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Our study investigates for the first time how floating Offshore Wind Farms (OWFs) technologies could impact
policy-relevant Mediterranean species, focusing on planned OWFs in the Cape Creus/Gulf of Roses (Spain, NW
Mediterranean). Using the Generalized Impact Assessment framework, we identified pressure on diverse taxo-
nomic groups. Our species selection prioritized species under European policy (Birds and Habitats Directives)
and international/local conventions protecting flora and fauna, as they are vital biodiversity indicators. Our
analysis identified 135 policy-relevant species susceptible to OWF-induced stressors, notably marine mammals,
seabirds, elasmobranchs, and benthic macroinvertebrates at the highest risk. Among the different stressors, noise
and vibration, along with habitat loss, pose the greatest potential impacts. While decarbonizing energy pro-
duction is crucial for addressing climate change, preserving ocean biodiversity is equally vital. Our study pio-
neers the assessment of emerging OWFs potential impacts on Mediterranean species, offering valuable insights

for decision-makers during OWF planning.

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) has high-
lighted the crucial role of transitioning towards renewable energy
sources, such as Offshore Wind Farms (OWFs), in limiting global
warming [123]. This urgent need for renewable energy sources in the
face of the climate crisis is widely acknowledged, as they have the po-
tential to significantly reduce greenhouse gas emissions [100]. Howev-
er, as we develop and expand these technologies, it is imperative to
consider their potential impacts on marine biodiversity, in front of the
biodiversity crisis we are also facing. As essential outcomes of COP
Climate Change Conferences, we need to ensure that climate adapted
solutions also co-deliver to Nature [126]. The biodiversity crisis has
brought to the forefront the critical need to protect and conserve marine
ecosystems and their biodiversity [139]. OWFs have been shown to have
the potential to disrupt marine ecosystems and harm vulnerable species
and habitats [76]. Therefore, striking a balance between our energy
needs and the health and vitality of our oceans is essential [35]. By

conducting thorough evaluations of the potential impacts of OWFs on
marine biodiversity, we can help avoid or mitigate negative effects and
ensure that marine renewable energy production can be delivered in a
sustainable manner that also safeguards marine ecosystems [46].

The Mediterranean region has potential for the development of
offshore wind energy, but the industry is still in its early stages. In
contrast to other parts of Europe, such as the North Sea and the Baltic
Sea, where offshore wind has been operating for more than a decade, the
Mediterranean is lagging behind [84]. However, the abundant wind
resources present in some regions and proximity to high-energy demand
areas make it an attractive location for the development of floating
OWFs [120,129]. It is worth noting that floating offshore wind tech-
nology is a new development compared to fixed offshore turbines [7],
which have been operating for more than a decade in northern European
seas. As the urgency to transition to a low-carbon economy grows, there
is an opportunity for the Mediterranean region to accelerate the devel-
opment of its offshore wind energy potential using the latest technolo-
gies, such as floating offshore wind, contributing to the decarbonization
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of the economy.

This paper conducts an impact assessment of floating OWF tech-
nologies within the Mediterranean Sea, with a specific focus on their
potential implications for policy-relevant species. In the context of this
study, policy-relevant species are defined as those of high conservation
priority due to their vulnerability and population status. These species
are explicitly covered by international, national, or regional regulations,
specifically European, Spanish, and Catalan laws, as well as non-binding
agreements such as conventions aimed at species protection. Policy-
relevant species play a crucial role in conservation efforts, as they are
central to legal and regulatory frameworks [74]. Recognizing and
addressing their significance is essential for the formulation of effective
and sustainable environmental policies. By comprehensively under-
standing how different OWF technologies impact the response and
vulnerabilities of these species, we can develop a holistic perspective
that facilitates the assessment of OWF impacts on marine biodiversity.
This knowledge becomes particularly pivotal in strategic planning for
the development of OWFs, especially when these infrastructures have
the potential to affect marine protected areas (MPAs) that harbor
policy-relevant species [76].

To illustrate these impacts, the paper uses the example of a large
floating OWF proposed to be built in the Costa Brava region of the
northern Catalan Sea, in the waters of Cape Creus/Gulf of Roses (Spain,
NW Mediterranean). This region is known for its high biodiversity and
the presence of vulnerable species [24], and the development of an OWF
in this area could have significant environmental impacts on it [76]. The
paper reviews relevant literature and scientific studies to evaluate the
existing knowledge and research on the topic, and to identify potential
gaps in our understanding of the impacts of OWFs on policy-relevant
species in the Mediterranean.

The outcomes of this research are poised to enhance our compre-
hension of how OWF development may impact the Mediterranean’s
environment. They will play a crucial role in devising effective strategies
to manage and alleviate these effects, safeguarding the long-term well-
being of the region’s marine ecosystems. These insights carry significant
weight within the contemporary conservation landscape. The Kunming-
Montreal Global Biodiversity Framework [22] aspires to expand marine
protected areas to 30 % by 2030. Correspondingly, the European
Union’s Nature Restoration Law [39] aims to restore 20 % of degraded
habitats by 2020, with a focus on recovering Natura 2000 protected
areas by 2050. These commitments underscore the pressing need to
counteract human-induced damage to ecosystems and biodiversity.
However, these aspirations might collide with the development of
offshore wind energy unless meticulous planning minimizes adverse
impacts on the delicate Mediterranean habitats and species [87].
Notably, the joint conclusions of the IPCC and Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
emphasize the imperative need to address both climate and biodiversity
crises concurrently, ensuring that the solutions implemented do not
exacerbate the issues they aim to resolve [108]. It is imperative to adopt
measures that harmonize OWFs with the conservation of vital Medi-
terranean ecosystems.

2. Methodology
2.1. Case study

There are currently no operational commercial OWFs in the Medi-
terranean Sea. However, the European Union’s energy policy advocates
the installation of OWFs and has established targets for 2030 in
collaboration with member countries. Additionally, the Spanish gov-
ernment, in its Maritime Plan Ordination of 2023 [91], has identified
specific "Zones of high potential for offshore wind energy" (ZAPER -
Zonas de alto potencial para el desarrollo de la energia edlica marina). These
zones are deemed suitable for the development of commercial offshore
wind energy infrastructure. Our study has been conducted in one such
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area, known as LEBA 1 (or LEvantino BAlear 1) in Cape Creus/Gulf of
Roses (Spain, NW Mediterranean, Fig. 1), which is characterized by its
high biodiversity and the presence of several MPAs of different cate-
gories including Natura 2000 sites [76]. Additionally, this area is clas-
sified as "High-potential zone for biodiversity conservation" [91]. This
region, along with the proposed floating OWF, serves as a case study to
assess potential ecological impacts of such facilities in the Mediterra-
nean Sea.

In the LEBA 1 area, there are six proposed commercial projects and
one proposed experimental platform designated for research purposes.
Our analysis of the documentation submitted during their Environ-
mental Impact Assessment procedures by the developers has enabled us
to identify the technologies and components planned for installation.
For clarity, we have categorized them based on different phases of the
OWF’s life cycle, including exploration and planning, installation and
commissioning, and operation and maintenance. Decommissioning and
repowering stages were not specifically assessed, given limited research
available on these phases. This is particularly true for floating OWFs due
to their relatively recent development. Consequently, there is a signifi-
cant knowledge gap regarding the environmental impacts associated
with these stages, necessitating more long-term studies and data.

2.2. Species selection

We first identified the macro-species within our study area through
the utilization of the Spanish Node of the Global Biodiversity Informa-
tion Facility (GBIF.ES, https://www.gbif.es/). This process involved
documenting all observed species within the marine region of our study.

Next, we adapted the species selection process detailed in Lloret et al.
[75] to identify policy-relevant species susceptible to the impacts of
OWFs in an European framework. This approach comprised three main
steps. Initially, we encompassed all species protected by the Habitats
and Birds Directives (Habitats 92/43/EEC Directive, Birds 2009/147/EC
Directive). Then, we included species classified as Critically Endangered
(CR), Endangered (EN), Vulnerable (VU), and Near Threatened (NT)
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Fig. 1. Study area map. Map displaying the study area of Cape Creus/Gulf of
Roses area (Spain, NW Mediterranean) with the location of the LEBA 1 (zone of
high potential for offshore wind energy), and Natura 2000 sites (SPA, SCI, and
pSCI). SPA: special protection area; SCI: site of community importance; pSCIL:
proposed sites of community importance.
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following the IUCN Red List’'s Mediterranean regional assessment
(www.iucnredlist.org), resorting to the global assessment when regional
data were absent. Finally, our selection extended to species protected by
international agreements (Barcelona, Bern, Bonn, and CITES conven-
tions) and those with local safeguarding status, documented in the
Spanish List of Wild Species under Special Protection Regime, Spanish
Catalog of Threatened Species, and Catalan List of protected and
threatened species of the native fauna.

We pinpointed 135 policy-relevant species from the 1188 macro-
species inhabiting the study area (Table 1, Table A). These species
span diverse taxa, with the most prominent concentrations in Aves (33
species), Mammalia (26 species, comprising 7 Cetacea and 18 Chi-
roptera), and Actinopterygii (18 species). Of these 135 policy-relevant
species, 58 enjoy protection under either the Birds or Habitats Di-
rectives, with Aves and Mammalia encompassing 25 protected species
each under both directives (Table 1).

In this study, we analyze policy-relevant species at the taxonomic
group level to capture broad patterns and trends essential for informing
conservation and policy measures. By focusing on taxonomic groups, we
can address broader ecological implications of floating OWFs while
maintaining relevance to policy and conservation priorities.

2.3. Impact assessment

To comprehensively assess the biological effects of floating OWFs, a
rigorous literature review protocol was implemented. Initially, generic
term like “floating offshore wind farm environmental impact” were used
across standard search tools, including Google Scholar," Web of Sci-
ence,” and specialized wind energy environmental databases such as
Tethys.® Following the identification of primary stressors, focused
searches using specific keywords (e.g., “floating offshore wind farm
noise and vibrations™) were conducted. Moreover, the snowball method
[143] was employed to broaden the scope, delving into the references
cited within the retrieved studies. A total of 138 studies were selected for

Table 1

Number of species considered as policy-relevant in our study area, ordered by
phylum and class showing the count of species protected under the Birds and
Habitats Directives, those meeting our criteria but not protected under these
directives, and the total number of policy-relevant species.

Phylum Class Birds and Other Total
Habitats policy- policy-
Directives relevant relevant
species species species
Annelida Polychaeta 1 1
Arthropoda Branchiopoda 2 2
Malacostraca 1 5 6
Chordata Actinopterygii 1 17 18
Aves 25 8 33
Chondrichthyes 8 8
Elasmobranchii 4 4
Mammalia® 25 1 26
Reptilia 3 3
Cnidaria Anthozoa 1 15 16
Echiodermata  Echinoidea 1 1
Mollusca Bivlavia 2 1 3
Gastropoda 3 3
Ochrophyta Phaeophycae 2 2
Porifera Desmospongiae 5 5
Rhodophyta 1 1
Tracheophyta  Liliopsida 3 3

17 Cetacea, 18 Chiroptera

! https://scholar.google.com/
2 http://login.webofknowledge.com/
3 https://tethys.pnnl.gov/
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inclusion in this comprehensive assessment.

We individually examined identified stressors (pressures) and linked
each one to the corresponding technology (driver) responsible for its
occurrence and the affected taxa (receptors). The retained stressors for
evaluation include collision, noise and vibrations, barrier effect,
entanglement, sediment resuspension, spatial behavior perturbation,
electromagnetic fields, heat emission, and habitat modifications. To
assess the biological impact, we adopted the Generalized Impact
Assessment methodology proposed by Bergstrom et al. [12]. This
methodology considers the temporal and spatial extent of the stressor, as
well as the sensitivity of the receptor species. We provided detailed in-
formation on the spatial and temporal extent of each driver creating the
stressor based on the literature review. We then calculated the mean
value of these extents for each stressor, resulting in a single value for
each stressor.

We assessed the magnitude of impact using scores ranging from 1 to
3, where higher scores indicate a greater level of impact. We employed
the categorization criteria described in Table 2 to assign these scores.
The overall impact was determined by summing all the scores by re-
ceptors. A total score of 3-4 indicated a low overall impact, character-
ized by mainly low scores and no high scores for any specific aspect. A
total score of 5-6 indicated a moderate overall impact, consisting of
predominantly moderate scores or a combination of one high score for
one aspect and at least one low score for the other aspects. A total score
of 7-9 indicated a high overall impact, with moderate to high scores for
all aspects or multiple high scores for different aspects. In the results,
these impact levels will be color-coded: yellow for low impact (3-4),
orange for moderate impact (5-6), and red for high impact (7-9).

Furthermore, the level of certainty in the assessment was evaluated
separately for the temporal and spatial extent of the drivers and the
sensitivity of the receptors. This evaluation considered the extent to
which the conclusions were supported by peer-reviewed literature.

3. Results and discussion

Our literature review enabled us to link the technologies (drivers)
proposed in various floating OWF projects in our study area with the
pressures (stressors) affecting the policy-relevant species under inves-
tigation. Table 3 categorizes these associations based on the OWF life
cycle phase. Subsequently, we will present detailed assessments of each
stressor and their potential impact on policy-relevant species.

Table 2

Assessment criteria for potential impact on marine life from floating OWFs
stressors. Spatial extent was defined as the expected dispersal of the stressor
from its source, temporal extent as its expected duration. Sensitivity was
assessed in relation separately for each taxa (receptor). Certainty levels were
determined based on peer-reviewed literature documentation.

Score Spatial Temporal Sensitivity Certainty
extent extent
1 (low) <100 m During survey ~ Minor effects Limited or no
and/or on the empirical
construction abundance and  documentation
phase distribution of
local species
2 <1000 m  Throughout Effects on the Documentation
(moderate) operational abundance and available, but
phase distribution of results of different
local species, studies may be
no effects on contradictory
food web
3 (high) >1000m  Permanent Effects on the Documentation
abundance and  available,
distribution of relatively high
local species, agreement among
effects on food studies

web




Table 3
Associations between stressors and technologies/components in floating OWF development. This table showcases the connections between different stressors and the specific drivers (technologies or components) linked to
OWF development.

Phase Technology Stressors
Component

Collision Noise and Barrier Entanglement Sediment Spatial Spatial Chemical Electromagnetic  Heat Habitat Habitat Oceanographic
vibration effect primary resuspension  behavior  behavior pollution fields emission modification modification processes
attraction  avoidance loss and creation
damage

Survey Marine traffic X X X X X X
Geophysical X
survey
Meteorological X X X X
buoy
Installation =~ Marine traffic X X X X X X
Cable installation X X X
Anchoring line X X X
installation
Anchors X X X X
installation
Substation X X X X
foundation
Operation Marine traffic X X X X X X
Lighting X
Wind turbine X X X X X
Wind turbine X X X
platform
Wind turbine X
blades
Wind turbine X X X X
tower
Anchoring lines X X X X X X X X
Dynamic power X X X X X X
cables
Power cables X X
Electrical X X X X
substation

>

‘ID 32 DISMONUAZIMDM “d

815901 (SZ0Z) ZLT Ao10d UL



P. Wawrzynkowski et al.

3.1. Collision

3.1.1. Above water

The risk of collision mortality is a significant concern for birds in
wind energy facilities [33]. Although collisions with wind turbines can
be deadly [26], their occurrence in OWFs is relatively rare compared to
onshore wind farms due to birds’ ability to perceive OWFs as obstacles
and avoid them (see 3.6.2) [117]. However, the risk of collision in-
creases in low light conditions, especially at night and during poor vis-
ibility [83], with seabirds facing heightened vulnerability due to their
long lifespan and low fecundity [122]. Migrating birds are also at risk
[117], although data on migration paths in the study area are limited.

For bats, the primary risk associated with floating OWFs is collision
with fast-moving turbine blades [2,65], given that bats generally avoid
collisions with stationary structures [36].

3.1.2. Below water

Wind energy facilities, including OWF, can lead to increased marine
traffic throughout their different stages, increasing the potential for
collisions with large cetaceans and turtles [10]. The risk of collision with
submerged components of offshore wind turbines, such as platforms, is
generally considered low or non-existent, although limited structured
research is available on this aspect, there is a wealth of practical

Table 4
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experience that has been accumulated over time [140,141].

Based on the literature, marine birds and bats are expected to be the
most affected by collisions, with a moderate potential impact (Table 4
and Table B.1).

3.2. Noise and vibration

The impact of noise from OWFs on marine life is a key concern that
varies across the wind farm’s life cycle and weather conditions. During
all phases of OWF operations, ships are essential, contributing to noise
generation. This ship noise can disrupt communication among various
fish species and induce physiological stress in fish and invertebrates
[130]. Particularly, during survey and maintenance activities, the
intermittent nature of vessel noise is a significant factor that can elevate
stress responses in marine organisms [144]. Moreover, the increased
marine traffic associated with OWFs may disturb and displace marine
mammals and turtles from crucial habitats due to elevated noise levels
and the disturbance created by vessel activities [61].

The geophysical site surveys conducted for OWFs have the potential
to affect marine life. Some fish species, like clupeids, can detect mid-
frequency sonar ranges [93]. However, the exact impact of these sur-
vey technologies on marine life remains not fully understood, and
limited studies have been conducted on their effects [93]. Although

Potential impact of floating OWFs on Mediterranean marine policy-relevant species from various pressures. Scores represent the cumulative impact of each pressure,
combining the mean spatial extent of the pressure, mean temporal extent of the pressure, and sensitivity for each group. Color-coded: 3—-4 (yellow) for low impact, 5-6
(orange) for moderate impact, and 7-9 (red) for high impact. See Section 2.3 for definitions and methodology.
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direct mortality or damage to internal tissues is not anticipated, certain
fish have exhibited signs of hearing loss. Invertebrates, often less motile
and benthic, are also exposed to these survey technologies, but there is a
lack of documented studies addressing their specific effects.

According to Nedwell et al. [95], trenching activities to bury cables
are expected to have a significant impact on harbor porpoises, with
greater estimated impacts on marine mammal species compared to fish.
Taormina et al. [134] stated that there is currently no clear evidence
demonstrating the effects of underwater noise emitted during cable
installation on marine mammals or other marine animals. This may be
due to the lack of studies specifically evaluating the impact of this
technology on underwater noise, with existing research primarily based
on modeling. For the final connection of the cable to the shore, Hori-
zontal Directional Drilling is recommended in areas with seagrass
meadows. Although this activity could potentially generate significant
noise, there is a lack of available studies specifically addressing this
aspect. Overall, the construction phase of OWFs is characterized by a
higher level of noise, but it occurs over a relatively short period of time,
and it is not expected to have population-level impacts.

Studies comparing the noise generated by operating OWFs with that
of large commercial ships have pointed out that wind farms are sta-
tionary and represent local sources of noise, which marine animals may
find challenging to evade [93]. During the operational phase, contin-
uous noise from OWFs is not expected to cause physiological harm to
marine animals [138,80,82,93]. However, continuous noise from OWFs
can have a significant masking effect as it coincides in frequency with
the hearing and vocalization ranges of numerous fish species [93]. Un-
like fixed foundations, the noise from floating offshore turbines does not
propagate into the seafloor, leading to a more confined spatial impact on
benthic species [102]. During the operational phase of floating offshore
turbines, mooring-related noise is produced in addition to continuous
noise [118]. This mooring-related noise includes impulsive sounds or
transients, which become more pronounced during higher wind speeds
and correspondingly higher waves. These sounds may occur individually
or in quick succession [118,19]. It is therefore crucial to consider the
cumulative noise output of large turbine arrays because the distances
over which OWF array noise can be detected under ambient conditions
may increase [118].

Underwater noise is expected to impact all marine species (Table 4
and Table B.2). Marine mammals, especially, due to their reliance on
sound for communication and navigation, are likely the most affected
[102]. Fish, which rely on hearing and particle motion for communi-
cation and environmental awareness, might experience relocation due
to construction-related noise, despite they generally do not respond to
continuous operational noise [140]. Marine macroinvertebrates, like
decapods and cephalopods, can detect sound and particle motion but
have less sensitivity to loud noises. However, the specific effects of
anthropogenic sound on these species at individual and population
levels remain largely unknown [127,131]. The effects of anthropogenic
sound on sea turtles are not thoroughly studied. Nonetheless, loud noises
generated during OWF construction are expected to impact their
behavior and displacement [61]. The recent attention to the ability of
elasmobranchs to detect sound has revealed mixed responses depending
on the species. Due to their capability to react to anthropogenic un-
derwater sound, sharks may be affected by construction activities [124,
88]. Certain seabirds can hear underwater, detecting low frequencies
and displaying avoidance responses to human-generated noise. How-
ever, the impact of underwater noise during construction and operation
is not considered significant [6].

3.3. Barrier effect

3.3.1. Above water

The above-water part of OWFs can act as a barrier for certain species
of seabirds [64,85] and migrating birds [44]. Seabirds might alter their
flight paths to avoid collisions with the infrastructure, incurring added
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energy costs [85]. The effect is expected to intensify with the scale of the
OWF; larger installations are anticipated to present more pronounced
barriers to avian species.Habitat fragmentation from these physical
barriers may cause the avoidance of previously utilized foraging areas
[28] and the impact on migrating birds varies by species and location
[57]. While individual OWFs have minimal effects on large-scale birds
migration, cumulative impacts may become significant if wind power
expansion does not consider migration routes [20].

3.3.2. Below water

Animals may perceive barriers acoustically or visually, potentially
influencing their impact extent [102]. To date, no study has reported
physical barriers from OWFs on marine mammals or large aquatic ani-
mals. Yet, it is vital to consider that floating OWFs, due to their design
with moorings and cables, occupy a more extensive dynamic space in the
water column than fixed-bottom turbines, potentially yielding different
outcomes. Although no evidence of a barrier effect on marine mammals
currently exists, concerns are significant in North America, where
operational OWFs have not yet been deployed, especially for North
Atlantic right whales [111]. Given the complex movement patterns of
many marine species, characterized by site fidelity in some cases, as-
sessments of local marine ecosystems before OWF implementation are
essential to establish baselines and evaluate potential changes upon
OWF activation [102].

Concerning fish, OWFs and submerged components are unlikely to
significantly affect their movement [102]. Floating platforms can even
function as fish aggregating devices, providing foraging opportunities
and shelter [21]. Elasmobranchs are also not expected to be impacted in
their movement and might be attracted to fish aggregations around
OWFs [43].

In summary, based on our findings and the literature review, un-
derwater barrier effects on fish, sharks, and rays can be discounted, and
a low impact on marine mammals is indicated (Table 4 and Table B.3).
However, the outer portions of OWFs may act as barrier effects for birds,
potentially resulting in a significant impact (Table 4 and Table B.3).

3.4. Entanglement

Entanglement, associated with mooring lines and cables suspended
underwater, represents a key difference between fixed and floating
OWFs [132,86]. Entanglement can be classified into two main types:
primary (direct) and secondary/tertiary (indirect) entanglement [42].
Primary entanglement involves species getting directly caught in OWF
components, such as mooring lines and power cables. In contrast, sec-
ondary/tertiary entanglement occurs when species become ensnared in
fishing gear before or after the gear interacts with OWF components
[42].

Primary entanglement risks in OWFs are predominantly associated
with mooring lines and cables suspended in the water, particularly for
marine mammals. However, the likelihood of primary entanglement is
considered low, as the tension in mooring lines generally prevents loop
formation for entanglement [11]. Nonetheless, the potential conse-
quences are significant, especially for vulnerable marine mammals [11,
60]. While no primary entanglement incidents have been reported with
floating offshore structures, the risk may increase with the growing
number of OWF projects featuring multiple turbines, each equipped
with mooring lines and power cables [134]. The risk associated with
primary entanglement depends on the mooring system design, with
catenary mooring systems posing higher risks due to larger swept vol-
umes and areas compared to taut mooring systems [11]. Power cables,
on the other hand, generally present a lower risk, as they are designed to
be less resistant and capable of breaking if large animals become
entangled, allowing for easier escape [102].

Secondary and tertiary entanglement, often termed ghost fishing, is
mainly linked to marine litter, especially derelict fishing gear. This form
of entanglement poses risks to a broader range of marine life, including
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marine mammals [94], marine turtles [34], sharks [104], fish, and
diving seabirds [94]. Once entangled, these smaller animals lack the
ability to free themselves, and the majority of them perish without
human intervention [34]. While no documented incidents have occurred
with floating offshore turbines, fishing gear has been found in the
mooring lines of offshore oil and gas platforms, indicating the potential
for ghost fishing [102]. Secondary entanglement can have significant
population-level effects, underscoring the importance of addressing this
issue [86].

In assessing the potential impact of entanglement, a distinction was
made between primary and secondary/tertiary entanglement, as their
mechanisms and species affected vary. Primary entanglement primarily
concerns large swimming-bodied species, specifically marine mammals,
with a low potential impact (Table 4 and Table B.4). Secondary entan-
glement, on the other hand, poses moderate risks to marine mammals,
sharks, pelagic fish, marine turtles, and diving seabirds, as they are all
exposed to entanglement hazards (Table 4 and Table B.4).

3.5. Sediment resuspension

Sediment entering the water column during various phases of an
OWF’s life cycle can significantly impact different marine species. While
individual turbine footprints may seem small, they can collectively have
a significant impact when considering large-scale arrays [86]. This can
reduce water transparency, affecting primary producers and leading to
changes in algae communities [137]. It can also affect visually oriented
fish species that rely on sight for feeding [136]. Furthermore, sediment
resuspension can specifically impact the early life stages of fish. The
burial of eggs or damage to gills can affect the survival and development
of fish embryos and larvae [23,58,8]. Filter-feeding invertebrates,
dependent on clear water for capturing food particles, may experience
negative effects [28,73].

Considering these findings, both pelagic and benthic fish are at a
moderate risk of impact (Table 4 and Table B.5). Notably, flora,
including seagrasses and algae, and nonmotile organisms such as
benthic invertebrates (particularly benthic feeding ones), are highly
vulnerable to sediment plumes due to their inability to escape, resulting
in a high potential impact (Table 4 and Table B.5)

3.6. Spatial behavior

3.6.1. Attraction

3.6.1.1. Above water. The attraction of sensitive species to OWFs is a
behavioral concern mainly linked to the presence of artificial lighting on
the infrastructure. Bird attraction to artificial light, a well-documented
phenomenon, poses particular risks to OWFs [107,113,119,81,92].
OWFs are mandated to incorporate lighting for safety, both on turbines
and structures during installation and maintenance [61]. In terms of bird
behavior, OWF lighting can result in attraction and disorientation [27].
Bird attraction to OWF lights can extend over several kilometers,
diverting birds from their original flight paths toward illuminated areas.
Disorientation occurs when birds alter their flight paths near the light
source, often circling the light source for extended periods [48]. This
behavior increases the collision risk with wind turbines. It is noteworthy
that traditional collision risk models, assuming straight flight paths, may
not fully account for circling behavior near light sources [27]. While
various factors like weather conditions [48,68,92], nocturnal species
vulnerability [89], and moon phase Montevecchi [92]; Miles et al. [89]
can influence this attraction to OWF artificial light, literature consis-
tently indicates increased collision risk for birds due to artificial light
[64]. Bats are known to be attracted to coastal lighting sources, such as
lighthouses [106], due to increased insect prey presence [3]. However,
offshore attraction patterns might differ [99]. Offshore bat attraction to
lighting sources has been reported [106,2,59], yet specific factors and
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responses remain unclear. Recent work on onshore wind energy facil-
ities suggests that artificial lights are not the primary cause of bat
attraction to wind turbines [55] and research is needed to determine if
bats exhibit similar behaviors offshore.

The attraction of seabirds to OWFs can lead to population-level im-
pacts due to increased collision risks. The availability of resting sites on
offshore structures and changes in prey distribution are contributing
factors. A review by Dierschke et al. [32] sheds light on seabird attrac-
tion and avoidance behaviors. Cormorants, for instance, are strongly
attracted to OWFs because they provide roosting sites, enabling them to
extend their foraging range further offshore. Ship traffic at wind farms
can have mixed effects on seabirds; while it may disturb some species, it
can attract others. Gulls, for example, are known to associate ships with
fishing vessels and the feeding opportunities they offer [47]. Moreover,
the introduction of new hard substrate through OWF structures en-
hances habitat complexity, attracting species and increasing diversity
and abundance. This, in turn, provides more foraging opportunities for
diving seabirds [32]. The attraction of bats to offshore wind turbines
may increase collision risks, similar to observations with onshore tur-
bines [55]. Extensive research on onshore turbines has identified factors
like landscape features, roosting opportunities, prey aggregation, and
physiological features as contributors to this attraction [55,71].
Whether these attraction patterns will hold offshore remains uncertain.

3.6.1.2. Below water. OWFs can impact marine species in multiple
ways, both through artificial lighting and the addition of hard substrates
that introduce new habitats. Artificial lighting negatively impacts sea
turtles, disrupting natural behaviors and leading hatchlings astray [121,
142]. However, the response of sea turtles to offshore wind farm lighting
is not well understood. Studies present varying views on the matter, with
some calling for further investigation [52] while others suggest minimal
impact [101]. Marine mammals, apart from pinnipeds absent in our
study area, do not rely on light for navigation, mainly using echolocation
[101]. However, artificial lighting’s indirect effects may impact prey
availability by altering zooplankton and fish distribution patterns during
diel vertical migration, affecting marine mammals’ foraging habits [31].
Nevertheless, the overall understanding of artificial lighting’s effects on
marine mammals remains incomplete, with some comprehensive re-
views dismissing its impact [101,49]. Regarding fish, light intensity can
affect diel migration patterns. Effects like altered migratory patterns,
disorientation, temporary blindness, and increased predation due to
artificial lighting have been observed [98]. However, studies have
mainly focused on direct water surface lighting, and it is unlikely that
wind turbine associated lighting significantly affects fish communities
[101]. More detailed studies are needed to assess OWF lighting’s po-
tential effects on fish. A study by Ramasco [112] suggests increased cod
presence near the Hywind Scotland floating OWF during nighttime,
possibly due to the platform’s attractive lighting effect.

In addition to artificial lighting, the introduction of hard substrates
by floating OWFs acts as an artificial reef (see Section 3.10.2), attracting
species due to the new habitat and foraging opportunities created by
biofouling and habitat-forming organisms colonizing the structures.
Floating platforms act as aggregating devices (Wilhelmsson et al., 2006),
enhancing foraging possibilities and providing shelter for higher trophic
level mobile species, such as fish, seabirds, and marine mammals [21,30,
29]. This reef effect is notable with floating OWFs, which introduce hard
substrates at multiple depths where no structures previously existed.
The diversity of species attracted to these new habitats may depend on
the depth and complexity of the structures [30,70]. Even if this is
beneficial, the introduction of new hard substrates can displace existing
species, thereby affecting ecosystem functions and food web dynamics
[54]. In newly constructed OWFs (i.e., degraded environment), this
attraction to suboptimal habitats, known as an ecological trap, can
deteriorate the condition of fish stocks [114] and have negative
ecological consequences [115]. Floating OWFs may act as fish
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aggregating devices that, despite having the potential to improve the
condition and reproductive outcomes of fish, can still function as
ecological traps [115]. The shelter effect of this structure can extend
beyond the immediate turbine area and impact higher trophic level
species [62]. However, it is essential to clarify the balance between
attraction, production, and ecological trap effects at a regional scale,
rather than relying solely on local observations. The increased
complexity of the ecosystem could have energetic implications beyond
the OWF, depending on the site fidelity, mobility, and migration of
attracted species [62]. Additionally, the results for floating OWFs may
differ from those in the literature, which primarily focus on fixed OWFs.
Unlike birds and bats, which directly face collision risks with turbine
blades, the attraction of marine species to OWFs does not present an
immediate threat. Instead, the potential impact primarily involves an
increased risk of secondary entanglement, as discussed earlier (see
Section 3.4).

Marine species are attracted to OWFs due to artificial lighting and the
introduction of hard substrates that create artificial reefs. While sea
turtles, marine mammals, and fish may be drawn to lighting without
facing direct risks, birds and bats are at a heightened risk of collision.
The hard substrates enhance habitat complexity, providing improved
foraging opportunities but potentially leading to ecological traps.
Overall, birds and bats are expected to be the most affected groups, with
significant impacts from lighting. Additionally, pelagic and benthic fish
are also highly affected by the introduction of new substrates (see
Table 4 and Table B.6).

3.6.2. Avoidance

3.6.2.1. Above water. Avoidance is a critical aspect of spatial behavior
to consider when evaluating OWF impacts. Avoidance behavior involves
species actively staying away from or avoiding specific areas, like wind
farm sites, due to various factors.

Seabird avoidance of OWFs is well-documented [105]. The presence
of tall wind turbine structures in open seascapes appears to be a sig-
nificant reason for this behavior, disrupting seabirds’ natural visual cues
and navigation patterns [32]. Increased marine traffic near OWFs can
further contribute to seabird avoidance, as some species tend to avoid
vessel interactions, which may be more prevalent in OWF areas [32].
This avoidance can have significant energetic costs, especially if wind
farms disrupt the path between seabird roosting/nesting sites and
foraging grounds [85]. This fragmentation of ecological units due to
wind farms can disrupt seabird populations and their overall dynamics
[44,64]. The extent of avoidance impacts on seabird populations de-
pends on the spatial relationship between wind farms, breeding col-
onies, and foraging areas, along with the behavioral characteristics of
different seabird species [56].

3.6.2.2. Below water. In marine species, avoidance behavior is pri-
marily driven by factors such as noise and electromagnetic fields (EMFs)
from wind farm operations. Seabird avoidance indicates that birds are
highly impacted by avoidance behaviors (Table 4 and Table B.6).

3.7. Chemical pollution

Chemical pollution is a significant concern, especially for sensitive
species. Species with long lifespans and high trophic levels are partic-
ularly vulnerable due to the potential for bioaccumulation and bio-
magnification [53].

Antifouling paints are commonly used in OWF development to pre-
vent marine organism buildup [42]. These paints, containing copper and
booster biocides, can be harmful to marine life in semi-closed environ-
ments like marinas, ports, and harbors [133]. Their specific impact in
open-seas where OWFs are typically located requires further investiga-
tion [42]. Corrosion protection systems are essential for OWFs [110] and
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associated vessels but can release organic compounds and metals into
the marine environment. Current research indicates low impacts on
marine life from these systems [69]. Marine sediments play a crucial role
as repositories for various chemicals trapped within undisturbed layers.
Disturbing marine sediments during OWF installation, dismantling, and
mooring line movement (see 3.5) may release sediment contaminants,
impacting water quality and marine species [37]. The impact is gener-
ally lower during OWF operation compared to installation and
dismantling [63]. The expansion of offshore facilities, including OWFs,
raises the risk of accidental pollution through factors like marine traffic
and machinery leaks. Routine operation and maintenance activities,
including hydraulic fluid or lubricant oil use, can pose a chemical spill
risk [15].

Estimating the specific taxonomic groups affected by chemical
release is challenging (Table 4 and Table B.7). Chemical releases can
diffuse in the water column and potentially impact all taxonomic groups
through processes like bioaccumulation and biomagnification. Acci-
dental spills, depending on factors like spill scale and chemical type
could have a more significant impact, with sensitivity of affected or-
ganisms playing a crucial role.

3.8. Electromagnetic fields (EMFs)

Certain marine mammals possess magneto-receptive capabilities for
navigation, making EMFs a potential concern for them [102]. Never-
theless, the risk of EMFs from OWFs significantly affecting marine
mammals is considered low due to their high mobility and the fact that
they primarily detect the magnetic field in close proximity [135]. It is
important to note that marine mammals in our case study are not
electroreceptive and thus do not pose a risk.

Similarly, sea turtles, while lacking electroreceptive abilities, rely on
the Earth’s geomagnetic field for navigation [78]. The installation of
cables near nesting areas should be avoided to mitigate potential risks
[135]. However, sea turtle migration in the open ocean is not antici-
pated to be significantly impacted by the EMFs generated by OWFs.

Elasmobranchs are acknowledged for their capacity to detect EMFs
[135,97]. The primary concern with artificial EMFs and elasmobranchs
is potential behavioral impacts, particularly in feeding and predator
detection, as limited direct studies have explored the physiological ef-
fects of prolonged exposure within this group [102]. While responses to
EMFs vary among species, elasmobranchs have demonstrated the ability
to detect extremely low electric fields [134]. These fields are challenging
to shield effectively within the industry, potentially resulting in
behavioral effects which could have biological consequences for the
species [66]. Nonetheless, the impact of EMFs on the behavior and
population-level effects of highly mobile elasmobranch species remains
unclear. This impact is influenced by various factors, including species
distribution (encompassing spatial range and vertical distribution in the
water column), cabling distribution, migratory patterns, and proximity
to  cables [102,135]. Elasmobranchs have demonstrated
magneto-receptive abilities, although the precise mechanism of their
response to magnetic fields remains incompletely understood [5,96].

Understanding the electromagnetic sensitivity of marine and diad-
romous fish species, especially concerning cable signatures in natural
conditions, remains a challenge [25]. Coastal and demersal species, in
close proximity to seabed cables, are likely more affected than pelagic
fish [102,25]. Existing research primarily investigates fish’s early life
stages, revealing potential genetic, physiological, and developmental
alterations due to high magnetic field values during extended exposure
in lab conditions [50]. However, these lab conditions may not replicate
the real-life exposure of fish. Studies on EMF effects on migratory
behavior have not indicated significant reductions in migratory success
[102]. So far, no notable effects on fish abundance, species diversity,
composition, or fisheries have been observed.

Studying the impact of EMFs on benthic species, including marine
invertebrates, is vital due to their heightened EMF exposure. Existing
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research have been confined to a few species [135] and mainly address
individual-level effects. Unfortunately, individual-scale research does
not provide conclusive evidence for significant impacts, particularly at
the population, community, or ecological process levels [14]. So far,
arthropods, mollusks, echinoderms, and possibly annelids have been
recognized as EMF-sensitive species [102]. However, it is essential to
note that direct evidence of offshore wind EMF impacts is lacking, and
any potential effects remain speculative [135]. Invertebrate species
sensitive to electric fields have thresholds above levels produced by
undersea cables, suggesting they would not be significantly affected
[102,50]. Magneto-sensitive species might be impacted when encoun-
tering cable-induced magnetic fields, especially if they depend on
geomagnetic fields for navigation. This effect is more likely when the
magnetic sense is used within a small local range containing a cable
system [135]. Presently, it is unclear whether EMFs from OWFs will
directly affect marine invertebrates, as the literature is limited and
primarily based on lab studies rather than field observations [4].

Based on the reviewed literature, marine mammals, sea turtles,
pelagic and benthic fishes are expected to experience low impacts from
EMFs. Conversely, benthic invertebrates and elasmobranchs might be
more susceptible, with a moderate anticipated impact (see Table 4 and
Table B.8).

3.9. Heat emission

The warming of submarine cables could indirectly disturb benthic
fauna by causing changes in physicochemical and bacteriological bal-
ances [103]. Temperature radiation has the potential to induce small
spatial changes in benthic community structure [134].

However, considering the narrowness of the cable corridor and the
expected weak thermal radiation, the impacts are not considered sig-
nificant [116,134,37] and a low expected impact was attributed to
benthic invertebrates (Table 4 and Table B.9).

3.10. Habitat modification
3.10.1. Loss and damage

3.10.1.1. Above water. Habitat changes also affect avian species [45,
85], impacting their sensitivity to turbines and habitat use for spawning,
resting, feeding, and migration. Wind farm avoidance can lead to habitat
loss in the OWF and surrounding areas [128]. Furthermore, changes in
food availability can also influence the habitat use patterns of seabirds.

3.10.1.2. Below water. The construction of OWFs inevitably alters sea-
floor habitats and impacts marine organisms. The installation and
burying of electric cables, mooring lines, anchors, and offshore sub-
stations interact with the seabed, affecting its availability and utilization
by benthic organisms. Vessel anchoring, especially during cable instal-
lation, further impacts seabed habitats and benthic communities [28].
Conventional catenary moorings continuously interact with the
seabed throughout the operational phase. The design includes a tangent
to the bottom at the lower end of the mooring line, resulting in
continuous contact with the seabed. The movement of the floating
platform, induced by wind and waves, creates a mooring footprint,
where the mooring line continuously moves on the seabed, damaging
bottom habitats and associated species and producing sediment resus-
pension that can affect nearby habitats (see Section 3.5). In contrast taut
mooring line designs can reduce this impact. While motile benthic
species can relocate, sessile species may face direct harm [63]. Sensitive
habitats formed by vulnerable species with slow growth rates, such as
deep-sea coral reefs, maérl beds and rocky outcrops [28,9], are at risk of
disturbance from this continuous mooring interaction. The bottom
habitat damage is considered of permanent temporal extent due to the
extended recovery period required for affected seafloor areas, which
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may need decades or more to return to their original, pre-exposition
state.

Habitat loss extends to the water column, affecting habitat for ma-
rine mammals, sea turtles, fish, and elasmobranchs. Nevertheless, the
amount of pelagic habitat loss compared to the remaining benthic
habitat within and surrounding an OWF is relatively small, resulting in
minimal effects [63].

Habitat loss is expected to have a higher impact on sessile and
benthic organisms, with potential risks to marine mammals (Table 4 and
Table B.10).

3.10.2. Creation

OWFs introduce new hard substrates that modify habitats. This
phenomenon commonly referred to as "reef effect" [72] occurs as OWF
components like platforms, cables, and mooring lines get colonized by
biofouling and habitat-forming species, enhancing habitat complexity
and attracting species (see Section 3.6.1), potentially increasing di-
versity and abundance [67]. While this benefits some species, the extent
and nature of the effect depend on the artificial reefs characteristics and
the indigenous populations present during introduction [28]. The risk of
invasive species colonization is also increased with the presence of OWF
structures [51]. The Mediterranean region is particularly susceptible to
non-indigenous and alien species [17], and OWF structures can act as
stepping stones, facilitating the range extension of these species within
the Mediterranean environment [1]. Biofouling also affect benthic and
pelagic communities surrounding the OWFs. Colonizing organisms can
alter the seabed conditions by the ejection of fecal pellets that deposit
and enrich sediment around the turbines [79]. But doing so, the fouling
communities make pelagic food sources available to benthic commu-
nities [125]. However, studies reporting this effect were, to date, con-
ducted on fixed OWFs, and so, on shallow water OWFs, the results in
deeper waters with floating OWFs may differ with the diffusion of the
pellets in the water column, thus resulting in a lower effect on benthic
communities but with the possibility to affect pelagic environment.
Another effect of the biofouling on food web dynamic is the local
depletion of concentration of phytoplankton and macro- and meso-
zooplankton from pelagic zones due to the filtering of suspension feeders
[125] thus potentially affecting available primary productivity and the
marine food web and biogeochemical cycle near OWFs. However, these
new habitats and the associated consequences they bring may be dis-
rupted during cleaning, removal, or the eventual dismantling phase of
OWFs.

Loss of habitat primarily impacts benthic species, particularly sessile
organisms, like seagrasses, algae, and benthic invertebrates. This loss
can extend to the water column, potentially affecting large marine
mammals and above-water areas, which can impact seabirds. Addi-
tionally, the creation of new habitats may negatively impact existing
communities by increasing organic carbon in the sea bottom and
reducing available primary productivity, potentially affecting sessile
benthic organisms and plankton feeders (Table 4 and Table B.10).

3.11. Oceanographic processes

OWFs can significantly affect oceanographic processes [90], which
are crucial for ecological dynamics as they influence nutrient avail-
ability and thermal habitats. The principal ways this impact occurs are:
1. wind extraction, reducing surface wind stress and altering water
column turbulence; 2. wind farm wake-driven divergence and conver-
gence, leading to upwelling and downwelling; 3. turbulence generated
by turbine underwater structures, affecting local water movement [62].

Changes in hydrodynamics and wind wake effects may influence
larval transport, connectivity, and recruitment [62], impacting both
demersal and benthic species. These impacts, though difficult to assess,
can be significant, especially if OWFs overlap with fish spawning habi-
tats. Additionally, alterations in hydrodynamics can affect food avail-
ability for zooplanktivorous species, such as small pelagics, by changing
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the vertical stratification of the water column. This can impact primary
and secondary production, with cascading effects on higher trophic
levels [62].

The ecological consequences of changes in oceanographic processes
due to OWFs, particularly floating ones, are understudied and warrant
further investigation. Additionally, these impacts are highly dependent
on OWF layout and characteristics such as turbine size, foundation type,
turbine spacing, and spacing between OWFs [18]. Thus, estimating the
specific taxonomic groups affected by changes in oceanographic pro-
cesses is challenging, as the entire trophic web can be influenced by such
changes (Table 4 and Table B.11).

3.12. Stressor summary

Table 4 provides a comprehensive overview of the potential impacts
on biodiversity resulting from various floating OWF pressures. It is
evident from the table that every taxonomic group can potentially be
affected by the installation of a floating OWF. Notably, when the pres-
sure extends to the sea bottom, sessile benthic organisms face a higher
risk compared to their motile counterparts, warranting special attention
to their conservation.

Long-lived species, such as marine mammals, elasmobranchs (sharks
and rays) and seabirds, are particularly vulnerable to these impacts, as
even minor modifications can have significant population-level conse-
quences. The primary stressors with the potential for the greatest impact
are noise and vibration, along with habitat loss. Additionally, the degree
of impact from chemical pollution depends on the scale of the pollution
event and the consequences of changes in oceanographic processes are
uncertain, as they can affect the entire ecological dynamics but remain
understudied.

4. Conclusions

Taking the example of the Gulf of Roses/Cap de Creus, our study
provides a first assessment of the impacts of various floating OWF
technologies on policy-relevant species of the Mediterranean Sea. The
selection of these species, necessitating specific conservation efforts due
to their vulnerability and/or population status, is based on their crucial
role as indicators of the good environmental status (GES) of marine
waters defined by the Marine Strategy Framework Directive (MSFD) and
the objectives set by the EU biodiversity strategy for 2030. Our assess-
ment framework is particularly valuable for conducting Appropriate
Assessments required for offshore wind plans impacting Natura 2000
sites designated under the Habitats and Birds Directives, and for Envi-
ronmental Impact Assessments [77]. This framework enhances the
evaluation of potential impacts from floating OWFs on policy-relevant
species critical for achieving the GES of Mediterranean Natura 2000
sites and the goals outlined in the EU biodiversity strategy for 2030. The
EU maintains a robust environmental legislative framework to safeguard
Natura 2000 sites from human activities that could undermine their
integrity, including offshore wind development. According to the Eu-
ropean Commission [40], designated areas for marine offshore energy
projects must align with biodiversity conservation objectives and pre-
serve the GES of marine waters. In this context, Lloret et al. [77] pro-
posed a structured procedure for wind farm projects potentially
affecting Natura 2000 sites, guided by Articles 6(3) and 6(4) of the
Habitats Directive and EU recommendations [41].

In our assessment, we identified a total of 135 policy-relevant spe-
cies, belonging to 16 classes, susceptible to different stressors arising
from various floating OWF technologies. Notably, marine mammals,
seabirds, elasmobranchs and benthic macro-invertebrates emerge as the
taxonomic groups most likely to be affected. Among the various
stressors, noise and vibration as well as habitat loss and damage exhibit
the greatest potential to impact these vulnerable species.

A growing global imperative revolves around decreasing our reliance
on fossil fuels. This drive is reflected in various initiatives aimed at
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decarbonizing our energy production, particularly through the esca-
lating objectives to install OWFs [38]. Simultaneously, we confront a
pressing biodiversity crisis [109]. The policy-relevant species we have
selected exemplify the significance of this matter, as they are pivotal in
characterizing the good environmental status of ecosystems [16]. Our
study employed the Generalized Impact Assessment framework [13] asa
fundamental method to evaluate the potential effects of floating OWFs
on Mediterranean biodiversity. Our findings indicate that floating OWF
technologies can exert pressure across multiple life stages and taxo-
nomic groups, which are crucial to conservation policies. The antici-
pated impacts are expected to critically affect several policy-relevant
groups across diverse spatial and temporal scales. These include species
protected by the European Habitats and Birds Directives, as well as those
listed in the IUCN Red List, international agreements such as the Bar-
celona, Bern, Bonn, and CITES conventions, and national and regional
safeguarding legislation.

Many studies on floating OWFs rely on modeling due to the tech-
nology’s novelty, limiting access to extensive in-situ data. While
modeling provides valuable insights, it carries uncertainties from as-
sumptions and extrapolations. Specific taxonomic groups, such as ma-
rine mammals, turtles, seabirds, and economically important fish,
receive more attention due to their higher vulnerability or significance.
However, thorough impact assessment requires evaluating not only the
specific ecosystem hosting the OWF but also adjacent ecosystems. This
includes lesser-studied groups and their interactions to ensure a
comprehensive understanding of OWF effects. To mitigate biases, future
research should prioritize increased in-situ data collection, species-
specific studies, and broader ecological investigations. Additionally,
future studies should explore how stressors variably impact species
under different weather conditions, enhancing the precision and
comprehensiveness of impact assessments.

Decarbonizing our energy production is an urgent priority in light of
the persistent challenge of climate change. Equally important is the
preservation of our ocean’s biodiversity. Our study represents a pio-
neering effort to comprehensively evaluate the potential effects of
floating OWFs, an emerging technology, on policy-relevant species in
the Mediterranean Sea. These effects may have long-term and far-
reaching consequences and therefore, subsequent research endeavors
will be vital in defining the regional impacts of specific stressors on
individual species within this ecosystem.
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