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Abstract: We applied two recent approaches largely used in biological conservation: Threat Anal-
ysis (TAN) and Threat Reduction Assessments (TRAs), assessing the effectiveness of a project fo-
cused on two water-related bird species (common tern, Sterna hirundo and little tern, Sternula albif-
rons), commonly breeding in some wetlands of Italy. We used the IUCN standardized lexicon for 
the classification of threats, utilizing a panel of experts to assess a set of regime attributes (extent, 
severity and magnitude) of each human-induced disturbance. Our aims were: (i) through the TAN 
approach, to carry out an arrangement and quantification of the main threats acting on our focal 
species and select the priority ones; (ii) through the TRA approach, to test the effectiveness of an 
operational project focused on mitigating the threats and improving the breeding success of species 
(i.e., building rafts and floating islands to encourage their nesting). Using the TAN approach, ex-
perts identified the following human-induced threats (IUCN code): 6.1—Generic disturbance; 
7.2—Water stress; 7.3—Salinization; 8.8—Vagrant dogs; 8.8—Mediterranean gulls; 8.8—Wild 
boars, all significantly different in their magnitude. Among them, wild boars and Mediterranean 
gulls appeared the priority threats with the greatest extent, intensity and magnitude. Using the 
TRA approach, after the project, we assessed an overall decrease in the threat magnitude of 23.08% 
(21.42% when considering only the threats directly affected by our project). These data suggest that 
further efforts should be devoted to achieving greater effectiveness of conservation actions focused 
on our target species. With limited time and resources to quantify threats, expert-based approaches 
could be useful for rapidly assessing the effectiveness of small conservation projects by providing a 
range of scores obtained following an analytical procedure. In this regard, Threat Analysis and 
Threat Reduction Assessment could be considered useful tools to support adaptive management in 
project management cycles. 

Keywords: Threat Analysis; TRA index; Sterna hirundo; Sternula albifrons; magnitude; adaptive 
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1. Introduction 
When launching conservation projects focused on target species in demographic 

decline, it is necessary to monitor the effectiveness of the actions aimed at reducing the 
causes of anthropogenic threats. This can be useful for providing information to correctly 
achieve the objectives with regards to adaptive management [1]. 

Project monitoring is a strategy to obtain data about the results and effectiveness 
(i.e., the success) of our conservation actions focused on targets and threats. In this re-
gard, many technical approaches and tools are available, which aim to monitor the status 
of the target species of conservation concern. In this regard, it has been highlighted that 
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project monitoring should not only identify biological targets but also indicate the level 
of success. Indeed, it has recently emerged that monitoring through biological indicators 
(see [2]) based on the quantification of the status of the biodiversity targets shows some 
weaknesses: for example, the biological components often show long response times and 
are observable on different spatial scales due to their ecological, phenological, and be-
havioral characteristics. This can make it difficult to evaluate the effectiveness of projects 
using biological indicators [3]. To overcome this problem, alternative approaches have 
recently been developed that also focus on assessing the threat events impacting our 
targets, recording the changes in their regime and considering specific attributes (e.g., 
extent, intensity, magnitude; [4]). In this regard and following a DPSIR framework 
(Driving forces–Pressure–State–Impact–Response; [5]), the focus shifted from the status 
indicator (demographic status of the species) to the pressure indicators (threat events). 
Having limited time and resources, an assessment of this type can be carried out quickly 
by a project team using expert-based approaches [6]. 

Recently, Salafsky et al. [7] introduced the “Threat Analysis” (hereafter, TAN). 
Through this approach, it is possible to assign a nomenclature (and a standard code) to 
any threat event, quantifying it using expert-based scores, in order to build a conceptual 
framework in which the causal relationships between conservation targets, direct and 
indirect threats and driving forces are explicit with cause–effect chains. The quantifica-
tion of the regime of each threat allows obtaining a ranking among them to identify the 
priority ones that require immediate action in a pragmatic and operational way [8]. In 
this sense, it will be possible to define objectives addressed for the priority threats (i.e., 
with the highest rank) acting on the selected targets [9]. Through a quick procedure, it 
will be possible to assign scores to each regime attribute (e.g., extent, intensity, magni-
tude) by panels of experts, thus obtaining relative ranks and allowing a comparison be-
tween different threats among them. Furthermore, the quantification of threats allows 
obtaining sets of regime attributes that can be compared before and after the conservation 
actions, therefore evaluating the project effectiveness [10,11]. 

The Threat Reduction Assessment (hereafter, TRA; [12]) is a further useful tool for 
monitoring the project’s effectiveness. This approach is based on a procedure aimed to 
obtain indicators that make it possible to verify the level of threat reduction once the 
conservation actions have been carried out. This procedure has been successfully tested 
in operational contexts and allows obtaining an index that summarizes the effectiveness 
of the project (in percentage scores) in reducing the magnitude of priority threats on the 
targets (examples in [13–16]). 

In this paper, we carried out a TAN approach on two selected water-related birds of 
conservation concern breeding in a Mediterranean wetland (common tern, Sterna hirundo 
and little tern, Sternula albifrons), selected as focal targets. This analysis provides us scores 
in regime attributes that are useful for identifying a set of priority threats. This first as-
sessment allows defining an operational project that aims to reduce its magnitude, con-
sidering it a proxy of threat impact on the targets [7]. After this analysis, we performed a 
TRA procedure to assess the level of threat reduction induced by the conservation pro-
ject, using a percentage score. Due to the difficulty of obtaining analytical data about the 
threat regime, we used an expert-based technique. Although the TAN approach has been 
applied in other Mediterranean contexts (e.g., [10,11,17]), to our knowledge, this is the 
first application of both these two approaches (i.e., TAN and TRA) in an operational 
project carried out in a Mediterranean wetland. 

2. Materials and Methods 
2.1. Study Area  

The “Diaccia Botrona” wetland [42°47′ N–10°55′ E], located in the municipalities of 
Grosseto and Castiglione della Pescaia (Grosseto, Tuscany, central Italy), is a coastal 
wetland area of about 800 ha in size area (Special Area of Conservation SAC and Special 
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Protection Areas SPA) “Padule di Diaccia Botrona”, code IT51A0011 and Ramsar Con-
vention), located within a Regional Reserve. This area is managed by the Tuscany Region 
Public Agency. The marsh preserves one of the most important coastal lagoons in Tus-
cany with 327 floristic of conservation concern and phyto-geographic interest as, for 
example: Ranunculus trilobus Desf., Salicornia dolichostachya Moss., Mantisalca salmantica 
(L.) Briq. et Cavillier and Juncus subulatus Forskål [18,19]. 

Frequent floods in the innermost areas involve the deposition of terrigenous mate-
rials and historically affirm this geographical context with the formation of coastal dunes 
and back-dunes (Lake Prile). Anthropogenic changes in the wetland have taken place in 
historical times since the Roman Age and, more recently, with the land reclamation in the 
19th and 20th Centuries with the triggering of a salinization process due to ingression of 
saltwater with high tides. The current division into two large patches (Diaccia and Bo-
trona) sees for the Botrona the isolation from the remaining wetland and from the nearby 
watercourses with a strong stress on ecological components [20,21]. 

Birds are an important component in the Diaccia Botrona Reserve [22,23]. Consid-
ering only the wet habitats in the area, 45 species breed, while the entire SAC-SPA in-
cludes 22 of high conservation concern (Annex I of Directive 147/2009/EC) (e.g., pied 
avocet Recurvirostra avosetta, black-winged stilt Himantopus himantopus, Kentish plover 
Charadrius alexandrinus, and others). 

Among these species, we selected two focal targets (common tern, Sterna hirundo 
and little tern, Sternula albifrons), following a conservation criterion: these species showed 
a localized distribution and a declining abundance at the regional level in recent decades 
[24,25]. Regarding terns, Tuscany host populations separated from their respective Italian 
ranges, with reports of breeding for the first time in this period of the year in 1998 from 
the nearby Orbetello Lagoon [26,27]. Moreover, a criterion linked to the effectiveness of 
field sampling (these are of medium size species, easily detectable, in particular regard-
ing the nesting sites) also allows obtaining reliable and representative data. 

Since these two terns show a comparable nesting ecology [28], we considered both 
as a single conservation unit.  

2.2. The Logic of Project Cycle 
The staff managing the Diaccia Botrona Reserve have had to face a series of local 

human-induced threats. Therefore, in view of the IUCN conservation project cycle [29], it 
was decided to form a working group made up of a panel of experts in order to: (i) ana-
lyze the context by identifying and quantifying the local threats and ranking them to se-
lect the priority ones; (ii) define actions to mitigate the priority threats in order to favor 
two selected target species breeding in the wetland; (iii) once the project has been com-
pleted, monitor its effectiveness by adopting the TRA as an assessment approach. 

2.3. Identification of Stakeholders 
To identify the experts qualified for both the TAN and TRA procedures, we selected 

10 operators and researchers belonging to members of a local non-profit organization (n = 
4), personnel belonging to the Departments in charge of national strategies for protected 
areas (n = 4) and private consultants involved in protected area management (n = 2) (see 
list in the Acknowledgments). We selected the project management team as the most 
appropriate people to apply both the TAN and TRA procedures because they had ade-
quate recent and historical knowledge on (i) the wetland site, (ii) the selected targets and 
(iii) the local threats. Moreover, they have all been involved in a conservation project, so 
they possess the knowledge useful for assessing the management progresses, following 
the logic of adaptive management [30]. 

This panel of experts carried out both the TAN procedure (threat naming, magni-
tude assessment, ranking in priorities) and the TRA procedure (percentage scores in ef-
fectiveness). 
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2.4. Threat Analysis 
After identifying the two focal water-related bird species (common tern and little 

tern) as targets in this case study (Diaccia Botrona nature reserve), the panel of experts 
identified the local threats acting on them. In this regard, they defined “threats” using the 
meaning reported in [6], i.e., “as any human-related process that negatively affect specific 
components of biodiversity (species richness, habitat condition and area, ecosystem 
functioning) in a ‘real world’ context”. 

To name these threats, experts used the IUCN unified classification of direct threats 
[7], assigning a standardized taxonomic code to any anthropogenic threat (review in [9]). 

After this step, we asked the experts the following questions: (i) what are the threats 
acting on common tern and little tern in the Diaccia Botrona reserve? (ii) Once classified 
(sensu IUCN; see [7]), which of these threats can be reduced (i.e., mitigated in their im-
pacts on targets) with a project? For each direct threat, the panel of experts assigned a 
score to two regime attributes (extent and severity) using a scale from 1 (low) to 4 (high). 
“Extent” can be measured as the proportion in the species habitat that has been, is or will 
be affected by the threat when compared to the total surface available (all the suitable 
areas of habitat for the two focal species; [31]). “Severity” constitutes past, present or 
future pressure levels that are estimated to be caused by the threat event and may affect 
the target (for example, by altering its composition, structure, vitality and integrity), 
leading to an impact on our targets, i.e., to a potential or real specific alteration (see [32]). 
Finally, for each threat, the two scores (extent and severity) have been summed, obtain-
ing a score for the total magnitude—a compound variable. “Magnitude” represents the 
capacity of a threat to exert a general pressure (and a consequent impact) on the selected 
targets [7]. 

When the experts assigned a score for the extent and severity and after we obtained 
the values of magnitude, we calculated the averaged values (and standard deviation) for 
each attribute (extent, severity and magnitude) of each threat. Finally, the experts ranked 
the threats when regarding the magnitude values, obtaining a list of threat magnitudes in 
decreasing order. The threats showing the highest values in mean magnitude repre-
sented the priority threats.  

Experts based their judgement both on local expertise and on the available local 
(“grey”) literature [22,33–34]. 

2.5. Conservation Actions 
To mitigate the human-induced threats, in 2010, a project focused on the two focal 

species (common tern and little tern) was started. This project envisaged the construction 
of rafts and islets in only the Diaccia area, as well as some interventions to regulate the 
water levels, to favor the reproduction of the two target species and mitigate the effects of 
threats. There is evidence indicating the isolation of the nest structures from terrestrial 
predators and human disturbance can favor these species [35–37]. Floating rafts (1.5 × 1 m 
to 2 × 2 m and 1.5 × 2 m in size; n = 8) and islets (6 × 6 m in size; n = 7) were built until 2020. 

2.6. Threat Reduction Assessment 
After the TAN, and when the project has been closed, we carried out a TRA proce-

dure [12–14]. First, experts were contacted, requesting them to choose a suitable assess-
ment period. After, we conducted the open-ended interviews (n = 10 experts) in October 
2021.  

We asked the experts the following questions: (i) regarding the local threats ob-
tained from the TAN procedure, what score (from 1 = low to 4 = high) would you assign 
to the attributes of the area (i.e., the portion of habitats in the site that the threat affects), 
intensity (i.e., the effect, or severity, of the threat) and urgency (i.e., the immediacy of 
addressing actions against the threats), keeping the effects on the two selected targets 
(i.e., common tern, Sterna hirundo and little tern, Sternula albifrons) in mind?; and (ii) how 
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much you consider the reduction in each threat following the realization of the project 
(assessing a percentage score, from 0 to 100)? [Details in 6, 14]. 

After each step, the collected data were statistically processed to obtain the averaged 
values (and standard deviation) of each threat regarding area, intensity, urgency and 
percentage in reduction after the project. 

The average values were used to rank the threats according to their relative im-
portance (from 1 the lowest to 6 the highest). A total threat score was computed after all 
the threats were ranked. Finally, we added the value of the mean percentage reduction 
for each threat. 

After the ranking and scoring exercises, the total ranking scores for each threat were 
multiplied by the percentage of the threat met to yield a raw score for that threat. The 
Threat Reduction Index (TRA-I) value was derived by dividing the sum of the raw scores 
for each threat by the total possible rankings of all the threats and multiplying by 100, i.e., 
TRA-I = total raw scores/total rankings × 100 (details in [12]). Thus, the TRA-I value in-
dicates the response to all the combined threats to the overall conservation project over 
the assessment period. All calculations were conducted automatically with Microsoft 
Excel software. 

2.7. Statistical Analyses 
We compared the averaged values performing the Kruskal–Wallis test for equal 

medians using the PAST 1.89 software [38]. Alpha level was set to 0.05. 

3. Results 
3.1. Threat Analysis 

Regarding the TAN procedure, the panel of experts identified the following hu-
man-induced direct threats and named them following the international IUCN nomen-
clature: 

- 6.1—Recreational activities in the surrounding area too (in particular, un-managed 
recreational fruition by birdwatchers, hunters and fishermen with consequent disturb-
ance on breeding birds); 

- 7.2—Water management/use (in particular: water stress due to alteration of the 
hydrographic regime following land reclamation and water collection and pumping for 
agricultural uses in surrounding croplands and others), a threat largely occurring in 
several wetlands of central Italy [39]; 

- 7.3—Other ecosystem modifications (in particular, water salinization due to saline 
ingression from the sea; see [40]); 

- 8.8—Problematic species, more in particular: wild boars (Sus scrofa), a native 
mammal largely restocked in Tuscany from historical times; Mediterranean gulls (Larus 
michahellis), a generalist native birds, recently spreading from coastal sites to anthropized 
inland areas and vagrant dogs (Canis familiaris). For their different characteristics and 
regimes, we considered each of these three threats independently. 

The values of the threat regime attributes showed as wild boars and Mediterranean 
gulls appeared to be the threats with the largest extent, intensity and magnitude (Table 1; 
Figure 1), with a significant difference in magnitude among threats (H = 17.37, p = 0.003; 
Kruskall-Wallis test for equal medians). 
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Table 1. Threat Analysis (TAN) procedure. Mean values (and ± standard deviation) in regime at-
tributes (area, intensity and magnitude) for the six human-induced direct threats selected in the 
Diaccia Botrona wetland. 

Threats Area Intensity Magnitude 
7.2—Water stress 2.7 (±0.82) 2.7 (0.95) 5.4 (±1.71) 
8.8—Wild boars 3.6 (±0.70) 2.8 (0.92) 6.4 (±1.17) 

8.8—Mediterranean gulls 3.6 (±0.70) 3.3 (0.67) 6.9 (±1.10) 
8.8—Vagrant dogs 1.9 (±0.88) 2.1 (0.99) 4 (±1.82) 

6.1—Generic disturbance 2.7 (±1.16) 1.8 (0.63) 4.6 (±1.65) 
7.3—Salinization 2.7 (±1.06) 2.4 (1.26) 5 (±2.26) 

 
Figure 1. Box plots for magnitude values of the six human-induced direct threats selected by the 
panel of experts in the Diaccia Botrona wetland. 

3.2. Conservation Actions 
The islets were ignored by both common tern and little tern because, perhaps, they 

were more exposed to the risk of being surrounded by vast dry clayey banks, easily ac-
cessible by terrestrial predators. Moreover, in some parts of the Diaccia Botrona reserve, 
their realization was conditioned by the limited accessibility of the operating machines 
where water is present in the breeding season. 

The rafts were regularly occupied for a total of three pairs of common tern (exclud-
ing 2013, 2014, 2017, 2018 without nesting: 2010 and 2011: 2 nesting pairs; 2012: 1; 2015: 3; 
2016: 2; 2017: 1; 2019 and 2020: 1). Subsequent new installations in other areas did not 
help in observing the expected increase in their use. Tern populations in the Diaccia Bo-
trona wetland show a discontinuous but increasing trend over the years, with a maxi-
mum valuation of 21 pairs for common tern in 2021 and 19 pairs for little tern in 2019. 
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3.3. Threat Reduction Assessment 
After the projects, the panel of experts carried out the TRA procedure, assessing the 

area, severity and urgency of each threat and obtaining the mean values (and standard 
deviation) for each attribute (Table 2). Attributes have been ranked and summed: wild 
boars and Mediterranean gulls showed the highest total rank (≥15; Table 2). Finally, the 
experts assessed the percentage in threat reduction following the project. The highest 
percentage score (≥20) has been observed for water stress, wild boars and vagrant dogs. 
The procedure showed a total TRA-I = 23.08% considering all the threats affecting the 
breeding of the target birds. However, considering only the three main threats directly 
involved by the project score in effectiveness was 21.42% (Table 3). 

Table 2. Threat Reduction Assessment (TRA) procedure. Regime attributes of area, intensity and 
urgency and related ranks for the Threat Reduction Assessment and procedure to calculate the 
TRA-I index. (1): sum of ranking of area, intensity and urgency. (2): estimated percentage of threat 
mitigation over the assessment period. TRA-I index = Σ (raw score/total ranking) × 100 = 23.08%. 

Threats Area Rank Intensity Rank Urgency Rank 
7.2—Water stress 2.7 (±0.82) 2 2.7 (±0.95) 4 3.5 (±0.53) 6 
8.8—Wild boars 3.6 (±0.70) 6 2.8 (±0.92) 5 3.3 (±0.82) 5 

8.8—Mediterranean gulls 
(predation by) 

3.6 (±0.70) 6 3.3 (±0.67) 6 2.9 (±0.99) 3 

8.8—Vagrant dogs (predation 
by) 

1.9 (±0.88) 1 2.1 (±0.99) 2 1.4 (±0.70) 1 

6.1—Generic disturbance 2.7 (±1.16) 2 1.8 (±0.63) 1 1.8 (±0.79) 2 
7.3—Salinization 2.7 (±1.06) 2 2.4 (±1.26) 3 2.9 (±0.99) 3 

 criteria ranking total 
ranking 1 

Percent threat 
reduced 2 

 
Threats Area Intensity Urgency Raw score 

7.2—Water stress 2 4 6 12 32 3.84 
8.8—Wild boars 6 5 5 16 27 4.32 

8.8—Mediterranean gulls 
(predation by) 

6 6 3 15 16 2.4 

8.8—Vagrant dogs (predation 
by) 

1 2 1 4 21 0.84 

6.1—Generic disturbance 2 1 2 5 17 0.85 
7.3—Salinization 2 3 3 8 20 1.6 

    60  13.85 

Table 3. Attributes of area, intensity and urgency and related ranks for the Threat Reduction As-
sessment (TRA) and procedure to calculate the TRA-I index, considering only the three threats di-
rectly involved in the project. (1): sum of ranking of area, intensity and urgency. (2): estimated 
percentage of threat mitigation over the assessment period. TRA-I index = Σ (raw score/total 
ranking) × 100 = 21.42%. 

Threats Area Rank Intensity Rank Urgency Rank 
8.8—Wild boars 3.6 (±0.70) 3 2.8 (±0.92) 2 3.3 (±0.82) 3 

8.8—Mediterranean gulls 
(predation by) 

3.6 (±0.70) 3 3.3 (±0.67) 3 2.9 (±0.99) 2 

8.8—Vagrant dogs (predation 
by) 

1.9 (±0.88) 1 2.1 (±0.99) 1 1.4 (±0.70) 1 

 criteria ranking 
total ranking 1 

Percent threat 
reduced 2 

 
Threats Area Intensity Urgency Raw score 

8.8—Wild boars 3 2 3 8 27 2.16 
8.8—Mediterranean gulls 3 3 2 8 16 1.28 
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(predation by) 
8.8—Vagrant dogs (predation 

by) 
1 1 1 3 21 0.63 

    19  4.07 

4. Discussion 
The Diaccia Botrona wetland is a biodiversity hot spot, particularly for bird species 

and communities. Similar to many other Mediterranean wetlands, these ecosystems are 
embedded in anthropized landscapes (see [41]) where, since historical times, a series of 
human-induced driving forces acted, modifying the environmental matrix: in the last two 
centuries, land reclamation has transformed these wetlands into agricultural areas, and, 
in recent decades, urbanization and infrastructures (and consequent habitat fragmenta-
tion) have given rise to several threats and related impacts on biodiversity, as observed 
also in many other Mediterranean wetlands (e.g., [9,42]). 

Many of these threats can act on birds, even of high conservation interest. Through 
the TAN approach, a panel of experts with a specific skill and context-related back-
ground selected a set of main human-induced events that act locally on two local bird 
species, which were selected as conservation targets.  

These threats are all directly or indirectly linked to the presence of humans. For 
example, the occurrences of vagrant dogs were due to an uncontrolled frequentation of 
people (e.g., birdwatchers, hunters, fishermen) or derived from escaped/abandoned farm 
dogs. Differently, wild boars frequent the area due to a demographic increase at a re-
gional scale induced by continuous re-stocking of animals due to poaching activity (for 
Tuscany, see [43,44]). In this regard, there is a lot of evidence of wild boars’ impact on 
nests of wetland-related birds [45,46]. 

Analogously, the increase in Mediterranean gulls is indirectly linked to the land-
scape anthropization, as these species are increasingly linked to urban waste landfills, a 
recent phenomenon largely known (e.g., [47]). The water stress and the consequent pro-
cess of water salinization were due to long-time saline ingression due to complex histor-
ical processes linked to land reclamation, water pumping by agriculture and lack of wa-
ter management at landscape scale [48]; for this effect on birds, see [49–51]. Finally, the 
disturbance from uncontrolled frequentation of wetland by people may also affect the 
ecology and behavior of bird species, especially during the breeding period (e.g., [52]; 
review in [53]). 

However, the ranking procedure in the TAN procedure showed that the experts 
considered Mediterranean gulls and wild boars the threats with the highest magnitude. 
In this regard, the project actions, which involved the creation of suitable substrates for 
nesting for the two focal species (floating rafts and artificial islands), aimed at reducing 
the effects of these threats, focused on these priority threat events. 

Once the project was implemented, the panel of experts assessed how effective this 
may have been on the target species through the TRA procedure. The value obtained in 
percentage effectiveness (about 20%) suggests how these actions had a weak success, 
both considering all the threats affecting the focal species and considering only the 
threats directly interested in the project. These results can be attributed to the difficulty of 
mitigating some of these threats and the delay in response in terms of the demographic 
increase and reproductive success of the two focal species, a problem largely known in 
conservation studies (see [54]). However, we think that the low predictive power may be 
also a result of a lack of information on the threat magnitude: when these data are lack-
ing, the experts had little confidence in their predictions (or, however, divergent opinions 
about the relative importance of the threats).  

The results obtained by monitoring using the TRA-I index make the experts aware 
that the project needs an adaption (for example, changing number, location and size in 
structures). 
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The use of the TRA approach made it possible to obtain a given percentage value 
(TRA-I) using an expert-based approach. Although expert-based procedures show 
weaknesses [55], they also show points of strength [56] as highlighted in the TRA tool, 
with many examples in conservation arenas worldwide (see [13–16,57]). For example, 
when the time and resources are limited or the events to monitor are complex and not 
analytically measurable, pragmatic and quick expert-based approaches can allow the 
project team to focus by orienting judgment on specific questions (see [58]). In this re-
gard, the scores in threat regime attributes, overcoming anecdotal judgments, political 
considerations and non-technical dynamics, allow addressing the project with priorities 
and related solutions [7]. In our case, the scores in TRA-I percentages will be useful to 
support decision-making along the future development process of the local project, fol-
lowing a logic of active adaptive management [30]. 
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