 
 R., Cafazzo, S., Fantini, C.,   2006. Management of feral 
 domestic cats in the urban environment of Rome (Italy). 
 Preventive Veterinary Medicine, 77 (3-4): 180–185. https:
 //doi.org/10.1016/j.prevetmed.2006.06.005.
Noss, R.F., 1990. Indicators for monitoring biodiversity: a 
 hierarchical approach. Conservation Biology, 4 (4): 355–
 364.
Nunes, L.J., 2022. Creation of value chains for the sustain-
 ability of control and eradication actions on Ailanthus 
 altissima (Mill.) Swingle. Environments, 9 (5): 64. https:
 //doi.org/10.3390/environments9050064.
Pickett, S.T.A., Kolasa, J., Armesto, J.J., Collins, S.L.,  
 1989. The ecological concept of disturbance and its ex
 pression at various hierarchical levels. Oikos, 54: 129–136.
Pieretti, N., Farina, A., 2013. Application of a recently 
 introduced index for acoustic complexity to an avian 
 soundscape with traffic noise. The Journal of the 
 Acoustical Society of America, 134 (1): 891–900. https://
 doi.org/10.1121/1.4807812.
Pinna, M.S., Loi, M.C., Calderisi, G., Fenu, G.,   2022. Extre-
 mes rainfall events on riparian flora and vegetation in 
 the Mediterranean Basin: a challenging but completely 
 unexplored theme. Water, 14 (5): 817. https://doi.org/
 10.3390/w14050817.
Sabo, A.E.,  2000. Robinia pseudoacacia invasions and con-
 trol in North America and Europe. Restoration and Rec-
 lamation Review, 6: 1–9.
Salafsky, N., Salzer, N., Stattersfield, A.J., Hilton-
 Taylor, C., Neugarten, R., Butchart, S.H.M., 
 Collen, B., Cox, N., Master, L.L., O’Connor S., 
 Wilkie, D.,  2008. A standard lexicon for biodiversity 
 conservation: unified classifications of threats and actions. 
 Conservation Biology, 22: 897–911. https://doi.org/10.1111/
 j.1523-1739.2008.00937.x
Sousa, W.P.,  1984. The role of disturbance in natural com-
 munities. Annual Review of Ecology and Systematics, 
 15 (1): 353–391.
Straffelini, E., Tarolli, P.,  2023. Climate change-indu-
 ced aridity is affecting agriculture in Northeast Italy. 
 Agricultural Systems, 208: 103647. https://doi.org/10.1016/



74

 j.agsy.2023.10364.
Strubbe, D., Matthysen, E.,  2007. Invasive ring-necked 
 parakeets Psittacula krameri in Belgium: habitat selec-
 tion and impact on native birds. Ecography, 30 (4): 578–
 588. https://doi.org/10.1111/j.0906-7590.2007.05096.x.
TNC (The Nature Conservancy), 2000. The five-S frame
 work for site conservation: a practitioner’s handbook 
 for site conservation planning and measuring conserva-
 tion success. Vol. I. 2nd ed. Arlington: The Nature Con
 servation.
Verloove, F., Ardenghi, N.,  2015. New distributional re-
 cords of non-native vascular plants in northern Italy. 
 Natural History Sciences, 2 (1): 5–14. https://doi.org/
 10.4081/nhs.2015.219 .
Vickery, P.D., Herkert, J.R., Knopf, F.L., Keller, C.E.,  
 2000. Grassland birds: an overview of threats and reco-

 mmended management strategies. In Bonney, R., Pash-
 ley, D.N., Cooper, R.J., Niles, L. (eds). Strategies for 
 bird conservation: The Partners in Flight planning pro-
 cess. Proceedings of the 3rd Partners in Flight work-
 shop. 1995 October 1-5, Cape May, NJ. Proceedings 
 RMRS, P-16. Ogden, UT: US Department of Agriculture, 
 Forest Service, Rocky Mountain Research Station, p. 1–5. 
Vickery, J.A., Tallowin, J.R., Feber, R.E., Asteraki, E.J., 
 Atkinson, P.W., Fuller, R.J., Brown, V.K.,  2001. The 
 management of lowland neutral grasslands in Britain: 
 effects of agricultural practices on birds and their food 
 resources. Journal of Applied Ecology, 38 (3): 647–664. 
 https://doi.org/10.1046/j.1365-2664.2001.00626.x.

Received October 20, 2023
Accepted November 29, 2023


