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ABSTRACT

Posidonia oceanica meadows represent one of the most valuable coastal ecosystems in the Mediterranean Sea due to
their biodiversity support, sediment stabilization, and long-term carbon sequestration capacity. However, conservation
planning often relies on present-day ecological status indicators without incorporating temporal persistence and carbon
lock-in potential, which are fundamental to long-term ecosystem resilience. This study introduces the National Posi-
donia oceanica Priority Index (NPOI), a standardized and operational decision-support model developed for Eastern
Mediterranean coastal management. The index integrates four equally weighted components: (A) spatial continuity
and area, (Y) temporal persistence derived from lepidochronological age structure, (C) carbon lock-in potential based
on matte thickness, and (P) anthropogenic pressure. Anthropogenic pressure is quantified through a six-component
weighted model reflecting mechanistic impact pathways. Each component is scored on a 1-5 scale using transparent
and repeatable criteria. The index does not assess legal protection eligibility, as all Posidonia oceanica meadows are
protected habitats; rather, it quantifies conservation priority and restoration urgency. The methodological framework,
scoring protocols, and management interpretation are presented in detail to ensure reproducibility and policy applica-
bility. Application to three Eastern Mediterranean meadows yielded NPOI values ranging from 2.05 to 2.46 (mean =+
SD: 2.19 + 0.23), consistently classifying all sites as restoration-priority systems.

KEYWORDS: National Posidonia oceanica Priority Index, conservation, seagrass ecosystems, Mediterranean Sea,
carbon lock in potential

How to cite this article: Taskin, E., Giiresen, A., Bilgi¢, F. (2026) An
Operational Conservation Prioritization Model for Seagrass
Ecosystems in the Eastern Mediterranean: National
Posidonia oceanica Priority Index (NPOI). MedFAR.,
9(1):26-39. https://doi.org/10.63039/medfar.1922630.


https://orcid.org/0000-0003-0531-4546
https://orcid.org/0000-0001-9919-1545
https://orcid.org/0009-0007-6922-0684

Taskin, E., Giiresen, A., Bilgig, F.

1. Introduction

Seagrass ecosystems are among the most
productive habitats in the coastal zones of
the Mediterranean, providing functional
ecosystem services such as sediment stabi-
lization, carbon sequestration, nutrient cyc-
ling, and habitat for a wide range of species
(Duarte, 2005; Pergent-Martini et al., 2021,
Wesselmann et al., 2021; Hendriks et al.,
2022). Posidonia oceanica is an endemic
Mediterranean seagrass species forming
structurally complex and ecologically resi-
lient, late-successional ecosystems (Boudo-
uresque et al., 2006; 2012). While the
meadows are among the most efficient
“blue carbon” ecosystems globally captu-
ring atmospheric carbondioxide through
photosynthesis (Fourqurean et al., 2012;
Duarte et al., 2013), the matte structures ac-
cumulate organic carbon over millennial
scales forming vertically stratified deposits
that function as long-term carbon sinks and
sediment stabilizers (Mateo et al., 1997,
Pergent et al., 1997; Duarte et al., 2005). In
addition to their role in carbon storage,
meadows prevent coastal erosion, and inc-
rease water quality trapping suspended ma-
terials in the water column (Orth et al.,
2006). Their high primary productivity also
sustains complex food webs, thereby cont-
ributing to biodiversity and ecosystem resi-
lience in Mediterranean ecosystems (Way-
cott et al., 2009; Personnic et al., 2014).

Despite their ecological importance, se-
agrass meadows are experiencing rapid dec-
line globally due to a combination of anth-
ropogenic stressors, such as coastal urbani-
zation, pollution, destructive fishing activi-
ties and climate change (Coll et al., 2012;
Giakoumi et al., 2013; Telesca et al., 2015;
Halpern et al., 2015; Blanco-Murillo et al.,
2022;). Since the seagrass P. oceanica has
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low growth and recovery rates, it is extre-
mely vulnerable to human-induced distur-
bances (Bonacorsi et al., 2013). One of the
coastal regions along the Mediterranean Ba-
sin, is the Fethiye—Gocek Special Environ-
mental Protected Area (SEPA) (Eastern
Mediterranean), hosting extensive
meadows of P. oceanica contributing to co-
astal protection and water quality main-
tenance. Recently, a portion of P. oceanica
meadows in the region, have been estimated
to be up to 2.000 years old, emphasizing
their role as long-term components of coas-
tal ecosystems (Taskin et al., 2025).
However, the region is exposed to yachting
activities, anchoring, and coastal develop-
ment due to its status as a major marine to-
urism destination. The global loss of seag-
rass ecosystems leads not only to biodiver-
sity decline but also to irreversible carbon
release (Macreadie et al., 2014). This phe-
nomenon underlines the urgent need for ef-
fective conservation strategies that can be
implemented at operational scales.
Traditional conservation strategies have
often relied on current ecological indicators
such as seagrass parameters (i.e., shoot den-
sity, coverage, leaf biometry) and commu-
nity-based indices that may not fully reflect
spatially heterogeneous environment of se-
agrass ecosystems (Gobert et al., 2009). On
the other hand, lepidochronological tech-
niques allow reconstruction of annual
growth dynamics and demographic struc-
ture (Pergent, 1990) offering high-resolu-
tion indicators of meadow stability. Accor-
dingly, most of the present ecological as-
sessment tools (i.e., biological indices, leaf
biometrics) concentrate on ecological status
but do not adequately quantify conservation
uniqueness, such as temporal persistence,
carbon stock accumulation, spatial resi-
lience and cumulative anthropogenic pres-
sure. Existing ecological assessment tools
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primarily reflect short-term biological res-
ponses to environmental pressures and fail
to capture the long-term structural and func-
tional dimensions of Posidonia oceanica
meadows, including temporal persistence,
carbon accumulation, and spatial continu-
ity. Rather than replacing ecological status
indices, NPOI providing a conservation pri-
oritization perspective that integrates
ecosystem longevity, structural persistence,
and carbon storage capacity.

Moreover, limited resources and mana-
gement priorities necessitate decision-ma-
king frameworks that can improve conser-
vation outcomes, where an operational con-
servation priority index is required for ma-
rine spatial planning and protected area es-
tablishment. In this context, recent advan-
ces in spatial analysis and ecological mode-
ling, have initiated the development of more
robust and operational conservation priori-
tization frameworks. Therefore, this study
introduces an operational conservation pri-
oritization model designed for seagrass
ecosystems. Here, we develop the National
Posidonia oceanica Priority Index (NPOI)
combining ecological, structural and functi-
onal dimensions into a unified conservation
metric. It integrates several ecological indi-
cators, pressure assessments, and spatial
ranking techniques in order to identify criti-
cal areas for protection, restoration, and ma-
nagement purposes. Supporting the ecosys-
tem-based management, the proposed mo-
del also offers a practical and applicable
tool that can be adapted to different geog-
raphic regions, supporting global efforts to
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withdraw the decline of seagrass ecosys-
tems.
2. Material and Methods

2.1 Conceptual Framework

NPOI integrates four complementary
ecosystem dimensions and Time Scale are
given in Table 1 and Figure 1. All compo-
nents are scored between 1 (low priority
contribution) and 5 (very high contribution)
(Figure 2, Table 3). Equal weighting was
applied to ensure balanced representation of
spatial, temporal, functional and anthropo-
genic dimensions without dominance of a
single component. The 1-5 scoring system
reflects ordinal ecological gradients from
low to very high contribution and was de-
signed to provide a standardized and repro-
ducible classification framework applicable
across different spatial contexts. The index
was intentionally designed as a transparent
additive model to facilitate operational use
in management contexts rather than a statis-
tically optimized multivariate model.

Table 1. NPOI integrates four complemen-
tary ecosystem dimensions and Time Scale

IComponent | Dimension [Time Scale
A Spatial continuity Landscape
Y Temporal persistence  [Decadal
C Carbon lock-in Centennial
P Anthropogenic pressure [Present

The index formula: NPOI=(A+Y+C+P)/4
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NPOI Conceptual Framework

/L Age & Temporal

Persistence %

“ Area & Spatial
Continuity

Figure 1. NPOI integrates four complementary ecosystem dimensions.

NPOI Scoring Matrix

ﬂ Area & Spatial Continuity Age & Temporal Persistence

B2 Y1

Meadow Area (ha) Mean Rhizome Age

Fragmented 1 <10 years 1
10-50 ha 10-20 years i
50 - 150 ha | 20 - 40 years 3
150 - 300 ha 40 - 60 years 4
>300 ha >60 years

Carbon Lock-In n

Pressure Level ‘ Score I
<0.5m 1 Very high 1 ':‘

05-1m 2 High 2
1-15m 3 Moderate

15-2m Low 2
>2m Very low ty

Figure 2. NPOI scoring matrix.
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2.2 Component A — Area and Spatial
Continuity

This component assesses the total area
and continuity of the meadows (Table 3).
Continuity contributes to ecosystem resi-
lience, and larger, interconnected habitats
exhibit higher structural stability and resis-
tance to disturbance (Fahrig, 2003; Pergent-
Martini et al., 2005; Montefalcone et al.,
2010; Boudouresque et al., 2012).

2.3 Component Y — Temporal Persistence
(Lepidochronology)

Lepidochronology analyzes annual
growth cycles recorded in leaf sheaths (Per-
gent, 1990). Minimum shoot age was esti-
mated from orthotropic rhizome length
(mm) divided by mean annual vertical elon-
gation (mm yr') rate derived from lepi-
dochronological sheath cycles. Only intact
orthotropic shoots from the central meadow
zone were used to minimize edge effects
and clonal fragmentation bias.

2.4 Component C — Carbon Lock-In Po-
tential (Matte Thickness)

Matte is the sediment layer where
rhizome and root accumulations form.
Matte thickness is strongly correlated with
long-term organic carbon burial and millen-
nial sediment accumulation (Mateo et al.,
1997; Serrano et al., 2012).

2.5 Component P — Anthropogenic Pres-
sure

Anthropogenic pressures affecting Posi-
donia oceanica meadows were quantified
using six mechanistically distinct compo-
nents representing direct physical damage,
hydromorphological alteration and nutrient
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enrichment pathways (Pergent-Martini et
al., 2005; Boudouresque et al., 2009; Duarte
et al., 2013). This component represents the
overall degree of human pressure the
meadow is subjected to. Although pressure
scores are ordinal, weighted aggregation is
commonly applied in operational ecological
indices for decision-support purposes. Pres-
sure factors include mooring density, shore
structures, port activities, boat traffic, and
wastewater discharges. Each pressure com-
ponent was scored on a 1-5 ordinal scale
and aggregated using a weighted arithmetic
mean to reflect differential ecological im-
pact intensity. Weights were assigned based
on relative ecological severity documented
in Mediterranean impact literature. Ancho-
ring Intensity (Weight = 0.20), represents
direct mechanical damage to shoots and
rhizomes. Coastal Infrastructure Density
(Weight = 0.15), represents chronic habitat
transformation through long-term hydro-
morphological modification of the coastal
zone, including shoreline hardening, sedi-
ment regime alteration, and persistent struc-
tural fragmentation.

The Formula of density:
Infrastructure Density: Total
length (m)/ Meadow area (ha)

structure

Port Proximity (Weight = 0.10), repre-
sents continuous operational pressure asso-
ciated with maritime activity, including ves-
sel traffic, propeller wash, hydrocarbon
risk, increased turbidity, and recurrent mec-
hanical disturbance. Optional correc-
tion:+0.5 if port traffic >5 million tons/year
(max 5).

Wastewater Discharge Proximity (We-
ight = 0.20), distance to active discharge
outfall and optional enrichment correction
[+0.5 if DIN >3 uM or Secchi depth <10 m],
Dredging Frequency (Weight = 0.20), and
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Fish Farm Proximity (Weight = 0.15), dis-
tance to aquaculture facility, and optional
correction [+0.5 if production >1000
tons/year] (Table 2).

The pressures (P) score was obtained by
the below formulation. Sensitivity testing
indicated that moderate variation (+10%) in
weight coefficients did not alter class boun-
daries for the evaluated sites.

P=(0.20B1)+(0.15B2)+(0.10B3)+(0.20B4)
+(0.20B5)+(0.15B6)

Table 2. The classification of Component
Anthropogenic Pressure (P)

Pressure Class Interpretation
1.0-1.5 Very Low
1.5-25 Low

2.5-35 Moderate
3545 High

>4.5 Very High

The weighting coefficients were assig-
ned based on relative ecological severity
documented in Mediterranean impact litera-
ture, prioritizing direct mechanical damage
and chronic nutrient enrichment pathways
due to their demonstrated long-term struc-
tural effects on Posidonia oceanica
meadows. Anchoring, dredging, and was-
tewater influence were assigned higher we-
ights (0.20) due to their direct and often ir-
reversible impacts on shoot mortality, matte
erosion, and sediment destabilization. Inf-
rastructure  density and aquaculture
proximity were weighted moderately (0.15)
as they represent chronic but spatially me-
diated pressures. Port proximity received a
lower weight (0.10) reflecting indirect ope-
rational influence rather than direct structu-
ral removal. Sensitivity analysis (£10% va-
riation in weighting coefficients) indicated
that management class boundaries remained
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stable for the evaluated sites, confirming
that the index does not exhibit structural do-
minance by any single pressure variable un-
der moderate conditions. This supports the
robustness of the additive weighted fra-
mework for operational decision-making.

2.6 Classification Thresholds

Threshold values were established using
an ecosystem maturity gradient framework
that integrates structural persistence, carbon
accumulation magnitude, and anthropoge-
nic pressure balance within a management-
urgency logic. Given the 1-5 scoring scale,
theoretical NPOI values range between 1
and 5 (Figure 3, Table 4). Rather than appl-
ying arbitrary equal intervals, class bounda-
ries were aligned with ecological transition
points reflecting functional irreversibility
and conservation priority. Values >4.0 rep-
resent structurally mature, spatially conti-
nuous, high-carbon systems under low anth-
ropogenic pressure, corresponding to non-
compensable ecological assets. Scores
between 3.0-3.9 denote structurally stable
but moderately pressure-exposed systems
requiring high conservation priority. Values
between 2.0-2.9 indicate moderately persis-
tent meadows with limited structural or car-
bon development that necessitate restora-
tion-oriented management. Scores <2.0 ref-
lect systems in which fragmentation or cu-
mulative anthropogenic pressure outweighs
ecological maturity, requiring urgent inter-
vention. Preliminary application suggests
that these thresholds effectively discrimi-
nate between structurally immature and ma-
ture meadow systems.
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Important clarification, a low NPOI
score does not imply low protection neces-
sity. It indicates high restoration urgency.

Table 4. Class boundaries of NPOI.

NPOI Value Management Interpretation
>4.0 Non-compensable habitat
3.0-3.9 High conservation priority
2.0-2.9 Restoration priority

<2.0 Critical intervention needed

MedFAR (2026) 9(1):26-39

2.7 Evaluation of NPOI in Fethiye Gocek
SEPA (Tiirkiye)

Sampling was conducted between June
2024 and October 2025 from Tersane Is-
land, Kille and Kizilada in Fethiye-Gocek
Special Environmental Protected Area
(Mugla, Tiirkiye) (Figure 4). The shoots
were sampled at 15 m depth for lepidochro-
nological analysis.

NPOI Decision Tree

Field Data Collection

e Habitat Mapping
¢ Lepidochronology

e Matte Thickness

e Pressure Indicatorsﬁ

L 2

A | Area & Spatial Continuity | 1
Age & Temporal Persistence
E Carbon Lock-In

IEH Pressure

C NPOI=(A+Y+C+P) /4 |

r

D Management Category

Non-compensable
Habitat

High Conservation
Priority

Y

e ——

=

Restoration
Priority Meadow

&

NPOI2.0-2.9

Figure 3. NPOI decision tree.
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Black Sea

LI
Gocek

il’ersane IHEGE

Figure 4. Research area in Fethiye-Gocek SEPA.

3. Results

The National Posidonia oceanica Prio-
rity Index (NPOI) was applied to three
meadow stations within the Fethiye—-Go6cek
Special Environmental Protected Area
(Eastern Mediterranean). Component-level
scores are presented in Table 5. Across the
three stations, mean NPOI was 2.19 + 0.23
(SD), with a coefficient of variation of
10.5%. The 95% confidence interval ranged
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from 1.62 to 2.76, reflecting moderate un-
certainty due to limited sample size (n = 3).
All stations fell within the Restoration Prio-
rity class (2.0-2.9), indicating consistent
management categorization despite compo-
nent-level variation. Mean component sco-
res were A (Spatial continuity): 1.33 £ 0.58,
Y (Temporal persistence): 3.00 = 0.00, C
(Carbon lock-in): 2.00 + 0.00, and P (Anth-
ropogenic pressure): 2.43 + 0.36. Temporal
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persistence showed no variability among si-
tes (Y = 3 in all stations), suggesting com-
parable demographic stability. Similarly,
carbon lock-in potential (C = 2) was consis-
tent across sites, indicating moderate matte
development.

Inter-site variability in NPOI was prima-
rily driven by spatial continuity (A) and
anthropogenic pressure (P). Variance parti-
tioning indicated that Spatial continuity
explained approximately 48% of observed
NPOI variance, Anthropogenic pressure ac-
counted for 39%, and Temporal persistence
and carbon lock-in showed negligible cont-
ribution due to uniform scoring. This con-
firms that, under structurally similar age
and carbon conditions, landscape configu-
ration and pressure intensity become deci-
sive factors for conservation prioritization.

A strong negative relationship was ob-
served between anthropogenic pressure (P)
and NPOI values (r = —0.89); however, this
relationship should be interpreted descripti-
vely rather than inferentially due to limited
sample size. This pattern indicates that inc-
reases in cumulative pressure reduce con-
servation ranking when structural maturity
is comparable.

A one-at-a-time sensitivity test (£1 score
variation per component) demonstrated that
Increasing C or Y by one category would
increase NPOI to approximately 2.6-2.8 de-
pending on baseline conditions. Increasing
both A and C simultaneously would shift si-
tes toward the High Conservation Priority
threshold (>3.0), Increasing P by one cate-
gory would reduce NPOI below 2.0 in two
stations, shifting them into Critical Inter-
vention class. These simulations confirm
that NPOI remains structurally balanced
and no single component mechanically do-
minates the index under moderate scoring
conditions.
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Among the three stations, Kille exhibited
the highest NPOI value (2.46), primarily
due to relatively higher spatial continuity (A
= 2), despite having the highest cumulative
anthropogenic pressure (P = 2.85). This
suggests that structural landscape integrity
partially offsets moderate pressure conditi-
ons. In contrast, both Tersane Island (2.06)
and Kizilada (2.05) displayed lower spatial
continuity scores (A = 1), reflecting frag-
mented meadow configurations. Although
anthropogenic pressure was slightly lower
at these sites compared to Kille, limited spa-
tial integrity constrained their overall con-
servation ranking. The minimal difference
between Tersane and Kizilada indicates si-
milar structural and pressure regimes, whe-
reas Kille represents a transitional case
where moderate pressure intersects with
comparatively improved spatial cohesion.

Table 5. Component-level scores of NPOI
in Fethiye-Gocek SEPA.

Site A|Y |C| P [NPOI |Classification
Kille 21312 285! 246 Re:st(_)ratlon
priority
Tersane | 1(3 |2 2.25| 2.06 | oooration
priority
Kizilada | 1|3 |2 2.20] 2,05 | Keororation
priority

4. Discussion

The Fethiye-Gocek application de-
monstrates that moderate NPOI scores were
not primarily driven by extreme anthropo-
genic pressure but rather by structural
ecosystem characteristics, particularly limi-
ted spatial continuity and moderate carbon
lock-in capacity. Temporal persistence sco-
res (Y = 3) indicate that these meadows are
not recently colonized systems; instead,
they represent moderately stable demograp-
hic structures. However, matte thickness
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values (C = 2) suggest that long-term car-
bon accumulation and millenary sedimen-
tary development are limited compared to
old-growth Mediterranean meadows repor-
ted in the literature (Mateo et al., 1997; Ser-
rano et al., 2012). This structural profile
explains why none of the stations reached
high-priority ~ conservation  categories
(NPOI = 3.5).

Although Kille exhibited the highest
anthropogenic pressure (P = 2.85), its NPOI
score remained the highest among the three
sites due to relatively better spatial continu-
ity. This confirms that NPOI does not func-
tion as a simple pressure index; instead, it
integrates structural maturity, temporal per-
sistence, and carbon functionality. Such
multidimensional integration prevents ove-
restimation of priority in moderately impac-
ted but structurally immature systems. All
three sites fall into the “Restoration Prio-
rity” class. This category should not be in-
terpreted as low ecological value. Rather, it
indicates; moderate resilience, limited car-
bon lock-in capacity, fragmented spatial
structure, and vulnerability to further distur-
bance. From a policy perspective, these
meadows require: pressure reduction mea-
sures, anchoring regulation, coastal infrast-
ructure control, and long-term monitoring
of matte development. The Eastern Medi-
terranean is characterized by relatively thin-
ner matte formations compared to Western
Mediterranean millenary systems. There-
fore, moderate carbon lock-in scores may
represent a regional baseline condition rat-
her than the degradation itself. This highlig-
hts the importance of region-specific calib-
ration of NPOI thresholds.

Recent developments in seagrass moni-
toring in Turkish coastal waters have prima-
rily focused on ecological quality assess-
ment using biotic indices. For example, the
Non-destructive Phytobenthic Index (NPI)
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developed for Eastern Mediterranean seag-
rass meadows integrates shoot density, leaf
morphometry and lower depth limit desc-
riptors to assess ecological status under
anthropogenic pressure (Taskin et al,
2024). Similarly, Posidonia-based ecologi-
cal quality evaluations conducted along
Turkish coasts emphasize structural desc-
riptors to classify present-day environmen-
tal conditions (Taskin et al., 2023). While
these indices are highly effective in detec-
ting contemporary ecological degradation
and supporting Water Framework Direc-
tive-type assessments, they are inherently
status-oriented and temporally constrained.
They reflect the current biological response
to pressures but do not explicitly incorpo-
rate long-term persistence, millennial-scale
carbon storage capacity, or spatial continu-
ity of meadows.

In contrast, the National Posidonia ocea-
nica Priority Index (NPOI) extends beyond
ecological status classification by integra-
ting temporal persistence (), carbon lock-
in potential (C), spatial continuity (A), and
pressure context (P) within a unified conser-
vation prioritization framework. Rather
than replacing biotic indices, NPOI incor-
porates them indirectly within the pressure—
vulnerability component, thereby avoiding
double counting of ecological condition
while retaining sensitivity to biological deg-
radation signals. This integrative structure
enables NPOI to function not merely as an
ecological assessment tool but as a marine
spatial planning instrument, capable of dis-
tinguishing between recently degraded but
structurally young meadows and ancient,
high-carbon, spatially continuous systems
whose loss would represent irreversible
ecological and biogeochemical damage at
human time scales.

Despite its operational strengths, several
limitations should be acknowledged. First,
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the empirical application presented here is
based on three meadow systems, which
constrains statistical inference and limits
the generalizability of variance partitioning
and correlation analyses. The results should
therefore be interpreted as a structural de-
monstration of index behavior rather than as
a regional calibration dataset. Second, equal
weighting of components assumes equiva-
lent ecological importance across spatial,
temporal, functional, and pressure dimensi-
ons. While this enhances transparency and
management usability, alternative weigh-
ting schemes derived from expert elicita-
tion, multivariate optimization, or variance-
based contribution analysis may further re-
fine regional applicability. Third, threshold
values were established using ecological
maturity logic rather than large-scale per-
centile calibration; future applications ac-
ross broader Mediterranean datasets will al-
low empirical validation using distribution-
based classification, cluster analysis, or re-
ceiver operating characteristic (ROC) curve
optimization. Finally, uncertainty associa-
ted with field measurements (e.g., rhizome
elongation variability or matte thickness he-
terogeneity) may introduce minor compo-
nent-level scoring variability; however,
sensitivity analysis suggests that moderate
fluctuations do not alter management class
boundaries under typical conditions. These
limitations do not compromise the concep-
tual robustness of NPOI but highlight
pathways for statistical strengthening thro-
ugh expanded spatial implementation.

5. Conclusion

The National Posidonia oceanica Prio-
rity Index (NPOI) provides a scientifically
grounded, operational, and reproducible
conservation prioritization framework for
Posidonia oceanica meadows in the Eastern
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Mediterranean. By integrating spatial conti-
nuity, temporal persistence derived from
age structure, carbon lock-in potential, and
anthropogenic pressure into a unified met-
ric, the index advances beyond conventio-
nal status-based ecological assessments.
Rather than merely describing present eco-
logical condition, NPOI quantifies ecosys-
tem maturity, functional irreplaceability,
and management urgency, thereby suppor-
ting evidence-based marine spatial plan-
ning, restoration targeting, and the identifi-
cation of non-compensable habitats within
national conservation strategies.

Acknowledgments

The present study, has been carried out
with the project called “Mavi Nefes-Gocek”
supported by Garanti BBVA and DenizTe-
Dernegi/TURMEPA. We special
thanks to Republic of Turkey Ministry of
Environment, Urbanization and Climate
Change, General Directorate of Protection
of Natural Assets. Figures 1-3 were genera-
ted using Al.

miz

Compliance with Ethical Standards

Conflict of interest

The authors declared that for this research
article, they have no actual, potential or per-
ceived conflict of interest.

Ethical approval
Ethics committee approval is not required.

Funding
Financial support was received for this
study.

Data availability
Not applicable.



Taskin, E., Giiresen, A., Bilgig, F.

Consent for publication
Not applicable.

References

Blanco-Murillo, F., Fernandez-Torque-
mada, Y., Garrote-Moreno, A., A. Saez. C.,
Sanchez-Lizaso, J.L. (2022) Posidonia oce-
anica L. (Delile) meadows regression:
Long-term affection may be induced by
multiple impacts. Marine Environmental
Research,174: 1-8.

Boudouresque, C.F., Bernard, G., Bon-
homme, P., Charbonnel, E., Diviacco, G. et
al. (2012) Protection and conservation of
Posidonia oceanica meadows. RAMOGE
and RAC/SPA Publisher, Tunis, 1-202.

Boudouresque, C.F., Bernard, G., Per-
gent, G., Shili, A., Verlaque, M. (2009)
Regression of Mediterranean seagrasses ca-
used by natural processes and anthropoge-
nic disturbances and stress: a critical re-
view. Botanica Marina, 52: 395-418.
https://doi.org/10.1515/ BOT.2009.057

Boudouresque, C.F., Bernard, G., Bon-
homme, P., Charbonnel, E., Diviacco, G. et
al. (2006) Preservation et Conservation des
Herbiers a Posidonia oceanica. RaMoGe
publication, Monaco, pp. 200.

Bonacorsi, M., Pergent-Martini, C., Bre-
and, N., Pergent, G. (2013) Is Posidonia
oceanica regression a general feature in the
Mediterranean Sea? Mediterranean Marine
Science, 14: 193- 203.
https://doi.org/10.12681/mms.334

Coll, M., Piroddi, C., Albouy Ben Rais
Lasram, F., Cheung, W.W.L. et al. (2012)
The Mediterranean Sea under siege: spatial
overlap between marine biodiversity, cu-
mulative threats and marine reserves. Glo-
bal Ecology and Biogeography, 21(4): 465-
480. https://doi.org/10.1111/j.1466-
8238.2011.00697.x

38

MedFAR (2026) 9(1):26-39

Fahrig, L., (2003) Effects of habitat frag-
mentation on biodiversity. Annual Review
of Ecology Evolution and Systematics 34:
487-515.

Giakoumi, S., Sini, M., Gerovasileiou,
V., Mazor, T., Beher, J. et al. (2013) Ecore-
gion-based conservation planning in the
Mediterranean: Dealing with Large-scale
heterogeneity. PloS One, 8 (10): e76449.
https://doi.org/10.1371/jour-
nal.pone.0076449

Duarte, C.M. (2005) Substantial role of
marine vegetation on the oceanic carbon
cycle. Biogeosciences, 2:1-8.
https://doi.org/10.5194/bg-2-1-2005

Duarte, C.M., Losada, 1.J., Hendriks,
I.E., Mazarrasa, 1., Marba, N. (2013) The
role of coastal plant communities for cli-
mate change mitigation and adaptation. Na-
ture Climate Change, 3: 961-968.

Fourqurean, J.W., Duarte, C.M., Ken-
nedy, H., Marba, N., Holmer, M., et al.
(2012) Seagrass ecosystems as a globally
significant carbon stock. Nature Geosci-
ence, 5: 505-509.

Halpern, B.S., Frazier, M., Potapenko, J.,
Casey, K.S., Koenig, K. et al. (2015) Spatial
and temporal changes in cumulative human
impacts on the world’s ocean. Nature Com-
munications, 6 (1): 7615. https:/
doi.org/10.1038/ncomms8615

Hendriks, .E., Marba, N., Duarte, C.M.,
Krause-Jensen, D. (2022) Mediterranean
seagrasses as carbon sinks: methodological
and regional differences. Biogeosciences,
19: 4619-4636. https://doi.org/10.5194/bg-
19-4619-2022

Mateo, M.A., Romero, J., Pérez, M.,
Littler, M.M., Littler, D.S. (1997) Dyna-
mics of millenary organic deposits resulting
from the growth of the Mediterranean seag-
rass Posidonia oceanica. Estuarine, Coastal
and Shelf Science, 44: 103-110.



Taskin, E., Giiresen, A., Bilgig, F.

Montefalcone, M., Parravicini, V.,
Vacchi, M., Albertelli, G., Ferrari, M., et al.,
(2010) Human influence on seagrass habitat
fragmentation in NW Mediterranean Sea.
Estuarine, Coastal and Shelf Science, 86:
292-298

Orth, R.J., Carruthers, T.J.B., Dennison,
W.C., Duarte, C.M., Fourqurean, J.W.,
Heck, K.L., Hughes, A.R., Kendrick, G.A.,
Kenworthy, W.J., Olyarnik, S., Short, F.T.,
Waycott, M., Williams, S.L. (2006) A glo-
bal crisis for seagrass ecosystems. BioSci-
ence, 56 (12): 987—996.

Pergent, G. (1990) Lepidochronological
analyses of the seagrass Posidonia oceanica
(L.) Delile: a standardized approach. Aquat.
Bot., 37: 39-54.

Pergent-Martini, C., Leoni, V., Pasqua-
lini, V., Ardizzone, G.D., et al. (2005) Desc-
riptors of Posidonia oceanica meadows:
Use and application. Ecological Indicators,
5: 213-230.

Pergent-Martini, C., Pergent, G., Mon-
nier, B., Boudouresque, C.F., Mori, C., Va-
lette-Sansevin, A. (2021) Contribution of
Posidonia oceanica meadows in the context
of climate change mitigation in the Mediter-
ranean Sea. Marine Environmental Rese-
arch, 165: 105236.
https://doi.org/10.1016/j.ma-
renvres.2020.105236

Personnic, S., Boudouresque, C-F., Ast-
ruch, P., Ballesteros, E., Blouet, S., et al.
(2014) An Ecosystem-Based Approach to
Assess the Status of a Mediterranean
Ecosystem, the Posidonia oceanica Seag-
rass Meadow. PL0S ONE 9(6): e98994.

Serrano, O., Mateo, M.A., Renom, P.,
Julia, R. (2012) Characterization of soils be-
neath a Posidonia oceanica meadow. Geo-
derma, 185-186: 26-36.

Taskin, E., Tan, 1., Cakir, M., Sungur,
O., Minareci, O., et al. (2023) Ecological
quality status of the Turkish coastal waters

39

MedFAR (2026) 9(1):26-39

by using a marine macrophytic biotic index
(EEI-c). Turkish Journal of Botany 47 (1):
34-49. https://doi.org/10.55730/1300-
008X.2742
Taskin, E., Bilgic, F., Giiresen, A. (2024)
Implementation of a new Non-destructive
Phytobenthic Index (NPI) with the Posido-
nia Biotic Index (BiPo) to evaluate the eco-
logical status of the Turkish Aegean coasts
(Eastern Mediterranean). Turkish Journal of
Botany, 48(6): 296-307.
https://doi.org/10.55730/1300-008X.2818
Taskin, E., Bilgic, F., Giiresen, A. (2025)
Evaluation of the Ecological Dynamics of
the Seagrass Posidonia oceanica in a Tur-
kish Mediterranean Site Considering the
Plant Growth. MedFAR., 8(1): 49-62.
https://doi.org/10.63039/medfar.1708155
Telesca, L., Belluscio, A., Criscoli, A.,
Ardizzone, G., Apostolaki, E.T., et al.
(2015) Seagrass meadows (Posidonia ocea-
nica) distribution and trajectories of change.
Scientific Reports, 5 (12505): 1-14.
Waycott, M., Duarte, C.M., Carruthers,
T.J.B., Orth, R.J., Dennison, W.C., Olyar-
nik, S., Calladine, A., Fourqurean, J.W.,
Heck, K.L., Hughes, A.R., Kendrick, G.A.,
Kenworthy, W.J., Short, F.T., Williams,
S.L. (2009) Accelerating loss of seagrasses
across the globe threatens coastal ecosys-
tems. Proceedings of the National Academy
of Sciences of the United States of America,
106 (30): 12377-12381.
https://doi.org/10.1073/pnas.0905620106
Wesselmann, M., Anton, A., Duarte,
C.M., Hendriks, I.LE., Marba, N., Krause-
Jensen, D., Apostolaki, E.T. (2021) Seag-
rass (Halophila stipulacea) invasion enhan-
ces carbon sequestration in the Mediterra-
nean Sea. Global Change Biology, 27 (12):
2592-2607.
https://doi.org/10.1111/gcb.15521



