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Abstract

Human-Wildlife conflict (HWC) presents a growing challenge for wildlife conservation,
especially as species recover and reoccupy human-dominated landscapes, creating tensions
between ecological goals and local livelihoods. Such conflicts are increasingly reported
across Europe, including Romania, involving semi-aquatic species like the Eurasian beaver
(Castor fiber L.) and Eurasian otter (Lutra lutra L.). Enhancing coexistence with wildlife
through the integration of conflict mapping, stakeholder engagement, and spatial analysis
into conservation planning is therefore essential for ensuring the long-term protection of
conflict species. A mixed-methods approach was used, including structured surveys among
stakeholders, standardized damage report collection from institutions, and expert field
assessments of species activity. The results indicate that while most respondents recognize
the legal protection of both species, a minority have experienced direct conflict, primarily
with beavers through flooding and crop damage. Tolerance varied markedly among demo-
graphic groups: researchers and environmental agency staff were most accepting, whereas
farmers and fish farm owners were the least accepting; respondents with no personal
damage experience and those with university or post-secondary education also displayed
significantly higher acceptance toward both species. Institutional reports confirmed mul-
tiple beaver-related damage sites, and through field validation, conflict forecast zones
with spatial clustering in Harghita, Bras, ov, Covasna, and Sibiu counties were developed.
These findings underscore the importance of conflict forecasting maps, understanding the
coexistence dynamics and drivers of acceptance, and the need to maintain high acceptance
levels toward the studied species. The developed maps can serve as a basis for targeted
interventions, helping to balance ecological benefits with socioeconomic concerns.

Keywords: Human-Wildlife conflict; Eurasian beaver; Eurasian otter; social acceptance;
wildlife tolerance

1. Introduction
Europe contains over 1.75 million water bodies, about 1.32 million natural and

430,000 artificial, which together cover approximately 2.83% of the continent’s total area [1].
These water bodies host diverse wildlife, including fish, amphibians, reptiles, birds, and var-
ious types of mammals [2,3], among which semi-aquatic animals are of particular interest
for this study. A semi-aquatic mammal is a species that, through evolutionary adaptation,
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relies on both aquatic and terrestrial habitats for part of its life history, with aquatic depen-
dency extending beyond basic water consumption and varying in degree, distinguishing
them from fully terrestrial or aquatic mammals [4,5]. In Europe, key semi-aquatic mammals
include the Eurasian otter (Lutra lutra L.) [6], Eurasian beaver (Castor fiber L.) [5], water vole
(Arvicola amphibius L.) [7], and the introduced muskrat (Ondatra zibethicus L.) [8] or nutria
(Myocastor coypus Molina) [9], all of which depend on both land and water environments
for activities such as feeding, breeding, and shelter [10]. Of interest to this study are the
Eurasian otter and the Eurasian beaver, both listed under Annex II and Annex IV of the EU
Habitats Directive [11], which necessitates a careful approach to their management.

The Eurasian beaver is a species that was on the brink of extinction at the beginning
of the 20th century, with only 1200 specimens remaining across eight core populations
in Eurasia due to various causes (overhunting, fur trade, castoreum, and others) [12–15].
Conservation efforts across Europe after World War II have led to significant population
recovery [16,17]. In countries such as the Netherlands [18], Wales [19], Scotland [20,21], and
Romania, beavers were reintroduced successfully. At the end of the 1990s, 182 specimens
of beavers were reintroduced in Romania, and since then, the species has thrived [22,23].
The Eurasian beaver provides significant ecological benefits [24,25], but the species’ resur-
gence has also led to renewed HWC [26,27]. As a result, coexistence between humans and
beavers remains challenging [28], and the acceptance of this species is questionable. While
the beaver has a strictly herbivorous diet [29], the Eurasian otter is a carnivore with an
ichthyophagous diet, feeding predominantly on fish [30,31]. The Eurasian otter has one
of the widest distributions of semi-aquatic mammals, from Portugal to Japan and from
Northern Europe and Asia to the Mediterranean [32,33]. This species plays a key role as
a predator in freshwater ecosystems, helping to regulate fish populations and serving as
a bioindicator of ecological health [34,35]. Over the past century, the otter has suffered a
significant decline in Europe, mainly due to water pollution [36]. Although classified as
Near Threatened by the IUCN [37], the species did not disappear from most European
countries and maintained populations in the thousands [36,38], with reintroduction efforts
carried out only in countries such as The Netherlands [39] and parts of Spain [40]. Nonethe-
less, HWC may arise, particularly in areas where otters prey on fish from commercial
farms [41–43].

Despite their protected status, public tolerance of both beavers and otters remains
mixed: surveys in Germany [44], Scotland [45], and Italy [46] show that many residents
welcome beaver-driven habitat restoration, yet farmers and land managers often voice
opposition when dams flood fields or disrupt drainage [47]. Likewise, fish farm and
fishery stakeholders across Central and Southwestern Europe frequently perceive otters as
economic competitors, and attitudes tend to improve only when effective compensation
or prevention measures are in place [41–43,48,49]. Building broader acceptance therefore
hinges on early community engagement, conflict-mitigation tools (e.g., flow devices, electric
fencing, insurance schemes) [50,51], and communication of the wider ecosystem services
that these semi-aquatic mammals provide [52].

Effective mitigation depends on accurately locating where HWC occurs, yet institu-
tional damage reports are often archived in disparate formats and at coarse administrative
scales, limiting their usefulness for local-scale planning [53]. Integrating these official
records with georeferenced field observations within a GIS framework enables the harmo-
nization of reporting standards, spatial aggregation of recurrent incidents, and analysis of
landscape attributes, such as floodplain extent, crop type, or density of fish farming sites,
that predispose areas to damage, and most importantly can ease the allocation of compen-
sation [28,54,55]. While different wildlife species such as beavers and otters cause distinct
types of conflict, beavers through dam-building and tree-felling, otters primarily through
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predation on fish stocks, it is still methodologically reasonable to assess social acceptance
and identify risk areas using the same statistical tools and overall questionnaire framework,
provided that species-specific elements are included. This spatially explicit background is
essential for prioritizing preventive measures and directing limited conservation resources
toward locations where ecological benefits can be maximized while social and economic
costs are minimized [42].

Across Europe, and in Romania in particular, Human-Wildlife damage is currently
driven largely by HWC with ungulates [56,57], mesocarnivores [58,59], and large carni-
vores [60–64], while rising impacts from semi-aquatic species risk further diminishing
public acceptance of living alongside wildlife [65–67]. Understanding public perception of
these protected species is essential for ensuring coexistence, and the institutions directly
involved in wildlife management must have access to information about potential HWC
zones. For this purpose, this study aims to assess the public acceptance of the Eurasian
beaver and Eurasian otter within the study area using structured questionnaire surveys
but also to understand the complex processes behind the coexistence with the studied
species. Additionally, it seeks to collect and integrate institutional damage reports with
georeferenced field observations in order to develop GIS-based forecasting maps that
identify current and potential future HWC areas, supporting targeted management and
mitigation strategies.

2. Materials and Methods
2.1. Study Area

This research was conducted in the Olt River basin in central and southeastern Ro-
mania, a region that encompasses an area of approximately 24,050 km2. The Olt River
(Figure 1) originates in the Eastern Carpathians, in Harghita County, at an elevation of
1440 m above sea level. It flows for 615 km through the counties of Harghita, Covasna,
Bras, ov, Sibiu, Vâlcea, and Olt before discharging into the Danube River. The river basin
includes all landform types found in Romania—mountains, hills, and plains—and the
area features high morphological diversity, including secondary rivers, floodplains, and
artificial reservoirs. These environmental gradients make the region suitable for semi-
aquatic species, which are the focus of this study: the Eurasian beaver and the Eurasian otter.
Along the river’s course, a series of hydrotechnical works have been constructed for flood
protection, aiming to safeguard cities and municipalities such as Miercurea Ciuc, Sfântu
Gheorghe, Bras, ov, Făgăras, , Sibiu, Drăgăs, ani, and others. Given the region’s history of
flooding, the presence of beavers, in particular, poses a potential threat to the effectiveness
of these structures.

2.2. Data Collection

A multidisciplinary approach was employed to collect data in two main stages dur-
ing 2024. This included structured surveys targeting stakeholder groups, standardized
institutional reporting (Supplementary Material Table S1), and field verification of Human-
Wildlife conflict (HWC) locations.

A structured questionnaire (Supplementary Material Text S1), developed using Google
Forms, was distributed among 15 stakeholder groups, including local authorities, envi-
ronmental professionals, hunters, aquaculture operators, farmers, and local students. All
participants were from the study area and from municipalities identified as having a risk of
conflict, most of which are predominantly rural. Students were not excluded from the study
as in these areas, many teenagers and adults from rural communities are employed in agri-
culture and related works, making them directly aware of coexistence issues. This contrasts
with students living in urban areas, who tend to have a completely different perception
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of coexistence [68]. The survey consisted of four main sections: demographic information
(age, occupation, and educational background), awareness of the species’ legal protection
status and conflict involvement, attitudes toward species presence (5-point scale evaluation)
and community-level acceptance, and type and extent of damage attributed to the species.
Additionally, over 1050 institutions in the study area were asked to fill in a standardized
review form. The institutions included municipal councils, environmental protection agen-
cies (APM), water management authorities (SGA), forestry departments (both private and
state-owned), and railway operators (CFR). The form requested data on damage location,
species involved, type and magnitude of impact, and estimated financial losses.

 

Figure 1. Course of the Olt River from its source in the Carpathian Mountains to its confluence with
the Danube River, developed using data from the European Commission’s EMODnet (European
Marine Observation and Data Network) and Eurostat.

In the second stage, satellite imagery (Google Earth 7.3) was analyzed in order to
identify any sign of the beavers, partially alongside the results of the standardized forms,
to detect signs of habitat alteration, dam-building activity, and flooding patterns. The
identified areas were subsequently validated through field investigations conducted by a
team of experts, during which GPS coordinates, habitat characteristics, vegetation types,
and species-specific indicators such as active dams, lodges, feeding marks, and scats
were recorded.

2.3. Forecasting of HWC Areas and Statistical Analysis

Based on data collected through standardized damage reporting forms and field sur-
veys, conflict hotspots involving the Eurasian beaver and Eurasian otter were georeferenced
and integrated into digital maps using QGIS 3.32. Spatial analyses were conducted by
integrating standardized raster layers representing variables such as infrastructure prox-
imity, land use, species presence, and hydrological and ecological features. Each variable
was weighted based on expert input, and cumulative risk scores were classified into low,
medium, and high categories using quantile breaks, with them integrated into the de-
velopment of the map. Conflict zone forecast maps were developed specifically for the
counties of Harghita, Covasna, Bras, ov, and Sibiu, with the Olt River basin identified as a
high-risk area for beaver-related impacts. Vâlcea and Olt counties were not used in the
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development of the HWC maps as they host only isolated or transient beaver populations
due to urbanization, steep terrains, or artificial river modifications.

To examine whether demographic and experiential factors jointly predicted respon-
dents’ tolerance toward the Eurasian beaver and Eurasian otter, a multivariate general
linear model (MGLM or MANOVA) was fitted in IBM Statistics 30.0.0.0. Beaver- and otter-
tolerance scores (1 = high; 5 = low) were computed and entered as dependent variables,
while stakeholder group (8 levels), conflict experience (4 levels), education level (3 levels:
university/post-secondary school, high school, and gymnasium or lower), and compensa-
tion claim status (1 = submitted/0 = no claim) were fixed factors. The age group variable
was treated as a covariate. All two- and three-way interactions among the categorical
predictors were requested, and Type III sums of square with Pillai’s Trace were used, as
Box’s test indicated only marginal heterogeneity of the covariance matrices (M = 14.4,
p = 0.050). Prior to modeling, the data were checked for collinearity and outliers.

3. Results
3.1. Stakeholder Group Survey

A total of 203 individuals from 15 selected stakeholder groups (Figure 2), all from
the potential conflict area, completed the survey. In the demographic section, the largest
group of respondents was students at various educational levels (29.1%), followed by forest
specialists (12.8%), municipal administrative workers (11.8%), local residents (11.3%), and
farmers (4.9%). The remaining 30.1% comprised wildlife managers, researchers, fishery
workers, and others. In terms of age distribution, the majority of participants (37.7%) were
aged 36–50, followed by 31.3% under 25, 20.5% aged 51–65, 9% aged 25–35, and 1.5%
over 65.

Figure 2. Demographic distribution of survey respondents by main occupation (top) and age
group (bottom).

In the second section of the survey, which addressed conflicts with the studied species,
80.8% of respondents were aware that both the Eurasian beaver (Castor fiber L.) and the
Eurasian otter (Lutra lutra L.) are strictly protected species. While 76.35% reported no direct
conflict with either species, 15.76% reported conflicts with beavers, 3.45% with otters, and
4.44% with both species. However, only 46.9% of these conflicts were formally reported to
authorities. Among conflicts involving otters, just 33% of respondents submitted financial
compensation claims, whereas no such claims were filed for beaver-related incidents.

Regarding the nature of the damage (Figure 3), 23.9% of respondents reported land
flooding, 18.3% agricultural field damage, 15.7% damage to infrastructure, 14.7% damage
to fisheries (not through fish predation), 14.7% to forests, and 12.8% to orchards. Financial
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losses were estimated by 34 respondents, with 25% reporting damage between EUR 100
and 200, 41% between EUR 200 and 600, 9% between EUR 600 and 1000, and 25% over EUR
1000. The final section of the survey explored species acceptance. The majority (77.8%) did
not perceive beaver coexistence as problematic, 15.6% expressed moderate acceptance, and
6.6% expressed no acceptance. For otters, 89.2% reported no issues with coexistence, 5.9%
moderate acceptance, and 4.9% no acceptance.

 
Figure 3. Impacts and attitudes reported by respondents. From top to bottom: type of damage
attributed to semi-aquatic mammals; estimated financial loss per event; acceptance of the Eurasian
beaver; and acceptance of the Eurasian otter.

When asked about personal attitudes toward (Figure 4) the Eurasian beaver, 53.2%
expressed liking the species, 34.5% were indifferent, 6.9% found the species disturbing
but tolerable, 2.0% preferred elimination, and 3.4% favored relocation over elimination.
Regarding the Eurasian otter, 53.7% liked the species, 39.9% were indifferent, 2.0% were
disturbed but tolerant, 1.0% preferred elimination, and 3.4% preferred relocation. At the
community level, 48.8% of respondents perceived general attitudes toward these species as
indifferent, 28.6% reported positive acceptance, 15.7% reported very high acceptance, 5.4%
reported low acceptance, and 1.5% reported a complete lack of acceptance.

The MANOVA revealed a strong multivariate effect of stakeholder group (Wilks
Λ = 0.064, F = 80.35, 14, 380, p < 0.001), conflict experience (Λ = 0.462, F = 44.78, 4, 380,
p < 0.001), and education level (Λ = 0.743, F (4, 374) = 16.92, p < 0.001) on the tolerance scores,
while age showed no effect (Λ = 0.994, F = 0.55, 2, 190, p = 0.58). The results showed that
researchers, environmental agency staff, and municipal employees expressed the highest
tolerance, whereas farmers and fish farm owners were the least tolerant. Respondents
who had no conflict experience were more accepting than those reporting damage from
both species. Participants with university or post-secondary education were significantly
more tolerant than those with only high-school or gymnasium education. Univariate tests
confirmed that the three factors significantly increased the beaver acceptance scores and
otter acceptance scores (all p < 0.001). The model accounted for 95% of the variance in
beaver acceptance scores (η2 = 0.95) and 97% in otter acceptance scores (η2 = 0.97).
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Figure 4. Attitudes toward the two semi-aquatic mammals. Percentage distribution of (top) personal
attitudes toward the Eurasian beaver, (middle) personal attitudes toward the Eurasian otter, and
(bottom) the perceived community-level attitude toward both species combined.

3.2. Institutional Reporting and Forecasted HWC Hotspots

Although an impressive effort was made to distribute the form as widely as possible,
being sent to over 1050 town halls, county branches of the Environmental Protection Agen-
cies (APM), branches of the National Agency for Land Reclamation (ANIF), subunits of
Romanian Waters Management (SGA), Forestry Administrations, as well as branches of Ro-
manian Railway Company (CFR) and National Road Infrastructure Management Company
(CNAIR), only 81 responses were received from city halls (7.7% of the total requests), 4 from
SGA, 4 from ANIF, and 27 from APM (66%). Only 19 HWC sites were documented from
the respondents in 2024, primarily across localities in Harghita County, with most cases
concentrated along tributaries of the Olt River, while the other sites were analyzed through
direct field surveys. These incidents represent only beaver-related damage reported during
2024. The recorded impacts included the construction of approximately 241 beaver dams,
which contributed to the inundation of adjacent pastures and meadows. The cumulative
length of affected watercourses was estimated at around 28.9 km, while the total flooded
area reached approximately 213 hectares. Field experts conducted 113 site inspections to
verify possible conflict hotspots for beavers, confirming 109 of them, while access was not
possible for four locations due to land ownership constraints.

Harghita County shows a concentrated distribution of conflict hotspots (Figure 5),
particularly along the upper part of Olt River and its tributaries. The model reveals high-
risk zones in areas of low-gradient rivers and intensive agricultural use around Tus, nad
municipality, where Eurasian beaver activity is frequent. Field validations confirmed dam
construction and evidence of pasture flooding in multiple locations. The forecasted clusters
suggest continued risk in the near Mădăras, , Dănes, ti, and Miercurea Ciuc municipalities.

In Covasna County, the forecast indicates fewer but concentrated conflict clusters
(Figure 6), primarily along the Râul Negru River and its tributaries. These areas feature
suitable riparian vegetation and are in proximity to farmland, creating favorable condi-
tions for beaver colonization and damming. The conflict risk is particularly elevated in
the southern part of the county bordering with Bras, ov, where Râul Negru meets with
Olt, where floodplains and historical wetlands provide ideal habitat. The map shows
potential expansion corridors toward the southeast, highlighting areas that may experience
increasing pressure.
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Figure 5. Human–beaver potential conflict zones in Harghita County.

 
Figure 6. Human–beaver potential conflict zones in Covasna County.

Bras, ov County presents a broad network of potential conflict areas (Figure 7), particu-
larly around the Olt River’s middle basin and its adjacent streams. High-density clusters
appear near the cities of Făgăras, and Feldioara, where infrastructure crosses dynamic
river corridors. The forecast suggests that expanding beaver populations already reached
suburban and peri-urban zones, especially where humans built houses in the vicinity of
agricultural landscapes. The presence of canals, levees, and agricultural systems raises the
likelihood of economic damage.
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Figure 7. Human–beaver potential conflict zones in Bras, ov County.

In Sibiu County, conflict forecasts identify medium-to-high-risk zones along the Olt
River (Figure 8), especially in the northern half of the county. The clustering of forecast
points is linked to gently sloping riverbanks and abundant riparian vegetation. Conflict
potential is highest near Avrig and Tălmaciu, where agricultural fields, orchards, and road
infrastructure border beaver-accessible waterways. Though fewer in number than in Bras, ov
or Harghita, these sites pose significant risks due to their proximity to important transport
routes and economic assets.

 
Figure 8. Human–beaver potential conflict zones in Sibiu County.
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4. Discussion
The respondent pool was dominated by local students (29.1%) and forestry profes-

sionals (12.8%), which might bias the results as the respondents are not evenly distributed.
The prevalence of younger and highly educated individuals is noteworthy, as previous
studies have shown that these groups consistently express more favorable attitudes toward
reintroduced ecosystem engineers such as the beaver, similar to a situation in Greece [69],
in contrast to primary production stakeholders like farmers [45,70]. In Southeast England,
a similar study found that environmentalists and the general public strongly supported
beaver presence, whereas farmers voiced reservations about crop loss and flooding risk [70].
Age also played a significant role: respondents aged <25 and 36–50 together represented
almost 70% of the total respondents. Surveys suggest that middle-aged cohorts often
hold more utilitarian views of wildlife [71], balancing economic and ecological consid-
erations [60], whereas younger participants tend to prioritize and support biodiversity
values [72,73]. The substantial share of 36–50 year olds in the dataset provides a nuanced
perspective that partially tempers youthful enthusiasm yet still contrasts with the more
conservative age structures reported in rural Poland [53], where the average respondent
age exceeded 50 years and tolerance for beaver impacts was markedly lower.

An important percentage of 80.8% of interviewees recognized the strict legal protection
of both species, which shows a high knowledge of the species status. Despite this, fewer
than one-quarter (23.65%) of participants had experienced direct HWC, which might be an
indication that the majority of the respondents did not have any interaction with the species.
Even in the case of direct conflict, only 46.9% of the incidents were formally reported,
which can be an indicator that the compensation procedure in Romania is not efficient,
as is it currently in some parts of the world [74]. The underreporting of HWC events
is a widespread issue [66,75], underscoring the necessity of implementing an effective
reporting system.

The respondents attributed 23.9% of beaver impacts to land flooding, 18.3% to crop
damage, and 15.7% to infrastructure interference. These proportions do not align with com-
pensation files from Warmia–Mazury (Poland), where flooding accounted for 47.7–66.4%
of claims between 2009 and 2016 [53]. Crop damage from grazing and direct plant con-
sumption represents a significant type of impact in this study, also observed in the Czech
Republic [76] and Norway [77]. Infrastructure damage represented a considerable impact,
as beaver activity frequently disrupts roads and hydrotechnical installations, similarly [78].
Otter conflicts were rarer (3.45% of respondents), echoing the species’ lower visibility and
the prevalence of small-scale aquaculture farmers in the study area. Yet the proportion of
compensation requests filed (33%) is higher than that reported for Portuguese marine fish
farms, where bureaucratic hurdles and regulations leave most losses uncompensated [41].
In Greece, all stakeholders except commercial fishers preferred compensation over inter-
ventions in the case of damage caused by otters [79].

In the conservation process of wildlife, it has been found that tolerance plays a critical
role in ameliorating HWC [80]. Positive attitudes toward both mammals dominated (≥77%
acceptance). This might be explained also by the species traits, as they do not directly
threaten human life, and their traits might be “charismatic” and thus gain more support [81]
compared to low acceptance levels toward carnivores [82,83].

The tolerance of humans toward wildlife species can be defined as “the ability and
willingness of an individual to absorb the extra potential or actual costs of living with
wildlife” [84], and this aspect remains an important element in the context of Human-
Wildlife coexistence. The fuzzy cognitive map (FCM) [85] reframes coexistence with the
protected semi-aquatic species as the product of interacting and interlinked processes
(Figure 9). When beaver populations settle in an area, they begin building dams [86], which
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in turn impound water and floods adjacent lands and infrastructures. This flooding can
create problems in terms of land use activities such as agriculture and forestry, generating
direct economic costs that are experienced as monetary losses by local stakeholders, from
farmers to forestry managers. These losses escalate social confrontation between wildlife
managers and land owners, thereby intensifying HWC and degrading the tolerance toward
coexistence [87]. A counter-acting structure originates from the animals’ positive ecological
functions toward the ecosystem services. Beaver dam-building simultaneously creates
wetland habitat, elevates groundwater, and diversifies and enriches aquatic microhabitats
and biodiversity [25,86,88], while otter presence signals improved trophic integrity and
water purification [89,90]. Collectively, these ecosystem service flows enhance biodiversity
and nutrient cycling and provide landscape resilience, benefits that once recognized raise
the overall social acceptance and tolerance of both species. Increased acceptance then feeds
back to the conflict intensity, forming a balancing loop that can stabilize coexistence with
the involvement of stakeholders.

Figure 9. Fuzzy cognitive map illustrating the socio-ecological drivers of conflict and coexistence
between beavers and otters.

Positioning economic loss generation and ecosystem services as competing forces of
HWC [91] reveals three main avenues for interventions. The first approach is to show-
case and reward the hidden benefits of healthy wetlands and richer wildlife communities.
Programs such as payments for ecosystem services [24] and biodiversity credits [92] can
help make this advantage visible and valuable to society. The second approach targets the
physical impacts that drive costs. Installing flow control devices [93,94] on troublesome
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beavers’ dams and installing gears in fisheries that prevent otters help reduce economic
losses [41,95]. The third approach offers direct financial incentives through streamlined
compensation schemes. Prompt payments that are easy to obtain and require minimal bu-
reaucratic paperwork encourage landowners to tolerate and even support the presence [74]
of beavers and otters. When preventive measures and clear, well-communicated control
procedures are paired with compensation schemes, dampening the negative feedback
loop that fuels conflict and amplifying the positive loop that builds public support, giving
beavers, otters, and local communities a better chance to coexist.

Spatially explicit Human-Wildlife conflict (HWC) forecast maps were produced for
Harghita, Covasna, Bras, ov, and Sibiu, counties along the Olt River, showing the area’s most
at risk so action can be taken in advance. By modeling conflict hotspots [96], authorities and
local communities can shift from reactive responses to proactive strategies [97,98], allocating
occasional check-ups of the highlighted areas, installing preventive mitigation devices,
and planning outreach before incidents occur. When embedded in regional planning
and conservation frameworks, these maps enable a prime step into the development of
integrated early-warning systems [99] and can also guide land use and infrastructure
decisions to not deter with the studied species, which are listed under Annex II and Annex
IV of the EU Habitats Directive [11]. Because the focal species in this study are protected
under European legislation, every action with the potential to affect them or their habitats
must be carefully evaluated [100]; thus, conflict and distribution maps become essential
and necessary for decision tools that align development with conservation goals and
also develop a long-term culture of coexistence [101]. Coupled with species distribution
models, the maps also reveal probable expansion corridors by merging municipal damage
reports with expert-validated field data [102,103], similar to the ones developed for the
Negru River [28]. The resulting GIS layers highlight peri-urban watercourses where
preventive installations, such as flow pipes or pond levelers [93,94], could reduce future
damage at minimal ecological cost. While this approach is well advanced for beavers,
comparable conflict forecasting for otters remains underdeveloped, underscoring the need
to extend the same spatially explicit methodology to additional protected species and
commercial fisheries.

This study has several limitations that should be considered when interpreting the
findings. The use of online surveys likely introduced sampling bias by favoring younger,
more technologically literate individuals, potentially leading to an overrepresentation of
positive wildlife attitudes [104] and the drawing in of additional residents whose views
on wildlife were not entirely objective. To improve representativeness, future research
should include in-person interviews, particularly targeting subsistence farmers, aquacul-
ture operators, and rural communities from the conflict zone. The temporal scope of the
data collection, limited to a single year (2024), constrains the ability to observe seasonal
variation in conflict intensity or changes in public perception over time, especially to cover
years with high precipitation levels. Longitudinal studies would provide a clearer un-
derstanding of these dynamics as beaver populations expand. Additionally, institutional
participation was limited, with only 7.7% of the contacted municipalities submitting the
standardized reporting form, which reduced the statistical power for validating conflict
prediction models.

Future studies should span several years and use detailed environmental data such as
LiDAR-based terrain models and hydrological measurements to refine conflict forecasts
and capture seasonal patterns, and the same spatial modeling approach should be extended
to otters and other protected species while adding assessments of ecosystem services to
provide more balanced, evidence-based decisions at Human-Wildlife boundaries.
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5. Conclusions
By integrating stakeholder surveys, institutional damage reports, and expert-validated

field checks, this study identified current and emerging Human-Wildlife conflict (HWC)
hotspots involving the Eurasian beaver and Eurasian otter within Romania’s Olt River basin.
The attitudes of local communities, institutions, and other stakeholders are essential for
fostering coexistence with protected species. While HWCs may arise, maintaining accessible
and constructive coexistence remains crucial. Conflict forecast maps can serve as the
foundation for an integrated early warning system, to not only prevent and manage damage
but also inform the development of effective management strategies and regulations for
both fauna and flora. Ultimately, combining social perception data with fine-scale GIS-
based forecasts provides a replicable approach to support future conservation goals and
promote sustainable coexistence between humans and wildlife.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/d17080559/s1, Table S1—Standardised form; Text S1—Sample questionnaire.
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