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PREFACE  

The Black Sea is a unique marine ecosystem, historically resilient yet increasingly vulnerable 
to anthropogenic pressures. Among its most critical natural assets are the seagrass meadows 
formed by Zostera marina and Zostera noltii. These underwater forests are not merely 
habitats; they are the "Blue Lungs" of our sea, providing essential ecosystem services ranging 
from carbon sequestration and water filtration to the sustenance of commercial fisheries. 

Despite their ecological significance, seagrass meadows have long suffered from a lack of 
specific legal protection and standardized monitoring within the region's development 
processes. The gap between scientific understanding and administrative practice has often led 
to the silent degradation of these vital carbon sinks. 

The "Carbon Binding Blue Black Sea (BlueC)" project was initiated to bridge this gap. Co-
funded by the European Union under the Interreg NEXT Black Sea Basin Programme, this 
initiative brings together scientific and academic expertise from Türkiye, Bulgaria, Ukraine, 
and Moldova. Our collective mission is to integrate the value of Blue Carbon into the 
decision-making frameworks that shape our coastlines. 

These "Guidelines for Ecosystem-Based Impact Assessment on Seagrass Meadows in the 

Black Sea V1.0" represent a key deliverable of this collaboration. They are designed to serve 
as a practical, scientifically robust handbook for developers, Environmental Impact 
Assessment (EIA) practitioners, and competent authorities. Unlike traditional assessment 
models that may view seagrasses solely as static biological features, these guidelines adopt 
the Ecosystem Approach, recognizing them as dynamic functional units essential for the 
health of the entire Black Sea basin. 

This document serves as the first version of a living standard. It synthesizes the current best 
practices in marine monitoring, aligns with European Union Directives (WFD, MSFD, 
Habitats), and incorporates the local socio-economic realities identified through extensive 
stakeholder surveys in the partner countries. 

We hope that this guide will not only standardize the protection of seagrass meadows but also 
foster a new culture of "Blue Economy" where coastal development and marine conservation 
advance hand in hand. 

The BlueC Project Team  

December, 2025 

Tekirdağ Namık Kemal University (Lead Beneficiary)  

Bourgas Regional Tourist Association (BRTA) 

Institute of Marine Biology of the NAS Ukraine (IMB) 

Ecological Counseling Center of Cahul (ECCC) 



 

LIST OF ABBREVIATIONS 

Abbreviation Definition 

BACI Before-After-Control-Impact (Monitoring Design) 

BQE Biological Quality Element 

CBD Convention on Biological Diversity 

EIA Environmental Impact Assessment 

EbA Ecosystem-based Approach 

EU European Union 

GES Good Environmental Status 

GIS Geographic Information System 

MSFD Marine Strategy Framework Directive (2008/56/EC) 

MSP Maritime Spatial Planning 

NNL No Net Loss 

SEA Strategic Environmental Assessment 

WFD Water Framework Directive (2000/60/EC) 

WIO Western Indian Ocean (Referenced in restoration protocols) 

  



 

GLOSSARY OF TERMS 
 

Baseline Study A comprehensive analysis of the environmental conditions (biological, 
physical, and chemical) existing in a project area before any development or disturbance 
occurs. It serves as the reference point against which future impacts are measured. 

Blue Carbon The carbon stored in coastal and marine ecosystems, specifically seagrass 
meadows, mangroves, and salt marshes. This carbon is sequestered in the plants' living 
biomass and, more significantly, trapped in the underlying sediments for millennia. 

Cumulative Impact The combined effect of past, present, and reasonably foreseeable future 
activities. In the context of seagrasses, this refers to the additive stress of multiple small 
projects (e.g., several small piers) or stressors (e.g., construction plus nutrient pollution) that 
together cause significant degradation. 

Ecosystem-based Approach (EbA) A strategy for the integrated management of land, water, 
and living resources that promotes conservation and sustainable use in an equitable way. It 
recognizes that humans are an integral component of ecosystems and focuses on maintaining 
the functional integrity of the system rather than just a single species. 

Ecosystem Services The direct and indirect benefits that humans derive from ecosystems. For 
seagrass meadows, these include: 

• Provisioning Services: Fisheries support, raw materials. 
• Regulating Services: Carbon sequestration, erosion control, water purification. 
• Cultural Services: Tourism, education, scientific research. 

Epiphytes Organisms (plants or animals) that grow on the leaves of seagrasses. While a 
natural part of the ecosystem, excessive epiphyte load caused by nutrient pollution 
(eutrophication) can block sunlight and harm the seagrass host. 

Mitigation Hierarchy A sequential framework for managing environmental risks: 

1. Avoidance: Measures taken to prevent impact from happening (e.g., changing project 
location). 

2. Minimization: Measures to reduce the duration, intensity, and/or extent of impacts 
(e.g., using silt curtains). 

3. Restoration: Measures to repair degraded ecosystems. 
4. Offset/Compensation: Measures to compensate for any residual, unavoidable harm 

(e.g., protecting an equivalent area elsewhere). 

Rhizome The horizontal, underground stem of a seagrass plant. It anchors the plant to the 
sediment and stores carbohydrates. The health of the rhizome network is critical for the 
meadow's resilience and recovery after disturbance. 

Shoot Density A standard metric for seagrass health, defined as the number of vertical shoots 
(bundles of leaves) per square meter (shoots/m2). 



 

Turbidity A measure of water clarity, often affected by suspended sediments. High turbidity 
blocks sunlight, preventing photosynthesis in seagrasses, and is a common impact of coastal 
construction activities (dredging, filling). 

  



 

 

 

 

 

 

 

PART A 
 

 STRATEGIC FRAMEWORK 

  



 

1. INTRODUCTION 

The seagrass meadows of the Black Sea, dominated by Zostera noltii and Zostera marina, 
represent one of the region’s most critical yet undervalued natural assets. These underwater 
ecosystems function as the "Blue Lungs" of the basin, providing essential services that range 
from stabilizing coastal sediments and purifying water to serving as nurseries for 
commercially valuable fish stocks. Most significantly, in the context of the accelerating 
climate crisis, these meadows act as significant carbon sinks—sequestering carbon at rates far 
exceeding those of terrestrial forests. However, despite their ecological and economic 
importance, seagrass habitats in the Black Sea face severe degradation due to anthropogenic 
pressures, including unmanaged coastal infrastructure development, dredging, and 
eutrophication. 

The primary purpose of these Guidelines for Ecosystem-Based Impact Assessment is to 
bridge the persistent gap between scientific understanding and administrative practice. 
Developed within the framework of the "Carbon Binding Blue Black Sea (BlueC)" project, 
this document serves as a standardized operational tool for developers, EIA practitioners, and 
competent authorities across Türkiye, Bulgaria, Ukraine, and Moldova. While traditional EIA 
procedures often treat seagrasses merely as static biological features to be mapped, this 
guideline mandates a shift towards an EbA. This approach requires stakeholders to evaluate 
potential impacts not only on the physical footprint of a meadow but on the functional 
integrity of the entire coastal ecosystem. It recognizes that the loss of a seagrass meadow is 
not just the loss of flora, but the destruction of a biophysical shield against coastal erosion and 
a vital carbon repository. 

This document is grounded in a robust international and regional legal framework. It aligns 
with the principles of the CBD, specifically the operational guidance for the Ecosystem 
Approach, and supports the objectives of key European Union directives, notably the WFD 
and the MSFD, which classify seagrasses as central BQEs for determining Good 
Environmental Status. Furthermore, it addresses the specific legislative gaps identified in the 
Black Sea region, where national regulations often lack explicit protocols for seagrass 
protection during the construction permitting process. 

The overarching objective of these guidelines is to institutionalize the "NNL" principle in 
coastal development. By enforcing a rigorous Mitigation Hierarchy—prioritizing the 
avoidance of impacts over minimization and viewing restoration only as a measure of last 
resort—these guidelines aim to ensure that economic development in the Black Sea does not 
come at the expense of its ecological future. The ultimate goal is to foster a sustainable Blue 
Economy where coastal infrastructure and marine conservation are not opposing forces, but 
integrated components of a resilient Black Sea management strategy. 

  



 

2. THE SEAGRASS ECOSYSTEMS OF THE BLACK 

SEA 
The ecological integrity of the Black Sea coastal zone is 
submerged vegetation. Unlike terrestrial forests, which are easily visible and quantified, 
seagrass meadows are "hidden" ecosystems. This chapter defines the specific biological and 
ecological characteristics of th
them from other marine flora to ensure accurate identification and management during the 
Impact Assessment process. 

2.1. DEFINITION OF SEAGRASSES
Seagrasses are marine angiosperms (
salt water, where they promote sediment deposition, stabilise substrates, decrease water 
velocity, and function as part of the estuarine fltration system, removing contaminants from 
the water column.  

Seagrasses also provide a range of other ecosystem services to the marine environment, 
including nutrient cycling, supporting a range of commercially important fish species as a 
nursery habitat and as an important food source for mega
dugongs, and manatees.   

Figure 1 Seagrass meadow exposed during low tide. Patchy seagrass meadow dominated by Zostera angustifolia during low tide in Hayling 

UK. Photo credit: Mariana Lima, including anatomical scientific drawing of the seagrass Zostera marina (eelgrass), showing living above

blades), below-ground (roots and rhizomes) components, and seeds. (From Watson & Dallwitz, 1992)

Like terrestrial (land living) plants, a seagras
conducting tissue that transports food, nutrients and water around the plant), stem, roots 
(buried in the substrate) and reproductive parts such as flowers and fruits. Algae do not have 
veins in their leaves nor do they possess roots (anchoring to the surface of the substrate by a 
holdfast) or produce flowers or seeds (Figure 2).
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Figure 2 Algae or "seaweeds" (left) differ from seagrasses (right) in several ways. Algae on the seafloor have a holdfast and transpor

body by diffusion, while seagrasses are flowering vascular plants with roots and an internal transport sys

Network (ian.umces.edu), University of Maryland C

They are called “seagrass” because most have ribbon
kinds of seagrasses, and some do not
your fingernail to plants with leaves as long as 7 mete
leaves of different species of seagrass include an oval (paddle) shape, a fern shape, a long 
spaghetti like leaf and a ribbon shape (Figure 3). 

Figure 3 Seagrass species come in many different shapes and sizes, as illustrated by this conceptual diagram of some common seagrass s

Connections: South Florida's marine environment" (pg. 260), courtesy of the Integration and Application Network (ian.umces.edu), University of Maryland 

Center for Environmental Science ) 

There are four European species of seagrasses:

 • Zostera marina (eelgrass)  
• Zostera noltii (dwarf eelgrass)  
• Cymodocea nodosa 
• Posidonia oceanica  
 

Seagrasses may look quite different,
common (Figure 4). The above
bundles with 3 to 10 linear leaves. The shoots are attached to rhizomes (vertical and/or 
horizontal) creeping within or on top of the sediment from which roots 
of the sea floor. The rhizomes divide and form new leaf bundles, and each branched 

 
Algae or "seaweeds" (left) differ from seagrasses (right) in several ways. Algae on the seafloor have a holdfast and transpor

body by diffusion, while seagrasses are flowering vascular plants with roots and an internal transport system. (Courtesy of the Integration and Application 

Network (ian.umces.edu), University of Maryland Center for Environmental Science) 

They are called “seagrass” because most have ribbon-like, grassy leaves. There are 
and some do not look like grass at all. Seagrasses range

your fingernail to plants with leaves as long as 7 meters. Some of the shapes and sizes of 
leaves of different species of seagrass include an oval (paddle) shape, a fern shape, a long 

e leaf and a ribbon shape (Figure 3).  
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There are four European species of seagrasses: 

 

different, but the European species have several characteristics in 
common (Figure 4). The above-ground, visible part of seagrasses consist of shoots or leaf 

h 3 to 10 linear leaves. The shoots are attached to rhizomes (vertical and/or 
horizontal) creeping within or on top of the sediment from which roots penetrate
of the sea floor. The rhizomes divide and form new leaf bundles, and each branched 
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Seagrass species come in many different shapes and sizes, as illustrated by this conceptual diagram of some common seagrass species. (From "Tropical 

ine environment" (pg. 260), courtesy of the Integration and Application Network (ian.umces.edu), University of Maryland 

but the European species have several characteristics in 
ground, visible part of seagrasses consist of shoots or leaf 

h 3 to 10 linear leaves. The shoots are attached to rhizomes (vertical and/or 
penetrate deeper layers 

of the sea floor. The rhizomes divide and form new leaf bundles, and each branched rhizome 



 

system can hold many genetically identical shoots, which are then interconnected as one 
individual like in other clonal plants. 

 
Figure 4 . Detail of the morphology and geographical distribution of Zostera marina, Zostera noltii, Posidonia oceanica and Cymodocea nodosa in the European 

coastal waters (From Borum et al., 2004). 

2.2. TARGET SPECIES DESCRIPTION 
While the Mediterranean Sea is characterized by the presence of the endemic Posidonia 

oceanica, the Black Sea’s lower salinity and distinct hydrological conditions support a 
different assemblage of seagrasses. For the purpose of these Guidelines, the "Target Species" 
for mandatory assessment are the two dominant angiosperms of the genus Zostera. 

2.2.1. Zostera marina (Eelgrass) 
Zostera marina is the largest and most widely distributed seagrass species in the Black Sea. It 
is a perennial flowering plant typically found in sheltered bays and sandy or muddy 
substrates. 

• Morphology: The shoots of Zostera marina have 3 to 7 leaves. Leaf width varies 
between 2 mm for young plants and up to 10 mm for large individuals. The leaves are 
usually 30 to 60 cm long but may be up to 1.5 m in beds on soft sediments at 
intermediate depths. 

• Root System: The plant is anchored by a complex system of creeping rhizomes and 
roots. These rhizomes are crucial for sediment stabilization and are the primary 
storage organs for carbohydrates, allowing the plant to overwinter and regenerate. 

• Ecological Role: Due to its canopy height, Zostera marina forms complex three-
dimensional habitats that serve as critical nursery grounds for fish and shelter for 
invertebrates. 



 

Zostera marina (Figure 5) is found from arctic waters along the northern Norwegian coast, 
where it can survive several months of ice cover, to the Mediterranean (Fi
is very abundant in the Baltic Sea, the North Sea and along the Atlantic coasts down to 
northern Spain. Further south, Z. marina becomes 
is mostly found as small, isolated
lagoons. Zostera marina is predominantly subtidal and may grow down to 10
depending on water clarity Zostera marina

intertidally in the Wadden Sea. 

Figure 5.  Zostera marina (eelgrass) forms dense stands from the intertidal zone to depths of 10

identified by the terminal shoots on only horizontal rhizomes. Photo: P.B. Chri

Figure 6 Geographical distribution of Zostera marina (eelgrass) in European coastal waters. Eelgrass is found from arctic waters along

Norwegian coasts to the Mediterranean, where it is more sparse

growing around Iceland. 

2.2.2. Zostera noltii (Dwarf Eelgrass)
Often referred to in older literature as 
inhabiting the shallower, intertidal, or upper subtidal zones.

) is found from arctic waters along the northern Norwegian coast, 
where it can survive several months of ice cover, to the Mediterranean (Figure 
is very abundant in the Baltic Sea, the North Sea and along the Atlantic coasts down to 
northern Spain. Further south, Z. marina becomes rarer and in the Mediterranean the species 

small, isolated stands, but dense eelgrass beds do occur, especially, in 
is predominantly subtidal and may grow down to 10

Zostera marina is most often perennial but annual stands are found 
n the Wadden Sea.  

Zostera marina (eelgrass) forms dense stands from the intertidal zone to depths of 10-15 meters in areas with clear water. The species is easily 

identified by the terminal shoots on only horizontal rhizomes. Photo: P.B. Christensen; drawing: redrawn from Dawes 1981. 

 
Geographical distribution of Zostera marina (eelgrass) in European coastal waters. Eelgrass is found from arctic waters along

Norwegian coasts to the Mediterranean, where it is more sparse and only forms dense and extensive beds in some lagoons. Eelgrass is the only seagrass species 

(Dwarf Eelgrass) 
Often referred to in older literature as Zostera noltii, this is a smaller species typically 
inhabiting the shallower, intertidal, or upper subtidal zones. 

) is found from arctic waters along the northern Norwegian coast, 
gure 6). The species 

is very abundant in the Baltic Sea, the North Sea and along the Atlantic coasts down to 
and in the Mediterranean the species 

stands, but dense eelgrass beds do occur, especially, in 
is predominantly subtidal and may grow down to 10-15 meters depth 

is most often perennial but annual stands are found 
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Geographical distribution of Zostera marina (eelgrass) in European coastal waters. Eelgrass is found from arctic waters along the northern 

and only forms dense and extensive beds in some lagoons. Eelgrass is the only seagrass species 

, this is a smaller species typically 



 

Morphology: Zostera noltii

sand of intertidal areas, where 
dessication. Zostera noltii

a horizontal rhizome. Each rhizome holds many shoots on short branches separated by 
rhizome segments. The leaves are 0.5

• Growth Pattern: It often forms dense,
(0.2 m to 2 m depth), where it is highly tolerant of desiccation and fluctuating salinity.

• Ecological Role: Its dense root mat is exceptionally effective at stabilizing surface 
sediments in high-energy shallow zo

Zostera noltii is distributed from the southern coasts of Norway to the Mediterranean 
Sea, the Black Sea, the Canary Islands and has been recorded as far south as on the 
Mauretanean coast (Figure 
 

Figure 7 Zostera noltii (dwarf eelgrass) forms dense stands within the intertidal zone, where other seagrass species are excluded. The species

best identified by the many small shoots with narrow leaves attached by short branches to the horizontal rhizome. Photo: J. B

redrawn from NN. 

Figure 4 Geographical distribution of Zostera noltii

of Norway to the Mediterranean and even as far south as the Mauretanean coast. 

Zostera noltii (dwarf eelgrass; Figure 7) forms dense beds in the muddy 
sand of intertidal areas, where Zostera marina is sparse due to its lower tolerance to 

oltii has small leaf bundles with 2 to 5 narrow leaves attached to 
a horizontal rhizome. Each rhizome holds many shoots on short branches separated by 
rhizome segments. The leaves are 0.5-2 mm wide and 5 to 25 cm long.

It often forms dense, carpet-like meadows in very shallow waters 
(0.2 m to 2 m depth), where it is highly tolerant of desiccation and fluctuating salinity.

Its dense root mat is exceptionally effective at stabilizing surface 
energy shallow zones, preventing coastal erosion.

is distributed from the southern coasts of Norway to the Mediterranean 
Sea, the Black Sea, the Canary Islands and has been recorded as far south as on the 
Mauretanean coast (Figure 8).  

noltii (dwarf eelgrass) forms dense stands within the intertidal zone, where other seagrass species are excluded. The species

best identified by the many small shoots with narrow leaves attached by short branches to the horizontal rhizome. Photo: J. B

 
Geographical distribution of Zostera noltii (dwarf eelgrass) in European coastal waters. Dwarf eelgrass is found from the southern coast 

of Norway to the Mediterranean and even as far south as the Mauretanean coast.  

forms dense beds in the muddy 
is sparse due to its lower tolerance to 

has small leaf bundles with 2 to 5 narrow leaves attached to 
a horizontal rhizome. Each rhizome holds many shoots on short branches separated by 

2 mm wide and 5 to 25 cm long. 

like meadows in very shallow waters 
(0.2 m to 2 m depth), where it is highly tolerant of desiccation and fluctuating salinity. 

Its dense root mat is exceptionally effective at stabilizing surface 
nes, preventing coastal erosion. 

is distributed from the southern coasts of Norway to the Mediterranean 
Sea, the Black Sea, the Canary Islands and has been recorded as far south as on the 
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2.2.3. Distinction from Mediterranean Species (
A common error in regional Environmental Impact Assessments is the misclassification of 
Black Sea seagrasses using Mediterranean criteria. It is critical to state that Posidonia 
oceanica is not present in the Black Sea.

Posidonia oceanica (Figure 9) is restricted to the 
at the boarder line where Mediterranean and Atlantic waters mix in the western part of the 
Mediterranean Sea (Figure 10
50-60 m depth in areas with very clear waters. 
higher plant in the Mediterranean, and beach cast up of 
amounts. Posidonia oceanica 
rhizomes. The leaves are broad (5 to 12 mm) and the length usually varies from 20 to 40 cm 
but may be up to 1 m.  

Figure 9. Posidonia oceanica forms very dense stands from the subtidal to dept

the dense, broad leaves and the hairy remains around the rhizomes and lower parts of the shoots. Photo: P.B. Christensen; dra

Templado 2004. 
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Posidonia oceanica forms very dense stands from the subtidal to depths down to 50-60 m in areas with clear water. The species is easily identified by 

the dense, broad leaves and the hairy remains around the rhizomes and lower parts of the shoots. Photo: P.B. Christensen; dra

 
Geographical distribution of Posidonia oceanica in European coastal waters. Posidonia oceanica is strictly Mediterranean and 

the western part of the Mediterranean where the warm Mediterranean water mixes with cold Atlantic water 

Posidonia oceanica) 
in regional Environmental Impact Assessments is the misclassification of 

Black Sea seagrasses using Mediterranean criteria. It is critical to state that Posidonia 

Mediterranean Sea and its distribution stops 
at the boarder line where Mediterranean and Atlantic waters mix in the western part of the 

grows from shallow subtidal waters to 
is the most wide-spread 

leaves can be found in large 
eaf bundles consisting of 5 to 10 leaves attached to vertical 

rhizomes. The leaves are broad (5 to 12 mm) and the length usually varies from 20 to 40 cm 

60 m in areas with clear water. The species is easily identified by 

the dense, broad leaves and the hairy remains around the rhizomes and lower parts of the shoots. Photo: P.B. Christensen; drawing: redrawn from Luque and 

Geographical distribution of Posidonia oceanica in European coastal waters. Posidonia oceanica is strictly Mediterranean and its distribution stops in 



 

 

• Posidonia forms massive, millennia-old "matte" structures and has thick, strap-like 
leaves. 

• Zostera species in the Black Sea do not form high mattes; they are faster-growing, 
more dynamic, and have a different recovery profile. 

• Regulatory Implication: Mitigation measures designed for Posidonia (which is 
strictly protected under the Habitat Directive as a priority habitat) may need 
adjustment for Zostera, which has different transplantation viability and growth rates. 
However, the functional protection status should remain equally high due to their role 
as the primary carbon sink in the Black Sea. 

2.3. DISTRIBUTION AND DEPTH LIMITS 
The vertical distribution of seagrasses in the Black Sea is primarily limited by light 
availability (photosynthetically active radiation - PAR). Unlike the clear waters of the 
Mediterranean where seagrasses may extend to 40 meters, the Black Sea is eutrophic and 
often turbid. 

• The Critical Zone (0 m – 15 m): Scientific data from the Western Black Sea 
(including recent surveys in Bulgaria and Türkiye) indicates that Zostera meadows are 
almost exclusively restricted to depths between 0 and 15 meters. 

o Zostera noltii dominates the shallow fringe (0.5 m – 2 m). 
o Zostera marina dominates the deeper subtidal zone (1 m – 12 m), with rare 

occurrences deeper than 15 m in exceptionally clear waters. 
• Implication for Spatial Planning: Any coastal infrastructure project (piers, 

breakwaters, dredging) planned within the 0–15 meter isobath must be automatically 
flagged as "High Risk" for seagrass interaction. This depth range defines the 
mandatory survey area for the Baseline Study. 

2.4. THE "BLUE CARBON" VALUE PROPOSITION 
The term "Blue Carbon" refers to the carbon captured by the world's ocean and coastal 
ecosystems. In the Black Sea, seagrass meadows are the champions of this process. Their 
value in an EIA must be calculated not just by the area they cover, but by the "services" they 
provide. 

2.4.1. The Carbon Sink Mechanism 
Seagrasses sequester carbon through two primary pathways: 

1. Biomass Accumulation (Short-Term): Carbon is stored in the leaves, roots, and 
rhizomes of the plants themselves. 

2. Sediment Trapping (Long-Term): The canopy of the seagrass meadow slows down 
water currents, causing suspended particles (organic matter) to settle out of the water 
column. The dense root systems trap this material in the sediment. In the anoxic 
(oxygen-poor) conditions of the sediment, this carbon degrades very slowly and can 
remain locked away for centuries or millennia. 

o Impact Note: Dredging a seagrass meadow does not just kill the plants; it re-

mineralizes this ancient sedimentary carbon, turning a carbon sink into a 
carbon source (emitting CO2 back into the water and atmosphere). 



 

2.4.2. Co-Benefits and Ecosystem Services 
Beyond carbon, the "Value Proposition" for protecting these meadows includes: 

• Coastal Resilience: The rhizome matrix stabilizes the seabed, reducing wave energy 
and protecting shorelines from erosion during storms—a service that becomes 
increasingly valuable with climate change-induced sea-level rise. 

• Water Quality Improvement: By trapping suspended sediments and absorbing 
excess nutrients (Nitrogen and Phosphorus) from agricultural runoff, seagrasses act as 
natural bio-filters, improving water clarity. 

• Biodiversity Support: They provide essential nursery grounds for commercial Black 
Sea fish species (e.g., Pontic Shad, Turbot juveniles) and habitat for endangered 
seahorses (Hippocampus guttulatus). 

  



 

 

 

 

 

 
 

 

 

 

 

PART B 
 

THE ASSESSMENT PROCESS 
  



 

3. PHASE I: SCREENING (SITE SELECTION & 

FEASIBILITY) 

Screening constitutes the first and most critical stage of the EbA process. Within the context 
of this Guideline, screening is not merely an administrative checkbox to determine if an EIA 
is legally required; it is a strategic site selection and feasibility mechanism. Its primary 
objective is to implement the first step of the Mitigation Hierarchy: Avoidance. 

In the Black Sea region, where seagrass meadows are concentrated in specific depth zones 
and are highly sensitive to coastal modifications, the most effective way to prevent "Net Loss" 
is to locate infrastructure away from sensitive habitats. Therefore, the Screening Phase must 
be conducted during the pre-feasibility stage, long before detailed engineering designs are 
finalized. 

This phase places the burden of proof on the developer to demonstrate that the proposed 
project location does not irreversibly conflict with Critical Seagrass Zones. A rigorous 
screening process saves time and resources by identifying "fatal flaws" early, preventing the 
advancement of projects that would ultimately be rejected during the full impact assessment 
due to unacceptable ecological costs. 

3.1. IDENTIFICATION OF SENSITIVE ZONES 
The identification of sensitive zones is the cornerstone of the preventive approach. In the 
absence of high-resolution local data, the Precautionary Principle applies: any seabed area 
within the photic zone suitable for Zostera growth must be treated as a potential meadow until 
proven otherwise. 

3.1.1. The "Seagrass Potential Zone" (SPZ) 
Based on the bathymetric distribution of Zostera marina and Zostera noltii in the Black Sea, 
the Critical Zone is defined as the coastal belt between 0 m and 15 m depth. 

• Implication: Developers planning projects within this isobath must automatically 
assume the presence of seagrasses and initiate a specific Seagrass Survey. 

• Exclusion: Areas deeper than 15 m (or 20 m in exceptionally clear waters) may be 
excluded from the detailed Seagrass Screening unless historical data suggests 
otherwise. 

3.1.2. Sensitivity Mapping and Zoning  
Competent authorities and developers should utilize (or generate) Sensitivity Maps 
categorized by the following risk levels: 

• Red Zone (Critical Habitat): Verified dense meadows (>50 shoots/m2) or Z. noltii 
beds in shallow waters (<2 m). These are "No-Go" areas for direct footprint 
construction. 

• Yellow Zone (Buffer/Transitional): Patchy meadows, restoration sites, or areas 
within 100 m of a Red Zone. Development is conditional upon rigorous mitigation. 

• Green Zone (Low Sensitivity): Unvegetated sandy/muddy substrates clearly 
separated from meadows, with no potential for indirect impact (e.g., sediment drift). 



 

3.2. PROJECT SCREENING CRITERIA 
The Screening Phase concludes with a decision on whether the project requires a full-scale 
Impact Assessment specific to seagrasses. This decision is guided by "Go / No-Go" indicators 
related to the project type and location. 

3.2.1. The "Red Flag" Indicators (No-Go / High Risk) 
Projects exhibiting the following characteristics are flagged as High Risk and are generally 
incompatible with the "NNL" objective unless redesigned: 

• Direct Dredging: Any dredging activity planned directly on a verified Zostera 
meadow. 

• Permanent Burial: Construction of breakwaters, reclamation areas, or artificial 
islands on top of seagrass beds. 

• Hydrodynamic Blockage: Structures (e.g., solid causeways) that would cut off water 
circulation to a meadow, causing stagnation and temperature rise. 

3.2.2. Screening Decision Matrix 
The competent authority shall categorize the project into one of three streams: 

Screening Decision Criteria Required Action 

Category A: Full 

Assessment 

Required 

Project is located within the 0–15m 

zone OR creates turbidity plumes 

likely to reach a meadow. 

Proceed to Phase II: Scoping 

& Baseline Studies. Full EIA 

required. 

Category B: 

Simplified 

Assessment 

Project is in the coastal zone but 

outside the 15m isobath, with 

minimal risk of sediment transport. 

Desktop study and rapid field 

verification required to 

confirm absence. 

Category C: 

Screened Out 

Project has no marine footprint and 

no discharge pathway to the sea (e.g., 

inland terrestrial works). 

No specific seagrass 

assessment required. 

 

  



 

4. PHASE II: SCOPING AND BASELINE STUDIES 

Once a project has been screened as "Category A" (High Risk/Full Assessment Required), the 
process advances to the Scoping and Baseline Study phase. This phase constitutes the 
scientific backbone of the Impact Assessment. Its primary objective is to establish a 
statistically robust "State Zero" (reference condition) against which all future monitoring data 
and potential losses will be measured. 

In the Black Sea region, historical data regarding seagrass distribution is often outdated, 
fragmented, or lacks methodological consistency. Therefore, relying solely on literature 
reviews is insufficient for a compliant Ecosystem-Based Impact Assessment. A project-
specific, field-based baseline study is mandatory. 

To ensure data quality and regional comparability, the methodology for this phase must align 
with international best practices. Specifically, these Guidelines adopt the standardization 
protocols outlined by UNEP/MAP-RAC/SPA (Guidelines for the Standardization of 

Mapping and Monitoring Methods of Marine Magnoliophyta), adapted for the specific 
biological characteristics of Black Sea species (Zostera marina and Zostera noltii). 

The Scoping process serves two critical functions: 

1. Methodological Standardization: It mandates the use of calibrated mapping and 
sampling techniques (consistent with the EU Water Framework Directive and MSFD) 
to prevent data discrepancies that often arise from using ad-hoc methods. 

2. Spatial Definition: It determines the precise physical and ecological boundaries of the 
assessment, ensuring that the study area covers not just the construction footprint but 
the entire "Zone of Influence." 

Failure to execute a baseline study that meets these standardized criteria renders the 
subsequent Impact Prediction phase speculative and legally indefensible. 

4.1. DEFINING THE AREA OF INFLUENCE 

A common methodological flaw in traditional EIAs is limiting the assessment scope strictly to 
the project's construction boundaries. Under the Ecosystem-Based Approach, the "Area of 
Influence" is defined not by property lines, but by the extent of the physical and biological 
processes affected by the development. 

For the purpose of the Baseline Study, the Study Area must be delineated into two distinct 
zones: 

4.1.1. The Physical Footprint (Direct Impact Zone)  
This is the area where the seabed will be physically altered, removed, or covered. It includes: 

• The exact coordinates of proposed structures (e.g., breakwater foundations, pillings). 
• Dredging corridors and turning circles for vessels. 
• Reclamation/infill areas. 
• Temporary construction zones (e.g., anchoring sites for barges). 



 

Within this zone, the impact on seagrasses is typically total and irreversible (100% loss). 
Therefore, the Baseline Study here focuses on calculating the precise "Blue Carbon Stock" 
that will be eliminated to determine compensation requirements. 

4.1.2. The Ecological Zone of Influence (Indirect Impact Zone)  

This zone encompasses the wider area where the project may alter environmental conditions 
sufficiently to stress or degrade seagrass meadows, even if no direct construction occurs there. 
The boundaries of this zone must be determined through Hydrodynamic and Dispersion 

Modeling prior to field surveys. 

Key factors defining this zone include: 

• Turbidity Plumes: During dredging or construction, suspended sediments reduce 
light penetration (PAR). The Zone of Influence extends to the maximum distance 
where suspended sediment concentration (SSC) exceeds the background threshold by 
10% or more. For Zostera species, which have high light requirements, this plume can 
cause die-offs kilometers away from the source. 

• Hydrodynamic Alteration: Coastal structures can alter wave energy and current 
velocity. This can lead to: 

o Erosion: Scouring of the seabed in adjacent areas, uprooting rhizomes. 
o Burial: Increased sedimentation rates that smother short-leaved species like 

Zostera noltii. 
• Shadowing: The area shaded by overwater structures (e.g., piers, floating docks) 

where light levels fall below the compensation point for Zostera photosynthesis. 

Requirement: The Baseline Study must extend to cover the entire Ecological Zone of 

Influence, plus a Reference (Control) Site located outside this zone, to satisfy the BACI 
(Before-After-Control-Impact) monitoring design. 

4.2. BIOLOGICAL BASELINE METHODOLOGIES 
To ensure data comparability across the Black Sea region and compliance with EU standards 
(WFD and MSFD), the biological baseline must be established using a standardized, multi-
scale approach. This methodology aligns with the UNEP/MAP-RAC/SPA "Guidelines for 

the Standardization of Mapping and Monitoring Methods of Marine Magnoliophyta," 
adapted for the phenological characteristics of Zostera species. 

4.2.1. Mapping Technologies 
The objective of mapping is to produce a georeferenced distribution map of seagrass 
meadows within the Area of Influence with a minimum scale of 1:2,000. Due to the variable 
turbidity and depth gradients of the Black Sea, a combination of three complementary 
technologies is required: 

• Satellite Imagery (Macro-Scale Screening): 
o Usage: High-resolution commercial satellite imagery (e.g., WorldView, 

Pleiades) or Sentinel-2 data is used for preliminary screening of large coastal 
sectors. 

o Limitation: In the Black Sea, reliable optical detection is often limited to the 
first 2–4 meters of depth due to turbidity. It serves as a base layer but is 
insufficient for detailed impact assessment on its own. 



 

• Drone Photogrammetry (Shallow & Intertidal Zones): 
o Usage: Unmanned Aerial Vehicles (UAVs) equipped with polarizing filters are 

mandatory for mapping Zostera noltii beds in shallow waters (0–2 m). 
o Protocol: Flights must be conducted during calm sea states and low sun glint 

conditions to generate high-resolution orthophotos (<5 cm/pixel), allowing for 
the precise delineation of patch boundaries. 

• Side-Scan Sonar (Deep & Turbid Zones): 
o Usage: Acoustic mapping is the industry standard for mapping Zostera marina 

in waters deeper than 3 meters or where turbidity prevents optical visibility. 
o Protocol: The Side-Scan Sonar (SSS) emits acoustic pulses that distinguish the 

rough texture of the seagrass canopy from the smooth texture of bare sand. 
Transect spacing must ensure 100% overlap (mosaic coverage) of the seafloor. 

o Validation: Acoustic targets must be ground-truthed via drop-camera or diver 
checks to confirm species identity. 

4.2.2. Field Sampling Protocols 
While mapping defines the extent of the meadow, field sampling determines its vitality and 
value. Sampling must be conducted during the peak vegetative season (June – September for 
the Black Sea). 

Data must be collected using stratified random sampling with quadrats (standard size: 25 x 25 
cm or 50 x 50 cm), measuring the following key indicators: 

• Shoot Density (shoots/m
2
): 

o Definition: The number of vegetative shoots per square meter. 
o Significance: This is the primary indicator of meadow density and resilience. A 

decline in shoot density is often the first sign of anthropogenic stress (e.g., 
anchoring damage or burial). 

• Biomass (g DW/m
2
): 

o Definition: The dry weight of plant material per square meter. 
o Protocol: Destructive sampling is required. Samples must be separated into 

Above-Ground Biomass (leaves) and Below-Ground Biomass (rhizomes and 
roots). 

o Significance: Below-ground biomass is the critical metric for calculating the 
Blue Carbon Stock and estimating the potential release of CO2 if the sediment 
is disturbed. 

• Leaf Area Index (LAI): 
o Definition: The total one-sided area of photosynthetic tissue per unit of ground 

surface area (m2 
leaf / m2 ground). 

o Significance: LAI indicates the photosynthetic capacity of the meadow and its 
ability to attenuate waves (coastal protection function). It allows for a more 
functional assessment than density alone. 

• Epiphyte Load: 
o Definition: The biomass of epiphytic algae growing on seagrass leaves, usually 

expressed as the ratio of epiphyte weight to leaf weight. 
o Significance: High epiphyte loads often indicate eutrophication (excess 

nutrients). In an Impact Assessment, distinguishing between construction-
related impacts (e.g., turbidity) and pre-existing stress (e.g., 
eutrophication/epiphytes) is crucial for liability. 



 

4.3. SOCIO-ECONOMIC SCOPING 
According to Principle 1 of the Ecosystem Approach (CBD), "The objectives of management 
of land, water and living resources are a matter of societal choice." Therefore, an impact 
assessment that ignores the human dimension is incomplete. The Socio-Economic Scoping 
phase aims to identify the users dependent on seagrass services and integrate their local 
knowledge into the assessment process. 

4.3.1. Stakeholder Engagement Protocols  

Recent national surveys conducted across the Black Sea region (under the BlueC project) 
revealed a critical dichotomy: while public willingness to protect marine ecosystems is high, 
there is a significant "Knowledge Gap" regarding the specific biological functions and legal 
status of seagrasses. Most stakeholders cannot distinguish between valuable seagrass 
meadows and nuisance algal blooms. 

Consequently, standard public consultation meetings are often ineffective because 
stakeholders lack the technical literacy to provide meaningful feedback. To address this, the 
Scoping Phase must include a targeted "Informed Consultation" Mechanism: 

• Utilization of Standardized Educational Tools: To bridge the knowledge gap 
without placing an undue burden on the developer to create new materials, the 
assessment process mandates the use of the Blue Carbon Education Programme 

(BCEP) resources. 
o Requirement: Prior to soliciting feedback, the developer or EIA practitioner 

shall present the BCEP standardized materials (available at the BlueC Project 

Portal and associated education centers). 
o Content: These materials visually demonstrate the "Blue Carbon" value, the 

nursery function for commercial fish stocks, and the distinction between 
Zostera and algae. 

o Objective: This ensures that stakeholders (fishermen, tourism operators, 
municipalities) understand the value of the loss before discussing project 
impacts. 

• Target Groups: The assessment must explicitly consult three core groups identified 
as having the highest interaction with seagrass zones: 

1. Small-Scale Fishers: Direct users of the habitat. 
2. Coastal Tourism Operators: Users dependent on water clarity and beach 

quality. 
3. Local Municipalities: Responsible for coastal planning and discharge 

management. 

• The "Informed Consultation" Protocol: Before soliciting feedback, the developer 
or EIA practitioner is required to provide a Non-Technical Briefing (visual aid) 
explaining: 

o What seagrasses are (distinguishing them from nuisance algae). 
o The "Blue Carbon" value (climate contribution). 
o The specific benefits to local fisheries (nursery function). 
o Rationale: Survey results indicate that support for protection increases 

dramatically when the link between seagrasses and fish stocks is clearly 
explained. 



 

4.3.2. Participatory Mapping (Local Ecological Knowledge)  

In many parts of the Black Sea, scientific charts of seagrass distribution are outdated or 
coarse. However, local fishermen possess real-time, high-resolution knowledge of the seabed, 
often viewing seagrasses as specific fishing grounds or areas to avoid due to net 
entanglement. 

Participatory Mapping is a mandatory step to validate the biological baseline established in 
Section 4.2: 

• Methodology: Structured interviews with veteran fishermen using nautical charts. 
• Data Collection: Stakeholders are asked to mark: 

o Areas identified locally as "Grass," "Moss," or "Meadow." 
o Zones observed as spawning grounds for key species (e.g., Pontic Shad, 

Turbot). 
o Historical regression (e.g., "areas where grass existed 10 years ago but is now 

lost"). 
• Validation Protocol: These "anecdotal" maps serve as a guide for the scientific 

survey team. If a fisherman marks an area as a seagrass meadow, but the 
satellite/sonar survey (Section 4.2.1) shows no signal, the scientific team MUST 
perform a specific ground-truth check (diver/drop-camera) at that coordinate. This 
protocol respects Local Ecological Knowledge (LEK) and mitigates the risk of 
missing low-density meadows invisible to remote sensing. 

  



 

5. PHASE III: IMPACT PREDICTION AND 

EVALUATION 

Following the establishment of the biological "State Zero" (Baseline) in Phase II, the 
assessment proceeds to the Impact Prediction and Evaluation phase. This stage represents 
the analytical core of the EIA. It transitions from observation (what is there?) to forecasting 
(what will happen to it?). 

The objective of this phase is not merely to list construction activities, but to scientifically 
model how those activities will alter the physical, chemical, and biological parameters 
required for seagrass survival. In the context of the "Blue Carbon" framework, the evaluation 
must go beyond calculating the surface area of lost vegetation (m2); it must quantify the 
functional loss of the ecosystem—specifically its capacity to sequester carbon, oxygenate the 
water, and support fisheries. 

Methodological Principles:To ensure compliance with the precautionary principle mandated 
by EU Directives, the prediction process must adhere to the following standards: 

1. The "Worst-Case" Scenario: In the absence of definitive data regarding sediment 
dispersion or hydrodynamic changes, the assessment must model the worst-case 
scenario (e.g., maximum turbidity plume extension). 

2. Source-Pathway-Receptor Model: Impacts must be traced from the Source (e.g., 
dredging head) through the Pathway (e.g., water column transport of silt) to the 
Receptor (e.g., Zostera leaf surface). 

3. Irreversibility Check: The assessment must distinguish between temporary 
disturbances (from which the meadow can recover within 2-3 years) and permanent 
habitat transformations (irreversible loss of the rhizome matrix). 

This phase categorizes impacts into three distinct tiers: Direct, Indirect, and Cumulative, each 
requiring specific modeling and valuation techniques. 

5.1. TYPOLOGY OF THREATS 
To accurately predict the "Net Loss" of seagrass habitats, the impact assessment must 
categorize threats based on their mechanism of action. This distinction is vital because direct 
impacts usually require offsetting (compensation), whereas indirect impacts can often be 
managed through mitigation technologies. 

5.1.1. Direct Impacts (Physical Destruction) 
Direct impacts involve the immediate physical destruction of the plant canopy and the 
underlying rhizome matrix. In the context of Zostera meadows, these impacts are often 
considered irreversible within human timeframes due to the slow lateral growth rates of the 
species. 

• Mechanical Removal (Dredging & Excavation):The most severe form of impact. It 
involves the complete removal of the seabed substrate. 

o Mechanism: Dredging for navigation channels, pipe trenching, or aggregate 
extraction removes the "Blue Carbon" sediment store accumulated over 
centuries. 



 

o Consequence: Total loss of the ecosystem and re-mineralization of stored 
carbon. Recovery is impossible without massive substrate reconstruction and 
active replanting. 

• Burial (Smothering):Occurs when seagrasses are covered by fill material (land 
reclamation, beach nourishment) or heavy sedimentation from disposal activities. 

o Sensitivity: Zostera noltii is particularly vulnerable due to its short leaf length 
(<20 cm). Even 5 cm of sudden sediment deposition can be lethal, causing 
anoxia (oxygen starvation) in the root system. 

o Threshold: Burial exceeding 50% of the canopy height is classified as a lethal 
impact. 

• Fragmentation:The breaking up of large, continuous meadows into smaller, isolated 
patches. 

o Mechanism: Linear infrastructures like pipelines, cables, or unauthorized boat 
prop-scars slice through the meadow. 

o Consequence: This increases the "Edge Effect," making the remaining patches 
more vulnerable to erosion and wave damage. It creates barriers for mobile 
species (e.g., pipefish) that refuse to cross open sand. 

5.1.2. Indirect Impacts (Physiological Stress) 
Indirect impacts do not physically remove the plant but alter the environmental conditions 
(light, water motion, chemistry) beyond the species' tolerance limits. 

• Turbidity and Light Attenuation:Seagrasses are "coastal canaries" for water quality; 
they have very high light requirements (typically requiring >11% of surface 
irradiance). 

o Mechanism: Construction activities (dredging, piling) generate Turbidity 

Plumes. Suspended particles scatter and absorb sunlight, reducing 
Photosynthetically Active Radiation (PAR) reaching the seafloor. 

o Consequence: If light levels fall below the "Compensation Point" for more 
than 2-3 weeks, the plants consume their carbohydrate reserves and starve. 
This is the leading cause of large-scale seagrass loss in the Black Sea. 

• Hydrodynamic Changes: Construction of breakwaters, groynes, or ports alters 
natural wave and current patterns. 

o Erosion: Increased current velocity can scour the seabed, uprooting rhizomes. 
o Stagnation: Reduced water exchange can lead to temperature spikes and local 

hypoxia (low oxygen), stressing the plants. 
• Eutrophication (Construction-Induced): While typically associated with 

agriculture, construction can trigger localized eutrophication. 
o Mechanism: Dredging deep anoxic sediments releases trapped nutrients 

(nitrogen and phosphorus) and hydrogen sulfide (H2S) into the water column. 
o Consequence: This sudden nutrient pulse stimulates the rapid growth of 

Epiphytes (algae growing on seagrass leaves) and free-floating macroalgae. 
These competitors shade the seagrass leaves, effectively suffocating them even 
if the water itself appears clear. 

 

 



 

5.2. CUMULATIVE IMPACT ASSESSMENT 
A fundamental flaw in traditional EIA practice is the "project-by-project" approval approach, 
which often leads to "death by a thousand cuts." While a single small dock or dredging 
operation may not exceed the threshold for ecological collapse, its addition to an already 
stressed system can trigger a tipping point. 

Under the Ecosystem-Based Approach, the Cumulative Impact Assessment (CIA) is not 
optional; it is a mandatory component to determine if the receiving environment has the 
Carrying Capacity to absorb new stressors. 

5.2.1. Evaluating Existing Pressures  

The Black Sea coastal zone is heavily impacted by historical degradation. The EIA must 
characterize the "Baseline Stress Level" caused by: 

• Coastal Urbanization: The density of existing impermeable surfaces (concrete) and 
shoreline armoring that prevents the natural landward migration of seagrasses. 

• Pollution and Eutrophication: The background load of nutrients 
(Nitrogen/Phosphorus) from riverine inputs and wastewater discharges. 

5.2.2. The Mechanism of Synergistic Impact  
The assessment must model how the new project interacts with existing pressures. In the 
Black Sea, the most lethal synergy occurs between Eutrophication and Turbidity: 

• The Science: In nutrient-rich (eutrophic) waters, seagrasses require more light to 
survive because they need extra energy to regulate their internal carbon balance 
against nitrate uptake. 

• The Conflict: If a project adds turbidity (reducing light) to an area that is already 
eutrophic (high nutrient load), the lethal threshold for Zostera is reached much faster 
than in clean water. 

• Requirement: The EIA cannot use generic "literature values" for light tolerance. It 
must adjust the tolerance thresholds downward if the baseline water quality is poor. 

5.2.3. The "Cumulative Effects Register"  
To standardize this assessment, the developer is required to compile a register of: 

1. Past Projects: Coastal modifications executed in the last 10 years within the Zone of 
Influence. 

2. Present Activities: Ongoing maintenance dredging or active fisheries (bottom 
trawling). 

3. Future Projects: Officially planned or permitted developments that have not yet 
begun. 

Decision Rule: If the cumulative loss of seagrass habitat in the specific water body exceeds 
5% of the historical baseline, the project should be considered to have a "Significant 
Negative Impact," triggering the highest level of mitigation or project rejection. 



 

5.3. VALUING THE LOSS 
Under the traditional EIA framework, impact is often described in purely spatial terms (e.g., 
"0.5 hectares of vegetation will be removed"). However, the Ecosystem-Based Approach 
requires evaluating the functional loss. The assessment must answer: "What services will 
society lose if this meadow is destroyed?" 

5.3.1. Quantifying the Blue Carbon Stock 
The primary metric for the BlueC Guidelines is the potential emission of greenhouse gases. 
Destroying a seagrass meadow does not just stop future carbon sequestration; it risks releasing 
the carbon stored in the sediment over millennia. 

• The Calculation Model: The developer must calculate the Total Potential Carbon 
Emission (TPCE) using the data from the Baseline Study (Section 4.2): 

TPCE (tCO2e) = Area (ha) x [Cbiomass + (Csediment x Remineralization Factor)] x 3.67 

o Area: The size of the direct impact zone. 
o C_biomass: Carbon in leaves and rhizomes (tonnes/ha). 
o C_sediment: Carbon stored in the top 1 meter of soil (tonnes/ha). 
o Remineralization Factor: For dredging activities, it is assumed that 100% of 

the sediment carbon in the disturbed profile will be oxidized and released as 
CO2. 

o 3.67: The conversion factor from Carbon (C) to Carbon Dioxide (CO2). 
• Significance Threshold: If the project is estimated to release more than 10,000 

tonnes of CO2e, it is classified as a "High Climate Impact" project, requiring specific 
offsetting measures (e.g., purchasing carbon credits or funding restoration elsewhere). 

5.3.2. Assessment of Ecosystem Services 
Beyond carbon, the loss must be quantified in terms of lost services. While full economic 
valuation (monetization) is complex, the EIA must perform a Semi-Quantitative Assessment 
using a scale of High/Medium/Low importance: 

1. Nursery Function (Fisheries Value): 
o Metric: Is the meadow a spawning ground for commercially important species 

(e.g., Psetta maxima, Alosa immaculata)? 
o Valuation: Loss of a "High Value" nursery is considered an economic risk to 

the local fishing community. 
2. Coastal Protection (Erosion Control): 

o Metric: Wave attenuation capacity. 
o Valuation: If the meadow is removed, will the developer need to build artificial 

breakwaters to protect the shore? The "Replacement Cost" of this artificial 
infrastructure represents the value of the seagrass service lost. 

5.3.3. The "No Net Loss" Balance Sheet 
The final output of Phase III is a "Balance Sheet" of Loss. 

• Input: Physical destruction (m2) + Functional Loss (tCO2e + Fisheries Index). 



 

• Output: This deficit defines the magnitude of the Compensation/Offset required in 
the final phase of the project (restoration ratio). 
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MANAGEMENT AND 
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6. THE MITIGATION HIERARCHY 
 

The core operational principle of these Guidelines is the Mitigation Hierarchy. This is a 
sequential framework designed to limit the negative impacts of development on seagrass 
ecosystems. It is not a "menu of options" from which a developer can choose; it is a rigid, 
step-by-step protocol. 

The hierarchy dictates that Compensation (Restoration/Offsetting) is only considered after all 
rigorous attempts to Avoid and Minimize impacts have been exhausted. This strict order is 
critical because, as detailed in the Seagrass Restoration Guidelines (see Section 6.3), the 
success rate of seagrass transplantation is variable and often costly. Therefore, preventing 
damage to an existing "Blue Carbon" sink is exponentially more valuable than attempting to 
recreate one. 

The hierarchy consists of four sequential steps: 

1. Avoid: Prevent the impact entirely through site selection or design change. 
2. Minimize: Reduce the duration, intensity, and extent of impacts that cannot be 

avoided. 
3. Restore: Repair ecosystems degraded by the project (on-site). 
4. Offset: Compensate for any residual, unavoidable loss (off-site). 

6.1. AVOIDANCE STRATEGIES 
Avoidance is the most effective measure in the hierarchy and the only one that guarantees 
"No Net Loss" of the ancient carbon stocks stored in the sediment. Avoidance measures must 
be integrated during the Pre-Feasibility and Concept Design stages of the project. 

6.1.1. Alternative Site Selection (Spatial Avoidance) 
The primary avoidance strategy is locating the project footprint outside of the Critical 
Seagrass Zones identified in Phase I (Screening). 

• The "Red Zone" Protocol: If the baseline survey confirms a dense Zostera marina 
meadow (>50 shoots/m

2) or a shallow Zostera noltii bed within the proposed footprint, 
the developer is required to investigate alternative locations. 

• Micro-Siting: For linear infrastructure (e.g., pipelines, cables), the route must be 
adjusted based on the micro-topography of the seabed to pass through natural gaps or 
sandy corridors within the meadow, rather than trenching directly through the 
vegetation. 

6.1.2. Design Modifications (Technical Avoidance) 
If the project location cannot be moved due to overriding public interest, the engineering 
design must be fundamentally altered to avoid physical destruction of the seabed. 

• From Reclamation to Piling: Instead of solid land reclamation (filling the sea with 
rocks/sand) which causes 100% mortality via burial, structures should be designed as 
Pile-Supported Platforms. 

o Benefit: This minimizes the physical footprint to just the diameter of the piles, 
preserving the seabed underneath. 



 

• Floating Structures: For marinas and docking facilities, the use of Floating 

Pontoons anchored with elastic rodes (e.g., eco-mooring systems) is mandatory over 
fixed concrete piers. 

o Benefit: Avoids seabed excavation and allows water circulation. 
• Hydrodynamic Transparency: Breakwaters and causeways must include culverts or 

flow-through channels. This prevents the "damming effect" that causes water 
stagnation and temperature rise, which are lethal to Zostera species. 

6.1.3. The "Zero Option" 
In cases where the project is predicted to cause the collapse of a regionally significant 
seagrass meadow (e.g., a critical nursery ground identified in the Socio-Economic Scoping), 
and no engineering solution can mitigate this loss, the "Zero Option" (abandoning the project) 
must remain a valid regulatory outcome. 

6.2. MINIMIZATION TECHNIQUES 
When a project location cannot be altered (Avoidance), the developer must implement 
rigorous engineering controls to limit the spatial and temporal extent of the damage. 
Minimization focuses primarily on maintaining water quality and preventing physical damage 
outside the approved footprint. 

6.2.1. Turbidity and Sediment Control Measures 
Since light attenuation is the most significant indirect threat to Zostera meadows, the 
containment of suspended sediments is mandatory for all Category A projects. 

• Silt Curtains (Geotextile Barriers): 

The deployment of floating silt curtains is the primary requirement for dredging or 
filling operations near seagrass zones. 

o Specification: Curtains must extend from the surface to within 0.5 meters of 
the seabed (to allow for tidal movement without resuspending bottom 
sediment). 

o Maintenance: They must be inspected daily. If a plume is observed escaping 
the barrier, operations must cease immediately. 

o Limitation: In areas with high currents (> 0.5 m/s) or high wave energy, 
curtains are ineffective. In such cases, the dredging methodology itself must be 
altered. 

• Closed Environmental Buckets: 

For mechanical dredging, the use of standard "open" clamshell buckets is prohibited in 
the vicinity of seagrass meadows. Developers must utilize Environmental Clamshell 
Buckets (closed buckets) which seal the sediment before lifting it through the water 
column, reducing turbidity generation by up to 70%. 

6.2.2. Temporal and Seasonal Restrictions 
To apply the Ecosystem Approach, construction schedules must be adapted to the biological 
rhythm of the target species and the wider ecosystem. 



 

• The "Seagrass Growth Window" (Phenological Restriction): Zostera marina and 
Zostera noltii in the Black Sea exhibit peak vegetative growth and carbohydrate 
storage during the summer months. 

o Restriction: High-turbidity activities (dredging/filling) should be suspended or 
severely limited during the peak photosynthetic season (June 1st – September 

30th). 
o Rationale: Blocking light during this window prevents the plants from building 

the energy reserves needed to survive the winter, leading to meadow collapse 
the following year. 

• Fish Spawning Windows: Aligned with the socio-economic values identified in 
Section 4.3, works should be avoided during the spawning migration of key 
commercial species (e.g., Pontic Shad - Alosa immaculata) that utilize seagrass 
corridors. 

6.2.3. Operational Management (Anchoring and Traffic) 
A common cause of "unnecessary" damage is the negligent operation of construction vessels 
outside the active work zone. 

• Vessel Draft Management: Work barges and tugs operating over shallow Zostera 

noltii beds (< 2m depth) must have a shallow draft to prevent propeller scour (the 
erosion of the seabed by the engine thrust). Jet-propulsion vessels are preferred over 
screw-propellers in shallow zones. 

• No-Anchor Zones: The "Ecological Zone of Influence" (defined in Phase II) must be 
marked with buoys as a "No-Anchor Zone." All construction vessels must use 
designated mooring points or dynamic positioning systems. Dropping a heavy anchor 
into a seagrass meadow can destroy a patch of rhizomes that has taken decades to 
form. 

6.3. RESTORATION AND COMPENSATION 
In the hierarchy of ecosystem management, Restoration and Compensation (Offsetting) 
represent the final tier. They are applicable only when residual impacts remain after all 
avoidance and minimization measures have been implemented. 

6.3.1. The "Last Resort" Principle 
A common misconception in coastal development is that seagrass meadows can be easily 
"moved" or "recreated." Scientific evidence from the Black Sea and global case studies proves 
otherwise. 

• High Failure Rates: Seagrass transplantation is historically difficult, with long-term 
survival rates often below 40% in non-standardized projects. 

• The "Temporal Lag" of Carbon: Even if a transplantation is successful, it takes 
decades for a new meadow to accumulate the soil carbon stock (Csediment) found in an 
ancient meadow. Therefore, replacing a mature meadow with a new one results in a 
net loss of carbon sequestration capacity for at least 20–50 years. 

• Regulatory Stance: Consequently, restoration cannot be proposed as a primary 
mitigation strategy to justify avoidable destruction. It is a compensatory measure of 

last resort. 



 

6.3.2. Transplantation Viability Assessment 
Before any compensation plan is approved, the developer must demonstrate technical 
feasibility. This process must strictly adhere to the technical protocols detailed in the "BlueC 
Seagrass Restoration Guidelines" (refer to the project-specific technical annex). 

A Viability Assessment must address four critical criteria: 

1. Site Suitability (The "Why" Question): The recipient site must be biologically 
suitable. If seagrasses are not currently growing there, the assessment must explain 
why. Unless the original cause of decline (e.g., historical pollution that has since 
stopped) is identified and removed, planting will fail. 

2. Donor Site Integrity: Sourcing plants for transplantation must not degrade an existing 
healthy meadow. The harvest rate from a donor meadow must be limited (typically 
$<10\%$ of shoots) to ensure the donor bed recovers fully within one growing season. 

3. Genetic Compatibility: Transplants must be sourced from a local population with 
similar genetic adaptation to the salinity and temperature regime of the recipient site. 

4. Mandatory Pilot Study: Large-scale "offset" planting cannot begin immediately. A 
Pilot Transplantation (small-scale experimental plot) must be conducted and 
monitored for a minimum of 12 months (one full seasonal cycle) to prove survival 
before full-scale implementation is authorized. 

  



 

 

 

 

 

 

 

 

7. MONITORING AND ADAPTIVE MANAGEMENT 
The completion of the construction phase does not signal the end of the developer's 
responsibility. The dynamic nature of marine ecosystems, particularly in the distinct 
environment of the Black Sea, means that Impact Predictions (Phase III) always carry a 
degree of uncertainty. 

Therefore, a robust Monitoring Program is required not merely to "watch" the ecosystem, 
but to function as a verification mechanism. It serves two legal and technical purposes: 

1. Compliance Verification: Confirming that the project is adhering to the approved 
mitigation measures (e.g., confirm that silt curtains are working). 

2. Impact Verification: Determining if the actual ecological loss matches the predicted 
loss. If impacts exceed the predictions, the "Adaptive Management" protocol is 
triggered to implement corrective actions. 

7.1. MONITORING PROGRAM DESIGN 
A common failure in EIA monitoring is the collection of "data for data's sake" without a 
statistical framework capable of proving causation. To avoid this, the BlueC Guidelines 
mandate a hypothesis-based design. 

7.1.1. The BACI Protocol (Before-After-Control-Impact) 
To scientifically prove that a decline in seagrass health is caused by the project and not by 
natural factors (e.g., a regional heatwave or storm), the monitoring program must adhere to 
the BACI design. 

• Impact Site (I): The area within the "Ecological Zone of Influence" (defined in 
Section 4.1) where stress is expected. 

• Control Site (C): A reference area containing the same species (Zostera 

marina/noltii) and similar depth/sediment characteristics, but located outside the 
project's influence plume. 



 

• Logic: 
o If density drops at the Impact Site but remains stable at the Control Site, the 

project is responsible $\rightarrow$ Action Required. 
o If density drops at both sites, it is likely a regional environmental anomaly 

$\rightarrow$ No Liability. 

7.1.2. Frequency and Duration of Monitoring 
The monitoring schedule is split into two distinct phases with different intensities: 

• Phase A: Construction Monitoring (High Frequency) 
o Objective: Immediate detection of acute stress (e.g., burial, turbidity) to trigger 

"Stop Work" orders. 
o Turbidity/Water Quality: Daily or Weekly measurements at the edge of the 

mixing zone. 
o Biological Indicators: Monthly visual inspections (diver/ROV) during active 

dredging to check for sediment accumulation on leaves. 
• Phase B: Operational Monitoring (Long-Term Recovery) 

o Objective: Assessing chronic impacts and the recovery of the "Blue Carbon" 
sink function. 

o Schedule: Monitoring must verify the "No Net Loss" claim. 
� Year 1: Quarterly surveys (to assess immediate survival). 
� Year 3: Summer survey (to assess rhizome expansion). 
� Year 5: Final audit. If the meadow has not recovered to Baseline 

levels, Compensation (Offset) requirements are re-evaluated. 
o Seasonality: All biological quantitative surveys must be conducted during the 

peak biomass season (June – September) to be comparable with the Baseline 
Study. 

7.2. EARLY WARNING INDICATORS AND ADAPTIVE 

MEASURES 
Traditional monitoring often detects impacts only after they have occurred (e.g., measuring 
dead shoots). In an Ecosystem-Based framework, the goal is prevention. Therefore, the 
monitoring program must track "Early Warning Indicators"—subtle physiological or physical 
changes that signal the onset of stress before irreversible mortality occurs. 

7.2.1. The Three-Tier Trigger System 
The Guidelines establish a "Traffic Light" system for intervention based on specific 
quantitative thresholds. These thresholds are compared against the Baseline Data (State Zero) 
and the Control Site (to rule out natural fluctuations). 

• Level 1: Watch Condition (Yellow Light) 
o Trigger: 

� Turbidity: Daily average turbidity exceeds background levels by 
>20% at the meadow edge. 

� Light (PAR): Light availability drops below 15% of surface irradiance 
for 3 consecutive days. 

o Required Action: Increase monitoring frequency from weekly to daily. Inspect 
silt curtains for leaks. 



 

• Level 2: Action Condition (Orange Light) 
o Trigger: 

� Biological: A 10-15% decrease in shoot density relative to the Control 
Site. 

� Physiological: Sudden increase in epiphyte load (>20% leaf coverage) 
indicating nutrient pulses or stagnation. 

o Required Action: Pause specific high-impact activities (e.g., overflow 
dredging). Deploy additional silt barriers. Review and modify the method 
statement. 

• Level 3: Critical Stop Condition (Red Light) 
o Trigger: 

� Biological: A >25% decrease in shoot density or significant burial (>5 
cm) observed. 

� Light (PAR): Light availability remains below the physiological 
compensation point for >10 consecutive days. 

o Required Action: IMMEDIATE STOP WORK ORDER. All marine 
construction must cease. Operations cannot resume until the cause is identified, 
rectified, and seagrass health indicators show signs of stabilization. 

7.2.2. Adaptive Management Measures 
When a threshold is crossed, the "Adaptive Management" protocol dictates that the project 
execution must change. It is not sufficient to simply record the violation. Pre-approved 
adaptive measures include: 

• Methodology Switching: Switching from mechanical dredging (high turbidity) to 
hydraulic suction dredging (lower turbidity) if plumes are uncontrollable. 

• Time-Shifting: Reducing the number of operating hours per day to allow turbidity 
plumes to settle overnight. 

• Relocation: Moving the discharge point of dredge spoil to a location further offshore, 
away from the hydrodynamic influence of the meadow. 

7.3. REPORTING AND DATA SHARING 
Historically, valuable environmental data collected during EIA processes has been locked 
away in static PDF reports, inaccessible to the scientific community and decision-makers. The 
BlueC Guidelines mandate a shift towards Open Data via the project's established digital 
infrastructure. 

7.3.1. Standardized Reporting Protocols  

The developer is required to submit two distinct types of deliverables to the Competent 
Authority: 

1. The Management Report (PDF): A narrative document summarizing compliance 
with mitigation measures, threshold breaches (if any), and adaptive actions taken. 

2. Digital Data Submission (BlueC Survey Tool): To ensure data uniformity across 
partner countries, developers must input their specific survey findings (location, 
species, density) directly into the BlueC Standardized Data Submission Form. 

o Access: Data entry is performed via the official survey portal or the project QR 
Code. 

o Link: https://arcg.is/u19n91 



 

o Objective: This eliminates format incompatibilities (e.g., different Excel 
structures) and feeds directly into the regional database. 

7.3.2. Integration with Regional Databases  
Data submitted via the survey tool is automatically consolidated into the BlueC Integrated 

Database. This centralized repository ensures that local EIA data contributes to the basin-
wide inventory of carbon stocks, supporting the Zostera distribution models developed under 
the project. 

• EMODnet Compatibility: The database structure is aligned with EMODnet 

(European Marine Observation and Data Network) biology standards to ensure 
future interoperability with European datasets. 

7.3.3. Public Transparency and Visualization  

In accordance with the Aarhus Convention on access to environmental information, the 
spatial data collected is made publicly visible. 

• The BlueC Interactive Dashboard: Verified seagrass distribution data and 
monitoring results are visualized on the project's web-based GIS platform. 
Stakeholders can view the proximity of sensitive meadows to proposed project sites in 
real-time. 

o Access: https://experience.arcgis.com/experience/70772126052e42b0846d862c673661c8 
o Benefit: This transparency builds trust with local stakeholders (fishermen, 

NGOs) and allows for cumulative impact monitoring across the Black Sea 
basin. 

7.3.4. Connectivity with Global Networks (Seagrass-Watch)   

While the primary repository for regulatory data is the BlueC Integrated Database, the project 
encourages connectivity with global monitoring efforts. 

• Methodological Alignment: The visual assessment protocols used in the 
"Participatory Mapping" phase (Section 4.3) are aligned with the standardized 
Seagrass-Watch protocols. 

• Voluntary Contribution: Developers and NGOs are encouraged to mirror their non-
sensitive biodiversity data to the Seagrass-Watch global database to contribute to the 
worldwide assessment of seagrass trends. 

o Link: www.seagrasswatch.org 

  



 

APPENDICES 

APPENDIX A: STANDARD FIELD SURVEY DATA SHEETS 
(To be used for Baseline Studies and Monitoring Phase) 

All gis data must be digitized or uploaded to the BlueC Standardized Data Submission 

Form https://arcg.is/u19n91 

Instructions: 

1. Use one sheet per sampling station. 
2. Quadrat Size: Standard $25 \times 25\ cm$ ($0.0625\ m^2$) for Zostera species. 

PART 1: STATION METADATA 
 

Field Entry 

Project Name _______________________________________________________ 

Survey Date DD / MM / YYYY 

Station ID (e.g., ST-01-Impact / ST-01-Control) 

Coordinates 

(WGS84) 
Lat: __________________ Long: __________________ 

Depth (m) ________ meters (Corrected to Chart Datum) 

Sea State / 

Visibility 
_______________________________________________________ 

Observer Name _______________________________________________________ 

 

  



 

PART 2: BIOLOGICAL PARAMETERS (Non-Destructive)  

Replicate measurements within the same station (min. 3 quadrats). 
 

Parameter Quadrat 1 Quadrat 2 Quadrat 3 Average 

Sediment 

Type 
(Sand / Mud / 
Rock) 

(Sand / Mud / 
Rock) 

(Sand / Mud 
/ Rock) 

- 

Species 

Present 
(Z. marina / Z. 

noltii) 
_____________
____ 

__________
_______ 

- 

Shoot 

Density 
(Count) 

________ 
shoots 

________ 
shoots 

________ 
shoots 

________ 

shoots/m
2 

Coverage % 
(0-100) 

________ % ________ % ________ % ________ % 

Canopy 
Height (cm) 

________ cm ________ cm 
________ 
cm 

________ 
cm 

Epiphyte 

Load 
(Low/Med/H
igh) 

_____________
____ 

_____________
____ 

__________
_______ 

- 

Wasting 
Disease (% 
black leaves) 

________ % ________ % ________ % ________ % 

 

 

  



 

PART 3: BIOLOGICAL PARAMETERS (Destructive - Lab 

Analysis)  

Only required for Baseline (Phase II) and Final Audit (Phase IV). 
 

Parameter 
Quadrat 1 

(g DW) 

Quadrat 2 

(g DW) 

Quadrat 3 

(g DW) 

Total 

Biomass 

(g/m
2
) 

Above-Ground 

Biomass (Leaves) 
________ g ________ g ________ g 

X 16 = 

________ 

Below-Ground 

Biomass (Rhizomes) 
________ g ________ g ________ g 

X 16 = 

________ 

Total Biomass ________ g ________ g ________ g 
X 16 = 

________ 

 

(Note: If using a 25X25 cm quadrat, multiply the sample weight by 16 to get g/m
2
.) 
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