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About the Symposium

The 3rd Scientific Prespa Lakes Symposium, held -dnF2bruary 2026 at Fan S. Noli University in
Korcé,wasorganisedy the ProtectiomrandPreservatiommf NaturalEnvironmentn Albania(PPNEA)In
collaboration with the Society for the Protection of Prespa, the Macedonian Ecological Society and the
PrespaNet partnership, with the support of the Prespa Ohrid Nature Trust (PONT) and EuroNatur.

Entitled AShared Water s, Shared Chall enges: B
Science and Cooperationo, the symposium appr
transboundary sociacological system. Scientists, public indiitns, protecteéirea managers, civil
society organisations and practitioners from Albania, Greece and North Macedonia examined the
pressures affecting the basin and the need for coordinated, evimbgext responses across national
borders.

The programmeombined an opening plenary with thematic sessions on climate change and water
management, biodiversity conservation and ecosystem management. It also included a poster session
joint field excursion in Prespa National Park and a World Café discusséating space for scientific
exchangeswell aspracticaldialoguebetweerresearchersjecisionmakersandactorsworking directly

in the landscape.

The contributions gathered in this Proceedings Book reflect the breadth of that exchange. They addres
changing lake levels, hydrology and water quality, climate impacts on waterbirds and habitats,
biodiversity vulnerability, adaptive management, community participation, sustainable use of natural
resources and locally relevant conservation solutions. Tageieefull papers and poster contributions
provide a record of current knowledge and a basis for future cooperation in the Prespa basin.

The symposium reaffirmed that the resilience of the Prespa Lakes depends on sustained monitoring
transparent data elxange, inclusive governance and a stronger connection between science, policy anc
local action.

MAIN THEMATIC AREAS:

AcClimate.changeémpacts wateravailability andtransboundaryatergovernance
ABiodiversity conservationecosystenvulnerabilityandadaptivemanagement
ACooperatiorbetweersciencepublicinstitutionsandlocal communities
APracticalpathwaydor long-termecologicalandcommunityresilience
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ABSTRACT

This study explores community participation in the governance of protected areas in Albania,
focusing on the relationship betweenstitutional trust, participatory governance, and
conservation effectiveness. Al t hough Al bar
incorporatesnechanisms$or public consultationempiricalevidencandicateshatcommunity
involvementn decisionmakingprocessesftenremaindimited andlargelyconsultativeather

than genuinely participatory. The research adopts a mmettiods approach, integrating
quantitative indicators from the Balkan Barometer survey with qualitative analysis of
governancepracticesandcomparativeegionalcasestudies.To assesshe broadeiinstitutional
context, the study constructs a Composite Institutional Trust Index (ITI) that measures levels
of public confidence in key political and administrative institasicacross Western Balkan
countries. In addition, the study introduces a Community Participation Index (CPIl) as a
methodological contribution for quantifying the degree of local involvement in protected area
management. The CPI evaluates participation acseseral dimensions, including decision
making authority, institutional representation, economic besk#fiting, participation depth,

and perceived influence. The findings suggest that Albania operates withini mdderate
institutional trust environménwhile community participation remains moderate and largely
consultative. Strengthening -teanagement arrangements, economic incentives, and
institutional transparency is therefore essential for improving both the legitimacy and

sustainability of proteetd area governance

Keywords: participation,decisionmaking,representationndex
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1. INTRODUCTION

RecentAlbanianscholarshipncreasinglyhighlightstherelatively high level of environmental
awareness among residents living within protected areas. Data from the Balkan Barometer
indicate that a substanti al ma j dreidt yArcefa oc iatsi
important instrument for safeguarding national natural heritage (RCC, 2024). This is aligned
with national policy for enhancing the protected areas system in both expansion and
management (MoE, 2015) and IUCN (IUCN, 2020). Neverthelessptable perceptual
asymmetrypersistdbetweerbroadepublic attitudesandthe perspectivesf local communities.

While the general public tends to frame conservation primarily as an ecological priority,
residents of protected territoridsequently interpret these policies through the lens of
constraint®on propertyrights,landuse,andlocal developmenbpportunitieAvdia andAllka,

2023). Against this backdrop, this study examines community participation in the governance
of ProtectedAreas in Albania, with particular attention to perceptions of decisiaking
processes and the so@oonomic role of rural communities. Drawing on Balkan Barometer
surveydataandcomparativecaseevidencethe analysissuggestshatpredominantlytop-down
governance structures weaken the loegn effectiveness and legitimacy of conservation
policies. Without meaningful mechanisms for local engagement and economic inclusion,
protected areas risk becoming largely symbolic regulatory frameworks, whiglarscbften
describe as fAiparks on paper. o

Survey evidence further reveals a pronounced institutional trust deficit in environmental
governance. Al t hough Al baniabés | egal framew
environmental decisiemaking, localresidents frequently report that participation processes
remain largely procedural, offering limited influence over actual policy outcomes. Concerns
regarding transparency and accountability are particularly evident in relation test¢alge
developmentinitiatives, such as tourism infrastructure and resort projects implemeiitead
protected areas with insufficient consultation of affected communities.

At the same time, emerging evidence suggests that ecotourism is increasingly perceived by
local popuations as a potential bridge between conservation and development objectives. In
regionssuchasthe VjosaValley andthe AlbanianAlps, environmentaprotectionis gradually

being reframed not as a barrier to economic activity but as a stratdgial asset capable of
generating sustainable income through agrotourism and rAzdsesl tourism enterprises.

However, recent legislative amendments concerning development within protected areas have
intensified the conservation development dilemma (8tauet al., 2022). On one side lies the

pressing need for investment and employment opportunities in rural regions; on the other, a
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growing concern that uncontrolled construction and mass tourism could erode the very
ecologicallandscapsthatunderpinA | b a emeagignaturebasedourismeconomyin this
context, the londerm effectiveness of protected area governance in Albania depends on a
transition from a predominantly statentered management model toward collaborative co
manag@ment frameworks that incorporate local stakeholders as active partners. Existing
research suggests that without secure property rights, equitable dsbaefity mechanisms,

and tangible economic incentives for sustainable practices, local resistakedy itlpersist,

thereby undermining both ecological outcomes and institutional legitimacy.

2. LITERATURE REVIEW

The governance of protected areas has increasingly been examined through the lens of
participatory environmental governance, institutional tiegicy, and sockeconomic
integration. Early conservation paradigms were largely characterized by centralized and
exclusionary management approaches, of ten
ecological protection was prioritized while local amemities were excluded from deciston
makingprocesse¢l.ockwoodetal., 2010;Borrini-FeyerabenéndHill, 2015).Contemporary
scholarshiphowever increasinglyconceptualizeprotectedareasascomplexsocicecological
systems, emphasizing that letegm conservation success depends not only on ecological
management but also on institutional trust, local participation, and equitable distribution of
benefits.

Within the context of postommunist Southeast Europe, the effectivenessookervation
policies is strongly shaped by historical governance legacies and patterns of institutional trust.
Research suggests that communities in the region often exhibit persistent skepticism toward
central authorities due to administrative traditiomherited from centralized socialist
governanceystemslin suchcontextsthe socialacceptancef conservatiorpoliciesis closely

linked to their ability to generate tangible economic and social benefits for local populations.
Popescuetal. (2014)arguethatwhenconservationnitiativesfail to providevisible benefitsor
compensation mechanisms, they are frequently perceived by rural communities as constraints
on livelihoods rather than as collective environmental goods.

Empirical studies @oss the region also highlight recurring tensions between environmental
protection and rural development objectives. Bouriaud et al. (2013), analyzing the
implementatiorof the Natura2000frameworkin Romaniademonstratéhatrestrictiongplaced

on privately owned land, particularly when not accompanied by adequate compensation

schemes, can generate substantial conflicts between conservation authorities and local
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landowners. Comparable governance challenges have been observed ira,Aldagre
unresolvegropertyrightsandincompletdandregistrationwithin protectecareascontributeto
uncertainty among residents and increase vulnerability to external investment pressures.
Another recurrent theme in the literature concernsirigtutional design of protected area
management systems, particularly the persistence of centralized decedtorg structures.

Nita et al. (2018) shows that governance networks within Natura 2000 sites in Romania often
remain dominated by governmengadtors, limiting the participation of local stakeholders in

the formulation of management plans. Such institutional arrangements may weaken policy
legitimacy and reduce compliance with conservation regulations. Similar patterns have been
documented in Alb@a, where public consultation procedures are formally embedded within
environmental legislation but are frequently perceived by local communities as largely
symbolic and lacking substantive influence over policy outcomes.

Tourism development introduces additional layer of complexity in protected area
governance. While tourism is often promoted as a mechanism for supporting rural economies
and generating incentives for conservation, poorly regulated development can produce
significantecologicalandsocal impacts.Thecaseof Pirin NationalParkin Bulgariaillustrates
theserisks. Tomova(2018)documentshow theexpansiorof ski infrastructurewithin protected

zones contributed to habitat degradation and intensified conflicts between conservation
objectves and economic interests. These experiences have broader implications for Albania,
wheretourismdevelopmenis increasinglypositionedasa strategicsectorfor regionalgrowth,

raising concerns about the balance between environmental protection feasdrunture
expansion.

Conversely, the literature also identifies examples where integrating conservation with local
economic development has produced more posit
National Park is frequently cited as a successful model in which conearpalicies have

been combined with regional economic strategies. Through the establishment of a quality
certification label associated with the park, locally produced goods and services that comply
with environmental standards receive market recognittioywing communities to capture

hi gher economic value while reinforcing con:
initiativesdemonstrat@ow protectedareascanfunctionnotonly asregulatoryframeworksout

also as drivers of sustainable lodalvelopment.

Thedepthandeffectivenes®f communityinvolvementin environmentagovernancareoften
assessed using Arnsteindbs Ladder of Citizen

widely employed in governance and planning research. Arnsteiceptualizes participation
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as a hierarchical continuum consisting of eight levels grouped into three broader categories:
non-participation, tokenism, and citizen power. The framework distinguishes between
participatoryprocessethatmerelyinform or consultcitizensandthosethatenablemeaningful
powersharing through partnership, delegated authority, or citizen control.

Empirical studieson participatorygovernancen Albaniaconsistentlysuggesthatcommunity
involvement in environmental decisionaking remains concentrated within the lower levels

of the participatory spectrum, particularly within the stages of informing and consultation.
Research on stakeholder participation in Llogara National Park demeasstiat although
Albanianenvironmentalegislationformally requiregpublic consultatiorduringthepreparation

of management plans, decisioraking authority largely remains concentrated within central
governmentnstitutionsBoshnjaku(2015),awhile reaently similar conclusionswith regardso

nature resources management and utilizations has been revealed within -Rijakésta
National Park (Shumka et al., 2023)Regional analyses of protected area governance in
Southeast Europe further identify sttural barriers such as administrative centralization,
limited local institutional capacity, and fragmented governance frameworks, all of which
constrain the development of more collaborative management arrangements (Lovren, 2018;
Shumka et al., 2022).

Additional studies examining environmental planning and territorial governance in Albania
reinforce these findings. Hoxha et al. (2021) highlight the gap between formal participatory
provisionsandtheir practicalimplementationpotingthatpublic hearingsare frequentlytreated
asproceduratequirementsatherthanmechanism$or meaningfulpolicy influence.Similarly,
Kaprata(2020)argueghatparticipatoryreformswithin A | b a rerritar@algovernancesystem

have largely remaineconsultative, with limited institutional mechanisms that enable citizens

to exercise real decisiamaking power. More recent research also suggests that although
administrative reforms have increased opportunities for citizen engagement at the local level,
the transfer of substantive authority to community actors remains limited (Zaimi, 2023).
Overall, the existing literature suggests that while Albania has formally incorporated
participatoryprinciplesinto its environmentafovernancéramework,the pracical realization

of collaborative governance remains incomplete. Centralized institutional structures,
unresolved property rights issues, and increasing development pressures, particularly those
associated with tourism expansion, continue to challengefteetiveness and legitimacy of
protected area governance. Consequently, many scholars emphasize the importance of
transitioning toward conanagement models that integrate local communities as active partners,

thereby strengthening both the ecological@unstbility and the socieconomic resilience of
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protectedareasystems.

3. METHODOLOGY

This research adopts a mixetethods design to examine community participation and
governance dynamics i n  Alntbgaation afogantikive anelc t e d
qualitative approaches enables a more comprehensive assessment of both institutional
perceptions and governance practices. The study aims to identify the gap between the formal
environmentagjovernancérameworkin Albaniaandthesociceconomiaealitiesexperienced

by rural communities living within protected territories. The research is structured as a
comparative and exploratory analysis. Quantitative evidence is drawn from the Balkan
Barometesurvey which providesregionaldataon institutionaltrust, perception®f corruption

in environmentatecisionmaking,andthe willingnessof rural businesseto transitiontoward
environmentally sustainable economic activities. These indicators are used to camtextual
governance legitimacy and public attitudes toward environmental policies. The qualitative
component is based on a systematic review of academic literature, institutional reports, and
policy analyseselatedto protectedareagovernanceandcommunityparticipationin Southeast

Europe. In order to provide comparative insights, the study analyzes contrasting governance
outcomeghroughselectedcasestudies Negativegovernanceutcomesareillustratedthrough

examples such as illegal logging in Romanid tourismr el at ed pressures in
National Park. These cases are contrasted with more collaborative governance approaches
observed in Sloveniads Triglav National Pa
economic initiatives have supportednservation objectives. To assess participation more
systematically, the study introduces a Community Participation Index (CPI). This composite
indicator evaluates the extent of community involvement across five dimensions: decision
makingauthority,institutionalrepresentatiorgconomidenefitsharing,depthof participation

based on Arnsteinds Ladder of Citizen Partioc
trust.By aggregatinghesedimensionsnto a standardizegdcorerangingfrom 0 to 100,the CPI
providesastructuredool for assessingrhethermparticipationmechanismsepresenmeaningful
co-governance or remain primarily consultative. The Community Participation Index (CPI)
drawsuponempiricalfindingsreportedn thestudiescitedin theliteraturereview, particularly
thosebasedn structuredsurveyinstrumentsiesignedo evaluatecommunityparticipationand

governance perceptions.
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The empirical basis of this study relies on secondary quantitativestitdtional data related

to governance perceptions and participation in environmental deorsikimg. The primary
datasets drawnfrom the BalkanBarometesurvey whichmeasuretevelsof institutionaltrust,
perceiveccorruption,andc i t i ifleencsirdpolicymakingacrossNesterrBalkancountries.
These variables are used to construct the Institutional Trust Index (ITI) through a weighted
composite of five standardized indicators. Additionally, the study develops a Community
Participationindex (CPI) to evaluatdocal involvementin protectedareagovernanceThe CPI
integrates institutional, economic, and percepbased indicators, allowing a structured
assessment of the depth and effectiveness of community participatiocal€hkation of the
Community Participation Index (CPI) relies on the empirical findings reported in the studies
referenced in the literature review, particularly those derived from structured survey

instruments used to assess community participation aretiggnce perceptions.

4. DISCUSSION

Construction of the Compositelnstitutional Trust Index (ITI)

To evaluate the broader governance context in which environmental deuskomg and
protected area management occur, this study develops a Composite dnsiitlitust Index

(IT1) for the Western Balkans. The index is designed to provide a standardized measure of
public trust in key political and administrative institutions that shape policy legitimacy and
citizenengagementnstitutionaltrustis widely recagnizedin governancditeratureasacritical
determinant of policy compliance, collective action, and the effectiveness of participatory

mechanisms.

Table 1. Index ConstructiorMethodology:IndicatorsUsed(Standardizedo Oi 100scale)

Weigh
t
Trustin National Government 25%

Indicator

Trustin Local Government 20%
Trustin Parliament 15%
PerceivedCitizen Influence 20%

ReverseCorruption Perception | 20%
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Table 2. RawDatalnputs(BalkanBarometel(RegionalCooperatiorCouncil,2023)

Country Nat. Local Parliamen | Influenc Corrup_tion (perceived
Gov. Gov. t e widespread)

Albania 34 38 28 30 64
Serbia 42 45 38 35 59
Montenegro 45 47 40 38 54
North Macedonia 33 36 29 30 61
Bosnia & 28 32 24 25 70
Herzegovina

Kosovo 37 40 30 33 65

Table 3. ReverseCorruptionScore Calculatedy

Authors
Country ReverseCorruption Score
Albania 36
Serbia 41
Montenegro 46
North Macedonia 39
Bosnia& Herzegovina | 30
Kosovo 35

The index is constructed using five indicators derived from regional survey data, each
standardized on a scale from O to 100. These indicators capture diffierestisions of
institutionallegitimacyandcitizeri staterelations:(1) trustin thenationalgovernment(2) trust

in localgovernment(3) trustin parliament(4) perceivectitizeninfluenceondecisionmaking,

and (5) perceptions of corruption withimulglic institutions. Because corruption perception
reflects a negative dimension of governance, this variable is transformed into a reverse
corruption score, calculated as 100 minus the percentage of respondents who perceive
corruptionaswidespreadThis transformatiorensureshathighervaluesconsistentlyrepresent
higher levels of institutional trust across all indicators. The Community Participation Index
(CPI) draws upon empirical findings reported in the studies cited in the literature review,
partiaularly those based on structured survey instruments designed to evaluate community
participation and governance perceptions. Each indicator is weighted to reflect its relative
importance in shaping governance legitimacy. Trust in national governmenieeaaneight

of 25%,while trustin local governmentindperceivectitizeninfluenceeachaccountor 20%.

Trustin parliamenis assigne@weightof 15%,andthereversecorruptionindicatorcontributes

20% to the composite score. The final ITI scoreakulated using the following weighted

aggregation formula:
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Table 4. Final Institutional Trust Index ITI Scores,
Calculated by Authors.

Ra ITI
nk Country Score
1 | Montenegro 43.8

2 Serbia 40.6
3 Kosovo 35.6

4 Albania 34.9

5 North Macedonia 33.8

6 Bosnia & . 8.4

Herzegovina

ITI=(0.25xNG) +(0.20xLG) +(0.15xPARL) +(0.20xINF) +(0.20xRC)

where NGrepresents trust in national government, LG trust in local government, PARL trust

in parliament, INF perceived citizen influence, and RC the reverse corruption score.

The resulting index enables comparative analysis across Western Balkan countrieagreveal
differences in governance legitimacy and public trust. Based on this methodology, Albania
records an ITI score of 34.placing it within the lowmoderate trust category. This range
corresponds to the HAconsul t at itipen Partitipatiore | wi t
indicating that while for mal participatory n

making remains limited.

Table 5. Conceptualizgovernanceffectivenesshresholds:

ITI .
Range Governancdype ArnsteinLevel
45+ High legitimacy Partnership

3845 Moderatetrust Placation
30i 38 Lowi moderate Consultation
trust
. Informing/
<30 Structuraldistrust Manipulation

Fromagovernancgerspectivethis scorereflectsmoderatenstitutionalskepticismyelatively

weak parliamentary trust, and high perceptions of corruption. In the context of environmental
governancandprotectedareamanagemenguchconditionssuggesthatpolicy decisionamay

be perceived as eludriven, while participatory processesmain largely consultative and

enforcement legitimacy remains fragile.
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Community Participation Index (CPI) for Protected Area Governance

In addition to the Institutional Trust Index, this study introduces a CommRBaitcipation
Index(CPI)asanoriginal methodologicatontributiondesignedo measureheextentto which

local communities are substantively involved in the governance of protected areas. The CPI
aims to operationalize participation beyond formal ctiman by capturing multiple
institutional,economicandperceptuatlimension®f communityinvolvement.Theconceptual
foundation of the index draws upon established theoretical frameworks in participatory
governance and environmentala n age ment , particularly Arnste
ParticipatonPr et t yés (1995) t,9opbtompsoflpadl-ithpat
pool resourcegovernanceandBorrini-Feyeraben@éta | (2@18)co-managemeriramework.
Together, thes approaches emphasize that effective environmental governance requires not
only procedural participation but also meaningful peslearing, economic inclusion, and
institutional legitimacy. The CPI is constructed as a composite index ranging from 0,to 100
consisting of five analytical dimensions that collectively capture the structural and perceived
components of community participation in protected area governance. The first dimension,
DecisionMaking Power (25%)measures the degree of formal authogtanted to local
communitiesn governancerocessedt evaluatesvhethercommunityrepresentativegossess

voting rights within protected area management boards, whether legally recognized co
management agreements exist, and whether local actors hdwenaef over budgetary
allocations related to conservation or development activities. The second dimension,
InstitutionalRepresentatio(20%),examinegheformal inclusionof communityactorswithin
governance structures. Indicators include the propodiananagement board seats occupied

by local representatives, the presence of advisory councils or consultative bodies representing

community interests, and the inclusion of diverse social groups such as women and youth.

Table 6. CPI StructureThe CPlis composedf five dimensions

Dimension V\ﬁlg Description
D1: DecisionMaking Power | 25% | Communityauthority in PAdecisions
D2: Institutional 20% Formalrepresentatiom PA governance
Representation bodies
D3: EconomicBenefitSharing | 20% | Accesso tourismandconservatiomevenues
D4: ParticipationDepth 20% | LevelonAr n s tlagldem 6 s

D5: Perceivednfluence&

Trust 15% | Communityperceptiorof influence

10
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Total CPIScore:0i 100

Table 7. Indicators& MeasurementD1: DecisionMaking Power(0i 25)

Indicator Scoring
Communityvotingrights 0-10
in PA board
Legalco-management 0-10
agreement
Budgetaryinfluence 0-5

Table 8. D2: InstitutionalRepresentatio(Or 20)

Indicator Scoring
% of boardseatseld 0-10
by locals
Presence of 0-5
communityadvisory
councils
Gender/youth 0-5
inclusion

Table 9. D3: EconomicBenefitSharing(0i 20)

Indicator Scoring
Revenuesharing 0-10
mechanisnexists
Localecotourism 0-5

licenses
Compensatioschemes 0-5

Table 10. D4: ParticipationDepth(ArnsteinScale)(0i 20)

Level
Score
Informing 5
Consultation 10
Placation 12
Partnership 16
Delegated 18
Power
Citizen Control 20

11
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Table 11 D5: Perceivednfluence & Trust (015)

Measured via survey:
% Who believe communityinfluencesPA decisions
% Who trust PA managemenauthority

Standardizedb 15 points

The third dimension, Economic Benefit Sharing (20%$sesses the extent to which
conservation policies generate tangible economic returns for local populations. This includes
the presence of revens@aring mechanisms derived from tourism or conservation activities,
access to local ecotourism licenses, eohpensation schemes designed to offset restrictions
associated with protected area status. The fourth dimension, Participation Depth (20%),
evaluates the qualitative | evel of communi t
Participation. Governaec arrangements are classified along a continuum ranging from
informing and consultation to higher levels of participatory authority such as partnership,
delegateghower,andcitizencontrol. Thefifth dimensionPerceivednfluenceandTrust(15%),

capturs the subjective dimension of participation through subessed indicators measuring
whether local residents believe they have influence over protected area decisions and whether

they trust the authorities responsible for protected area management.

TheCPIl scoreis calculatedhrough asimpleadditiveformula=D1+D2+D3+D4+D5

where each dimension contributes to the final composite score according to its predefined
weight. This structure enables the index to combine institutional indicators, economic
mechaisms,andperceptuaimeasureto a singleanalyticalframework.Theinterpretatiorof
CPlscoredollows afour-tier classificationsystemthatreflectsdifferentlevelsof participatory
governanceScoreshetweer80 and100indicatecommunityled governancegharacterizedby

strong local authority and collaborative management. Scores between 60 and 79 reflect robust
co-management structures. Scores between 40 and 59 indicate moderate participation, where
formal mechanisms exist but asionrmaking authority remains largely centralized. Scores
between 20 and 39 represent tokenistic participation, while scores below 20 indicate largely

symbolic or passive forms of engagement.
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Table 12. CommunityParticipation Index
Calculation Albania, Calculated by Authors

Dimension Shil:?));e Observed Score
DecisionMaking Power 25 11
Institutional Representation | 20 14
EconomicBenefit Sharing 20 11
ParticipationDepth 20 11
Perceivednfluence& Trust | 15 5.6
Total CPI 100 52.

Table 13. Community Participation Index
Calculation Interpretation

SC(::zlre Participation Level
80i 100 Communityled governance
60i 79 Strong co-management
40i 59 Moderateparticipation
20i 39 Token participation
<20 Symbolic/passive

Applying this methodology to the Albanian context produces a CPI score of 52, which falls
within the category of moderate participation. This result suggests that although formal
participatorymechanismandrepresentatiostructuresexist within protectedareagovernance,
substantivelecisioamakingauthorityremaindimited. Decisionmakingpowerandeconomic
benefitsharing mechanisms appear relatively constrained, while perceived influence and
institutional trust remain comparativelgw. Taken together, the CPI provides a structured
analytical tool for evaluating participatory governance in protected .aBgasntegrating
institutional design, economic incentives, and community perceptions, the index allows
researchers to assess wieetparticipation mechanisms represent meaningfwhanagement

arrangements or remain primarily consultative in practice.

5. CONCLUSIONS

The findings of this study highlight the complex interaction between institutional trust,
participatory governance, aammonser vati on effectiveness wit
system. The Institutional Trust Index indicates that Albania operates within a low moderate
trust environmentcharacterized by significant public skepticism toward political institutions

and widepread perceptions of corruption. Such institutional conditions directly affect

environmental governance, as trust deficits tend to weaken the legitimacy of regulatory
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decisions and reduce the willingness of local actors to comply witbecvation measures. In
this context, protected area policies risk being perceived as externally imposed administrative

decisions rather than collectively supported public goods.

The Community Participation Index further demonstrates that while Albania has formally
adopted participatory provisions within environmental legislation, the depth of community
engagement remains limited. A CPI score of approximately 52 places the owithinythe
categoryof moderategoarticipation suggestinghatparticipatorystructuresexistbut do not yet
translate into meaningful decisionaking power for local communities. Institutional
representatiomechanismarepresentn somegovernancarrangementsjowever substantive
authority over planning, budgeting, and strategic management remains largely centralized.
Similarly, economic benefsharing mechanisms linked to conservation and tourism remain
underdevelopedimiting theincentivesfor local communitiedo actively supportconservation

policies.

These findings align with broader patterns observed across@uatist governance systems,
where formal participatory procedures often coexist with highly centralized adminestrat
decisionmaking structures. In the Albanian case, this institutional configuration creates a
structural gap between the legal framework for participation and the practical implementation
of collaborative governance. As a result, local communities repgreence protected area
regulations primarily as restrictions on land use and economic activity rather than as

opportunities for sustainable development.

At the same time, emerging evidence suggests that Azdgezl tourism and local product
branding my offer pathways for reconciling conservation objectives with rural economic
development. Experiences from comparable European cases demonstrate that when protected
areas generate tangible economic value for residents, through tourism revenue sharing,
cerification schemes, or support for local enterprises, community support for conservation
initiatives tends to increase significantly. In Albania, similar strategies could help transform
protected areas from perceived regulatory constraints into driveregadnal economic
resilience Additional research is required to more systematically assess the extent of
community participation in decisiemaking processes within protected area governance.
Future studies should prioritize the development of aggregadicks and the harmonization

of methodological approaches for measuring participatory engagement at the national scale.
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6. POLICY IMPLICATIONS

Froma policy perspectivethesefindings suggesseveralpriorities for strengtheningprotected

area governance in Albania. First, institutional decentralization anthat@agement
arrangements should be expanded to ensure that local communities have meaningful
representation and voting power within protected area managemelsbdecond,
conservation policies should incorporate economic incentive mechanisms, such as payments
for ecosystenservicescommunitybasedourismlicensing,andrevenuesharingschemeshat

directly benefit local residents. Third, improving transpayemand accountability within
environmental decisiemaking is essential for rebuilding institutional trust, particularly in
relationto large-scaledevelopmenprojectswithin or nearprotectecareasFinally, theadoption

of analyticaltoolssuchasthe InstitutionalTrustIndexandthe CommunityParticipationindex

can support evidendeased policy design by providing measurable indicators of governance
quality and participatory depth. By systematically monitoring these dimensions, policymakers
and reseahers can better assess whether environmental governance reforms are effectively
moving toward collaborative and socially legitimate conservation moltetonclusion, the

longt er m swustainability of Al bani acdesologigal ot ect
managemenut alsoon the strengthof participatoryinstitutionsandthe equitabledistribution

of conservation benefitsransitioning toward more inclusive governance frameworks that
integratdocal communitiesasactivepartnergs thereforeessentiafor ensuringoothecological

i ntegrity and soci al l egi ti macy within Al b
Community Participation Index (CPI) draws upon empirical findings reported in the studies
citedin theliteraturereview,particulaly thosebasedn structuredsurveyinstrumentslesigned

to evaluate community participation and governance perceptions. As such, the index may be
proposedisamethodologicaframeworkfor thequantitativeassessmerif participationatboth

local andnational levels, contributing to the standardization of measurement approaches and

calculation procedures in participatory governance analysis.
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ADAPTIVE MANAGEMENT OF BIODIVERSITY AND ITS VULNERABILITY IN
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ABSTRACT

PrespaNational Park is well known for its natural beauty, rich biodiversity, floristically and
faunisticallyrich andinteresting presencef endemismandtraditionalculturalvalues,dueto
thegeographicaindaltitudinalextent,geologicalandsoil variabiity. Ontheotherhand,severe
environmental impacts and mismanagement of natural resources have increased the
vulnerabilityof biodiversity,whichis nowalsoacceleratetly climatechangeThemostserious

threats are felt especially in the Lesser Paetpke, as a result of interventions, even
surrounding NP territory, within the ecological integrity: Former Maligi Marsh (reclaimed)
Slopes in the upper course of the Devoll Rivdre Prespa lakes. Under these conditions, the
implementation of adaptermanagement of the Prespa NP ecosystems and identification of
naturebased solutions is a priority. As a good practice, we propose the implementation of
MARISCO, as an innovative methodology for managing biodiversity and its vulnerability in
conservatiorsites. MARISCO is an ecosystdmased and participatory approach to nature
conservation; as such is needed to understand what the ecosystem actually is. The most
innovativedefinition considergecosystemassystemshatactasa bioreactorthatcaptureghe

energy of solar radiation and converts it into chemical energy in the form of biomass. The
objectiveof this studywastheidentificationof the systemianterrelationshigbetweerstresses,
threats, and contributing factors for adaptive mamage of biodiversity and human welfare
objectsdependentn biodiversityandecosystenservicesAs aconclusionpasedntheabove
mentioned interrelationships, the Natlb@&sed Solutions measurements are identified.

Keywords: AdaptivemanagemengBiodiversity, Humanwelfare threats contributingfactors,
systemic interrelations.

1. INTRODUCTION

To create and maintain resilient social and ecological systems, protected area management
(PAM) must be adapted to rapidly changing environmesdatlitions (CEEWeb, 2021). Past

and present climate has shaped the valued ecosystems currently protected in parks, but future
climatechangewill redefinetheseconditions.Continuedconservatiorasclimatechangewill

require thinking differently aboutesource management; we present some logical tools for
doing so. Three critical tenets underpin future management plans and activities: (1) climate
patterns of the past will not be the climate patterns of the future; (2) climate defines the
environmenandinfluenceduturetrajectorief thedistributionsof speciesandtheir habitats;

(3) specificmanagemerdctionsmayhelpincreasdaheresilienceof somenaturalresourceshut
fundamentathangesn speciesandtheirenvironmenimaybeinevitable(Baron,Fleishman&

Oropeza, 2009). The most threatening factor for the natural ecosystems in Prespa NP is the
eutrophicatiorof the LessellLakeecosystemdutrophicatioris becomingncreasinglysevere,
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not only affecting he sustainable development of water resources, leading to degraded
ecosystenfunctions,butalsothreateningociceconomiadevelopmenandecologicalsecurity
(Chang & et al., 2024). Many studies have shown that aquatic macrophytes play a significant
rolein controlling eutrophication, but only a few of these studies are ecosysteed (Zhu &

et al, 2020) . Adaptive management of biodi vi
maintaining the ecological balance and supporting human survival. Heeet® objective is
theidentificationof the mainthreats analyzingdiagnosticallythe stressesindmanagemenbf
vulnerabilities of biodiversity, conservation objects and human wellbeing objects, which must
be developed according tocansensual management vision. Research objectives of adaptive
managemerglanning relatedto thediagnostianalysisare:(i) adaptingnanagemergractices

to rapidly changingenvironmentatonditionsandemerginghreats{ii) enhancingesilienceof

sacial and ecological systems by integrating different management approaches and
perspectives; (iii) improving management effectiveness and financial sustainability; (iv)
addressing barriers to improve management effectiveness. The analysis combines efements
a landscape character assessment with those of an environmental impact assessment.

2. LITERATURE REVIEW

The adaptive management to climate change in protected areas is grounded in several theories
that aim to enhance the effectiveness and sustainatilitpnservation efforts: (i) resilience
theory emphasizes the importance of resilience in protected areas to adapt to changing
environmental conditions and maintain ecological functions, facing challenges; (ii) adaptive
planning approach involves the smsiatic application of reliable information to improve
management over time, which is essential for addressing the uncertainties and complexities of
protected area management; (iii) ecosysbarsed approach theory encompasses various
frameworksthatintegrde ecologicalandsocialdimensiondo addressomplexenvironmental

issues; (iv) participatory approach theory emphasizes the involvement and empowerment of
stakeholders in decisiemaking processes, fostering inclusivity and collaboration in various
fields such as community development.

Prespad\ationalParkis oneof themoststudiedareasn theregion.PreviousstudiesnPr e s pa 6 s
NationalParkarefocusedon variousaspect®f theregion'sbiodiversity,cultural heritage and
environmentalchallenges. Can be mentioned here: ethnobotanical studies, to address the
temporal dynamics of local knowledge in response to semmomic changes; conservation
efforts studies, addressing the basin's issues, such aalsteaction and diversion of veaf

wetland drainage, deforestation, and overgrazing; water management studies, focused on the
water balance of the Prespabés Lakes and its
the consequences for biodiversity in the catchment basin.

More speific studies are those focused on: the cultural heritage of the Great Prespa Region
(Muslli, 2015), Prespa Lakes (shared by Albania, Greece, North Macedonia) (Salathé & al,
2025); Watershed Dynamics in the Prespa Lakes: An Integrated Assessment ofliStosam

Effects (Markogianni & al, 2026); New additions to the flora of Prespa, Greece (Bergmaier &
al, 2020);Prespd_akesBasinStrategicAction Program(REC, GEF,Prespa& UNDP, 2010);
Development of a transboundary monitoring system for the PrespaARsak(Germanos ,

2010); Management Plan of the Prespa National Park in Albania-ZIP# (Shumka,
Wolfgang, & Dieterich, 2014); Transboundary Biosphere reserve Pi&sggort to the
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National Park Prespa in Albania (OBf, 2010); Assessnof challenges and opportunities
related to nostimber forest products in the wider Prespa area (Rantasa & al, 2019); Additions

to theflora of the PrespaNationalPark,GreecgStrid & al, 2017);Assessmerdandmappingof

the GreatPrespd_akewetlandhabitattypesin Albania(Fotiadis& al, 2020)etc. Thesestudies
contributeto a betterunderstandingf the complexinterplaybetweernumanactivitiesandthe
natur al environment i n Prespads Nati onal P
conservation efforts and management strategies. The article we are presenting here should be
considered a continuation of studies and efforts for the management of biodiversity and its
vulnerability in the Prespa NP.

The conceptual framework of this casedst in Prespa protected areas is designed to address
the challenges of managing protected areas in a rapidly changing environment. It emphasizes
the importance of integrating different approaches and perspectives to ensure the resilience of
socialandecologicalsystemsTheframeworkincludesseverakey componentssuchasclimate
adaptation, stakeholder involvement, and monitoring and evaluation.

The research gap in adaptive management on protected areas is significant, particularly in the
context ofclimate change and biodiversity loss. Current studies highlight the need for more
comprehensive and integrated approaches to manage protected areas effectively in the face of
rapidly changingenvironmentatonditions.In our understandingtheresearclggp in adaptive
management of the Prespa NP primarily revolves around the need for continuous availability
of dataon currentstatesandtrendsof natureandthreatsThisincludesbioculturalconservation,
climatesmart management, and biosecurity appraatcbeovercome challenges induced by
humanneedsgclimatechangeandinvasivespeciesAdditionally, economicvaluationandshifts

in funding priorities can boost protected area effectiveness and efficiersiyu iImonitoring
techniquestemotesensingandopendatainfrastructuresanfill dataandinformationgapsfor
protected area planning and management.

3. METHODOLOGY

In thispaperwe arepresentinghe MARISCO methodthrougha casestudyon PrespaNational

Park (Ibisch& Hobson, 2014). Principally, MARISCO is an ecosysteased approach to
natureconservationandthecrucialthing is to understandhe meaningof anecosystemBased

on this methodology, ecosystems act as bioreactors that capture radiationfremeripe sun
andconvertit into chemicalenergyin theform of moreor lesscomplexmoleculesandbiomass.

At the most basic level, energy is the driver for all of phenomena in nature. Ecosystem
functionality depends on the availability of abiotic maséetors, as well as on the included
biomass, information, and degree of interaction and networking. MARISCO can facilitate
adaptation to climate change, but only if it is integrated into a broader concept of ecoesystem
based climate management and ecosydtased sustainable development (lbisch & Hobson,
2014). Threats degrade the key ecological attributes of ecosysteinmass, information,
network,andmasteffactorsi andcausestressn thesystemSchematicallythemethodological
concept in Figure s presented.
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CONTRIBUTING
FACTORS

\

information

Systerns of higher order

Figure 1. Ecosystenfunctionalityscheme(SourceMARISCO. AdaptiveManagemenof
vulnerability and Risk at Conservation sites)

Sensitive ecosystems are prone to being impacted by external threats because they lack
60defensed mechanisms or a buffering capacit
cannot manage the ecosystem better than nature itself does. What man must do is to manage
the threats he himself causes to nature, leading to ecosystem vulnerabilitygesdhtien
processes. Vulnerability has to be understood and analyzed systemically as a phenomenon of
complexly interacting processes.

The important initial step has been the creation of a broader database and recordings from
collected and secondary datBhe database information was focused on topographical,
hydrological, ecological, socieconomic, demographic, and biodiversity information (e. g.,
habitat types, species, distributional maps), nat@sdurce and biodiversity use, and
ecosystem services.

Preparation and initial conceptualization have been the most important phase, focusing on:
descriptive analysi s, explaining fAwhat happ
deepetoanswelfi w hityr a p p e detercdiginghebiodiversityobjectsard humarnwellbeing

objects, including ecosystem services.

Systemic vulnerability and risk analysis has been the crucial phase in the establishment of
adaptive management of Prespa NP, focusing on: assessment of the current status of the
biodiversityobjects(key ecologicalattributes stresses)ecologicalvariallity, whichincluded
habitatvariability andhabitatstresseghreatstatusjdentificationof contributingfactors,which
accelerate the threats, and finally the identification of the NbS measurements.

To facilitate theconceptualization and adaptive management efforts, we have used MIRADI
software,which offers a comprehensivesuite of featuresdesignedto supportconservation
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processes. This software is being developed by the Conservation Measures Partnership for
conservation practitioners going through the adaptive management process outlined in
MARISCO. MIRADI software helped us de@rthe project scope, design conceptual models,
prioritize threats, develop objectives, identify and prioritize strategies, etc.

4. RESULTS

Based on the primary and secondary ecological, social, and historical data, a detailed
Adi agamalt i @avidedto understandhe changesn theecosystenovertime, within

the ecologicalintegrity (FormerMaliqi Marshtwo Prespd.akesandsurroundingareasslopes

of the upper course of the Devoll River). It should be stressed that the author of this paper has
beenpresenfor 5 years(19611966)andperiodicallyafter,in thisareahavinga clearmemory

about the changes, in space and in time, of the Prespa NP ecosystems.

Because of the interrelationships between them, the former Maligi Marsh (after reclamation
called Sugar Land), Prespa lakes together with the upper course of Devolli Valley, formed an
integralpartof thelakesystemanifi e c o | iomti & @iagnosticanalysids focusedonthe
activitiesthatcontributedto the currentstateof thisii e c o | ot & @iagnosticanalysis
analyzes the factors and impacts that have led to the degradation of ecosystems in this
fecol ogi cal i ntegrityo.

Maligi Swamp haseen a rich ecosystem in biodiversity, with important economic value for
the rural population, providing fish and eels for the Korca market, and an attractive place for
bird watching.After thereclamationthe adversempactsandthreatsstartedvery soon(within

a decade) as a result of the peat mineralization in contact wigu€h as:

i dropping of the level of the land ground, permanent inundations and the refilling of
drain channels; as a result, the need fareotamation (several times).

i deterbration of the soil structure, making it vulnerable to wind erosion in autumn and
spring and even selurning in summer, a serious problem for the health of the rural
population.

i Rapid decline in soil fertility, because of the destruction of thesgodture

In order to keep the peat moist and slow down the rate of mineralization, the government
decided to change the bed of the Devoll River towards Lesser Prespa Lake, to use it for
irrigating the "sugar land". This process is accompanied by other adversenememtal
impacts on the upper part of Devolli Valley, such as massive deforestation and overgrazing of
temperate forests (Morava, Q. Zvezdes, Gorice, Vernik, Pustec etc.), to convert them into
agricultural and grazing land (by socialist cooperatives)yiblent conversion of mountain
grasslandito crop land (mainly for potatoproduction)by the so-calledMilitary Agricultural
Enterprise (Morava, Mali i Kuq, Qafa e Kazanit, Mali i Thate). These lands are cultivated for
only 3-5 yearsto beabandonethter. Meanwhile the densdorestsof MoravaMountainswere
intensivelyharvestedo producefuelwoodto meettheneedf thepopulationandthe bakeries

built near each agricultural cooperative (especially the southern slope of Morava Mountain,
Devolly Valley). Overgrazing and permanently wildfire have been another adverse
environmental impact. These activities significantly increased the level of erosion and
multiplied theamountof sedimenin the Devoll River, which nowwould haveto flow into the

Lesser Prespa Lake.

Thewatery mirror in Lesser Prespa Lake vmaschwider than the current one, and rioh
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standing water habitats, like: Rooted floating vegetation of eutrophic waterbodies-(C1.34
EUNIS), Phragmitesaustralisbeds(C3.2EEUNIS), locatedonly nearthe lake shore,etc. In

the depths of the lake, there were many cold underwater flows and fresh, drinkable
groundwater springs (fishermen used for taking drinking water). Distantly from the lake shore
were tle islands of organic material (kore) that served as nesting grounds for wild birds.

Figure 2. LessePrespd.akebefore1965(left) andnowadaygright). Thelakeshorereached
close to the road.

It wasveryrichin fish speciesC.a.100fishermenfrom Treni Village, dividedinto two teams
(every 25 boats), fishing every day for the Korca fish market, and not only. During the fishing
season, they produced reed leaves (shavar) for animals, Tiygisa(latifolia and Typha
angustifolig, and harrows Phragmites australls getting more income for their families.
Watershedlopeswverecoveredoy densdorestsandbushesandrich in NFWP (hazelnutslime

fruits, wild rosefruits, lindenflower, whitethorn,thornapplemountaintea,differentmedcinal

plants, etc.), which are now being drastically collected.

The dynamism of lake eutrophication is influenced by a multitude of factors, including
sedimentation, nutrient loading, hydrodynamic characteristics, and biological interactions,
which contributedrapidly to the sedimentatiorf LessePrespd_ake. Thedischargeof water,

laden with sediments, also created trouble in the Greek part of Lesser Pakepahich, in

the absence of communication and agreement between the governments, opened a channel
connecting Lesser Prespa Lake with Gross Prespa Lake. In this way, the Greek side managed
the water, while the Albanian side accumulated sediments Iakée

To beeasilyanalyzedthe determinatiorof conservatiorandbiodiversityobjectswasdoneby
groupingbiodiversityobjectdogically listedaccordingto landscap&cosystem®Basedon bio-
ecological factors, more than 30 habitats identified from dbeondary data and studies
(Fotiadis & al, 2020), are classified in 10 groups,: (i) lakeshore vegetation ecosystem, (ii)
reedbed ecosystem, (iijuniperus fetidissimaand Juniperus excelsaecosystem, (iv)
Thermophilus ecosystem of broadleaved deciduoosdiand, (v) Mesophiles ecosystem of
broadleaved deciduous woodland, (vi) Hay meadows (HeNdoesian riverine and humid
Trifolium meadows); (vii) Semnatural dry grasslands and scrubland areas on calcareous
substratefFestuceBrometalia);(viii) Shrubly ecosystenanddwarfshrubsof highmountains;

(ix) Alpin and subalpine dry grassland and mountainous meadows ecosystem, (x) Alpin and
calcareous stone with hasmophytic vegetation.
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Related to the designation of conservation objects (human welfare obj@ependent on
biodiversity) are identified: (i) Economic income and social welfare, (ii) Fuelwood and other
biomass energy production for household needs, (iii) Food security and basic materials for a
goodlife, (iv) Pasturdandsandbiomassprovidingfor thelivestock,(v) NTFPfor family needs
andincomes(vi) Satisfactoryieldsin agriculturalproducts(vii) Freshandpurewatersupply,

(viii) Security in the face of environmental and climate changes, (ix) Social, traditional and
cultural activities for leisure anehtertainment (Muslli, 2015).

Theidentificationof ecosystenservicesvasessentiafor theanalyseselatedto humanwelfare.

The depiction of ecosystem services reflects the potential of a given site for ecelsgsezm
sustainablelevelopmentThereareanalyzed{(i) SupplyServiceqfood: (fishing,aquaculture),
livestock feed, fresh water, drinking water for livestock, genetic resources, biodiversity); (ii)
regulatory services [climate regulation, air quality regulation, watentigyaand quality
conservationerosionprevention protectionfrom naturaldisastergfloods, droughts storms)];

(i) supporting services (food cycle, pollen and seed dispersal, net primary production,
medicinal plants, soil formation); (iv) cultural rsees (aesthetic value, traditional value,
clothing value and sports).

Themainissuedeterminediuringthe systemiovulnerability andrisk analysishavebeen:

I Stressegmanifestatiorof a biodiversityo b j eoci tl 8 endevs os ubithet islehtifiable
symptomf badhealthandvulnerability):the manifestation®f the degradatiorof key
ecologicalattributes causedy theinsufficientavailability or quality of masteifactors,
manifesting the loss of levels of biomass, information andvorkt as: loss of
connectedness, soil erosion, change in structure and species composition,
fragmentation, defoliation, diseases and pests, wild fires, reduced oxygen saturation,
low production of biomass, reduced population size, etc.

! Key ecological attbutes and the functionality of the target systems: (i) biomass
(primary production, above ground biomass, below ground biomass, aquatic biomass,
extentof ecosystemsy)ji) information(intraspecificdiversity,specificdiversity/species
richness,morphofunctional diversity, habitat diversity, ecosystem diversity, viable
population size, structure and natural population dynamics); (iii) network
(connectedness of ecosystems, extent, structure and native species composition, syn
ecological interactioes and interdependencies); (iv)  resilience  and
resistance/adaptability. Other key ecological attributes (Master factors) analyzed have
been global climate conditions, weather and local climate conditions, hydrologic
regimes, physical soil parameters, mattgclerelated processes, matter and water
efficiency of ecosystems.

i Threats: the drivers of stress and the vulnerability they cause to biodiversity objects.
They are disturbances that cause negative changes in key ecological attributes and
stresse abio-ecologicalsystem.Thethreatsdegradehe key ecologicalattributesof
ecosystem$ biomass, information, network, and master factoesd cause stress in
the system. Threat is considered a hwimaluced forcing factor, a direct or indirect
impact that will eventually induce a symptom, such as deforestation, degradation,
climate change (precipitation patterns, temperature), mining activities, illegal logging
and fishing, poaching, intensive use of biological resources, overgrazing, etc.
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i Contributing factors: described as a human action or activity that directly or indirectly
results in the emergence of a threat, which then goes on to induce stresses, several
componentsn anecosystem(i) bio-physicalor naturalfactas (steepslope,geological
instability, climatechangewaterbalancesoll), (i) naturalresourceuserelatedfactors
(unsustainable forestry, agriculture, hunting practices, NWFP etc.). (iii) institutional
factors (lack of financial resources of consgion actors, equipment, capacities), (iv)
socicdemographic factors (population growth, emigration, immigration); (v) political
or governance related factors (governance, legislative bodies or instruments, lack of
regulationjegislationenforcementadministration,corruption);sociceconomidactors
(needs, poverty, insufficient access t
resources, education)

Vulnerability has been understood and analyzed systemically as a phenomenon of complexly
interactingprocessesStresseghreatsandtheir contributingfactorsi whetherclimatechange

related or not cannot be understood in isolation. The complexity has facilitated the strategy
formulation and prioritization by a diagram provided by MIRARdftware:

Figure 3. Diagramof complexityanalyse®f thefactors,providedby MIRADI Software
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5. DISCUSSIONS

By analyzing the complex relationships of factors in the three right pillars of the diagram
(biodiversity conservation objectives, human welfare objectivelependent on biodiversity
and ecosystem services), we can identify the strategies and goals.

By analyzing the complex relationship of the factors in the three left pillars of the diagram
(especially threig, key ecological and contributing factors), we can identify the naaged
solutions (objectives and activities), for example:

Goal: Conservation and improvement of the functionality of the conservation objects,
ecosystem services and human wellbeiaglimate change adaptation

Objective 1: Forest Land restoration to create sustainable landscapes that are ecologically
functional,resilient,productiveandbeneficialfor theenvironmentandpeoplewholive in them.
Activities:

i. mobilizationof aninnovativenursery,

ii. reforestation activities, using Macedonian fir, oak species, Black elder -leanged Lime
seedlings,

iii. conversioractivitiesandsilvicultural measurementsf degradedorests,

iv. strengthening, regenerating and undertakilogechnical measures on the slopes of rivers,
streams and steep slopes,

v. implementation of demotivation mechanisms to reduce illegal logging and related trade, as
well as forest degradation and fragmentation (traceability, due diligence system, etc.)

vi. estaltishing a control systemfor fire preventionand postwildfire restorationplanning,
supporting the PA administration with technology, methodology and training.

Objective 2, on mountainous grassland restoration: Enhancing the ecological diversity of
grasslands to support a variety of plant and animal species, creating suitable habitats for
endangered species and promoting the conservation of native flora andifapieanenting
practiceghatbenefittocal communitiego improvefood securityandprovideadditionalincome
streams.

Activities:

i. Mobilisation of shepherds in maintaining biological balances of-mghntain pastures,
through promotion of transhumanckyestock movements, removal of infesting bushes,
invasive species, etc.

ii. Undertaking site preparation, revegetation, and-pabration management of degraded
mountain grasslands

iii. Establishment of an innovative system for grazing permitsaatigities (fees, permits,
management plans, grazing permits, mowing and infrastructure, respecting the traditions and
rites of passage and encouraging new livestock farmers)

iv. Encouragingndsupportingoeekeepert® stimulatepollinationin deepeandmoresensitive

areas, stationing beehives in nearby areas with increased presence of rare and threatened
species.

Objective3: Enhancinghe clarity andhealthof the lakesby removingpollutantsanddebris,
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restoring and creating thenvironmental conditions the species need to survive and thrive,
stabilizingtheshorelineandreducingsedimentun-off, involving residentsn lake stewardship
by strengthening knowledge and skills.

Activities:

I. Combining restoration techniques in thkdavith naturebased solutions in the lakeshore
zone (e.g. higiperformance buffer zones).

ii. Reducing external sources of pollution to provide an opportunity for optimising existing
solutions.

iii. Establishmenof aholisticapproachhatencouragesocietyto becomeactivelyinvolvedin
water monitoring and restoration programs.

iv. Reductionof i i nt & u p bl nerdoving nutrientrich sedimentsand using them for
biomass energy and fertilizer production.

6. CONCLUSIONS

It is important, based on actueonditions, to move from classical management to adaptive
management to climate change in protected areas. MARISCO method is a highly effective
approach for integrating risk and vulnerability perspectives into the management of
conservation sites. It idesigned to take into account the impact of climate change in the
strategiomanagementf protectedareas.The methodinvolvesa participatoryapproactwhere
multi-stakeholder groups discuss ecosystem services, likely impacts of climate change, and
otherdirectandunderlyingthreats This DISCUSSIONIs supportedy scientificdatacollected
beforehand and presented in an easynderstand way during the stakeholdertggether.
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ABSTRACT

Biofuels represent an increasingly important component of the glodasition toward
renewablenergysourcesandenvironmentaprotection.Theirproductionfrom agriculturaland
biological resources offers significant potential for reducing greenhouse gas emissions,
mitigating climate change, and promoting the sustagatdnagement of natural resources.
This articleexaminegherole of biofuelsin environmentaprotectionwith particularemphasis
ontheir contributionto reducingdependencen fossil fuelsandstrengtheningheprinciplesof

the circular economy in the Kor¢gé Region. The study analyzes the potential for biofuel
production, primarily from agricultural residues and +fiooad biomass, highlighting the
advantagesf usingby-productsthatdo not competewith food security.Forthis purposedata

on cultivatedareaandtotal productionof agricultural(crop) culturesin the Kor¢cé Regionwere
collected from the Statistical Yearbooks published in 2013, 2018, and 2023. Technical
coefficients, such as the dry matter contenenérgy production substrates and conversion
coefficients to KTOE, were obtained from the literature for each crop. Based on the collected
data,thecumulativeenergyproductionpotentialwascalculatedasthe potentialcontributionof

overall agriculturalactivity. The results indicate that biofuels, when produced within
sustainable management frameworks, can significantly reduce environmental pressures while
simultaneously supporting rural development and increasing energy security.

Keywords: biomassbhiofuels,Korcaregion,renewablesnergy biomassenergypotential.

1. INTRODUCTION
Despite the efforts and attention of the 27 European Union Member States/YE&€hergy
consumptiorandproduction aswell asemissiorreduction havenotfully mettheE U Gasgets.
Theimpactsof climatechangetogethemwith increasingenergydemandyolatile oil prices,and
energypoverty,haveled to the searchor energyoptionsthatareeconomicallymoreefficient,

sociallyacceptableandenvironmentallysound.Oneoptionthathasattractedgrowinginterest
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from awide rangeof stakeholderss the useof biofuels(McKendry, P., 2002)Encouragedy
researclshowingthatbiofuelscanprovidesignificantamountf energywhile simultaneously
mitigating climatechangegovernments manycountrieshavesupportediofuel productionin

orderto increaseheiruse.Farmersview biofuelsasa pathwayto additionalincome,andbiofuels

may have the potential to stimulate rulalvelopment and improve access to energy in poorer
countries. Industry has made substantial investments in the development of production and
technology, and the use of biofuels has been seen as an important pathway toward achieving
sustainable transport. Min the global context of concern over climate change mitigation,
bioenergyhasreceivedncreasingattentiondueto its potentialto contributeto thereductionof
greenhouse gas emissions. While attention to date has focused mainly escédegeiofel
production for transport (Ligji nr. 138/2013 and Ligji Nr.93,76nodern bioenergy
developmentencompasa broadrangeof activities,includingthe moresustainableultivation

and use of biomass (e.qg., firewood and charcoal) for energy at local audibscales.

1.1 The conceptof biomassand its energypotential

Biomass is a term that encompasses a wide range of materials with a highly heterogeneous
nature. The term biomass refers to all #iessil organic matter, that is, all organic materials
derived fom plants and originating from photosynthetic iCfixation processes (Directive
2009/28/EC 23 April 2009).It includesall terrestrialandaquaticvegetationaswell asorganic
residues. According to the definition provided in DirectR@09/28/EC of the European
Parliament and of the Council of 23 April 2009 on the promotion of the use of energy from
renewablesourced alsoknownasthe EU RenewabldEnergyDirective (EU-RED)d biomass

is definedasii t bicelegradabléractionof productswasteandresiduedrom biologicalorigin

from agriculture (including vegetal and animal substances), forestry and related industries,
including fisheries and aquaculture, as well as the biodegradable fraction of industrial and
muni ci pal wa s A.e&oPet(ertkdy, C.i 2017 he saene definition of biomass is
adoptedn AlbanianLaw No. 138/20131 O RenewabldnergyS o u r wiackis fally aligned

with Directive2009/28/ECTherelativelyshortregeneratioperiodof biomasgplacest among
renewable energy sources, since the time required for organic matter utilization is comparable
to the time required for its formation.

In additionto cropscultivatedspecificallyfor energypurposeshiomassncludesall agricultural
andforestryproducts,includingresiduedrom agriculturalprocessingndsilviculture,residues

from agrifood products intended for human or animal consumption, chemically untreated
residues from the wood and paper processing industries, all organic praelingsl from the

biological activity of animals and humans, as well as those contained in urban solid waste
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(organicfractions).
Biomasstypes
Sincethe 1980s the EuropearCommunityhaspromotedvariousresearctprogramgocusedon
thestudyof agriculturalcropsaspotentialbiomasssourcegor energyproductionaswell ason
the most suitable cultivation and transformation techniques.
Typesof biomasses
Biomassusablgor energypurposegonsistf all organicmaterialshatcanbeuseddirectly as
fuelsor transformednto othersubstancesolid, liquid, or gaseousbhataremoreeasilyutilized
in conversiorfacilities. Researcher@ARSIA, 2004)characterizalifferenttypesof biomassn
various ways. One possibtéassification is as follows:

1. Woodybiomass

2. Agriculturalresidues

The main agriculturalresiduesnclude crop residuesstraw, oil cakes,nut shells,etc.
Residuesanbedividedinto two groups:

(1) materials remaining in the field or orchard aftervesting, such as wheat straw,
maize stalks, rice straw, leaves, etc.; and

(2) processing residues, i.e., materials remaining after processing a crop into a usable
resource, such as oil cakes, seeds, roots, etc.
Someagriculturalresiduesanbe usedasanimalfeed,for soil managementr for processing.
Materialsremainingin thefield canbe collectedfrom existingagriculturalland. Traditionally,
this biomass has been left in the field or burned. Additional infrastructure is required for its
collection andbaling. Thesefeedstocksregenerallyeasierto convertinto energycomparedo
woody biomass, possibly due to their lower lignin content.

3. Energycrops
Hybrid poplar,energycane andsimilarcropsaregrownexclusivelyfor energyproduction
purposes. These crops are fgsiwing, have minimal nutrient requirements, and can be
cultivated on marginal or neagricultural land.

4. Waste
Urban solid waste and residues from the paper industry are the main sources of this biomass
type.Theirhigh cellulosecontentandlow lignin contenimakethemvery suitablesubstrate$or
biofuel production However,dueto the presencef significantinorganicadditives pretreatment
processes are required prior to enzymatic hydrolysis.

5. Algae

Dueto their high efficiencyin convertingsolarenergy algaehaveattractedattentionfor fuel

32



Proceeding8ook | 3¢ ScientificPrespd_akesSymposium | KorgéAlbania| ISBN: 978992883622

production. Microalgae are fagtowing photosynthetic organisms that can complete their
growthcyclewithin afew days.Algae cancontainup to 50%oil by massAs aresult,algaloil
production for biodiesel has been extensively studied, and industrial biodiesel plants based on
algaealreadyexist. |t is estimatedhatdiatomalgaecanproduceupto 40tonsof oil perhectare
per year, which i§i 30 times higher than the yields achieved by the-pedbrming oil palm
crops and about 200 times higher than soybean yields.
1.2 Benefitsof usingbiomassfor energypurposes
Biomass is widely available and represents a local, clean, and renewable rds@iore of
themostpromisingsolutionsin thesearcHor newrenewableenergyresources theshortand
medium term, for at least three reasons:

1 thepossibilityof producingenergywith relativelymodesinvestments;

1 theprovisionof analternativeto traditionalcropsthatstruggleto competen an
increasingly globalized market;

1 thesequestrationf significantamountf carbonin soils(thusqualifying for
green certificates and economic benefits arising from the Kyoto Protocol).
1.3Selection of energycrops
Biomass quality is determined by various factors, the most important of which are moisture
content,calorific value,andashcontent.The maincharacteristicef biomasscanbedefinedin
terms of particle size, bulk densityoisture and ash content, heating value, molecular
composition(e.g.,lignin, hemicellulosecellulose volatile compoundsproteins),andelement
compositione.g.,C, O, H, N, S,K, P). Themagnitudeof thesecharacteristicdepend®n plant
species, peatlimatic conditions, cultivation practices, and other factors.
1.4Biomassenergypotential in Korca region, Albania
KorcaRegioncoversanareaof 3,697kmz, correspondingo approximately370,000ha,andis
located inthe southeasterrpart ofAlbania. Itborders NortiMacedonia (formerlghe Former
Yugoslav Republic of Macedonia) to the east and Greece to the-emsithFrom an
administrativepoint of view, Korcéis designatesa county(prefecture) The countyconsists
of four districts:Devoll, Kolonjé (Erseké)Korcé,andPogradecWithin theKor¢é Countythere
are37municipalitiesandcommuneg16in Korgé,5 in Devoll, 8in Kolonjé,and8 in Pogradec).
The total territorial area of the county is 3,697 km2. Mountains occupy 58% afebehills
17%,andplains25%. The highestpeakis locatedin Mount Gramoz(Kolonjé), atanelevation
of 2,523 m. The regional climate is Mediterrariegamtinental, characterized by cold winters
and warm, dry summers. The average annual temperature6iSQ,0while November is the

monthwith thehighestprecipitationwith anannualaveragef 104.9mm.Northernandsouth
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western winds are predominant. As noted above, within its administrative boundaries, Korgé
Countyhasatotallandareaof approximately370,000ha.Of thetotal landarea cultivatedland
accountdor 23.5%,while arableland,amountingto 81,893ha, represent95.1%of cultivated

land.

Cultivated land is generally located on sloping terrain. For instance, in the Korgé district,
approximately 39% of cultivated land lies on slopes exceeding 25%. This proportion is even
higherin the Kolonjé district. The areaswith the mostdevelopedagricultureincludethe Korgé

basin, the Devoll basin and plateau, the Kolonjé plateau, and the lands surrounding Lake
Pogradec. The Kor¢cé and Devoll basins are particularly recognized for their advanced
agricultural developms.

Due to various factors such as altitude, lack of financial resources, and population migration,
approximately 16,274 ha of arable land (19.8%) remain unused, while 14,867 ha (18.1%) are
classifiedasabandonedRelativelylargerunusedareasarerecorcedin theKorgédistrict (10,675

ha) and Kolonjé (3,332 ha).

Waterresourcesncludeprecipitation surfacewater,andgroundwaterlrrigation mainly relies

on surface water, although groundwater use has increased in recent years. More than 39
reservoirshavebeenconstructedwith atotal storagecapacityof approximately70 million m3,

Priorto 1990,about50% of cultivatedlandin Kor¢é Countyhadirrigation potential Following
infrastructuredegradationn the early 1990s,rrigatedlandwasreducedo 17,574ha,or about

20% of cultivated land (Korgé 18.3%, Devoll 23.3%, Pogradec 13.6%, Kolonjé 28.8%).
Irrigation disparitiesamongmunicipalitiesaresignificant,andinsufficientirrigation remainsa

major constraint on crop productivity.

Detdled dataon landstructuran the countyarepresentedh thefollowing table.

Table nr. 1. Land structure in Kor¢é County by district

Meadows
L Total Cultivated Forests and Other
No. | District land land
land (ha) (ha) pastures
(ha) (ha) (ha)
1 County total | 366,024 | 86,108 132,075 53,732 94,109
2 Korcé 172,478 | 44,207 54,900 23,604 49,767
3 Pogradec 71,541 17,506 27,330 5,364 21,341
4 Devoll 41,542 13,148 15,165 3,022 10,207
5 Kolonjé 80,463 11,247 34,680 21,742 12,794

Source DRBUMKKorgé,2025.
Traditionally, Korcaregionhasbeendominatedoy agriculture alongsideothersectorssuchas
livestockfarming, forestry,andfisheries.A significantnumberof stateownedindustrieshave

beenclosedoverthepastdecadeandthe continuedragmentatiorof landthroughprivatization
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(allocation of agricultural land to farmers) has negatively affected agricultural production.
Nevertheless, the small and medisnale agribusiness sector is currently showing growth.

The maincharacteristics of private farms include very small land holdings (Kor¢cé 1.24 ha,
Kolonjé 1.48 ha, Devoll 1.47 ha, Pogradec 0.54 ha) and internal fragmentation8ntots,
which significantly limits productivity. Along with land, livestock and otheseds such as
tractors and other inputs were also distributed. The-pgroessing industry was entirely
privatized.Theyear1993markedthe beginningof agriculturalproductionrecovery temporarily
interrupted in 1997.

Regarding cultivated areastructural changes have been evident since 1990. Wheat, maize,
vegetablesioragecrops,andpotatoeiaveincreasedn thecroppingstructurewhile industrial

crops have generally declined. Compared to 1990, only vegetables, potatoes, and beans show
higher production levels, whereas cereal production remains lower, reflecting changes in both
cultivatedareaandyields. Eitherin local and/orglobal contexts biofuels production may lead
toindirectlandusechangeandbiodiversityimplications(Bertzky,M., Kapos,V., Scharlemann,
J.P.W.,2011).

2. METHODOLOGY
Modern food processing technologies are applied across various sectors, including energy
production.n this contextthenetenergyobtainedrom cropbiomassafterfood extractioncan
represent an important source of renewable energy, contributing to environmental protection
without compromising food security. This study was based on a quantitative and analytical
approach combining statistical data analysis with literabased energy corvsion methods.
Data on cultivated area and total crop production were obtained from the Albanian Statistical
Yearbooks for the years 2013, 2018, and 2023, focusing on agricultural crops in the Korgé
Region. Agricultural biomass availability was estimabgdcalculating crop residue quantities
using residugo-product ratios obtained from relevant scientific literature. Technical
coefficients, including dry matter content and lower heating values, were applied to determine
the usable biomass fraction for eegy production. Energy potential was calculated in
megajoules (MJ).
Thecumulativebioenergypotentialwascalculatedasthe sumof contributiondrom all relevant
crops for each reference year. Interannual variability was analyzed to identify trends and
fluctuationsin biomassavailability andenergypotential. Theanalysisexcludedivestockrelated

biomass and focused exclusively on plhased agricultural residues.
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3.RESULTS AND DISCUSSION

3.1 Total biomassenergy potential

The main objetive of this study was to assess the potential for biofuel production from
agricultural biomass in the Korgé Region and to evaluate its contribution to renewable energy
production and environmental protection. The specific objectives were to quantify the
availability of agricultural biomass derived from crop residues in Korca Region based on
statistical data, to analyze temporal changes in biomass availability usingyeaultiatasets

from national statistical yearbooks, to estimate the bioenergy potehségticultural residues
expressedh energyunits (MJ andKTOE), to identify the mainagriculturalcropscontributing

to biofuel potential and evaluate their relative contributions, to provide a scientific basis for
supporting regional bioenergy planniagd sustainable agricultural policy development.
Thestudywasbasedn a quantitativeandanalyticalapproacttombiningstatisticaldataanalysis

with literaturebased energy conversion methods. Data on cultivated area and total crop
productionwereobtainedrom the AlbanianStatisticalY earbookdor theyears2013,2018,and
2023,focusingon agriculturalcropsin the Korcé Region.Agricultural biomassavailability was
estimated by calculating crop residue quantities using residpoduct ratioobtained from
relevant scientific literature. Technical coefficients, including dry matter content and lower
heating values, were applied to determine the usable biomass fraction for energy production.

Energy potential was calculated in megajoules (MJ).
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Table nr 2. The calculated bioenergy potential for Korca region for 2013.

kg DM/ha Heating Potential .
- Area | (kgs of dry value energy ' _Conversmn
Nr. Description coefficient: 1 toe =
(ha) | matter per (MJ/kg value 41.868MJ
hectarg DM) (MJ '
1| Towl 24300
cereals
Wheat 16300 2500 17.5| 713125000 17032.698
'(\(":g'rf])e 4100 6000 13.8| 339480000 8108.340499
Rye 600 3000 17.5| 31500000 752.3645744
Barley 2400 3000 17.5| 126000000 3009.458298
Forage 900 3000 175| 47250000 1128.546862
crops
2 Vegetables | 2500 39017 17.1| 1667976750 39838.94024
3 Beans 2300 1883 17.1 74058390 1768.854256
Fruit  trees
4 (orchards) 36000 4000 18 | 2592000000 61908.85641
5 Potatoes 1900 39470 17.1| 1282380300 30629.12726
6 Meadows* | 52000 3500 6 1092000000 26081.97191
7 Forests* 91500 30000 18 | 49410000000 1180137.575
TOTALI 1370396.734
Table nr 3. The calculatedbioenergy potential for Kor¢é County for 2018.
kg DM/ha Heating : Conversion
Potential S
Nr. | Description Area (kgs of dry value energy coefficient: 1
' (ha) matter per (MJ/kg value (MJ toe = 41,868
hectare) DM) MJ
1 Total cereals 21300
Wheat 13300 2500 17.5 581875000 | 13897.84561
Maize (corn) 4400 6000 13.8 364320000 | 8701.633706
Rye 300 3000 17.5 15750000 376.1822872
Barley 2300 3000 17.5 120750000 | 2884.064202
Foragecrops 900 3000 17.5 47250000 1128.546862
2 | Vegetables 3000 39017 17.1 2001572100 | 47806.72829
3 Beans 2300 1883 17.1 74058390 1768.854256
g4 | Fruittrees 3900 4000 18.0 280800000 | 6706.792777
(orchards)
5 Potatoes 2200 39470 17.1 1484861400 | 35465.30525
6 Meadows* 50500 3500 6.0 1060500000 | 25329.60734
7 Forests* 89300 30000 18.0 48222000000 | 1151762.683
TOTALI 1295828.243
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Table nr 4. The calculatedbioenergy potential for Kor¢cé County 2023

kg DM/ha Heating . Conversion
Potential N
_ Area (kgs of dry value coefficient:
Nr. | Description energy _
(ha) matter per (MJ/kg value (MJ 1toe =
hectare) DM) 41,868MJ
1 Total cereals| 22574
Wheat 13430 2500 17.5 587562500.00 14033.69
Maize (corn) | 5500 6000 13.8 455400000.00 | 10877.04
Rye 700 3000 175 36750000.00 877.76
Barley 2844 3000 175 149310000.00 3566.21
Foragecrops | 444 3000 175 23310000.00 556.75
2 Vegetables 2990 39017 171 1994900193.00| 47647.37
3 Beans 2443 1883 171 78662889.90 1878.83
Fruit trees
4 (orchards) 3530 4000 18 254160000.00 6070.51
5 Potatoes 2100 39470 17.1 1417367700.00] 33853.25
6 Meadows* 49200 3500 6 1033200000.00| 24677.56
7 Forests* 87900 30000 18 47466000000.0¢ 1133705.93
TOTAL 1277744.90

*All datafor meadowsandforestsurfacewerecollectedfrom Local Directoryof Forest
and Meadows, Korgé.
Thecumulativebioenergypotentialwascalculatedasthe sumof contributiondrom all relevant
crops for each reference year. Interannual variability was analyzed to identify trends and
fluctuationsin biomassavailability andenergypotential. Theanalysisexcludedivestockrelated
biomassandfocusedexclusivelyon plantbasedagriculturalresiduesThecalculatedioenergy
potential for Kor¢é County shows substantial values across all three reference years, 2013,
2018,and2023,confirmingthe strategiamportanceof biomassasa renewablenergyresource,
asshownabove Thetotal estimatednergypotentialamountedo 2.28Mtoein 2013,decreased
to 2.24Mtoe in 2018,andincreasedgainto 2.41Mtoe in 2025.Thedeclineobservedn 2018
is mainly associated with a reduction in cultivated agricultural &reasticularly cereals and
fruit tree$ reflecting landuse changes, climatic variability, and ongoing fragmentation of
agricultural holdings. The recovery by 2023 suggesidial stabilization of land use and
increaseaontributionfrom forestbiomassandgrassland€Overall, theresultsdemonstrat¢éhat
biomass energy potential in the region is relatively resilient but sensitive to structural changes
in agriculture and forestry management.
3.2Contribution by biomasscategory
Forest biomass represents by far the largest contributor to total bioenergy potential in all

assessegears.Its contributionwasdecreasedrom 1.3 Mtoe in 2013to 1.29 Mtoe in 2018,
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reachingl.27Mtoein 2023.Thisdominancas drivenby the extensiveforestareaandthe high

dry matter yield (30,000 kg DM/ha), combined with a relatively high lower heating value (18
MJ/kg DM). The increasingcontribution of forest biomass highlights both its energetic
importanceandtheneedfor sustainabléorestmanagemerto avoidoverexploitatiorandlong-

term degradation.
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Graphic nr. 1. Sharecontribution in percentageto total bioenergy potential assessetbr

2023
Cereals Cereal crops (wheat, maize, barley, rye, and barley) constitute the most important
agricultural source of biomass energy. Their energy potential declined from 30.0 ktoe in 2013
to 26.9ktoein 2018,beforeincreasingagainto 29.9ktoein 2023.This patterncloselyfollows
changes in cultivated area rather than changes in conversion coefficients, which remained
constant. Maize and wheat residues contributed the largest share among cereals, due to their
wider cultivation and higher residuergauction. These residues represent a technically
accessible resource for bioenergy, although competing uses such as animal feed and soil
amendment must be considered.
Vegetables and potatoes provided moderate but stable contributions to total energgl.poten
Vegetableesiduesontributedapproximately40i 48 ktoe, while potatoegangedbetweer30i
35 ktoe across the studied years. Legumes (beans) showed the lowest contribution, remaining
below?2 ktoe,dueto limited cultivatedareaandlower dry matteryields.Althoughindividually
modest, these residues can play an important role in decentralized,scatalbioenergy
systems, particularly in agfiadustrial or rural contexts.
Grassland¢meadows)
Grasslands exhibited a constant decrease in energy ipbtent2023, reaching 26 ktoe,
compared to around 251 ktoe B018 and 24.6 in 2013. This decrease is primarily attributed
tothedecreasef grassland@rearatherthanchangesn energycontentjndicatingashiftin land
use(Bertzky,M., Kapos,V., Scharlemann].P.W.,2011),or improvedgrasslanananagement.
Thefigureillustratestheevolutionof total biomassenergypotentialin thestudyareaoverthree
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reference years (2013, 2018, and 2023 table 2,3,and 4), expresseddnit@ent units. The
results reveal a nelnear temporal trend characterized by an initial high value in 2013, a
noticeable dedfie in 2018, followed by a significant decrease in 2023.

In 2013, the total biomass energy potential was estimated at approximately 1.37 million toe,
reflecting relatively stable agricultural activity and consistent contributions from forest
biomass. The deease observed in 2018 to about 1.15 million toe and to 1.13 million toe in
2023, can be attributed to reductions in cultivated areas, changes in crop structure,-or socio
economic factors affecting agricultural production. This decline highlights théigén®of

biomass availability to lardse dynamics and farming intensity.

Total Biomass Energy Potential

1.37
140 1.2G  1.27

1.20
2013 2018 2023

M Seriesl

Graphic nr. 2. Total biomassenergypotential in MJ estimatedfor 2013,2018and 2023

By 2023, thetotal biomassenergypotentialincreaseso around2.41million toe,exceedinghe

2013 level. This recovery is primarily driven by the expanded contribution of forest biomass
and grasslands, along with part&thbilization of agricultural residues. The upward trend
suggests improved biomass availability and reinforces the role of forestry resources as a
stabilizing component of the regional bioenergy supply.

Overall,thefigure confirmsthatwhile biomassenergypotentialexhibitsinterannualariability,
thelong-termoutlookremaingositive.Thesdindingsemphasizéheimportanceof sustainable

land andforestmanagemerio ensurea reliable biomasssupplyandsupportthe integrationof

bioenery into regional renewable energy strategigslg, R., Himzo, A., 2009)

3.3Temporal trends and variability
Thecomparisoracrossyearsrevealshatlandusechangesarethe dominantfactorinfluencing
biomass energy potential, rather themiations in calorific values or conversion coefficients,
whichweretakenfrom theliterature Agriculturalbiomasshowsgreateiinterannualariability

comparedo forestbiomasswhichremaingelativelystabledueto its long regeneratiomycles.
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The results emphasize the importance of nydir assessments when estimating bioenergy
potential, asingleyear analyses may misrepresent kbaign availability.

3.4Implications for energypolicy and regional development

The results indicate that biomass could represent a strategic complementary energy source for
Korcé County, supporting energy diversificat, rural development, and greenhouse gas
mitigation. Forest residues and cerealgogducts appear to be the most promising feedstocks

for bioenergy deploymeniCela, R., Himzo, A., 2009) Targeted investments in biomass
collection, logistics, and smallo mediumscale conversion technologies could enhance local

energy security while maintaining environmental sustainability.

3.50verall discussions

In summary, the analysis confirms that K&iCounty possesses a high and relatively stable
biomass energy potential, dominated by forest biomass and cereal residues. Although
fluctuations occur due to agricultural restructuring and Jasel changes, biomass remains a
viablerenewablesnergyoption.Sustainablenanagementracticesandintegratedplanningare
essentiato transformthis theoreticalpotentialinto practicalandenvironmentallysoundenergy

solutions.

4. CONCLUSIONS
Theanalysisof biomassnergypotentialfor theyears2013,2018,and2023indicatesagradual
but consistentleclineovertheobservegeriod.Total biomassnergypotentialdecreaseffom
approximately 1,370,397 toe in 2013 to 1,295,828 toe in 2018 and further to 1,277,745 toe in
2023. This represents an overall reductmhnearly 6 7% over the decade. The most
pronounced decline occurred between 2013 and 2018, while the period2@R3&hows a
slower rate of decrease, suggesting a partial stabilization phase. Nevertheless,-teeriong
trend reflects a modest contractim the available biomass resource base.
Forest biomass constitutes the dominant share of total energy potential throughout the entire
study period. In each of the three reference years, forest resources account for approximately
85190% of total biomass nergy. Although the forediased energy potential remains
structurally high, it exhibits a slight but continuous reduction across the decade. Given this
overwhelmingcontribution,anyvariationin forestarea productivity,or managemerpractices
exerts asubstantial influence on total biomass energy availability. The results therefore
underline the strategic importance of sustainable forest management for maintaining regional

bioenergy capacity.
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Agricultural biomasscontributes a comparatively smaller but still significant share of total
potential. Cereals such as wheat, maize, barley, and rye demonstrate moderate fluctuations,
largelydrivenby changesn cultivatedsurfaceareaandcropstructure While somecropsshow
localized increases in particular years, the aggregate contribution of cereal biomass does not
compensate for the decline observed in forest biomass:-ytBtthcrops such as potatoes and
vegetables generate considerable energy potential paardedue to elevated dry matter
production; however, their overall share remains limited in relation to forest resources.
Meadows and pastures provide a stable contribution over time, though their lower calorific
value reduces their relative impact on tetaergy output.

Theoverallstructuralcompositionof biomassenergypotentialrevealsa strongdependencyn

forest ecosystems. This dependency increases the vulnerability of the bioenergy sector to
factors such as forest degradation, taisé change, \dfires, and unsustainable harvesting.

The observed decline in total potential suggests that, without strengthened reforestation
programs, improved biomass recovery practices, and enhanced resource efficiency, the
downward trend may persist.

In conclusionthe period 20132023 is characterized by a moderate but continuous reduction

in biomass energy potential, primarily influenced by changes in forest resources. Although
agriculturalbiomasgprovidescomplementargnergycapacity it is insufficientto offsetforest
relatedfluctuations.Thefindingshighlightthe needfor integratedandmanagemendtrategies,
diversification of renewable energy sources, and the implementation of sustainable biomass

utilization policies to ensure loAgrm energy securityna environmental sustainability.
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CLIMATE CHANGE IMPACTS ON PRESPABREEDING WATERBIRD
POPULATIONS
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ABSTRACT

We present the major consequences that climate change has brought upon the phenology and
behaviour of large waterbirds nesting in Prespa via lowering water levels, higher winter
tempeatures in northern Greece, and higher spring temperatures in Prespa. Most large
waterbirds (herons, pelicans, cormorants) nest at Lesser Prespa Lake in habitats directly
surrounded or underlain by water. Lowering water levels have four major impacts on
waterbirds: continuous fragmentation and relocation of heron and pygmy cormorant colonies;

i ncreased predation by terrestrial ma mmal s
foraging sites shifting continuously to new shalwmater areas; drougienhaned
combustibility of reedbeds and wildfires becoming more catastrophic to colonies. The
differentialeffectof climatechangeetweemainwinteringandbreedinggroundsanddensity
dependenphenomenaontinueto advancdaying datesn the Dalmatianpelican,but breeding

is mistimed owing to a mimatch between unavailability of food (fish) in the Prespa lakes
during the early breeding period and increased energy needs of early breeders, who are forced
to a lower breeding success, caused by abandonmeeistsd and eggs in search of food in
distant, loweilying wetlands. More hazardously, very early breeding increases the viral
exposure window and transmissibility of highly pathogenic avian influenza viruses, which are
more dynamic in low temperatures. tharmore, a few great white pelicans overwintering in
Greece start nesting along with early Dalmatian pelican breeders, triggering a split into one
resident and one migratory population.

Keywords: LesselPrespd.ake,climatechangepreedingwaterbirds
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1. INTRODUCTION

Waterbirdsarelikely to be amongsthe organismanostadverselyaffectedby climatechange,
as they are associated with a habitat that is very vulnerable to changes in rainfall, evaporation
and humandemand, and because they migrate between different areas and could thus be

deleteriously affected in any one of those areas (Maclean et al. 2007).

Markovic et al. 2017 have found that three biodiverdith ancient transboundary Balkan

lakes, Lake Ohridmd t he two Prespa | akes, are predict
climate change from a combination of o6l owd r
exposure.

In this paper, we describe the major consequences that four basic manifesté climate

change have on the phenology, behaviour and breeding performance of the large waterbirds
nesting at the Prespa lakes, mainly via impacts on their nesting and feeding habitats:
Lowering water levels of both lakes; b. Higher temperatures t he water bi r ds
grounds; c. Higher winter temperatures in Northern Greece; and d. Higher-symmnger
temperatures in Prespa.

2.STUDY AREA AND METHODS

Great Prespa Lake and Lesser Prespa Lake are two adjacent highland lakes in the Western
Balkans that are shared by three countries, Albania, Greece and North Macedonia. The area is
hometo over160specief breedingbirdsandimportantcoloniesof waterbirdsjncluding six

species of heronsA(dea alba, Ardea cinerea, Ardea purpurea, Egretta garzetta, Ardeola
ralloides, Nycticorax nycticorgx the glossy ibidPlegadis falcinellusthe pygmy cormorant
Microcarbo pygmaeysthe great cormoranPhalacrocorax carbo sinensiand the two
European spmes of pelican. The colony of the globally Near Threatened Dalmatian pelican
(hereafteDP) Pelecanugrispusis thelargestin theworld, while thatof thegreatwhite pelican

(GWP)Pelecanus onocrotalus the second largest in Europe.

Long-term monitomg data, including lake water level, data related to waterbird phenology,
locationof nestingsites,numberof nests preedingsuccessanduseof feedingsites,aswell as
observed data, i.e., reedbed fire events, were analyzed to assess climate change impacts on

Prespa breeding waterbird populations.
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3.RESULTS
A. Lowering water level

Most large waterbirds in Presp@est in habitats directly affected, surrounded or
underlainby water.Theloweringwaterlevelsof LessePrespd_akeduringatleastthelastten
years(Fig. 1) havehadfour majorimpactsonthewaterbirdbreedingn thislake:a. alterations
to nestirg sites,b. increasedccessibilityto predatorsg. alterationgo feedingsites,andd. the

catastrophic potential of wildfires is amplified.
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Figure 1. Lesser Prespd.ake maximum monthly water levels during the period 20162025, demonstrating
a declining trend as a result of climate change impact.
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Al.Nestingsites

In Lesser Prespa Lake, herons form mixed colonies with pygmy cormorants and glossy ibis,
buildingtheirnestsontrampledreedsn reedbedsverwater.Reedbedsoverlargepartsof the
lakeshore, but lowering water levels mean that large parts of the reedbeds remain out of the
water and thus past nest sites are not chosen by the birds as theyflm@dedt Presence of
floodingis apparentlhythe cueusedby thesebirdsto accepir rejecta nestingsite. Thesameis

true of pelicans and great cormorants, which nest on the ground efhizedhe islets. The
watersaroundthesesletshaverecededthe birdsdo not recognisehemanymoreassafeislets
suitablefor breedingandsotheydo not usethem.By itself, this fact decreasethe availability

of proper nesting sites and lowers the carrying capacity for breeders. After 2014, the drop in

water level has resulted in an unusual fragmentation of colonies at Lesser Prespa Lake, as
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herons and pygmy cormorants &oeced to abandon traditional nesting sites and relocate to
other areas with similar features but which are flooded. These colonies are thus scattered in
smallempatchescrosghewetland(Figure2), becaus@olargeareasanbefoundto fulfil these

attributes.
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Figure 2. Low spring water levels after 2018 have forced herons and pygmy cormorants to relocate to new
colony sites, breaking into smaller and different sukcolonies in the Greek part of Lesser Prespa Lake.
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Maps 1 & 2. Location of heronpygmy cormorant nesting sites in 2017 (left) and 2025 (right) at Lesser
Prespa Lake.

A2.Predation

Low water levels significantly increase the vulnerability of waterbird colonies to terrestrial
predators by reducing the natural water barrier and allowing easier ddo@tesd nest
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abandonment owing to terrestrial predators has been documented in previous years. In 2025,
the recordow lake water level allowed substantial predator access to waterbird colonies, and
thisledto devastatingatesof nes abandonmentggloss,and,for thefirst time, massivechick
predationDuringthe2025breedingperiodat LessePrespd.ake,we estimatehataminimum

of 123140 DP and 95 GWP nestlings were predated, and at least 60 DP and 460 GWP eggs.
Predationncidencesverefirst recordedn early April andcontinueduntil early July, resulting

in arecordlow breedingsuccesgfledgedyoungper ApparentlyOccupiedNest) of 0.38and

0.29for theDP andthe GWPrespectivelyMoreover greatcormorantsiestingon pelicanislets
alsosufferedfrom extensivechick predationwhich resultedin arecordlow breedingsuccess.

We estimatehat2-3 foxesVulpesvulpes 1-2 goldenjackalsCanisaureus asinglebrownbear

Ursus arctos and an unknown number of wild bodus scrofawild cat Felis sylvestrisand
American minkNeogale visomwere involved in the predation of pelican colonies. Regarding
thelatter,it is particularlyworrisomethatnumerouobservationfiavebeernrecordedn thelast

few years.The Americanmink is recognizedasoneof the mostharmfulinvasivealienspecies

in Europe (Goicoleat al. 2023). Originating either from accidental escapes or intentional
releases from fur farms, they pose a severe
to vulnerable groundesting waterbirds. Warmer temperatures and changing water resourc
may havemadethe Prespavetlandsmorehospitablgor minks,while droughtreducesvetland

refuges for biodiversity.

Herons are not monitored as intensively as pelicans, but in the last 15 years we have often
recorded low numbers of nesibandoned a few days after initiation, which we could not
attribute to predation, however. In 2026, a whole mixed colony of great white egrets, night
heronsandpygmycormorantsyith aroundl50nestswasabandonedttheeggstageAll nests
werefound void of any content, although many eggs would already have beeitl@dvas

likely the action of a predator, probably American mink.

A3.Impactsto feedingsites

Long periodsof droughthavea strongimpactuponlakeshorehabitats astheyreduceseasonal

water level fluctuations and force a drop in average lake level. Under such conditions, there is
limited or no seasonal flooding of wet meadows and the shallow edges of the lake, which
constitute important fish spawning grounds and waterbird iiogagreas. Thus, the available

openshallow foraging environments greatly decrease.

In Fig. 3we depictthevariationof themeantotal numbergindividuals)of largewaterbirdsand

the number of species recorded feeding in a sample of staieédidg sites around the
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shoreline of Lesser Prespa Lake. It is apparent that in 2018, the only relatively wet year of the
period, both abundance and species richness are much higher, yet the number of feeding
waterbirds does not vary iproportion to the numbers of breeding birds. Other factors, not
shownherebutpotentiallyaffectingthequality of eachfeedingsitearethedegreeof inundation,

as well as the extent of management by humans (e.g. mowing, grazing) or the occurrence of
wildfires, etc.Finally, the proximity of eachfeedingsiteto theexistingbreedingcolonysitesis
important for waterbirds and partly dictates both the chosen colony location and the degree of
use of each feeding site in a trawfé for balancing costand benefits in energy consumption
terms (De la Cruz et al. 2025).

In the last 1615 years, as typical waeneadow and shallowvater feeding sites have dried out

due to the falling water levels, the waterline has shifted within the reedbed belts surrounding
thelake,andthusthereareno longershallowwaterareadree of vegetatiorto servethe needs

of waterbirdsasforagingsites.Thus,mosthistoricaledgeof-waterfeedingsitesof waterbirds
arenolongerusedby thebirds,which areincreasinglyshifting to newfeedingsitesontheshore

of Great Prespa Lake; i.e., there is a strong relocation of foraging sites, which has remained

recorded only at the empirical level, however, and has not been measured quantitatively

In agreementvith theabove sinceca2013,two specief heronsthegreyheronandthelittle
egret, have started to abandon their historical nesting sites at Lesser |[Rdes@nd have
moved to nest on Golem Grad Island in Great Prespa Lake, North Macedonia.
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Figure 3. Species richness and mean abundance of all large waterbird species recorded feeding during
sampling visits to a standard number of shallow-water feeding sitesaround the periphery of LesserPrespa
Lake, 20172021in April and May. Also depictedfor comparisonis the maximum water level of the lake in

the middle of May.
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A4.Increasingimpactof wildfires

Waterbirdcoloniedocatedn thereedbedsf LesselPrespd_akearevulnerableto uncontrolled

wetl and fires set by | oc agtowth reedd thahaeerconsidered b e r &
undesirablegr unintentionally,in their attemptto cleartheaquaticmacrophytesrom drainage

ditchesin earlyspring.Thesdires spreado thereedbed$rom thedrainageditches threatening
waterbirdnestsor turning partsof thereedbedsinsuitableor nestingwhentheyoccurshortly

before the breeding period. Higher temperatures and prolonged droughts caused by climate
change lower the water level and vast areas of dense reedbeds dry out, thus becoming highly
flammable, significantly elevating the risk, intensity, velocity and extent of wetland wildfires

(Table 1). It is indicative that no fires took place at all in 2Q48 wettest year of the decade.

Table 1. LesserPrespalake burnt reedbedareasduring the last decade,2016-2025.

Year Burnt reedbedarea (ha)
2016 198.40
2017 1.16
2018 0
2019 281.31
2020 53.88
2021 74.34
2022 10.36
2023 55.48
2024 17.94
2025 50.01

B. Increaseof air temperature in Dalmatian pelican overwintering sites

Using DP breeding data for the period 198®5, Doxa et al. (2012) observed direct
climate effects, which resulted layingdatesr api d
by -1.4 days/year. This shift was associated with a. an increase in population size, and b.
warmer and wetter winters in the main wintering/stepr site (i.e. Lake Kerkini, a low

altitude lying wetland in northern Greece). The shift continiee the period 2002025,

showing an overall advancement of the same magnitdde7(days/year for 1988025,

Fig. 4). The population increase continued, although it showed signs that has reached a

plateau.
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Figure 4. Advance of 48 days (70 to 22) in 40 years, «r.37 days/year, in the period 1982025 for the
first laying date of the Dalmatian pelican in Prespa.

The average day of initiation is day 35" ®ebruary) for the years 20@®25 (20 years) and
has a strong negative trend. Advancement of breeding has two major consequences that are
discussed below: B1. Mismatch with prey availability and B2. Exposure of birds to higher

pathogen dynamics.
B1. Mismatchwith preyavailability

In contrast to what was happening until 2014, increased frequencies of egg and chick
abandonment of early breeders led to extremely low breeding success (BS) in the following
years. During 1982000, BS of early breeders wasnsistently higher than that of later
breedersasfor mostotherpopulationsof waterbirdsputin 20142019this wasreversedFig.

5). In fact, we have been observing a continuation of the advancement that, after a certain
threshold]edto themistiming of thebreedingseasonWe haveonly empiricaldata,butwe are
confident that the ovemdvancement brought a mismatch between the increased energy needs
of incubating and breeding birds and the complete unavailability of fish. The waters of the
mountan lakesin Prespaarestill very cold in JanuaryFebruaryandMarch,andfish havenot

yet started moving to the upper layers of the lake water; therefore, they are unavailable to

pelicans.

51



Proceeding8ook | 3¢ ScientificPrespd_akesSymposium | KorgéAlbania| ISBN: 978992883622

BreedingSucces:
© o o o B
N I [0)} [o6] [l N

o

y=0.018x+0.047

R2=0.71507 |

e | .  J

10 20 30
FirstLayingDate-Juliandate

40 50

Figure 5. Relation between Breeding Success(young per nest) and first laying date for Dalmatian
pelicans in Prespa 2014025.

B2. Exposureof birds to higherpathogerdynamics

The 2022 high pathogenicity avian influenza (HPAI) outbreak killed almost 1,800 adult

Dal mat i

an

pelicans at t he

Lesser

(Alexandrou et al. 2022)n 2021, another 73 DP had died due to HPAI.

Changes to amal behaviour in response to environmental change can affect pathogen

Prespa

Lal

dynamics and disease outcomes. Viruses have more severe impacts on wild bird populations

when they are more easily transmitted, and infection lasts lo@yes the last few decades

sone bird populationsjncluding DP breedingat Prespahaveadvancedheir springmigration

timing (see below). This change in phenology could affect dedsghgndent transmission

processes and increase time spent at theirddighde breeding grounds, wie temperatures

arelower andthusenvironmentalirus loadsmight be higher.In arecentstudy, Teitelbaumet

al. (2025) simulated the effects of climate change on HPAI dynamics, both via viral

environmental decay and via changes in bird migration pbggollhe results showed that a

9-day advancement in spring migration timing increased the duration of HPAI outbreaks by
increasing the time birds spent at their breeding grounds, leading to higher mortality. For the

PrespdP colony,arriving up to 40 daysearlierin recentdecade$asincreasedheir exposure

periodto HPAI prior to nesting.This extended/iral exposuravindow atthe breedinggrounds,

combined with dense aggregations involved in various nuptial interactions facilitating the

spread of HPAI, provides a highly plausible explanation for the severe DP mortality observed

in 2022.
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C. Winter air temperature increasesn northern Greece

Van der Schriek et al. (2023) showed that the wider area of Western Macedonia, and northern
Greece in general, is considered to be a hotspot of climate change, with fast rates of increase
thatarehigherthanin otherareasof the country.Increasedneantemperaturesnilder winters,
prolonged and intensive heatwaves, as well as rfregpent stochastic extreme weather
phenomena of high intensity and short duration with consequences on both terrestrial and
aguaticecosystembavealreadybeenrecordedPredictionmodelsindicatethattemperatures
expectedo increasedy 1.5°C to 3 °C by 2070,while in summeittherisewill reach6 °C. Up to

the end of the century, there will be a significant air temperature increa&séQ)L and
interannuabifferencesn rainfall anddroughtperiodswill alsoincreasgvanderSchrieketal.
2020).Thesechangesn northernGreecehavetwo majorrepercussiontr the GWPpopulation

in Prespa:

C1.Part ofthe GWPpopulation isbecomingesident

During the last 30 years, an increasing number of adult and immature GWP have stopped
migratingsouthin theautumnandinsteadspendhewinterin Greecewith increasinghumbers

of upto 40individualscountedn Lake Kerkini (Papadopoulo. pers.comm.)andupto 140
individuals in Karla Reservoir (Catsadorakis, G. unpubl. data). phenomenon should
probablybeattributedto theincreasingaverageavinter air (andwater)temperatures) northern
Greece, where these birds were staging before starting theirtsmutd migration in the
autumn lt thusseemghata separat@opulationis eventuallyformedwith aresidenor ashort
distance migration behaviour. The implication of this, in combination with higher availability
of preyduringwinterin manylowlandwetlandsandespeciallyatLakeKerkini, is thatanumber

of theseresident GWP obtain a physical body status suitable for breeding early in the season
and very much earlier than the arrival of the migrant part of the population in spring.

C2. Earlier initiation of breedingn Prespafor part of the GWPpopulation

Therearetwo differencesobservedn the phenologyof GWPIn relationto their arrival attheir

breeding grounds in Prespathe period 200:2025: Firstly, there is a marginally statistically
significant (GLM, Poisson distribution, log link, p=0.009, Fig. 6) advancement of the arrival
date by-0.0125 % every year between 2007 and 2025 (usually of the first >20 individuals).
This advancement can be misleading, however, because of the second phenological issue that
has arisen: after 2006, every year less than 10 GWP individuals have arrived very early in
Prespaalongwith thefirst DP andtheystartlaying eggsbetweerl 4" Jaruaryand30" March.
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We assumehatthesearebirdsthathaveoverwinteredn Greecejn lower-lying wetlandsand
especiallyLakeKerkini, alow-lying, extremelyproductivelake.Very oftenit is difficult to say
with certaintywhenexactlythefirst groupsof truly migrantbirdsarrive,astheyaremixedwith

these birds.

ARRIVAL DATE (JULIARN)
I
I

52.5-
30050 20075 20100 20125 20150 20175 20200 20225 20250 20275

Figure 6. Arrival date of the first migratory GWP in Prespafrom their winter quarters, 2007%-2025
(n=14), there are no data for the year2011-12, 2015, and 201-2018.

D. High temperaturesin Prespaduring spring-summer

The risk of algal blooms and cyanotoxin outbreak events is higher during prolonged high
temperatures, and this can negatively impact all waterbirds in Prespa, as they atesubjec
higher exposure to various pathogens and there is higher adult mortality (Papadimitriou et al.
2018, Verstijnen et al. 2018). Algal blooms have started appearing in the Prespa lakes since
2010 and reappeared in 2016 (Moustakzouni et al. 2019) withDolichospermum
lemmermannjiAnabaenaspp., while arAphanizomenon flos aquasitbreak in March 2025

affected a very large part of Great Prespa Lake in all three littoral countries (Tsiaousi 2025).

4. DISCUSSIONAND IMPLICATIONS FOR CONSERVATION

Due to falling water levels, all reedbed nesting herons at the Prespa lakes face increasing
difficulties in securingproper floodednestingsitesandopen,shallowforagingsites,thesdatter

ideally as close as possible to the former. Indimeent transitional period of rapidly falling

water levels, this lack is amplified by increased predation. Two species (grey heron and little
egret)havealreadystartedshifting to anothemestinghabitat(largetreeson anisland),but this

is notfeasble for otherspeciesvith incompatibletraits. At thesameime, feedingsitesin Great

Prespa Lake tend to be more distant, and this places energy constraints on all species that nest
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in LessePrespd_ake.A futureshift of heroncoloniesto reedbedsn GreatPrespd.ake cannot
beforeseerat presentasall thereedbedsiroundGreatPrespahavedried up dueto arapidfall
of waterlevelthathasnotbeenmatchedyy anexpansiorof reedbeddnto therecedingshallow

water line.

Althoughmonitoringof the breedingpopulationsizesof all largewaterbirdshasbeenin place

for over 40 years in the Greek part of Prespa, to avoid disturbance we have refrained from
collecting detailed and systematic data on phenologybaedding success of herons and
cormorantsYet, we do haveindicationsthatalarge,denseandmorecompacimixed colony of

these birds in a suitable habitat offers more benefits (higher synchronization, higher social
stimulation and facilitation, protecin against predators, etc.) than costs, and attains higher
breeding success than multiple scattered smaller colonies, which lead to a lower annual

recruitment and ultimately to a population decrease.

With regardto the Dalmatianpelican,the situationis more complex.Up to 2022,the breeding

population showed signs of having reached the carrying capacity of the wetland for breeding.
However, climate change and other factors have differentially affected the wintering site
(Kerkini, low-lying at 36 m asl, tHecisionrma ki ng siteo) and th-e bree
altitude wetl and, 854 m asl, Awetl and of se
temperatures in Kerkini (which allow sustained activity of fish in winter) and othelyiogy
winteringsites,andto the populationincreaseby advancingheirlaying datesn PrespgDoxa

etal. 2012).Theadvancemerf phenologyof arrivalin thebreedinggroundsandlaying dates

has been documented widely for many bird species (Visser 20@d). Temperatures at
different locations (wintering versus breeding area) have been shown to change in different
ways,ashasthefactthatclimatechanges advancingspringphenologybutnotall components

of food chains shift their phenology at tteee rate (Visser et al. 2004).

However, as Visser & Both (2005) showed, when phenological shifts relative to food supply
were at stake, the focal species shifted either too little or too much (Maclean et al. 2007).
Dalmatian pelicans in Prespa have eadranced too, mistiming the onset of the breeding
season for early breeders. This mistiming was manifested through a mismatch between fish
unavailability and the energy demands of the birds; as has been shown in many other cases,
food availability is very lav to nil for parents, both when incubating and when feeding their

young (Sanz et al. 2003).

Theoveradvancemenwaslikely a productof densitydependencandthe mismatchtriggered

two adaptiveresponseswhile theearliestbirdsabandonetheirnestsandeggsto traveloutside
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Prespao low-lying wetlandgo find food andthenmostlikely madereplacementhestsanother
groupof earlybreedersiskedleavingtheirchicksunattende@taveryyoungageandincreased

their brooding shift time from 12 days to 3.8 days (a second adaptation trait).

Thecarryingcapacityof LesserPrespd.akein pelicannestinghabitatswill certainlydiminish

as |l owering water | evels creat erhizbnmeasletssi(orbr i dg e
which pelicans nest) unsuitable for nesting. Moreover, the rapidly falling water levels and
shifting reedbed edges do not allow the creation of newntgedme islets, and in the near
future,availablepropernestingsitesfor thegroundnesing pelicansandcormorantswill cease

to exist. However theexistingfour rocky islandsin thelakesmightbe ableto hostpelicanand

cormorant colonies in the future.
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MONITORING OF THE PHYSICO-CHEMICAL CHARACTERISTICS OF THE
GREAT PRESPA LAKE

Renaldo Shalsi*, Arben Gjata

Faculty of Humanand Natural SciencesPepartmentof Biology-Chemistry,Fan S. Noli University of
Korga, Albania

ABSTRACT

Freshwater ecosystems play a vital role in environmental sustainability, human consumption,
and local livelihoods. Prespa Lake, one of the largest freshwater lakes iegtbe, ris an
importantwaterresourceyetits quality may be affectedby naturalandanthropogenidactors.

This study aimed to monitor and evaluate the physicochemical characteristics of the Great
Prespa Lake to determine its suitability for human usg emvironmental health. Field
measurements were conducted at multiple locations around the lake, including pH, water
temperature, conductivity, and dissolved oxygen. Water samples were collected and analyzed
in the Analytical Chemistry Laboratory at thechby of Human and Natural Sciences,
Department of BiologyChemistry, using standard and currently approved analytical methods.
Laboratoryanalysesncludedgeneralwaterhardnesg°dH), calciumandmagnesiunhardness,

nitrite, ammonia, and chloride cond¢eations. The results showed that water hardness ranged
from 6.42 to 6.44 °dH, classifying the water as hard and unsuitable for drinking. Calcium and
magnesium levels were moderate to low, ammonia was present at trace levels, and nitrite
concentrations wergenerally low but higher near populated areas. Chloride concentrations
ranged from B10 mg/L, with elevated levels observed in inhabited zones. Water pH varied
between 7.22 and 7.68 during the spring season. Overall, these results indicate that while the
lake's water may be suitable for limited use, its quality requires careful management to ensure
the safety of local populations and the preservation of the aquatic ecosystem.

Keywords: The GreatPrespd.ake,waterquality, physicochemicahdicators waterhardness,
pH, nitrite, ammonia, chloride

1.INTRODUCTION

Wateris verywidespreadn nature:71%of thesurfaceof theglobe,with anareaof 361 million

[km?] and a volume of 1300 million [kms3], consists of water. Water in nature isediviltto

two main groups: underground waters and surface waters. Underground waters refer to the
water present beneath the Earth's surface, filling the pores and cracks present in rocks. They
constitute about 1.7% of the total water present on the plahely @&re used mainly for
agricultural, communal, and industrial purposes. Underground waters make up about 22% of
the water we use. Surface waters and underground waters are connected through the
hydrological cycle; most underground waters come from ptatgm, which infiltrates beneath

the surface and, once the ground becomes saturated, continues to move downward until, at a
certain depth, it joins a rock layer.
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Surface water is the water found on the surface of the Earth in ritrelamns, lakes, oceans,
glaciersetc.Dueto the easeof accesssurfacewaterprovidesabout78%of thefreshwaterwe
use.Surfacewatertakespartin the hydrologicalcycle,which includesthe movemenof water

to and from the Earth's surfagerecipitation and runoff feed surface water bodies, while
evaporation and infiltration into the ground cause these bodies to lose water. There exist three
types of surface water: perennial, transitional, and-made.

Meteoric and telluric waters

Meteoricwaters (from the Greek meteoros, meaning "above the ground") are formed from the
condensation of water vapour present in nature, such as rain, snow, hail, dew, etc. Meteoric
waters contain a certain amount of dissolved substances, such as oxygen, roadysm,
dioxide, and other atmospheric gases; together with these, meteoric waters also carry various
impuritiespresenin theair, including microorganismsDespitethis contentof foreignmatter,
meteoric waters are considered much cleaner than teNaters. As they fall to the ground,
meteoricwatersbecomeenrichedwith mineralsaltsandothersubstancedependingpnthetype

of soil with which they come into contact.

Telluric waters (from the Latin tellusneaning "earth") consist of spring waters, well waters,

and the waters of rivers, lakes, seas, etc. Telluric waters contain a considerably larger amount
of dissolved substances and mechanical impurities than rainwater. Spring waters are good
drinking watersandcanbeuseddirectly for food purposesgependingon the natureof the soil
theypasghrough theycontainvaryingamountof dissolvedsaltsandgasesandhavedifferent
temperaturesRiver andlakewaters whennot pollutedby industrialdischargesr by inhabited
centresusuallycontaina smallamountof saltsandorganicmatterandarecharacterizety low
temporaryhardnessyith the developmenbf industryandthe growthof inhabitedcentresthese
watershavegainedgreatimportanceassource®f drinking water,andriver andlakewatersare

usually rendered potable after undergoing treatment processes.

Lake Prespa

Prespa, or Lake Prespa, is one of the freshwater lakes in Europe, belonging to three countries:
North Macedonia, Albania, and Greece, with a total surface area of 318.9 km2, of which 190
km?2 belongs to North Macedonia, 84.8 km? to Greece, and 38.8 km? to Albania. Prespa is the
highesttectoniclakein theBalkansat853metresabovesealevel. Prespasawholeis divided

into two lakes: Great Prespa and Small Prespa, which are the only lakes in the Balkans that
have islands.
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Map 1. Topographicmap of Lake Prespaand Lake Ohrid

The first hydrogeological studies of the Prespa and Korgca area began in 1960 and have
continued since. The dominant ions in the chemical composition of the waters are, HCO3
Caz2+, and Mg2+, although there are also zones with a high content of Na+, §@42nore
rarely,Cl-. Thelakelosests waterdueto thecalcareousharacteof Mount Galigicaanddrains

into Lake Ohrid, at Shén Naum and the springs of Bljané. The lake is fed by underground
springsandby severariversthatflow intoit. Lake Prespas betweeroneandfive million years

old, which makes it one of the oldest freshwater ecosystems on the continent.

The climate of the area is Mediterranganuntainous (Jaho et al., Klima e Shqipérisé, 1975),
with a fairly dry and cool summer andret and cold winter. The average annual temperature

is about 10.7 °C; in summer the average temperature is about 25 to 30 °C, and in winter about
0 to 10 °C. Average precipitation is about 722 mm/year, most of which falls during the winter
season (70%).
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Map 2. Geologicalmap of Lake Prespa
Characteristics of drinking water and water hardness

Organoleptic, chemical, and microbiological analyses of water are very important, since
without prior knowledgeof thesepropertieswatercannotbe usedin anytechnologicaprocess

of the food industry. Among the most important indicators are water hardness and the content
of ammonia, nitrite, nitrate, hydrogen sulphide, etc. As regards chemical composition, water
hardness is of particulamportance, and its determination is essential, especially when the
water is to be used to generate steam; water with high hardness formsé#legdscale” in
boilers.

Waterhardnesss theindicatorthatshowstheamountandtype of alkalineearthsats dissolved

in water; quantitatively, hardness is assessed ireqguivalents/| of alkalinearth ions.
According to degree of hardness, waters can be divided as follows: very soft wéi2r, O
Germandegreeg0-1.5 mg-eq/l); soft water,4.2-8.4 Germandegees(1.53 mg-eq/l); medium
water, 8.416.8 German degrees-Gmgeq/l); hard water, 16-28.8 German degrees-{®
mg-eqg/l); very hard water, above 28 German degrees (above -Egfig

Accordingto Albaniannorms,drinking waterpermittedfor usein thefood industrymustmeet

the following physicechemical indicators: pH between 6.5 and 8.5; temperatirgs &;
general hardness D German degrees; nitrite not permitted; nitrate up to 45 mg/l,
ammoniumions (NH4) upto 0.1 mg/l; oxidizability upto 4 mg/l; chlorideionsupto 250mg/l;
calcium ions up to 200 mg/I; iron ions up to 0.3 mg/l; sulfate ions up to 250 mg/l; dry residue
up to 1 g/l; free chlorine 0:Q.3 mg/l.
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Typesof hardness

Besides the German degree (°Gj = 1 m@®Q&0 ml, expressed as ppm CaCO3), other units
arealsousedn practiceto asseswvaterhardnessthe Englishdegreg°A =1 mgCaCO3/gallon)

and the French degree (°F = 1 mg CaCO3/100 ml). By general hardness (Ft) is meant the total
guantityof calciumandmagnesiunsaltsfoundin thewater.Permanenhardnesg$Fq) refersto
thecontentof thosetypesof CaandMg saltswhich, duringtheboiling of water,do notchange

and do not decompose; this hardness is owed mainly to the carbonates,, sulthtégorides

of alkalineearth metals. Temporary hardness (Fp) refers to the content of calcium and
magnesium hydrogecarbonates, together with their carbonates; this hardness is called
variable, because the salts that make it up decompose, undeernigérature (heating above

60 °C), into carbonates that precipitate, CO2 (which escapes), and water, following the
reactions:

Ca(HCO03)2Y (heating)Y CaCO3+ H20+ CO2y
Mg(HCO3)2Y (heating)Y MgCO3+ H20+ CO2y

A second, simplifiectlassification of waters according to hardness, also used in the practical
part of this study, divides waters as follows: soft wate3,geq/l; medium water,-8 mg
eq/l; hard water,-® mgeq/l; very hard water, above 9 reg/I.

Spring, well, and seawaters

Springwatersaregooddrinking watersandcanbe useddirectly for food purposesDepending

on the nature of the soil they pass through, these waters contain varying quantities of salts and
dissolvedgasesandhavedifferenttemperaturesSomeof thesewaterscontainsmallquantities

of salts (under 200 mg/l), while most of them contain-6000 mg/l and are considered the
mostsuitablefor drinking; waterscontainingsaltsabovel000mg/l havea distinctivetasteand

are generally not pleasant.

Well waters are drawn from water layers found beneath the ground. According to depth, these
waterscanbedividedinto two groups:watersof shallowlayersandwatersof deeplayers.The
composition of the shallow welhyer waters (usually a few metreseg@é varies according to

the nature of the soil and its filtering properties; since these waters, in many cases, can be
reached by impurities from drains, waste dumps, etc., measures must be taken to prevent such
contamination and to periodically check thater's cleanliness. Waters of the deep soil layers
andof artesianwells, severatensor hundredsof metresdeep,aremicrobiologicallycleanand

contain little organic matter, because they are filtered as they pass through the ground; these
waters have a constant chemical composition, are rich in minerals and endogenous gases, and
are distinguished by their characteristic taste.

Sea waters caoh be used directly as drinking water because they contain large quantities of
salts (on average-3%, of which sodium chloride accounts for about 2.5%). The water of the
Adriatic Sea contains 3.3.86% dry matter, of which-2.3% is sodium chloride. Todagea
waters, after being purified through treatment plants, also serve as sources of drinking water.
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2. METHODOLOGY

Theanalysesverecarriedout atthe Analytical ChemistryLaboratoryof the Facultyof Human
and Natural Sciences, Depadnt of BiologyChemistry, Fan S. Noli University of Korga.

2.1 Sampling

Water samples were collected from four monitoring points around the Great Prespa Lake:
Gorrica e Vogél, the middle of the lake, Gollomboc, and Pustec. Samples were collected in
stoppered lastic bottles that had been pretreated for 10 minutes with 20 ml of a saturated
potassiunpermanganatsolutionandthenwith 10 ml of concentratedulfuricacid;thebottles

were then rinsed with large quantities of ordinary water until all acidity efrititse water
disappeared, followed by several rinses with distilled water.

Figure 1. The samplingprocess

At the moment of sampling, each bottle was rinsed three times with the water to be analyzed
and then filled to the brim, in such a way thaice the stopper was inserted, no air bubble
remainednside.A cardboardabelwasthentied or gluedto the neckof thebottle.Whenriver,

reservoir, or cistern water was analyzed, the bottle was submerged to a certain distance from
the bottom and fronthe surface, in a zone sufficiently far from the shore, taking care that
sediment was not stirred up. If the composition of a water body changes during the day,
sampling was repeated several times at set hours so that the sample would correspond to the
avaage composition. Sampling was carried out during the spring season.
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2.2 0rganoleptic analyses

Determinatiorof odourwascarriedout both cold andwarm.In thecold test,atleast200ml of

water was placed in a 500 ml stoppegtalss bottle; after closing, the contents were shaken
vigorously, the stopper was removed, and the water was smelled immediately. The warm test,
used especially for waters with a light odour not detectable when cold, was carried out by
placing the same voie of water in a stoppered 500 ml glass vessel, immersing it in a warm
waterbath(about70 °C) up to thewaterlevelinside,andleavingit until thewaterinsidereached

40-60 °C, at which point the temperature was measured with a thermometer whilaténe
wassmelledatthesametime. Tastewasassessednaroughly200ml sampleafterfirst rinsing
themouth, both at the standard temperature and after warming the sample to 30 °C in a water
bath.

2.3 Determination of generalhardness

Reagentsfa) EriochromeBlack T indicatorsolution,4 g/l in ethylalcohol;(b) buffer solution,
prepared by dissolving 5.4 gmmonium chloride and 350 ml of 25% ammonia in-léré
calibratedlask, madeupto volumewith water;(c) 0.2N Complexonll solution(thedisodium
saltof ethylenediaminetetraacetcid), preparedy dissolving3.72g of Complexonll in al-
litre calibratedflask, madeupto volumewith water.Procedurea 100ml samplewastakenand
heatedo about60 °C; 5 ml of buffer solutionandabout15 dropsof indicatorwereadded and
the sample was titrated with the Complexon Il solution until the colour changed from red to
blue-green confirmedby verifying thatonefurtherdropproducecho additionalcolourchange.
Calciumandmagnesiuninardnessveredeterminedollowing thesanetitration principle,using
reagentselectivefor eachion; generahardnessvasexpressefdirst in Frenchdegreesandthen
converted to German degrees.

2.4 Qualitative determination of ammonia

ReagentsaindequipmentHgl2, KI, NaOH,technicalbalancewatchglass,dark 100 ml bottle,

50 or 100 ml cylinders. Seignetsalt solution was prepared by dissolving 100 g of Seignette
saltin 200ml distilled water,thenadding10 ml of Nessler'seagentafter1-2 daysthesolution
wasseparatedtom thesedimenthatformedatthebottomof thevesselNessler'seagenttself
waspreparedy dissolvingl0g Hgl2 and5 g KI separatelyn 20-30 ml ammoniafreedistilled
water, dissolving 20 g NaOH in 70 ml of the same water, then combining treolutemns in

a wellstoppered bottle; the reagent is turbid at first and clears aBela¥s.
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Photo 1. Titration processrecordingthe generalhardnessresultsconvertedio Germandegrees

Procedure: in a 100 nmbundbottom flask, 20 ml of the water sample to be analyzed was
measuredavith acylinder; 10 dropsof Seignettesaltsolutionand3-5 dropsof Nessler'seagent

were then added with a dropper. In the presence of ammonia, the water takes on a yellow or
brownish colour, the intensity of which is proportional to the ammonia content: a light yellow
colourindicatesD.2-1 mg NH3/l, alight brownishcolourindicatesabout2 mg/l, a pronounced
brownish colour indicates about 3 mg NH3/I, and a brownish turbiddticates an ammonia
content above 7 mg/l (requiring dilution for more precise determination). A blank test using
ammoniafree distilled water was always carried out alongside the sample for colour
comparison.

2.5Determination of chlorides

Qualitative/approxirateprocedureto 20 ml of thewatersamplein a conicalflask, 10 dropsof

dilute nitric acid were added, followed by 1 ml of 0.1 N AgNO3. The turbidity produced is
proportional to chloride content: opalescence without turbidity indicat&® &g/l ClI;
opalescencwith slightturbidity, 10-15 mg/l; weakturbidity, 1520 mg/l; normalturbidity, 20-

30 mg/l; heavy turbidity through which objects remain visible880mg/l; heavy turbidity
through which objects are not visible,-280 mg/l; a curdike precpitate forming with time,
150-300 mg/l; and an immediate compact white elikd mass, above 300 mg/l. For precise
quantitative determination, the Mohr method was used: 20 ml of sample was treateebwith 5
drops of 5% K2CrO4 solution, turning the waterlgel, and titrated with 0.1 N AgNO3 until

a persistent light bricked colour appeared, marking the formation of silver chromate:

NaCl+ A g N QAgCl ¥NaNO3

K2CrO4+ 2AgNO3Y A g 2 Cr +®2KNO3
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Chloride content was then calculated frora ttolume of AQNO3 consumed, knowing that 1
ml of 0.01N AgNO3is equivalento 0.355mg Cl, usingtheformulaX = n x 0.355x 100/ 20,
where X is the chloride content in mg/l and n is the ml of 0.01 N AgNO3 used in the titration.

2.6 Quantitative determination of nitrite

Reagentsspectrophotometend50 or 100ml flasks(10pieces)12%aceticacidsolution(120

ml concentrated acetic acid in 880 ml distilled water); sulfanilic acid solution (0.5 g sulfanilic
acid dissolved in 150 ml of the 12% & t i ¢ a c i <haplsthylamine sotutioh (0.2 ¢
dissolved in 20 g boiling water, filtered, then diluted with 180 ml of the 12% acetic acid
solution);standardgodiumnitrite solution(0.15g NaNO2dissolvedn 1 litre distilled water,of

which 25 ml wasfurtherdilutedto 500ml, giving asolutionin which 1 ml containg0.0075mg
NaNOZ2). The Griess reagent was prepared, immediately before use, by mixing equal volumes
of t he sul f-aaphthylamine solatiors. and U

Photo 2. Measuringnitrite contentin water with the spectrophotometer

Preparatiorf thestandarcturve:aserieof ten100ml flaskswasfilled with increasing<nown
quantities of the standard nitrite solution (1 mg, 2 mg, 3 mg ... up to 10 mg in thédskth

made up to volume with distilled water, and the absorbance of each resulting solution was
measured with a photoelectrocolorimeter at a wavelength of 580 nm. The standard curve was
thenconstructedy plotting the known nitrite concentratiorof eachflask againsits measured
absorbance. A subset of the calibration points obtained is shown in Table 1.
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Table 1. Standardcalibration pointsfor nitrite determination

Standard sample NaNO2 (mg/l) Absorbance
1 0 0
2 0.75 0.0385
3 1.5 0.0734
4 2.25 0.11
5 3 0.1458
Standard calibration curve for nitrite determination
91458
0.14 -+
0.12 1
o 0.10 1
2
_8 0.08 + 34
§ 0.06
g ' 85
0.04 4
0.02 1
0.00 4

0.0

0.5

1.0

1.5

2.0 2.5 3.0

NaNO2 concentration (mg/l)

Chart 1. Standardcalibration curve for nitrite determination puilt from the datain Table 1

To determine nitrite in the lake water samples, 10 ml of each sample was placed in a 100 ml
flask togethemwith 15 ml of Griessreagentmadeupto volumewith nitrite-freedistilled water,

andits absorbancevasmeasure@gainsthe standardurve;thenitrite contentobtainedor the

10 ml portion was multiplied by 100 to express the concentration per litre.

2.7 Referencestandards

Theobtainedvalueswerecomparedagainsthe nationalstandardspplicableto drinking water
in Albania, which set reference limits for pH (685), general hardness {&D °dH), nitrite
(not permitted), nitrate (up to 45 mg/l), ammonium (u®tb mg/l), and chloride (up to 250

mg/).
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3.RESULTS

The physicechemical characteristics measured at the four monitoring points of the Great
Prespa Lake are summarized in Table 2.

Table 2. Summaryof physicechemicalanalysesof the Grea Prespalake waters

Parameter Gorrica e Vogél [Middle of thelGollomboc Pustec
lake
Ph 7.68 7.41 7.25 7.22
Conductivity (uUS/cm) 278.9 263.5 276 277.6
DissolvedO2 (mg/l) 10.2 10.6 10.3 9.7
Temperaturg(°C) 6.8 7.2 6.8 7.8
Generalhardnesq°dH)  6.44 6.43 6.44 6.42
Calcium hardnesq°dH) [4.76 4.64 4.76 4.64
Ca(mg/l) 34 33.2 34 33.2
Magnesium hardnes{1.68 1.8 1.68 18
(°dH)
Chloride trace not detected Present present
Nitrite (mg/l) 0.0625 0.00416 0.0187 0.09375

Additional qualitativeobservationsecordedduringmonitoringshowedhatall sampledvaters

were odourless, colourless, and free of any foreign taste. No ammonium ions were detected in
anyof thesamplesNitrite ionsweredetectednainly in samplesollectednearpopulatedareas

along the lake shore. Similarly, chloride content, although present across most samples, was
noticeably higher in the samples collected near inhabited zones.

The data in Table 2 are presented graphically in Chadtdb&low, reconstructed from the
titration and fieldmeasurement results.

General hardness of the Great Prespa Lake by sampling poi

6.48

6.46

6.44

6.42

6.40

General hardness (°dH)

6.38

6.36

Chart 2. Generalhardnessof the Great Prespalake by samplingpoint, from the titration results

6.44

Gorrica
e Vogél

6.43

Middle of
the lake

6.44

Gollomboc

6.42

Pustec
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- pH of the Great Prespa Lake by sampling point

7.68

7.41

Gorrica Middle of Gollomboc Pustec
e Vogeél the lake

Chart 3. pH of the Great PrespalLake by samplingpoint

Calcium and magnesium hardness by sampling point

B Calcium hardness (°dH)
. Magnesium hardness (°dH)

Hardness (°dH)

Gorrica Middle of Gollomboc Pustec
e Vogel the lake

Chart 4. Calciumand magnesiunmardnessf the Great Prespalakeby samplingpoint
4. DISCUSSION

The general hardness of the Great Prespa Lake, ranging between 6.42 and 6.44 °dH across all
samplingpoints,falls belowthenationalreferenceangeestablishedor drinking water(10i 20

°dH). On this basis, and as also stated in the study's own conclusions, these waters are
considered hard waters and are not suitable for drinking. Calcium and magnesium
concentrationsyjhich determineghis hardnessyere foundat moderatdo relativelylow levels,

consistent with the geochemical composition of the carbaiatevatershed that feeds the
lake.
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Theabsencef detectablemmoniumonsin all samplestogethewith thetracelevel presence

of ammonia, indicates a low degree of organic pollution from decomposing proteinaceous
matter at the time of sampling. Nitrite concentrations, while generally low across the lake as a
whole, were comparatively higher in samples cofldatear populated shoreline areas such as
Pustec, suggesting a localized anthropogenic influence, most likely associated with domestic
wastewater discharge or agricultural runoff reaching the lake in these zones.

Chloride concentrations, ranging from 310 mg/l, remained well below the national limit of
250mg/l for drinking water; neverthelesghe patternof higherchloridecontentnearinhabited
areagnirrorsthenitrite resultsandreinforcegheinterpretatiorthathumansettiemenalongthe
shorelire is exerting a measurable, if still moderate, pressure on water quality. The pH values
recorded, between 7.22 and 7.68, fall within the netrralightly-alkaline range considered
acceptable under national standards i@®.5), indicating no evidence dcidification or
alkalization of the lake.

Taken together, these findings are consistent with previous phytsérnical assessments of
freshwatersourcesn theKorcaregion,which similarly identify proximity to humansettlement
asakeyfactorinfluencingwaterquality indicators,andunderlinetheimportanceof continued,
seasorspanning monitoring to capture the full variability of the lake's water chemistry.

5. CONCLUSIONS

From the analysis carried out on a number of sites of Lake Prespaaehedehe following
conclusions:

AThegenerahardnessor Lake Prespaasanalyzedy us,is Fp = 6.42 6.44Germandegrees.
ATheseareconsideredardwatersandarenot suitablefor drinking.

AFrom this result we see that the quantity of Ca andsig from the lake has a content that
is medium to partially low.

ATheammoniacontentduringmonitoringis consideredo beattracelevels.
AThepH of thewatervariesbetweernvaluesof 7.22to 7.68(measureduringthespringperiod).

AThenitrite contentduringmonitoringis consideredo rangefrom tracelevelsupto highnitrite
levels. NO2ions are present.

AThechloride(Cl-) contentduringmonitoringis consideredo beatlevelsof 3i 10 mgl/l.

AThe safetyof the populationthat usesthesesourcess not good, with regardto the basic
indicators.

6. RECOMMENDATIONS

AFanS.Noli University,Korcé, hasastronglaboratorybase pothin the Facultyof Naturaland
Human Sciences and in the Faculty of Agriculture.
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Aln the university's prospective plans, concrete research work should prevail compared to
theoretical work, in coursework, diploma theses, etc.

Awatermonitoringwith chemicalanalyseshouldcontinuen otherseasonsswell.

AWater monitoring with chemical analyses of microelements should continue, in the new
scientific laboratory built at the FShNH, etc.

ATheregulationsn the sanitaryzonesaroundthe sourceshouldbestrictly enforced.

A Cooperation with the local authoritiethe Korca Regional Water Supply and Sewerage
Company, and other universities within and outside the country should be raised to a higher
level,sothattheissuesn thisfield, aswell asin thefield of environmentaprotectionandcare,

are effectiveand serve the policies to be applied for the region.

7. REFERENCES
Gjata,A. (2020).Praktikumii Kimisé Analitike. Korgé.
Cullaj, A. (2010). Metodat instrumentale té analizave.
Aliaj, Sh.(2012).Neotektonikae ShqipériséTirané:KLEAN, pp.292.
Zigori, V. (n.d.). Analizat kimike té produkteve ushgimore.
Brady,J. (2020) Chemistry.

Eftimi, R., Bisha, Tafilaj, |., & Sheganaku, Xh. (1985). Harta hidrogjeologjike e Shqipérisé.
Tirané: Nd. H. Shijaku.

Hui, Y. H. (n.d.).Handbookof FruitsandFruit Processing.
Rusi, I., Laco, N., & Sazani, F. (n.d.). Kimia analitike 1.
Obdari, M. (n.d.). Kimia analitike.

Goskaolli, K. (2023). Monitoring of the overall hardnessand ammoniacontentof chlorides,
nitrites and pH, of the karst and artesian natural resources of the Korga District.

Ndoja,Gj., & Misha, V.(n.d.).Kontrolli tekniko-kimik néindustrinékimike.

Hoxhallari, L. (2019). Analizat fiziko-kimike té disa burimeveujore té garkut té Korgés
(Diploma thesis).

Ministria e Mjedisit. (2006).Raport mbigjendjen amjedisit. Tirané.
PanoN. (1984).Hidrologjiae ShqgipériséTirané:Instituti i Hidrometeorologjisépp.437.
Raport i analizés dhe vlerésimit té territorit té Bashkisé K¢R{H.5).

Eftimi, R.,& Sara, F(2021).Hydrogeologyand hydrochemistrgf intermountairartesian

71



Proceeding8ook | 3¢ ScientificPrespd_akesSymposium | KorgéAlbania| ISBN: 978992883622

basinof Korca[Preprint].
ProshevA. (n.d.). Tekniceskianaliz.

Troja, R. (2011). Chemistryand Food Technology(Kimia dhe teknologjiae ushgimeve),
Tirana.

USGS.(2022,June) . Sciencdor achangingworld: Groundwateandsurfacewater.
Wikipedia. (2023). Ligeni i Ohrithttps://wikipedia.org/wiki/Ligeni_i_Ohrit

Stratoberdha, J. (n.d.). Tema e diplomés.

72


https://wikipedia.org/wiki/Liqeni_i_Ohrit

Proceeding8ook | 3¢ ScientificPrespd_akesSymposium | KorgéAlbania| ISBN: 978992883622

FOOD SAFETY AND MICROBIOLOGICAL QUALITY ASSESSMENT OF
RIVER WATER USED FOR IRRIGATION IN THE KORCA REGION

Sulltané Ajce*
Facultyof Agriculture,Departmendf Agrifood, FanS. Noli UniversityKorcé, Albania
Email: sajce@unkorce.edu.al

Adrian Maho!, Besnik Skénderasi!,SuelaLulollari!, ShegéCegi!, Nikolin Karapangi!,
Irda Sala!, Kristi Morava!, Katerina Pikuli!

- Facultyof Agriculture, Departmenbf Agrifood, FanS. Noli University, Korcé, Albania

ABSTRACT

Pollution of aquatic ecosystems from various sources constitutes one of the most significant
concernsn our society.Thequality of river waterusedfor agriculturalirrigationis particularly
importantdueto its directimpacton food safetyandhumanhealthconcernsilt is estimatedhat

the primary contamination of agricultural products, especially vegetables, by pathogens
originates from water. Microbiological indicators are quite importantagsessing water
quality for agricultural purposes as well as for identifying various pollutants.

The present study utilized standard analytical and modern (spectrophotometric) methods to
evaluate the most important microbiological and physicochemicalaitwigin the waters of

the Devoll and Dunavec rivers. Microbiological indicators incluésagherichia colias an
indicator of fecal contamination, while physicochemical parameters such as Biochemical
OxygenDemand (BO[B), Chemical Oxygen Demand (COD), aiidtal Suspended Solids

(TSS), were alsaletermined. Based on the obtained results, the waters of the Devoll and
Dunavec rivers were classified as Class Il, according to applicable water quality standards.
Thesewatersarenot suitablefor food cropsto be consumedresh,wherethe ediblepartsarein

direct contact with the water, or for root crops that are consumed raw. Overall, the waters of
these rivers are considered suitable for
microbiological indicator®f the waters of the Devoll and Dunavec rivers identified potential
source®f pollution, contributingto determiningpathwaysor improvingecosystemandfood

safety.

Keywords: River water quality; Irrigation water; Microbial contamination; Escherichia
coli; Physicochemical parameters; Korga region
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1. INTRODUCTION

Pollutionof ecosystemss oneof themajorglobalconcerngoday.Thelives of aquaticanimals,
the irrigation of agricultural crops, tlygality of food products, and the soil irrigated by these
waters are significantly affected by the quality of river waters.

The study focused on assessing the microbiological and chemical indicators of the waters of
theDevollandDunaveaiversfor agricdtural purposesndidentifyingthesource®f pollution.
Korca field is traversedby two main rivers: the Devoll River andthe Dunavec River.

TheDevoll River (196 km) is oneof the mainriversin Albania.Its watersareusedto irrigate
approximately 10,000 hectares of land in the Korca region. The Dunavec Rivernsathe
river in the southern part of Kor-ados fi el
about 15 km until it meets the Devoll River near Maliq.

Agriculture is asectorsignificantlyimpactedby pollution. Themostimportantmicrobiological
andchemicalndicatorsregardingwvaterquality for irrigation of cropsinclude:Escherichiecoli,
Biochemical Oxygen Demand (B@PChemical Oxygen Demand (COD), To&lispended
Solids (TSS), and chloride content {CFlowing water absorbs oxygen from the atmosphere.
Various chemical reactions and the decomposition of organic materials consume oxygen.
Wastewater contains organic t@aals decomposed by microorganisms, which use oxygen in
the process River water is widely used for agricultural irrigation in many regions, but its
microbiological quality is a critical factors fdood safety and public health(Food Safety

Book lan. C.Shaw., 2010)

Contaminated irrigation water can serve as a direct source of pathogenic microorganisms,
facilitating their transfer to crops and soil and increasing the risk of foodborne diseases. (Anh
et al., 2023). Clin river waters plays an importardle in reducing the content &scherichia

coli (Abnavi et al., 2021; Owoseni et al., 2017).

Hence, indicators such as Chemical Oxygen Demand (COD), Biochemical Oxggaand
(BODs5), Total Suspended Solids (TSS), and chloride content serve as indireersniank
evaluating river water quality from a microbiological perspective.

Theanthropogenitactoris consideredhemaincontributorto thedeterioratiorof waterquality

in Albania (Hoxha et al., 2009; Sulge et al., 2018). Surface water pollution amiallinas
increasedn recentyears(Bardhietal.,2014;Lushajetal.,2011).Numerousstudieshavebeen
conducted to assess the microbial quality of drinking watel the impact of agricultural
activities on ecosystem pollution. Recently, several researchers have focused their research
efforts on evaluating the microbial quality of irrigation water used for agricultural production,
particularly for vegetables (Genath & Schmidt, 2012; Omolola et al., 2022; Steele et al.,
2005).

Water can be a direct source of contamination in the production of fresh crops. Many
researchersidentify irrigation water as a source of pathogenic microorganismsin
agricultural productior{Olaimat & Holley, 2012; Pachepsky et al., 2011; Park et al., 2012).
Althoughvirusesandparasiteareof greatimportanceandcanbetransmittedo freshproduce
through irrigation water, this paper focuses mainly on pathogenic bacteria. The primary
document used as a basis for assessing the microbiological quality of the waters of the Devoll
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and Dunavec rivers for agricultural purposes is EU Regulation 2020/741 of the European
ParliamentindCouncilon minimumrequirement$or waterreuselt aimsto establisistandards

for water quality for agricultural purposes. This regulation specifies quality requirements for
several parameters, includifiggcherichia coli Oxygen Demand (BOF), Chemical Oxygen
Demand COD), andTotal SuspededSolids(TSS).Pathogenienicroorganismsn waterused

for irrigating cropsposethe mostsignificantrisk for contaminatiorof freshproduceandhuman

and animal health (European Commission, 2017; FAO, 1995; WHO, 2006).

To evaluate watesuitability, it is essential to compare microbiological indicators with
minimum requirements based on the "fit for purpose" approach (Helmecke, Fries & Schulte,
2020).Themainhealthrisk is theconsumptiorof vegetablegrigatedwith contaminateavater,
especially by microorganisnisAl egbel eye & Santo6Ana, 2023; A
Thestudyappliesstandardizedcientificmethodgo evaluatehemicrobiologicalandchemical

quality of irrigation waterfrom the Devoll andDunavecivers,identify pollution sourcesand

assess associated food safety risks. The results provide a scientific basis for sustainable water
management and safe agricultural production in the Korca region.

2. METHODOLOGY

Watersamplesverecollectedattheentrancesf theirrigation schemesZemblakdam(Devoll
river Y Korce field N 40A42069.11520 and the

Y Bulgarec field N 40A370620.55006 E 20A44014
water mixing is optimal. Analyses were performadthe ChemistiFood Technology and

Mi crobiology | aboratories of the Faculty of
Samplingfollowed ISO 566 %-3:2024andwasconductednonthlyfrom July to Septembe025.

Theanalyzedndicatorsof the Devoll andDunaveaiver watersarepresentedn Tablel.

T W/ Ohrit
Prrenjas -
 \
i 5
b
¥ )

Fig. 1. View of the monitoringsitesalongthe Devoll and Dunavecrivers
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Table 1: AnalyzedIndicatorsof the Watersof the Devoll andDunavecRivers

Indicators Description

Escherichiacoli

cfu/100 mI) Fecalcontam|nat|onn|croorgan|smSanltarylndex.

Biochemical  oxyger
demand NB@ The concentration of dissolved oxygen consumed ur
specificconditionswith biochemicabxidationof organic

(Oxygen Deman and/or inorganic substances in water over 5 days.
(BODs5) (mg/l)

Chemical oxygerl The concentrationof oxygenconsumedhrough
demand (COD) (mg/l chemicaloxidation.

Total Suspendedolids| The solid substancesemainon the filter after filtration
(TSS) (mg/l) under specified conditions.

CI" (Chloride) (meqg/l) The concentratiorof CI

Standarchnalysismethodswvereusedto assesshe microbiologicalquality of the watersof the
Devoll and Dunavegcivers, comparing them with the standard water values for irrigation
accordingo EU Regulatior2020/741 Thisregulationdefinesvariouswaterquality parameters

for different categories of crops, which depend on the potential contact betweeandatiee
crop,thefinal useof thecrop(e.g.,raw consumptionfood processingindustrialuses) andthe
irrigation method, as shown in Table 2.
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Table 2. Methodfor measuremerdnd Standardsaluesfor irrigation water

Standard
_ Method for _ valuesfor
Nr Indicators ethod fo Units
measurement irrigation
water

Escherichiacoli

(cfu200m) IS0 10523:2012 | cfu/200ml |  .1000

Biochemical  oxyger
demand NBG

(Oxygen Deman( ISO 58131983 mg/l 0-18
(BODx5)

Chemicaloxygen
demand (COD) ISO 60601989 mg/l 4-7

Total Suspended 2550
Solids(TSS)(mg/l) ISO 11923:1997 mg/l

CI (meg/l) SSHIS0 9297:2000 meq/| 0-30

The integrated use of microbiological indicators of river water quality deterntimeguality
class. This is a quite meaningful indicator. This classification, according to EU Regulation
2020/741, is presented in Table 3.
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Table 3. Limit valuesof chemicalparametersn rivers accordingto the EU Water
FrameworkDirective (WFD)

Limit valuesof microbiologicalparameters
: Moderat
Indicators Units |High status|Goodstatus Sta&;ﬁ; Poorstatug Bad status
Class| | Class.lI " ClasslV | Class.V
Escherichia . . . . .
coli  [cfuraooml 510 ©100 | 0200 | 0500 | 01000
COD mg/l >7 >6 >5 >4 <3
BOD5 mg/| <2 <35 <7 <18 >18
3. RESULTS

Thesectionof the Devoll River wherewe conductedanalysesoversapproximately

7,200 hectares. The main crops cultivated in this area include cdegplgjes, potatoes,
sugarbeet, vegetables, medicinal plants, fruit trees, and others. These crops exhibit different
responses to the microbiological indicators of the irrigation water content. Microbiological
analyse®f the Devoll River water,conductedhroughoutthe entireirrigation seasorbasedn
standard methods, are presented in Table 4.
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Table 4. Microbiologicalanalysesndchemicalirrigation characteristicef the Devoll River
(FAO standard values accordittssAyers and Westcot in 1985)

Thetimewhentheanalysis
Standarg was performed

Nr Indicators Units valuesfor
irrigation
water July | August | Septembe
2025 | 2025 2025

cfu/100 ml (colony

. : 0-1000 | 48 27 21
forming unit/ml)

Escherichiacoli

Total Dissolved 0i 2000 160 80.6 24.8

Solids mg/l
Solid matter mg/l 07 2000| 325 330 354
COD mg/l 4-7 13 7 4
BOD5 mg/I(miligram/l) 0-18 7,37 | 3,8194| 2,829
Cr meg/I(miliequivalent/| 0-30 1,6 1,6 0,9

The assessment of the microbiological quality of river waters is determined based on a
comparison with the allowable standards set in the EU Water Framework Directive (WFD).
Based on the analysis data, it is concluded that the waters of the Devoll Rivethamettvei
allowable standards regarding the indicatorsEstherichia colicontent and Biochemical
OxygenDemand (BOB). The Chemical Oxygen Demand (COD) exceeds the permissible
standards in JulyThe content of Clis above the permissible standards. Tigh Ipresence of

Cl is linked to water pollution from human activity. The use of detergents antbiCl
disinfectingdrinking waterthroughwastewaters dischargednto the Devoll River. According

to the contentof Escherichiacoli, the mainmicrobiologicalindicator,the watersof the Devoll

River areclassifiedasClass2. Thesewatersarenot suitablefor food cropsthatareconsumed

fresh, where the edible part comes into direct contact with water, or for root crops consumed
raw. In an inégrated manner, the waterstbis river are considered good for irrigating other
crops.The microbiological analyses of the water from the Dunavec River, carried out
throughout the irrigation season, based on standard metha@dgresented in Table 5.
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Table 5. Microbiological analysesand chemicalirrigation characteristicof the Dunavec
River (FAO standard values according to Ayers and Westcot in 1985)

Thetimewhentheanalysis
Standarg was performed

Nr Indicators Units valuesfor
irrigation
water July | August |Septembe
2025 | 2025 2025

Escherichiacoli cfu/100ml 0-10000| 48 36 32
Total Dissolved .

Solids mg/| 07 2000/ 60 40.4 19.8

Solid matter mg/l 07 2000| 328 330 325

COD mg/l 4-7 23 11.5 8.2

BOD5 mg/l(miligram/l) 0-18 5,72 4,4 2,9

Cr meg/l(miliekuivalent/l]  0-30 1 0.6 0.85

4. DISCUSSION
The present study demonstrateshat the Devoll and Dunavec rivers exhibit

microbiological and chemical limitations that may compromise thaiitability for
agricultural irrigation.

The deterioration in their quality indicators is a result of ecosystem pollution. Improving the
quality of river waters requires intervention in wastewater treatment, reforestdltien,
INTRODUCTION of biologicalmethodsfor plantcultivation,andecologicalawareneswithin
communities.

Based on the analyzed data from the river ecosystem, the presence of pathogenic
microorganisms in water used for irrigation mainly comes from fecal contamination, a
conclusion suppted by a range of research (Helmecke et al., 2020; Partyka et al., 2018;
Reynoldsetal., 2021).Escherichiacoli is partof thecoliform bacteriagroupandis considered

an indicator of contamination from sewage. Many researchers hav&useliand coliform
populations as indicators for assessing microbiological safety (Delair et al., 2024; Some et al.,
2021;Solaimaretal., 2020).The studyconfirmedsignificantrelationshipsetweerindicators

such as ChemicaDxygen Demand (COD), Biochemical Oxygen Demand (B otal
Suspended Solids (TSShnd the microbiological content of river waters. This is also
confirmed by the abovmentioned researchers.
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5. CONCLUSIONS

Microbial pollution of freshwater ecosystems in rivers, as a result of human activity, is one of
the most significant concerns regarding the sanitary quality of water used for agricultural
purposes. The presence of pathogduaicteria in river water represents the primary route for

the contamination of agricultural products. Protozoa and viruses are serious threats to human
health. Based on the analyzed data of microbiological indicators, the waters of the Devoll and
DunaveaiversareclassifiedasClass2. Thesewatersareunsuitableor cropsthatareconsumed

fresh, where the edible parts are in direct contact with water, and for root crops that are
consumed raw. The installation of wastewater treatment plants is essential for improving the
quality of the ecosystem and ensuring safe food products.

This finding suggests that improving irrigation quality in the region requires an integrated
approach, combining wastewater treatment, sustainable agricultural practices, ecological land
management and enhanced community awareness. The results provide a practiealrkrame

for policymakers and stakeholders to prioritize water quality management strategies that
safeguard both crop safety and environmental health.
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IMPACTS ON THE DECREASING WATER LEVEL TREND
OF THE GREAT PRESPA LAKE

VaskoStojou?
Hydrometeorologicabervice SkopjeNorthMacedonia
stojov@yahoo.com

ABSTRACT

North Macedonias partof the BalkanPeninsulaThe Biggestissueconcerningvaterscarcity

is the Prespd_akelssue Jointly with Lake Ohrid, it formsauniquehydrologicalsystemwhich
transfers water naturally from the Prespa Basin, downstream 150 m, through the karst into the
Ohrid Lake. Lake Ohrid is 2 million years old and is the most significant water ecosystem on
thecontinent butwithout Lake PrespaQhrid will neve surviveil a g iwithpuiP r e spura 6 s
karstwater.Lake Ohrid andthe City of Ohrid areunderUNESCOProtectionsincel979.What

about Prespa?

Humanactivitiesdirectly andindirectly influencedtherapidloweringof thewaterlevelin Lake

Big Prespa. There is no evidence that the karst discharge into Lake Ohrid has increased.
Climatic impacts with: Increased air temperatures accelerating the evaporation process, which
leads to the rapid loss of large amounts of water; a decreasing trend prétipgtation in
addition disturb Water Balance process. Hydrological and Meteorological measurements and
data exchange for analyzing the water balance are crucial.

In October2025,thelevel of LakeBig Prespavas 840.8m, - abs.measureeninimum.

Only with Hydrological and Meteorological monitoring on the Prespa Lakes, monitoring of
wateruse,dataexchangeandprotectionby all threestatescanLake Big Prespaesavedrom

agony, but only if all three states want that.

Keywords: hydrology,waterlevel, lake,waterbalanceclimate,precipitation
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1. INTRODUCTION

As everywhere in the Region, N Macedonia is faced with water scarcity. One of the biggest
issuegs thesituationwith Lake PrespgFigurel). Jointly with Lake Ohrid, Lake Prespas part

of the Unique Hydrological System, which transferdewanaturally from the Prespa Basin,
downstreani50m, throughthe GalicicaandSuvaGorakarstinto Lake Ohrid (Crn Drim Spring

at St. Naum Figure 2). Lake Ohrids 2 million years old, one of the oldest lakes in Europe,

and from a biological point of view, is the most significant preserved water ecosystem on the
continent, but without Lake Prespa, Ohrid wi
secret b the lake's long life. Lake Ohrid and the City of Ohrid have been under UNESCO
Protection since 1979.

S~

Figure 2. Crn Drim Spring aGt.Naum
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2. Lakesin general

There are over 160 lakes in North
Macedonia. Fifty of them are natural. The
threelargestnaturallakeson theterritory of

the state, Lake Dojran, Lake Prespa, and
LakeOhrid (Figure3), accordingo theway
their basins were formed, are of a tectonic
type. A common characteristic of tectonic
lakes is that they age naturally. The term
Afagingo means filling
with sediment and reducing their water
content. Therefore, these lakes should be
under constant monitoring and protection.

Figure 3. Locationof thethreetectonicLakes

2.1General Hydrological Analysis of the Lake PrespaWater Reserves

Thewaterlevelsof Lake PrespaFigure3), which wasonce(in the Neogenepartof the Great
Neogene Lake (Figure 4), and then part of the Great Desaret Lake, are constantly decreasing.
Accordingto geologiststhis Lake, like otherlakesfrom the Region,haslong beeninvolvedin

an "aging" process. The former Great Desaret Lake was reduced within the borders of the
PrespaQhrid, KorcaandBilista Basins,asshownin Figure5. The"aging" processontinued,

and time took its toll. The last remains of the Great Desaret Lakiner®hrid and Prespa
Lakes.
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Lake Prespacontainsthe Big andthe SmallLake. Until recently(lastcentury).thesetwo lakes
communicated with each other (Figure 7).

wran

AMBANA -

Figure 7. Surfacewaterbodiesin Prespaubbasin/Greece
SourceSpecialSecretariabf Water,Ministry of EnvironmentandEnergyi Greecg2014)

We have witnessed that in the last more than 37 years Lake Prespa has been suffering a great
lossof its waterreserveshutaccordingo certaininformation,thislakewasatthislevel atother

times in the past. Namely, in Albania near Zavir, an antigepic building has come to light

which, according to the assumptions, dates from a thousand years ago.

What changes the lake is undergoing can be checked from the hydrological monitoring, from
which you cangetsomeideaof whatis happeningvith Lake PrespaThelevel of thelakehas

been measured since before the Second World War, but there has been constant monitoring
organized by the Hydrometeorological Service since 1947.

After an analysis of the hydrological parameters, it can be said that thletalysobserved
maximum water level at Lake Prespa was registered on July 15, 1963, at an elevation of
H=851.83m, while theabsolutelyobservedninimumwaterleveliis atanelevationof H=840.87
m, registered in October, 2025. Under such circumstareesbsoluteamplitudeis 1096 cm.

—BPmin BPav e BPmax

850.00m '

>10m
(10.96m)

J

9 s 840.87m

Figure 8. Multiannualoscillationsof the characteristievaterlevelsof Lake Prespa

88



Proceeding8ook | 3¢ ScientificPrespd_akesSymposium | KorgéAlbania| ISBN: 978992883622

3. Impacts on the Lake Prespawater

What is the cause of water loss? Naturally, Lake Prespa discharges around/$ 60water
throughkarstinto Lake Ohrid. Becausef climaticimpactsandincreasingemperaturéhrough
evaporatiorandevapotranspiratior,ake Prespas losingaround19.0m®/s of waterduringthe
year.Humansdependingpnwetor dry yearsuseahugeamountof Lake Prespavaterreserve,
directly and indirectly.

3.1 Impacts to the Lake PrespaWater

Climate change plays a major role in lowering water levels, diogiatly and indirectly. High
temperatures (Figure 9) increase the evaporation of water from the lake and in that way, lake
loses directly large amounts of water, and on the other hand, the rise in air temperatures
increases the need for water for irrigati so the population of the three states with the use of
water from the basin of the lake and from the lake, indirectly and directly affect the reduction
of water levels of the lake.

. ToC
Aeremperature ..... Linear(ToC)

y =0.0045x + 0.7817

1950
1960
1970
1980
1990
2000

2010
2020
2030

Figure 9. Multiannualoscillationsof the air temperatur¢Climate StationResen)

Meteorologicalparametershow a trend of increasingair temperaturesgecreasingelative
humidity, and increasing evaporation (Figure 9).

Precipitation Station Resen P Linear (P)

y=-1.8348x+4331.1
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2000
2010
2020
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Figure 10. Multiannualprecipitationoscillations(Climate StationResen)
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Precipitatiorplaysasignificantrole in thewaterbalanceof thelake.During snowrich winters,

the lake level rises over a longer period of time than in gnesvwinters. In rainy years, the

use of water resources is reduced, and this affects thdeladlepositively. Looking at the
sequence of precipitation, a decreasing trend can be observed (Figure 10). If we look at the
period from 1987 to 1995, we can notice a period with a small amount of precipitation, and it
is preciselyin thatperiodthatthe largestdropof 5 min thewaterlevelsof Lake Prespabccurs.

The increased evaporation, demand for irrigation, and the small amounts of precipitation have
caused a drastic drop in water levels. A continuous downward trend of precipitation and
increasedvaterdemandadditionallyaffectsthe reductionof waterlevels.lIt is obviousthatthe

balance is disturbed and there are no conditions to replenish Lake Prespa water naturally.

3.2 Anthropogenic Impacts

The population living in the Prespa Regiohether from the side of Macedonia, Greece or
Albania, has always used the water from the Lake Prespa basin to irrigate their agricultural
lands. As in the past, so to these days, the local dams and canals are used to bring the water
from theupperreache®f theriversto theirfarmlandsandorchardswith applesandotherfruits

around the lake by gravity.

1) According to the study by KfW Bank (Project Preparation & Development of the
Transboundary Prespa Park Project), the Albanian Government in 1953 eresytstém for
using the water from Lake Small Prespaand connectingit to the Korca irrigation system,
whereby annually they used 20 to 45
million m2 of water. The use of the water
officially lasteduntil 2004,but according

to someinformation,dueto thehighwater
level of Lake Small Prespa, the leakages
throughthelocality calledGrlo (Figure9)
continue even further.

Figure 9. Location of the water outlet from Small Prespal the irrigation system in Albania
(source: Prespa National Park 2013). Surface water bodies in Predpasguldlbania.

2) Sincel959(ProjectPreparatior& Developmenbdf the TransboundarrespaarkProject),
ontheMacedoniarside,organizepumpingof waterfrom LakePrespdasbeenstartedpumps
wereinstalledatthevillage of Asamatiandthevillage of Sirhan(1.0+0.8=1.8r#/s or 16 million
m? yearly), from where the pumped water was thrown thi irrigation system leading to
Resenskdole. This systemwith thegreatdropin thewaterlevel (in the 90sof thelastcentury),
is not in operation due to the very low level of the lake.

3)TheagriculturalareasaroundLake Small Prespg Greece)useirrigationwaterfrom the lake

and from the German (Germanos) River. In 1969, an artificial dam (a concrete channel with a
culvertwhosethresholdvasatanelevationof 849.60masl)wasinstalledon Lake SmallPrespa

(Final report of the assessment of habitat vulnerability to climate change (LIFE15
NAT/GR/000936)o regulatetheflow of waterfrom thesmalllaketo thebig lake (Figure10).
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Google Earth

Figure 10. Locationof the SmallPrespaDam (GoogleEarth)

4) While in summerthewaterwasusedfor irrigation in the Korcairrigation System(Albania),

in winter, the excess water from the river Devol (since 1976) was thrown into the lake as
compensationWithout consideringhe consequencefargeamountsof sedimentverethrown

into Lake Small Prespa, which practically led to the acceleration of the eutrophication process
of this part of Lake Small Prespa (Figure 11).

Figure 11 Location of the exit of the water from Lake Small Prespa towards AHéznhia
(Google Earth)

Lake Prespa (Big &Small) Small Prespa Water level

——BPmin ——BPay ——BPmax ——SPmax ——SPmin —— SPav /

850 m.a.s.l.

Big Prespa Water Level
//‘
/ 840.87 m.a.s.l.

Figure 12. Multiannualoscillationsof the characteristiovaterlevelsof Lake PrespdB&S)

5) In 1985, tabularclosuresvereplacedon the Damof Lake Small Prespayhich controlthe
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discharge even when higher water levels occur on the Lake Small Prespa (Figure 12), thus
maintaininghigh waterlevels(in contrastio the Lake Big Prespapndallowing theflooding of

the shores of thiake, with certain amounts of water flowing out uncontrollably towards the
basin of the river Devol (Figure 11)Grlo - area- Albania.

Lake Prespa (Big &Small) Small Prespa Water level
> 4

e BT > ——BPmax ——

N //\\—/\/\/ ?7}7/\&//7'7 \//\V/v Ll

Big Prespa Water Level

840.87 m.a.s.l.

Figure 13. Human impacts on the water reserves of the lakeeriod 19512025 and
multiannual oscillations of the watlevels of the Lake Prespa (Big&Small)

6) As areplacementor theold pumpingsystemin North Macedoniajn the90s,andespecially

in the beginning of the 21st century onwards, a large number of pumps for pumping
groundwater have been included in the badiLake Prespa on the side of North Macedonia,
the number of which is increasing day by day.

All mentioned anthropogenic activities directly affect the lowering of the water level of Lake
Prespa.

4. Needsof continuousHydrological and Meteorological Monitoring

As partof theHMS hydrologicalmonitoringsystempccasionamonitoringof 16 groundwater
stations has recently been carried out in Lake Prespa, and from 2018 regular monitoring of
groundwater is carried out at the village amémthe village of Nakolec (Water level Stations
Igraliste and Breg). With the help of these data, we can confirm that the groundwater has a
decreasing tendency (Figure 14).

In order to be able to confirm what the real situation is with Lake Prespa, e nmeed
continuougoint hydrologicalandmeteorologicaimonitoringby all three.Only joint actionhas
a chance to do proper monitoring of Lake Prespa.
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Compared waterlevels

y = -0.0006x +876.41

‘‘‘‘‘ y = -0.001x +884.98

Figure 14. Waterlevel stationson Lake Prespandgroundwatestationsat Nakolec

5. Water Balance

To analyzewaterbalancewe needto knowwhatis happeningvith thewater.Concerningarst
discharge to Lake Ohrid it is no evidence that the discharge has increased; that is mean the
dischargeas generallyconstantAll thesehumanactivitiesdirectly andindirectly influencedthe
rapid | owering of the | akebs | evel, and
temperaturegeducedair humidity, andwindsacceleratéhe evaporatiorprocesswhich leads

to the rapidoss of large amounts of water.

Realistically,onanannuabasis theanthropogeniampactssuchaspumpinggroundwatefrom
Resensko Pole for irrigation, preventing runoff from the Small to Big Prespa, the discharging
to Albania seem minor and many exgereject these figures in the overall water balance
equationof waterresourceshutif analyzedhesenumberdor longerperiodof yearswill show

that they also influence what has been happening to Lake Big Prespa for the past 37 years and
more.

According to Table 1, where the elements of the water balance equation for Lake Big Prespa
(19512020) are shown, Lake Prespa annually has a deficit of 533Mwhiich means a
discharge of Q = 1.68 s.
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Table 1. Elementsof waterbalancesquationfor Lake Big Prespg1951-2020)

Stojov 2024

Changes in |Changes in
Elements of Water Balance ; ; 2| s
equation Inflow (m®) | Outflow (m?)|Difference (m?)| discharges |  Water
4 {m*/s) level (m)
Precipitation (lake) 189,081,000 5.99 0.71
Precipitation (land) 609,514,800 19.3 2.27
Inflow (into lake) 228,559,753 7.24 0.85

Evaporation (land)

12.1

1.42

Evaporation (lake)

222,606,000

7.05

0.83

Karst outflow into Lake Ohrid

248,042,736

7.86

0.92

Total

417,640,753

470,648,736

1.56

Water deficit
In total for 37 years

(53,007,983)
(1,961,295,371)

{1.68)
(62.1)

(0.20)
(7.31)

How much water was used outside the Prespa Basin into the Korca, how much water was
retainedn the Basinof Lake Small Prespahow muchwaterwasusedfor irrigation in the Big

Prespa Basin, and so onma&n a matter of assumption. With the available data, it is not
possibleto proveit in detail,butif we determinghattheaveragevaterlevel - heighlossof the

lake is somewhere between 7 and 8 m, we can determine that in the past 37 yakeshhe
lost1.961.000.000n3 of water,almost2 Billons m® of water,which amountsequalto alossof

53 M n? of water on an annual level, which is equal to an insignificant 20 cm loss.

However, to confirm these numbers, Hydrological and Meteorologioaltoring by all three
statesandcontrolof all wateris required.Without continuoushydrologicalandmeteorological
monitoring and monitoring of water use, it is difficult to draw up a balance of the water in the
Prespa Basin and in the lake itself.

6. CONCLUSIONS
All the anthropogeni@ctivities directly andindirectly influencedthe rapid lowering of the
water level in Lake Big Prespa.
Thereis no evidencehatthekarstdischargento Lake Ohrid hasincreased.
Climatic impacts with:

- increased aitemperatures, reduced air humidity, and winds accelerate the evaporation
process, which leads to the rapid loss of large amounts of water
- decreasingrendof precipitation,in additiondisturbWaterBalanceprocess.

Hydrological and Meteorologicaheasurements and data exchange for analyzing the water
balance are crucial.

In October2025,thelakereachedhe newabsoluteaneasuredaninimumof 840.87m.

After arainyautumnjn February2026thelakeincreasedts waterlevelsby 80cmupto 841.67
m, butfrom July 2026thelakewaterlevelswill startto decreasagain.Theproblemwith Lake
Big Prespawill notdisappeawithoutjoint protectionfrom thethreestatesin November2026,
it is expectedhatthenewabsolutaneasuredvaterlevel will dropbelowanelevationof 840.67
m. This meansanadditional 20cm or anew53 M m? of waterlossfrom Lake Big Prespa.
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Only with Hydrological and Meteorological monitoring on the Prespa Lakes, monitoring of
wateruse,andprotectionby all threestatescanLakeBig Prespaesavedrom agony,butonly
if all three states want that.
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ADVANCING CONSERVATION EFFORTS OF BLACK ALDER (Alnus glutinosa(L.)
Gaertn.) POPULATIONS NEAR LAKE PRESPA VIA SEED ANALYSIS

AnastazijaDimitroval”, SvetlanaPejovik?, DanaDina Kolevskéa
1 Ss.Cyril andMethodiusUniversityin Skopje,HansEm Facultyof ForestSciences,
Landscape Architecture afthvironmental Engineering, Skopje, North Macedonia
2 MacedoniarEcologicalSociety,Skopje,North Macedonia
*Correspondenceanastazijadimitrova@sf.ukim.edu.mk

ABSTRACT

Black alder(Alnusglutinosa(L.) Gaertn.)is akeystoneiparianspeciesn the Prespaegionof

North Macedonia, where its fragmented and ageing populations are increasingly affected by
climate change, human activity and limited natural regeneration. This study evabgaiidd |
collected seed lots from 2023 and 2024 and tested fivsqweng treatments intended to
overcome deep seed dormancy and improve nursery propagation. The 2024 seed lot showed
higherpurity, thousaneseedweight,andvitality thanthe2023lot. Cold stratificationproduced

the strongesgerminationresponsewhile hydrothermabndhydrogenperoxidetreatment$iad

only limited effects;ethanolandwatersoakingwereineffective.Thefindingsprovidepractical
guidance for black alder reforestationtire Prespa region and support the adoption of cold
stratification as a standard nursery treatment. Continued annual monitoring of seed quality,
diversification of mothetree sources, field testing of direct seeding, and investigation of
microbial amendmes are recommended to improve restoration success.

Keywords: Alnus glutinosablack alder; seed viability; seed dormancy; cold stratification;
reforestation; Prespa.

1.BACKGROUND AND OBJECTIVES

Riparian forests provide essential ecosystem services, including bank stabilisation, nutrient
retention, habitat provision and watguality protection. In North Macedonia's Prespa region,
black alder forms ecologically important but fragmented and agstagds. Agricultural
expansion, invasive species and changing climatic conditions have reduced natural
regeneration, creating a need for active restoration. Because successful reforestation depends
onviablereproductivematerialandreliablenurseryprotacols,the studyfocusedon the quality

of locally sourced seeds and on methods for overcoming the species' deep dormancy.
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Graphical abstract of the study
A Threatened Keystone Species Optimizing Seed-Based Restoration Key Findings & Pathways Forward
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in North Macedonia
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Figure 1. Graphicaloverviewof theconservatiorchallenge seedtreatmentassessmerand
proposed restoration pathways.

The study had three objectives:

1. To comparethe physical propertiesand viability of black alder seedscollectedin 2023 and
2024.

2. To evaluatdive pre-sowingtreatmentgor breakingdormancyandpromotinggermination.

3. Toidentify apracticaltreatmenthatcanimprovenurseryseedlingporoductionfor conservation
forestry.

2. MATERIALS AND METHODS

Seedsamples from two consecutive collection years (2023 and 2024) were assessed in
accordance with the International Seed Testing Association sampling criteria. The analysis
covered seed purity, thousasded weight, germination percentage, germination energy,
practicalseedvalueandseedvitality. Five pre-sowingtreatmentsveretestedundercontrolled
conditions.

Table 1. Physicalseedpropertiesof Alnusglutinosain 2023and2024

Code | Treatment Protocol

Seedsvereconservedn moistsandandcold-stratifiedat
4 °C for 49days.

Seedsveresoakedor 24 hoursin 35% ethanolat room
temperatur¢20-25 °C).

Seedswerekeptin darknesdor 7 daysin 1% H202 at
roomtemperature.

Seedswere soakedin water for 35 days at room
temperatureyvaterwaschangedevery48 hours.
Seedswere placedin boiling water (100 °C) for 10
secondsaandthensoakedn roomtemperaturavaterfor
24 hours.

T1 Cold stratification

T2 Ethanolsoak

T3 Hydrogenperoxide

T4 Watersoak

Hydrothermal

15
treatment
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Statistical analysis: Physical seed properties were compared descriptively. Germination
variableswereanalysedisingtwo-way ANOVA (Treatmeni Year)followed by TukeyHSD

tests. Vitality categoriesere compared using Fisher's exact test andsawople proportion

tests. Statistical significance was set at p < 0.05, and analyses were conducted in R 4.3.0.

3.RESULTS

All measured physical seed properties were higher in the 2024 lot. Seednmrased from
59.51%in 2023to 74.00%in 2024 while thousaneseedwveightincreasedrom 1.165gt0 1.725

g. Seed vitality also improved significantly: the proportion of healthy seeds rose from 18.5%
(74 of 400 seeds) to 36.25% (145 of 400 seeds) P5).

Table 2. Seedvitality resultsof Alnusglutinosain 2023and2024

. Thousandseed Healthy seeds| Healthy seeds
I P % .
Seedlot urity (%) welght (q) (n/400) (%)
2023 59.51 1.165 74 18.50
2024 74.00 1.725 145 36.25

The ethanol (T2) andiatersoak (T4) treatments produced no germination and were therefore
excluded from the comparative analysis. Among the active treatments, cold stratification (T1)
was clearly superior, producing the highest germination percentage (27.1%), germination
enegy, and practical seed value. All pairwise differences among T1, T3 and T5 were
statisticallysignificant(p < 0.05),andtreatmenperformancavasstronglyinfluencedby seed

lot year(Treatmenk Yearinteractionp < 0.001).Thebenefitof cold stratificationwasgreatest

in thehigherquality 2024seedot, wheregerminatiorpercentagécreasedy 12.7percentage

points and practical seed value by 12.3 percentage points relative to 2023. In 2024, practical
seed value reached 24.7% under coldti$ication, compared with 0.9% under hydrogen
peroxide treatment.

4. CONCLUSIONS AND RECOMMENDATIONS

The study provides the first targeted assessment of black alder seed quality and germination
treatmentsn North MacedoniaLocally sourcecseedshowedgenerallylow viability, butseed

quality varied substantially between years, with the 2024 lot performing considerably better.
Cold stratificationwasthe only consistentlyeffectivedormancybreakingtreatmenendshould

be adopted as the standgma-sowing protocol for nursery production. Hydrothermal and
hydrogen peroxide treatments showed limited potential, while ethanol and prolonged water
soaking were ineffective.

1. Monitor seedquality annually: becaus@urity, vitality andgerminatiorperformancecanvary

2.

markedly between collection years.
Use cold stratification as the standard treatment: to improve germinationand nursery
efficiency.

3. Diversify seedsources:by collectingfrom multiple healthymothertreesand,wherenecessary,

assessing reproductive material from other regions.
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4. Testrestoration methodsunder field conditions: includingautumndirectseedingandtheuse
of symbiotic microbial amendments such as Frankia.

5.Link seedresearchwith tree-health monitoring: includingphenologydiseasestatusandthe
long-term condition of remnant alder stands.
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IMPACT OF AGRICULTURAL ACTIVITIES ON THE CHEMICAL
COMPOSITION OF WET MEADOW SOILS IN PRESPA

DraganaPelikudovskaTrajchevska
MacedoniarEcologicalSocietyNorth Macedonia

ABSTRACT

Wet meadowsn the Prespaegionprovideessentiakcosystenservicesjncluding waterflow
regulation, nutrient retention, carbon storage, soil formation and biodiversity support. Despite
theirecologicaimportancethesehabitatshavedeclinedconsiderablypecaus®f conversiorto
agricultural land, especially apple orchards, and the occurrence of wildfires. This study
examined local fertilizeuse practices and assessed how mineral fertilization affects the
chemical composition of wet meadowilsoin the Ezerani protected area. The research
combined39anonymousin-personnterviewswith localfarmersanda pilot in-situ experiment

using 18 plastic lysimeters containing intact soil and vegetation. Experimental plots were
assignedo fertilized andunfertilizedtreatmentsSurveyresultsindicatedthatNPK fertilizers,
particularly formulations similar to 8:16:24, were most frequently used, with an average
application rate of approximately 700 kgelia Chemical analyses showed that fertilization
altered soil properties, including a reduction in pH and increases in nitrogen, phosphorus, and
potassium. The findings demonstrate the capacity of wet meadow soils to retain nutrients
derived from mineral fertilizers, while also indicating that acidtfma may increase the
mobility of selectecheavymetals.Sustainabléertilizer managemens thereforamportantfor
protecting wet meadow functions and reducing nutrient pressures on the Prespa ecosystem.

Keywords: wet meadows; mineral fertilizers; soil chemistry; nutrient retention; Ezerani;
Prespa

1. BACKGROUND AND OBJECTIVE

Wet meadows are transitional ecosystehat connect agricultural landscapes with aquatic
habitatsTheirsoilsandvegetatiorcanretainnutrientsbeforetheyreachsurfacevatersmaking

them particularly relevant in intensively cultivated areas surrounding Lake Prespa. The study
aimedto doaumentfertilizer practicesamongocal farmersandto testwhethemineralfertilizer
application changes the chemical characteristics of wet meadow soils.
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2.STUDY DESIGN

The study combined a farmer survey with a controlled field expetinfdirty-nine farmers

were interviewed in person about fertilizer type, quantity and frequency of application. The

experimental component was established in May 2022 in a wet meadow within the Ezerani
protectedarea.Eighteenplasticlysimetersgachl5 cm deepandcovering0.15mz2, werefilled

with intact soil and aboveground vegetation and installed in excavated plots. The lysimeters
were divided into fertilized and unfertilized treatments. Based on the survey findings, an NPK

fertilizer corresponding to common local practice was applied in June 2022. Soil and plant
material were sampled before fertilization, and soil was sampled again at the end of August.

3. METHODOLOGY

Laboratoryanalysesncludedsoil organicmatter,pH, total nitrogen,total phosphorusgalcium,

sodium, potassium, magnesium, zinc, manganese, iron, and selected heavy metals, including
copperlead,nickel,andcadmium.Fertilizedandunfertilizedtreatmentsverecomparedising

t-tests, with statistical significancesessed at p < 0.05.

Figure 1. Fieldwork and experimentaketupin the Ezeraniwet meadow:(a-b) farmerinterviewsand
guestionnaireadministration;(c-e) excavationand installation of plastic lysimeters.

4. FARMER SURVEY RESULTS

The survey showed thd@rmers used several fertilizer formulations, with NPK 8:16:24 or
comparable products being the most common. The largest share of respondents reported
applying400' 600kg hae . Consideringall responseghe estimatedneanapplicationratewas
approximately700kg hae 1. Mostfarmersreportedoneto threefertilizer applicationgeryear.
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Table 1. Summaryof fertilizer-usepatterngeportedoy surveyedarmersin the Prespaegion.

Survey indicator Main result Reported share/ value
Fertilizerformulation NPK 8:16:24 31% ofrespondents
Applicationratecategory| 400 600kg hae * 39% ofrespondents
aE;g[:ljt?:n rate average All fertilizer practicescombined ,:séplroximately 700 kg
Applicationsperyear 1i 3 applications 87% ofrespondents

5.EFFECTS ON SOIL CHEMICAL COMPOSITION

Comparison of fertilized and unfertilized plots showed clear treatnedated differences.
Mineral fertilizer application reduced soil pH amtreased the concentrations of major plant
nutrients. Statistically significant differences were reported for pH, nitrogen, phosphorus and
potassium ftest, p < 0.05). Changes were also observed for several trace elements and heavy
metals butthesedifferencesverenot consistentlystatisticallysignificant. Thereductionin pH

is environmentally relevant because lower pH can increase the mobility and bioavailability of
some metals in soil.

Fertilizer types used Fertilizer application rate per hectare

4

=== 03:15:16 mmm Other
mem 08:16:24 = Yara mmm 200-400 kg/ha mmm 600-800 kg/ha
mmm 8-16-24/other wsm 400-600 kg/ha mmm 800-1000 kg/ha

<

Number of applications per year

mm 1-3times
mem >8 times

Figure 2. Fertilizerformulations applicationratecategriesandannualapplicationfrequency
reported by farmers.
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Table 2.Direction and interpretation @hanges in selected soil parameters following mineral
fertilizer application.

Parameter Direction after fertilization | Interpretation

Statisticallysignificant;indicatessoil

H Decrease e
P acidification

Statistically ~ significant; nutrient

Total nitrogen Increase . .
retention in wet meadow soil
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Parameter Direction after fertilization | Interpretation
Statisticall significant;
Phosphorus y . g .
Increase accumulation following fertilize
(P305) input

Statistically ~ significant;  direct

PotassiunfK3 O) | Increase L
nt ) response to NPK application

Selected trac : .

. Differences were not consistently
elements / heav| Generally highevalues - o
metals statistically significant

6. CONCLUSIONS AND IMPLICATIONS

1 Theaveraganineralfertilizer applicationreportedby local farmerswasapproximately700
kg ha -, with NPK 8:16:24 or similar formulations used most frequently.

1 Mineral fertilization altered the natural chemical composition of wet meadow soils,
particularlyby reducingsoil pH andincreasingnitrogen,phosphorusndpotassium.

1 Wetmeadowsoilsretainednutrientsderivedfrom fertilizer inputs,confirmingtheirrole as
natural filters within the Prespa landscape.

1 Fertilizer management should be adjusted to crop needs and monitored carefully, because
soil acidification may increase the mobility of heavy metals and contribute to downstream
ecologi@l pressure.

KEY RECOMMENDATIONS

1 Reduce unnecessary fertilizer inputs by matching application rates to soil tests and crop
nutrient requirements.

1 Preservandrestorevetmeadowssnutrientretentionzonesdetweeragriculturallandand
Lake Prespa.

1 Continue longterm monitoring of soil pH, nutrients and metal mobility in fertilized and
unfertilized meadow plots.

1 Promotearmerguidanceonfertilizer timing, dosageandenvironmentatisksin the Prespa
basin.
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EFFECTS OF FERTILIZATION, MOWING AND BURNING ON THE MINERAL
COMPOSITION OF SOIL WATERS IN WET MEADOWS OF THE PRESPA
REGION

Megi Dochovska
MacedoniarEcologicalSociety,North Macedonia

ABSTRACT

Wet meadows in the Prespegion provide important ecosystem services, including nutrient
retention, water purification and biodiversity support. At the same time, these habitats are
increasingly exposed to intensive agricultural practices, excessive fertilization and
inappropria¢ management. This study examined the combined effects of mineral fertilization
and three meadowianagement regimesnowing, nosmowing and burning on the mineral
composition of soil water in Nature Park Ezerani. Arséy lysimeter experiment with 18
intact soitvegetation monoliths compared fertilized and Hfemilized treatments. Soil water

was collected on three occasions and analysed for nitrite, nitrate, major cations and selected
metals. Fertilization altered seiater chemistry, but the magmite of the response depended
strongly on meadow management. Burned and fertilized plots showed the greatest
accumulation of sodium, potassium and nitrate, whereasnooved and notfiertilized plots
generallyretainedower levelsof inorganicnitrogen.Thefindingsunderlinetheimportanceof
sustainabléertilizer use traditionalmowingandeffectivefire preventionfor maintainingwet-
meadow functions and reducing eutrophication pressure on Lake Prespa.

Keywords: wet meadows; mineral fertilization; mowing; burning; soil water; nutrient
retention; Ezerani; Prespa

1.BACKGROUND AND OBJECTIVE

Wet meadows form a natural buffer between rieiteely cultivated land and aquatic
ecosystemsTheir soilsandvegetatiorcanretainnutrients regulatewatermovementndlimit

the transfer of agricultural pollutants into lakes. In the Prespa region, these functions are
especially important becausepdg production and other agricultural activities occur close to
sensitive wetland habitats. The objective of the study was to assess how mineral fertilization
interacts with mowing, nemowing and burning to influence the mineral composition of soil
waterin a wet meadow within Nature Park Ezerani.
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2. EXPERIMENTAL DESIGN

The research was implemented in three phases: fieldwork, laboratory analysis, and statistical
processing. In May 2022, eighteen plastic lysimeters were installed in-atu @xperiment

using intact soil and vegetation monoliths. Each lysimeter was approximately 15 cm deep and
representedn areaof 0.15mz2. Threemeadowmanagemendesignsvereestablishedmowed

meadow with the aboveground biomass removed;mowed meadowand meadow with

burned aboveground biomass. Each management design was tested under both fertilized and
nonfertilized conditions.Thefertilized treatmentseceived\PK 8:16:24atanapplicationrate

of approximately700kg hae 1. Soil waterwascollectedn June2022,0ctober2022,andMarch

2023.

Table 1. Experimentatreatmentsisedio assesshe combinedeffectsof meadowmanagement
and mineral fertilization.

Code rl\gz?nilgwmanagement Fertilization
KG Mowedmeadow Fertilized

KN Mowed meadow Non-fertilized
NG Non-mowedmeadow Fertilized

NN Non-mowedmeadow Non-fertilized
ZG Burnedmeadow Fertilized

ZN Burnedmeadow Non-fertilized

3.LABORATORY AND STATISTICAL METHODS

Nitrite and nitrate concentrations were determined uspegtrophotometric methods. Major
cations- potassium, calcium, magnesium and sodiwand selected metals, including iron,
manganesezinc andcopper,wereanalyseddy atomicabsorptionspectroscopysingAgilent

55 and Agilent 240Z instruments. Both dited and digested samples were assessed to
distinguish soluble and total element concentrations. Statistical processing was conducted in
Microsoft Excel, and treatment effects were evaluated ugiesjs.
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v

Figure 1. Lysimeterinstallaion andlaboratoryproceduresisedfor soil-watercollectionand
chemical analysis.

4. RESULTS

Nutrient concentrations responded clearly to both meadow management and fertilization. The
burnedandfertilized treatmen{ZG) consistentlyrecordedhe highesttotal sodiumandnitrate
concentrations and also showed elevated potassium and nitrite values. This pattern indicates
that the combination of nutrient input and disturbance caused by burning increased nutrient
releaseandmobility. Mowed andfertilized plotsalsoshowedrelatively high concentrationsf

selected elements, particularly potassium. By contrast-mmomed and noifiertilized
treatments generally showed lower levels of inorganic nitrogen, indicating greater nutrient
retention under lesssturbed conditions.
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Figure 2. Total sodium,potassiumpitrite andnitrateconcentrationacrossmowed,nort
mowed and burned treatments, with and without mineral fertilization.

5. CONCLUSIONS AND MANAGEMENT IMPLICATIONS

Wetmeadow management strongly influenced the effect of mineral fertilizers ewatei
chemistry. Burning combined with fertilization produced the clearest nutrient enrichment,
while nonmowed and noffertilized conditions showed stronger retention abrganic
nitrogen. The results support reduced and carefully targeted fertilizer use, maintenance of
appropriate mowing regimes and effective prevention of uncontrolled fires. Further research
shouldexamineplantnutrientuptakeandlong-term soil-waterinteractiongo quantifytherole

of wet meadows as natural filters and their contribution to limiting eutrophication in Lake
Prespa.
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APPLICATION OF THE MARK -RELEASE-RECAPTURE METHOD IN THE
STUDY OF THE BIODIVERSITY OF THE ORDER LEPIDOPTERA IN ALBANIA

XhulianaQirinxhi, Anila PaparistoEltjon Halimi, Alketa GrabockaPeaEktori, ElenaHysi

Fan S. Noli University, Faculty of Natural and Human Sciences, Korcé, Albania
University of Tirana, Faculty of Natar Sciences, Tiran#lbania

ABSTRACT

The MarkReleaseRecapture (MRR) method was applied during July 2024 to investigate the
population structure and shderm recapture dynamics of the vulnerable fijte
Pseudochazardisiphonein the Korcé region of Albania. Fieldwork was conductedin the
Bredhi i Drenovés area following the principles of the European Butterfly Monitoring
Scheme. Individuals were captured with aerial entomological nets, markednasHbgxic
identifiers, and released at the capture site. A total of 164 butterflies were marked, and 17
were subsequently recaptured, corresponding to a recapture rate of approximately 10.4%. Of
the recaptured individuals, 11 were female and six were riiake.species showed rapid
flight, strong camouflageand a preferencefor rocky, shadedmicrohabitats,often near
Acantholimon albanicunThe studyconfirmsthatMRR is a practical,norrinvasiveapproach

for monitoring butterfly populations armtovides baseline information for continued research
and conservation planning.

Keywords: Mark-ReleaseRecapture; Pseudochazara tisiphonebutterflies; population
monitoring; Bredhi i Drenovés; Korcé; conservation

1. BACKGROUND AND OBJECTIVE

Pseudochazaratisiphone is classified as Vulnerable in Albania and has a restricted
distribution associated with rocky and dry habitats. Its populations may be affected by habitat
change, human disturbance and climatic conditions. The objective of tkig was to
examine population structure, movement and behavioural characteristics through the
application of the MardReleaseRecapture method in the species natural habitat.
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2.STUDY AREA AND METHODOLOGY

The study was carried out in the Bredhi i Drenovés area in the Korgé region during July 2024.
Field proceduresollowedthegeneraprinciplesof the EuropearButterfly Monitoring Scheme.
Butterflies were captured using aerial entomological nets, individually marked witoxion
identifiers and released at the original capture location. Subsequent sampling visits recorded
recapturedndividuals,sexandfield observatioson flight behaviouryestingsites,habitatuse

and association with vegetation.

Figure 1. Field applicationof the MRR method:markedindividualsof Pseudochazara
tisiphoneand nortoxic marking during monitoring in Bredhi i Drenovés.

3.RESULTS

During the monitoring period, 164 individuals were marked and 17 were recaptured. The
overall recapture rate was approximately 10.4%. Females represented 64.7% of recaptures,
while males represented 35.3%. The highest numbers of marked individuals were recorded on
7, 9 and 31 July, whereas recapture events were more frequent on 12 and 31 July. Daily
populationindex values varied between sampling dates, indicating-sront fluctuaions in
detectability and local activity.

Table 1. Summaryof markedandrecaptured®seudochazarasiphoneindividualsduringJuly

2024.
Indicator Number Share /rate
Individualsmarked 164 100%
Individualsrecaptured | 17 10.4% of markedhdividuals
Recapturedemales 11 64.7% ofrecaptures
Recaptureanales 6 35.3% ofrecaptures
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