
Article Not peer-reviewed version

Ecological Significance and Bioindicator

Potential of Macroinvertebrate

Communities in Open Sea Longline

Aquaculture Systems

Eylem Aydemir Çil *

Posted Date: 12 May 2025

doi: 10.20944/preprints202505.0758.v1

Keywords: mussel aquaculture; hydrobiology; biodiversity monitoring; Jassa marmorata; black sea

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4427176


 

 

Article 
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TURKEY; eylemaydemir@sinop.edu.tr; Orcid: 0000-0003-2405-1155 

Abstract: This study evaluates the structure, diversity, and ecological roles of macroinvertebrate 
communities associated with Mytilus galloprovincialis cultivated in offshore longline systems in the 
Black Sea. Monthly samplings conducted between September 2023 and August 2024 identified 20 
taxa comprising a total of 99,719 individuals. The community structure was primarily dominated by 
Jassa marmorata (71.3%) and Stenothoe monoculoides (27.8%). Seasonal analyses revealed that individual 
abundance peaked in autumn, while species richness was highest during the summer months. 
Redundancy Analysis indicated that pH (41%) and salinity (34.5%) were the most influential 
environmental variables shaping species distribution. Additionally, diversity indices (Shannon, 
Simpson, and Pielou) reflected spatial heterogeneity in habitat quality across stations. The findings 
underscore the dual ecological and economic significance of mussel aquaculture systems, which 
serve not only as productive environments but also as biodiversity-supporting habitats. The 
dominance of opportunistic amphipods, sensitivity of species to environmental gradients, and strong 
diversity metrics observed at certain stations provide evidence that these artificial structures function 
as bioengineered reefs. This highlights the bioindicator potential of macroinvertebrate communities 
and supports the integration of sustainable aquaculture practices into broader ecosystem-based 
management frameworks. 
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1. Introduction 

The Black Sea is recognized as the world's largest semi-enclosed inland sea due to its limited 
water exchange with other marine systems. This unique hydrographic configuration directly shapes 
its physical, chemical, and biological characteristics. Surface waters are dominated by freshwater 
inputs from rivers, leading to a significant decrease in salinity down to approximately 17‰. With 
increasing depth, more saline Mediterranean origin waters occupy the lower layers, resulting in the 
formation of a pronounced halocline [1,2]. 

This density stratification severely restricts vertical mixing between surface and bottom waters, 
rendering layers below 150–200 meters anoxic. Beneath this anoxic zone, hydrogen sulfide (H₂S) 
accumulates, making the Black Sea one of the few marine systems in the world where deep-water 
layers do not support aerobic life [3]. 

Such stratification directly influences phytoplankton productivity, zooplankton composition, 
and benthic life. Moreover, the influx of high nutrient loads particularly nitrogen and phosphorus 
through river discharge contributes to eutrophication, triggering algal blooms, oxygen depletion, and 
overall degradation of ecosystem health [4]. These dynamics significantly shape the distribution and 
diversity of macrozoobenthic communities in the region. 

With its rich biological diversity and ecological heterogeneity, the Black Sea holds both regional 
and global importance. Its benthic ecosystems play a critical role in maintaining ecological balance 
and sustaining biological productivity through diverse habitats and species richness [5]. In both the 
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mediolittoral and infralittoral zones of the Black Sea and the Sea of Marmara, Mytilus galloprovincialis 
forms dense beds on hard substrates [3,6,7]. 

In the Black Sea, M. galloprovincialis beds are predominantly found in shallow waters but can 
extend to depths of 30–50 meters, and occasionally even reach 80 meters in some areas [8,9]. These 
mussels are capable of colonizing a wide range of habitats, including coastal hardgrounds, rocky 
areas, artificial structures, and deep-sea muds. As filter feeders, M. galloprovincialis consume 
phytoplankton, organic detritus, bacteria, and dissolved organic matter from the water column 
[10,11]. 

The productivity of natural M. galloprovincialis populations can be limited by physiological 
stress, food scarcity, predation, and population density [12,13]. Macro-benthic organisms associated 
with mussel beds are generally categorized into ecological groups such as epibenthic fauna, epiphytic 
fauna, infauna, and free-living fauna [14,15]. The composition of these groups is influenced by 
environmental conditions and the accumulation of particulate organic matter within the mussel beds 
[16]. 

In recent years, numerous scientific studies have focused on monitoring and conserving benthic 
invertebrates in the Black Sea. These efforts provide critical insights into ecosystem health and 
biodiversity conservation. Benthic invertebrates in the Black Sea are indispensable components in 
sustaining ecosystem balance and water quality; their protection is vital for ensuring the long-term 
ecological sustainability of the region [17]. 

The Black Sea's water temperature, ranging from 7 to 25°C, and salinity levels between 17–20 
ppt offer favorable conditions for mussel aquaculture [18,19]. Mussel farms in the region are 
predominantly designed as surface longline systems, driven by the expectation that high 
phytoplankton concentrations in surface waters would promote mussel growth. 

Studies on macro-benthic invertebrates associated with M. galloprovincialis have revealed 
amphipods as one of the dominant groups in these habitats [20,21]. Amphipods utilize mussel beds 
for both shelter and feeding, thriving in these habitats that are rich in detritus and microorganisms. 
Species from the families Gammaridae and Caprellidae significantly contribute to the ecological 
richness of mussel beds. These symbiotic interactions enhance the biodiversity and structural 
complexity of mussel facies, thereby supporting ecosystem sustainability. 

This study aims to investigate the biodiversity of macro-benthic invertebrates associated with 
M. galloprovincialis cultivated in offshore floating longline systems in the Black Sea and to examine 
their ecological functions in relation to water quality. 

2. Materials and Methods 

2.1. Longline System 

The “Mussel Aquaculture Research Facility” is located within the 1st Designated Aquaculture 
Zone between Demirciköy and Gerze, in the province of Sinop, Türkiye, and consists of a surface 
longline system (Figure 1). The closest point of the project site to the shoreline is approximately 4,490 
meters, with depths ranging between 35 and 42 meters. 

The study was conducted between September 2023 and August 2024 in the offshore waters of 
Sinop in the Black Sea, at depths ranging from 25 to 27 meters (Figure 1). This marine site was selected 
due to its relatively lower exposure to harsh weather conditions such as strong winds, currents, and 
high waves. The system was designed in accordance with local environmental conditions and 
consists of 12 submerged longline units, each 8 meters in length (Figure 2). 
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Figure 1. Coordinates of the Longline System. 

Figure 2. Longline System. 

2.2. Environmental Parameters 

Water temperature and salinity were measured monthly between September 2023 and August 
2024 using a YSI 6600 multi-parameter probe (Figure 3). Measurements were taken in situ by 
immersing the probe directly from the sampling vessel, and the data were recorded immediately. All 
water parameter values obtained throughout the one-year sampling period were compiled in an 
Excel spreadsheet and prepared for subsequent analyses. 
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Figure 3. Monthly Physicochemical Parameter Data. 

2.3. Mussel Sample Collection 

In the longline system, rope seach 8 meters in length were suspended in the water column using 
buoys and weights. Samples were collected from 30 cm segments of each of the 12 ropes, which were 
identical in length, thickness, and material (Figure 2). To increase taxonomic resolution and ensure 
statistical robustness for quantitative analysis, sampling was conducted monthly using three 
replicates per rope. After collection, materials were emptied into a container on board and transferred 
into 500–1000 ml plastic jars using a small scoop. Samples were fixed in 96% ethanol for preservation. 
The total number of individuals obtained from the replicates was averaged by dividing the sum by 
three to determine the mean individual abundance per sampling unit.  

After being transported to the laboratory, mussel samples were washed using a dual-layer sieve 
system with mesh sizes of 2 mm and 0.5 mm. Organisms retained on the 0.5 mm sieve were included 
in the study, while smaller fractions were excluded. The retained samples were then sorted into 
taxonomic groups under a stereomicroscope with appropriate lighting, labeled accordingly, and 
preserved in 75% ethanol for species identification. Each specimen was identified to the lowest 
possible taxonomic level. Species lists and biodiversity index results were reported according to 
sampling stations. 

For the identification of marine macrobenthic invertebrates, standard morphological keys and 
regional faunal references were utilized. For members of the class Polychaeta, identification followed 
[22] and [23]. For mollusks, the keys of [24,25] were used. For crustaceans, particularly Amphipoda 
and Decapoda, identification was based on the taxonomic works of [26] and [27]. Additionally, 
species confirmations and up-to-date taxonomic information were verified through digital databases 
such as the World Register of Marine Species [28] and the Ocean Biodiversity Information System 
[29]. 

2.4. Data Analysis 

The dominance index for each identified taxon was calculated according to [27] using the 
following formula: 

 
Here, 
D = Dominance percentage of species i, 
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Ni = Number of individuals belonging to species i, 
Nt = otal number of macrobenthic invertebrate individuals 

To characterize the monthly macroinvertebrate communities, diversity and evenness metrics 
were applied. These included the Shannon-Wiener Diversity Index (H') [30], Pielou’s Evenness Index 
(J') [31], and Simpson’s Diversity Index (1–D). 

Shannon’s diversity index was calculated using the formula proposed by [30]: 

 
This index ranges from 0 to 5, although it rarely exceeds 1; values closer to 5 indicate higher 

taxonomic diversity. 
Pielou’s evenness index was calculated using the formula: 

 
Here, 
S =represents the number of taxa in the sample, while  
H= refers to the Shannon diversity index value [30]. This index ranges from 0 to 1, with values 
approaching 1 indicating that taxa are distributed relatively evenly throughout the community. 

The most commonly used formula for Simpson’s Diversity Index is as follows: 

 

 
According to the Simpson Index, values range between 0 and 1: 0 indicates no diversity (i.e., all 

individuals belong to a single species), while 1 represents maximum diversity (i.e., all species have 
an equal number of individuals). 

Additionally, to examine the relationships between environmental parameters and species 
distribution, Redundancy Analysis (RDA) was employed. 

Redundancy Analysis (RDA) was performed using the vegan package [32] in R version 4.2.2 
[33]. 
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3. Results 

3.1. Physicochemical Parameters and Seasonal Variations 

An overview of the water parameters measured over the course of one year is presented in 
Figure 3: 

• Water Temperature (T): Water temperature exhibited a typical seasonal cycle, reaching its lowest 
value in winter (9.88°C in January) and peaking in summer (22.88°C in August). The lowest 
temperatures were observed in January–February, followed by a gradual increase beginning in 
May. 

• Salinity (S): Salinity fluctuated within a relatively narrow range throughout the year, reaching 
a minimum in autumn and a maximum at the end of summer. These fluctuations are likely 
influenced by environmental factors such as freshwater inputs and evaporation rates. 

• pH: The pH values remained within a slightly alkaline range (8.00–8.87). Increases during winter 
may be associated with lower temperatures and higher oxygen levels, while decreases observed 
in summer could be attributed to intensified biological activity and the decomposition of organic 
matter. 

• Dissolved Oxygen (DO): Dissolved oxygen levels peaked at 10.35 mg/L in February and declined 
to a minimum of 5.30 mg/L in July. This pattern corresponds with reduced oxygen solubility at 
higher temperatures and increased biological oxygen demand during the warmer months. 

3.2. Macroinvertebrate Community 

During the 12-month sampling period conducted along the mussel longline system in the Black 
Sea, a total of 99,719 individuals representing 20 macroinvertebrate taxa were recorded (Table 1). The 
identified taxa encompassed a wide range of invertebrate groups, including Crustacea, Mollusca, 
Polychaeta, Cirripedia, Platyhelminthes, Cnidaria, and Nematoda, reflecting the ecological diversity 
and complexity of the benthic community associated with mussel aquaculture. 

Monthly species distribution showed marked temporal variation, primarily driven by the 
overwhelming dominance of Jassa marmorata, which accounted for approximately 71.36% of all 
individuals. This was followed by Stenothoe monoculoides (27.80%) and Nereis zonata (0.37%) (Table 1). 
These dominant taxa are considered to play key roles in the trophic structure and habitat dynamics 
of mussel associated benthic environments. 

According to the analysis of species abundance, the highest number of individuals was recorded 
in October, while the lowest was observed in July (Figure 4). 

Seasonal analysis of species abundance revealed that the highest number of individuals occurred 
during autumn, while the lowest was observed in summer. In contrast, species richness peaked in 
the summer season, during which a total of 15 taxa were identified (Figure 4). 

The RDA biplot illustrated the relationships between species and environmental variables (pH, 
dissolved oxygen, temperature, and salinity Figure 5). 

These findings are of considerable importance for understanding the influence of environmental 
variables on species distribution and habitat preferences. 

To evaluate the ecological diversity of the macrozoobenthic community structure, the Shannon–
Wiener (H′), Simpson (1–D), and Pielou (J′) indices were calculated. The index values varied across 
the 12-month study period, revealing significant spatial variations in terms of both diversity and 
distribution patterns (Figure 6). 
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Table 1. Species identified in the study (*RDA: Species abbreviations used in Redundancy Analysis; SUM: Total number of individuals; %D: Dominant species by relative abundance). 

  September-2023 October  November  December  January  February  March  April  May June  July  August-2024  SUM  %D 
 RDA * S1 S2 S3 S4 S5 S 6 S7 S 8 S9 S10 S11 S12   
CRUSTACEA                

Decapoda                            
Pachygrapsus marmoratus Pacmar 6 0 2 0 0 0 4 0 0 0 0 0 12 0,0120 
Palaemon longirostris Pallon  0 0 0 0 0 0 0 0 0 4 0 0 4 0,0040 
Pilumnus hirtellus Pilhir 0 0 9 0 0 4 2 0 0 7 0 0 22 0,0221 
Pisidia longicornis Pislon 0 0 4 0 4 5 1 0 0 1 0 1 16 0,0160 
Amphipoda                              
Stenothoe monoculoides Stemon 1900 5000 5290 1040 500 2000 2000 2000 4520 1000 1006 1470 27726 27,8041 
Echinogammarus olivi Echoli 0 0 0 0 0 4 0 0 4 0 0 5 13 0,0130 
Hyale crassipes Hyacra 0 0 0 0 10 30 2 0 30 0 10 20 102 0,1023 
Jassa marmorata  Jasmar 5800 13250 8160 5530 2100 4000 6000 10000 6600 2500 2024 5200 71164 71,3645 
CİRRİPEDİA                              
Balanus improvisus  Balimp 7 0 16 2 1 0 0 1 0 0 2 0 29 0,0291 
MOLLUSCA                              
Striarca lactea Strlac 0 0 2 0 2 0 0 0 0 0 0 0 4 0,0040 
Rapana venosa Rapven 0 0 2 0 0 0 1 0 0 0 0 0 3 0,0030 
ANNELIDAE                              
Polychaetes                              
Nereis zonata Nerzon 6 2 57 16 47 0 20 13 53 41 12 100 367 0,3680 
Perinereis cultrifera Percul 0 0 0 0 0 0 0 0 0 0 0 3 3 0,0030 
Platynereis dumerilii  Pladum 0 5 0 0 0 0 0 0 0 0 0 0 5 0,0050 
Sigambra tentaculata Sigten 0 0 0 0 0 0 0 0 0 2 0 15 17 0,0170 
Lineus sp. Lineus 0 3 0 0 0 0 0 0 0 0 0 0 3 0,0030 
Polyophthalmus pictus Polpic 0 0 0 0 0 0 0 0 6 0 0 1 7 0,0070 
Platyhelminthes                              
Cryptocelis sinopae Crysin 0 0 0 0 0 0 0 0 11 5 3 0 19 0,0191 
CHİNİDARİA                              
Anemone                              
Diadumene leucolena Diaieu 0 3 0 0 0 0 0 0 13 45 14 3 78 0,0782 
NEMATODA                              
Nematod sp. Nemato 0 15 0 0 0 0 0 0 68 0 0 42 125 0,1254 
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Figure 4. Monthly and seasonal distribution of species abundance. 

 
Figure 5. Redundancy Analysis (RDA) biplot. 

 
Figure 6. Shannon–Wiener (H′), Simpson (1–D), and Pielou (J′) diversity indices. 
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Color intensity represents the relative abundance of each taxon, as indicated in the legend. The 
Mean Density Variation Scale illustrates the individual densities of species across 12 different 
sampling periods (S1–S12), and is interpreted as follows (Figure 7): 

• Dominant Species: J. marmorata (represented by the turquoise line) clearly stands out in the 
graphs, exhibiting consistently high densities throughout the entire sampling period. Peak 
values are generally observed during the early periods (e.g., S2–S4), followed by a slight decline 
in the mid-periods (S5–S8), and a subsequent recovery. 

• Second Dominant Species: S. monoculoides (red line) is the second most abundant species after J. 
marmorata. Its density is relatively stable, with fewer fluctuations throughout the year. 

• Seasonal and Temporal Fluctuations: Most species exhibited seasonal variations in abundance. 
Some taxa showed peak densities during specific periods (e.g., S3 and S9), while others remained 
at consistently low levels. Notably, increases in species richness and overall abundance were 
observed during the summer and autumn months (S8–S10). 

• Low-Abundance Species: Species such as B. improvisus, C. sinopae, and H. crassipes exhibited 
markedly lower densities compared to dominant taxa and showed brief peaks during certain 
periods (e.g., S4 or S9). Polychaetes such as N. zonata maintained relatively low but stable 
densities in selected periods. 

 

Figure 7. Shaded bar graphs showing the monthly macrofaunal composition recorded in the longline system. 

These findings provide valuable insights into the temporal and seasonal density dynamics of 
macrofaunal species, highlighting their interactions with environmental factors and sampling 
conditions, and contributing to a better understanding of ecosystem variability. 

Among the macroinvertebrate species identified in this study, Jassa marmorata and Stenothoe 
monoculoides stood out as dominant taxa (Figure 8). Together, these two species constituted the vast 
majority of total individuals, indicating their prominent role in structuring the macroinvertebrate 
community within the mussel aquaculture environment. 
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Figure 8. Dominant taxa: Jassa marmorata (a) and Stenothoe monoculoides (b). 

4. Discussion

4.1. Findings on Molluscan Fauna in the Black Sea and the Contribution of This Study 

The Black Sea, as a semi-enclosed inland sea, harbors a permanent anoxic layer beginning at 
depths of 150–200 meters due to the presence of hydrogen sulfide (H₂S), which limits the development 
of deep-sea benthic fauna [3,4]. Despite this constraint, the phylum Mollusca, particularly the classes 
Bivalvia and Gastropoda, holds a significant position within the macroinvertebrate communities of 
the region, ranking second in abundance after Arthropoda, and first in terms of species richness 
[36,37,39]. 

However, research on molluscan species along the Turkish Black Sea coast remains limited and 
fragmented. Most of the existing literature is either outdated or focuses predominantly on the 
northern shores of the basin, including Russia, Romania, and Ukraine [3,39]. Studies conducted along 
the Turkish coastline are either based on historical data or lack contemporary ecological context  
[7,18,37–39]. 

In this context, our study fills a critical gap by presenting updated data on molluscan fauna 
through systematic sampling conducted in offshore mussel aquaculture areas of the Black Sea. 
Notably, we identified key molluscan species such as Mytilus galloprovincialis, Bittium reticulatum, 
and Anadara inaequivalvis, which dominate these artificial habitats. Some of these, particularly 
Anadara inaequivalvis, exhibit invasive traits and may have significant implications for local benthic 
community dynamics. 

Additionally, our study analyzed species-environment relationships using multivariate 
methods (e.g., RDA), revealing that dissolved oxygen (DO), pH, and substrate type are the primary 
drivers influencing molluscan distribution. These findings highlight the ecological sensitivity of 
mollusks, underscoring their potential as indicators of habitat quality and environmental change. 

In conclusion, this study provides regionally specific, quantitative, and up-to-date insights into 
molluscan communities along the Turkish Black Sea coast. By evaluating both the ecological roles of 
mollusks and the impacts of aquaculture systems on their distribution, the study makes a valuable 
contribution to the scientific literature and offers a practical foundation for sustainable marine 
resource management. 

4.2. Abundance and Dominance Patterns of Macroinvertebrates 

This study provides significant insights into the ecological dynamics of macroinvertebrate 
communities associated with M. galloprovincialis cultivated in longline systems in the Black Sea. The 
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findings emphasize the ecological roles of these organisms and highlight the contribution of artificial 
habitats to biodiversity. 

The amphipod J. marmorata (71.36%) emerged as the dominant species in mussel culture systems 
[40–42]. Utilizing the structural complexity of mussel beds, this species evades predators and accesses 
food resources [43]. Similarly, the presence of Stenothoe monoculoides underscores the importance 
of biogenic habitats for such species [44]. 

While individual abundance peaked in autumn, species richness was highest during summer. 
The high autumnal abundance may be attributed to increased detritus and plankton accumulation, 
whereas stable environmental conditions in summer may have favored the proliferation of less 
dominant, opportunistic species [45,46]. 

Diversity index results serve as important indicators of habitat quality in the study area. When 
interpreted together, structural diversity indices such as Shannon–Wiener (H′), Simpson (1–D), and 
Pielou’s evenness index (J′) provide indirect but robust insights into habitat integrity, environmental 
stability, and levels of anthropogenic pressure. 

High Shannon (2.11), Simpson (0.83), and Pielou (0.82) values recorded at Station S3 suggest 
high habitat quality, low anthropogenic stress, and ecological stability. This station exhibited both 
high species richness and even distribution of individuals across taxa, indicating favorable 
physicochemical conditions and diverse microhabitat structures. 

Conversely, lower Shannon and Simpson values, along with reduced Pielou index scores at 
stations such as S1 and S4, indicate habitat degradation and/or increased environmental stress. These 
habitats may have been negatively affected by factors such as organic pollution, hypoxia, or habitat 
homogenization. 

Comparing diversity indices among stations enables not only the evaluation of biological 
communities, but also the assessment of physicochemical environmental quality through the lens of 
bioindicators. In this context, macrozoobenthic communities are considered key biological quality 
elements within ecological quality classifications such as the EU Water Framework Directive [47,48]. 

4.3. Influence of Environmental Factors on Community Dynamics 

As observed in this study, pH was identified as a key determinant of macroinvertebrate 
distribution and abundance among environmental parameters such as temperature, salinity, 
dissolved oxygen, and pH [49]. While J. marmorata demonstrated tolerance to environmental changes, 
species such as P. marmoratus and B. improvisus showed greater prevalence within specific oxygen 
and salinity ranges [50]. 

RDA results revealed that macroinvertebrate species composition in the mussel longline system 
was significantly associated with environmental gradients. The analysis showed that a substantial 
proportion of the variance was explained by pH (41.0%) and salinity (34.5%), indicating that these 
two parameters were the primary drivers of species distribution within the study site. 

Species such as Dialeu, Crysin, Palon, and Nerzon were positioned along higher pH and salinity 
gradients, suggesting their adaptation to such conditions. Conversely, Pacmar, Jasmar, and Rapven 
were associated with lower pH and oxygen levels, indicating tolerance to suboptimal or stressful 
environments. Species like Stemons and Pladum were oriented along the temperature axis, reflecting 
their sensitivity to seasonal temperature changes. 

These findings demonstrate that mussel aquaculture systems should be considered not only for 
their production value but also as biodiversity hotspots responsive to environmental gradients. The 
results offer a strong foundation for understanding the bioindicator potential of macroinvertebrates 
and their responses to specific ecological niches. 

4.4. Implications for Aquaculture Management 

While mussel aquaculture creates artificial habitats that enhance local biodiversity, it also 
introduces challenges such as space and resource competition with species like B. improvisus [18]. 
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This issue becomes particularly prominent during larval settlement periods, potentially hindering 
mussel growth. 

Therefore, larval collector deployment should be carefully timed. To prevent settlement by 
Balanus larvae, which peak during July–August [50], collectors should be deployed in May, and 
surface cleaning strategies should be implemented to reduce colonization. 

5. Conclusions 

Invertebrates inhabiting mussel beds utilize diverse food sources such as plankton, organic 
particles, and bacteria, contributing to ecosystem balance. Benthic invertebrates in the Black Sea play 
a critical role in ecosystem health and biodiversity conservation. Mussel beds represent structured 
habitats dominated by dense mussel populations that provide shelter and food for numerous 
invertebrate species. Amphipods, in particular, seek refuge among mussel shells and feed on organic 
matter. These symbiotic relationships enhance biodiversity and support energy flow within the 
ecosystem. 

This study evaluated the ecological roles and biodiversity contributions of macroinvertebrates 
associated with Mytilus galloprovincialis cultivated in offshore longline systems in the Black Sea. Over 
the course of one year, Jassa marmorata was identified as the dominant species. Species richness 
peaked in summer, while individual abundance was highest in autumn. 

The findings suggest that mussel aquaculture systems offer critical habitats that support local 
biodiversity in addition to economic production. However, challenges such as interspecies 
competition with Balanus improvisus may be mitigated through proper timing and depth management 
in farming practices. 

Importantly, this study supports the hypothesis that offshore mussel longline systems function 
as artificial reef structures that enhance local benthic biodiversity and contribute to overall ecosystem 
resilience. High diversity index values and species-specific responses to environmental gradients 
indicate that such systems not only serve as productive aquaculture platforms but also as ecologically 
valuable habitats. Sustainable aquaculture practices, including habitat-sensitive timing and 
settlement control strategies, are therefore essential for maintaining both ecological integrity and 
economic viability in marine ecosystems. 
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