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Abstract

Research on biofouling assemblages in large ports 
is crucial for economic, environmental and regulatory 
purposes, as it provides critical information for managing 
marine ecosystems, preventing the spread of invasive 
species and developing effective antifouling strategies. 
Hydrozoans are among the most common invertebrates 
found in marine biofouling communities, making them 
a priority taxon for monitoring and identification in 
large ports. In this study, we documented the diversity of 
benthic hydrozoans growing on three types of artificial 
panels (wood, plastic, and rope) submerged for three 
months in the major commercial ports of Ambarli, 
Haydarpasa, Kocaeli, and Bandirma, located in the Sea of 
Marmara. Seven species of hydrozoans (Ectopleura crocea, 
Obelia dichotoma, Bougainvillia muscus, Clytia gracilis, 
Eudendrium capillare, Eudendrium merulum and Sertularella 
ellisii) were observed throughout the study. Unique 
fouling hydrozoan assemblages were identified in each 
port, regardless of the type of panel used, suggesting that 
differences in the pool of species available for recruitment 
and port-specific conditions have a greater impact on the 
structure of local fouling assemblages than the type of 
substrate. Ectopleura crocea, a species typical of artificial 
substrates and characterized by high invasive potential, 
was recorded for the first time in the Sea of Marmara 
during this study.
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1.  Introduction

Ports are marine ecosystems that play a crucial 
role in the spread and adaptation of non-native 
species (NIS) (Tempesti et al. 2022). Artificial habitats 
in these environments host a unique marine 
biological community dominated by benthic sessile 
invertebrates (e.g. bryozoans, ascidians, polychaetes, 
barnacles, hydroids) that attach themselves to 
submerged structures and hulls and contribute 
to biofouling (Hopkins et al. 2021). Biofouling has 
significant economic and environmental impacts on 
ports, including increased operational, maintenance, 
and cleaning costs, damage to infrastructure, and a 
high potential for introduction of invasive species 
(Schultz et al. 2011; Hopkins et al. 2021). For example, 
ships moving between ports serve as a significant 
vector for the translocation of fouling invertebrates 
as they connect diverse and distant habitats (Bressy, 
Lejars 2014; Lacoursière-Roussel et al. 2016), making 
ports a primary focus for biosecurity measures and 
regulations. 

Hydrozoans are one of the invertebrate taxa most 
frequently relocated by human mediation due to 
their potential to be transported both by ship hulls 
in their benthic stages (Calder et al. 2019; Meloni et 
al. 2021) and by ballast water in their pelagic stages 
(Zaiko et al. 2015; Cabrini et al. 2019). Hydroid colonies 
are common and abundant on hard substrates of 
rocky coastal areas in and around ports (Megina et al. 
2013; González-Duarte et al. 2014), and several species 
adapt well to artificial substrates such as commercial 
vessel hulls, buoys (Thompson 1977; Kirkendale, 
Calder 2003), foundation piles (Galea 2008), and 
fish cage nets (Martell et al. 2018; Bosch-Belmar et 
al. 2019). These organisms often cause a number of 
problems to a wide array of economic activities in 
the sea, negatively affecting the health of fish and 
shellfish in aquaculture facilities (Guenther et al. 2011; 
Fitridge, Keough 2013), playing a role as vectors for the 
introduction of associated non-indigenous fauna (Ros 
et al. 2013), or being responsible for economic losses in 
shipping (Edyvean 2010), industrial platforms (Page et 
al. 2010), power plants (Henderson 2010), and several 
other artificial substrates used in human activities 
(Terlizzi, Faimali 2010). Furthermore, some hydrozoan 
species have been recognized as “perfect invaders” 
because the presence of highly resistant stages and 
flexible life cycles facilitate survival in new and harsh 
environmental conditions (Boero, Bouillon 1993; 
Piraino et al. 2004). However, despite their significance 
and ubiquity, the dynamics and diversity of fouling 
hydrozoans in ports are still not fully understood, and 
the contribution of this taxon to biofouling is often 

overlooked or underestimated in the world’s seas 
(Morri, Boero 1986; Megina et al. 2013). 

The Sea of Marmara has a strategic geographical 
location connecting the Black Sea and the 
Mediterranean Sea, while serving as a corridor for 
the distribution of some species and a barrier to the 
spread of others (Öztürk et al. 2001). In addition, the 
Sea of Marmara plays an important role as one of 
the main routes for commercial maritime trade in 
the Eastern Mediterranean region, as it, along with 
the Istanbul and Canakkale Straits, forms one of the 
busiest waterways in the world, with nearly 50,000 
ships passing through it annually (DTO 2022). The 
high volume of maritime traffic in the Sea of Marmara 
leads to problems, such as the constant introduction 
of new species into the basin, which in turn results 
in harmful effects on native biota (e.g. Kideys 2002). 
Several hydrozoan species have been recognized as 
successful invaders in waters adjacent to the Sea of 
Marmara (Boero, Bouillon 1993; Piraino et al. 2004), 
but research on the diversity of hydrozoans growing 
on artificial substrates within the basin are still limited. 
The first studies dealing with hydrozoans in the area 
were related to taxonomy (e.g. Ostroumoff 1896), and 
although later works have focused on specific taxa 
and localities (e.g. Demir 1954; Tortonese 1959; Caspers 
1968; Ünsal 1981; Albayrak, Balkis 2000; Isinibilir et al. 
2010), the group has not been prioritized in ecological 
surveys conducted in the ports in recent years (Isinibilir 
et al. 2008, Isinibilir et al. 2010; Altuğ et al. 2011). The 
hydrozoan fauna on the coasts of the Marmara Sea 
has not been inventoried in detail, as evidenced by 
reports of further new records in every recent paper on 
these organisms (e.g. Isinibilir et al. 2015b; Topcu et al. 
2018). Compiling a complete inventory of hydrozoans 
in the ports of the Sea of Marmara is necessary to 
assess the status of their populations, detect further 
introductions and manage the impact of fouling 
species on the ecosystems of the basin. 

Large ports characterized by heavy traffic 
(e.g. cargo ships and tankers) at the national and 
international level have been suggested as particularly 
relevant areas for the introduction and establishment 
of NIS in the Mediterranean waters (Tempesti et 
al. 2022). There are 47 ports along the coast of the 
Sea of Marmara (Deniz, Kilic 2010), with Ambarli, 
Bandirma, Haydarpasa, and Kocaeli being the largest 
in terms of maritime traffic. Unlike small marinas, large 
commercial ports have restricted access and complex 
infrastructure, making it challenging for researchers 
to conduct fieldwork and collect samples. This has 
resulted in a poorer understanding of biofouling 
assemblages of these environments compared to 
smaller ports, and subsequently hindering our ability 
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to detect new introductions in the localities where 
they are more likely to occur. The diversity of artificial 
substrates is also more extensive in large ports, 
including various structures made of a wide range of 
materials in which marine fouling can grow. Concrete, 
metal, wood, plastic, and organic fibers (such as rope 
and textiles) have all been shown to harbor a variety 
of biofouling communities (Giangrande et al. 2021; 
Bae et al. 2022), with all these types of substrates 
often found within the same port. Therefore, the 
objective of this study was to document the diversity 
of a major fouling taxon (Hydrozoa) growing on 
artificial plates strategically placed in large commercial 
ports of the Sea of Marmara, and to assess the 
substrate preferences of hydroid colonies in relation 
to three materials commonly encountered in these 
environments (wood, plastic, and rope). 

2. Materials and methods

The abundance and diversity of benthic hydroids 
and associated fouling fauna were assessed on 
wood, rope, and PVC panels at four major cargo and 
commercial ports in the Sea of Marmara. These ports 

were selected based on their importance in the region 
in terms of traffic, cargo tonnage, and container 
volume: 1) Ambarli (40°57’56.8”N; 28°40’36.9”E; 
Istanbul), 2) Haydarpasa (41°00’23.2”N; 29°00’26.2”E; 
Istanbul), 3) Kocaeli (40°43’01.5”N; 29°52’18.7”E; 
Kocaeli), and 4) Bandirma (40°21’04.4”N; 27°57’46.0”E; 
Balikesir; Fig. 1). 

The four selected ports share a strategic location 
in the same biogeographic province, relatively 
similar challenges due to their large size and complex 
infrastructure, and comparable transportation access 
and connectivity to other ports in the region: 

Ambarli is the largest container port in Türkiye 
and one of the busiest container ports in the entire 
Mediterranean region, as well as one of the few Turkish 
ports that can berth vessels larger than 300 meters. It 
serves as a key hub for shipping cargo to ports in Black 
Sea countries, as well as to destinations in the Middle 
East, Europe, and North America (DTO 2022; Okşaş 
2023). 

Haydarpasa is the oldest container port in the 
Marmara region and the most important port located 
on the Anatolian side of the Istanbul Strait (Ünlü 
2007). It serves millions of people in both public and 
commercial operations, facilitating passenger transfers 

Figure 1
Map of the sampling locations: 1) Ambarli port (Istanbul), 2) Haydarpasa port (Istanbul), 3) Kocaeli port (Kocaeli) and 
4) Bandirma port (Balikesir).
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between Europe and Asia, as well as managing crucial 
cargo operations for the megacity of Istanbul. Its key 
components include passenger terminals, cargo and 
container storage areas, ro-ro handling operations, and 
the main railway station (Ülker et al. 2023). 

Kocaeli is one of the fastest growing ports in the 
country, as well as the largest port serving the city of 
Kocaeli/Izmit, with a hinterland covering a large part of 
the Anatolian Peninsula. It handles approximately 5% 
of the total foreign trade, and about 16% of all goods 
in tonnage in Türkiye (DTO 2022). 

Bandirma is the largest port on the southern 
coast of the Sea of Marmara, one of the largest hubs 
connecting the megacity of Istanbul with the Central 
Anatolia and Aegean regions in Türkiye, and the main 
port open to international traffic in the province of 
Balikesir (DTO 2022). 

In each port, three sets of panels – one set of 
three wood panels, one set of three PVC panels 
and one set of three PVC panels covered with rope 
(henceforth rope panels) – were submerged 1 meter 
below the water surface in June 2017. Each panel 
measured 15 × 15 × 0.5 cm. The panels remained 
underwater for 3 months and were recovered in 
September 2017. Upon recovery, each panel was 
fixed immediately in 96% ethanol, and processed for 
subsequent analyses. All hydroids from all panels were 
sorted out under a stereomicroscope and identified 
to species level with the aid of specific literature 
(Bouillon et al. 2004; Bouillon et al. 2006; Schuchert 
2008). All other non-target, sessile, accompanying 
biofouling specimens (i.e. belonging to taxa other 
than Hydrozoa) were identified to higher taxonomic 
ranks. The number of polyps (hydrozoans), the number 
of thalli (algae), the number of colonies (bryozoans), 
and the number of individuals (all other taxa) were 
recorded for each biofouling taxon. Two datasets were 
subsequently created: 1) a matrix containing data on 
the abundance for the entire fouling community at 
higher taxonomic levels (the ‘all taxa dataset’), and 2) 
a matrix containing data on the abundance of fouling 
hydroid species (the ‘hydrozoan dataset’). 

Cluster and multivariate analyses were used to 
visualize the underlying patterns in the structure of 
biofouling assemblages between different ports and 
types of panels. To achieve this, the raw abundance 
data were log (x + 1) transformed and a similarity 
matrix based on Bray–Curtis distances was created 
for each dataset. A non-metric multidimensional 
scaling (nMDS) plot and a cluster diagram (hierarchical 
grouping) were then generated for each similarity 
matrix. The SIMPROF (similarity profile) routine was run 
for each cluster diagram to test the null hypothesis of 
no meaningful structure within groups (Clarke et al. 

2008). All cluster and nMDS plots were created with 
Primer v. 6.1.11 software (Clarke, Gorley 2006). 

3. Results

We identified nine higher-level taxa of sessile 
invertebrates in the composition of the studied fouling 
assemblages (Table 1, Fig. 2). With the exception of 
algae, scyphozoans and ascidians, most of the taxa 
occurred on ≥  75% of the panels, but only Hydrozoa 
and Bivalvia were present in every sample, regardless 
of the port or type of panel. Scyphozoan polyps, on 
the other hand, were observed only on three panels, 
all within the same port. All sessile fouling taxa were 
observed in each of the analyzed panel types, albeit in 
different ports, and none of the individual ports had 
the complete set of taxa. 

Hydrozoans, bivalves, cirripedes, and actiniarians 
were the most abundant taxa, while Ascidiacea was 
the least abundant taxon recorded (Table 2, Fig. 3). In 
terms of differences between the ports, the highest 
total abundance of sessile biofouling was recorded in 
Haydarpasa, which was more than three times higher 
than the lowest recorded abundance (in Bandirma). 
The highest total and mean abundance of sessile 
biofouling was observed on rope panels, while the 
lowest on PVC panels. 

A total of seven hydrozoan species were identified 
in the composition of the fouling community on the 
panels (Table 1). The most abundant fouling hydrozoan 
species was Ectopleura crocea, reported here for the 
first time from the Sea of Marmara, the abundance 

Figure 2
Number of higher-level taxa (all-taxa dataset) and species 
richness (Hydrozoa dataset) of sessile fouling organisms 
observed for each port and panel type.
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Table 1
Abundance expressed as the number of polyps (Hydrozoa), thalli (algae), colonies (Bryozoa) or individuals (all other 
taxa) and frequency of occurrence (FO) of sessile biofouling taxa on recovered wood (W), PVC (P), and rope (R) panels 
from four major ports in the Sea of Marmara.

Taxon
Haydarpasa Ambarli Kocaeli Bandirma

FO (%)
W P R W P R W P R W P R

All-taxa dataset
Algae 0 0 0 2 0 0 0 0 0 115 69 30 33.33
Cnidaria: Hydrozoa 260 253 500 193 161 200 132 177 267 24 30 54 100.00
Cnidaria: Scyphozoa 0 0 0 0 0 0 23 210 160 0 0 0 25.00
Cnidaria: Actiniaria 201 56 480 70 26 30 3 6 200 0 0 0 75.00
Annelida: Polychaeta 1 2 0 11 5 18 400 10 123 32 22 12 91.67
Mollusca: Bivalvia 13 152 640 78 50 67 430 120 280 26 15 17 100.00
Arthropoda: Cirripedia 313 29 4 122 35 17 18 7 0 287 95 73 91.67
Bryozoa: Cheilostomatida 8 4 0 6 3 2 27 43 44 3 2 3 91.67
Chordata: Ascidiacea 3 0 0 0 0 0 0 0 0 7 5 4 33.33

Hydrozoa dataset
Ectopleura crocea (Agassiz, 1862) 260 253 500 0 0 0 0 0 0 0 0 0 25.00
Obelia dichotoma (Linnaeus, 1758) 0 0 0 130 70 110 50 40 90 0 0 0 50.00
Bougainvillia muscus (Allman, 1863) 0 0 0 0 0 0 54 81 135 0 0 0 25.00
Clytia gracilis (Sars, 1851) 0 0 0 0 0 0 0 0 0 24 0 0 8.33
Eudendrium capillare Alder, 1856 0 0 0 0 0 0 28 56 42 0 0 0 25.00
Eudendrium merulum Watson, 1985 0 0 0 0 0 0 0 0 0 0 30 54 16.67
Sertularella ellisii (Deshayes & Milne 
Edwards, 1836) 0 0 0 63 91 90 0 0 0 0 0 0 25.00

Table 2
Summary of total and mean (± standard deviation, SD) abundance of sessile biofouling taxa per port, type of panel, 
and taxon. Values are the number of individuals in the all-taxa dataset and the number of polyps in the Hydrozoa 
dataset.

Per port
All-taxa dataset Hydrozoa dataset

Total Mean ± SD Total Mean ± SD
Ambarli 1096 40.59 ± 60.49 554 26.38 ± 44.52
Haydarpasa 2919 108.11 ± 183.11 1013 48.24 ± 128.99
Kocaeli 2680 99.26 ± 127.42 576 27.43 ± 38.59
Bandirma 925 34.26 ± 59.25 108 5.14 ± 13.85

Per type of panel
All-taxa dataset Hydrozoa dataset

Total Mean ± SD Total Mean ± SD
wood 2808 78.00 ± 120.99 609 21.75 ± 55.11
PVC 1587 44.08 ± 67.36 621 22.18 ± 52.92
rope 3225 89.58 ± 159.38 1021 36.46 ± 98.88

Per taxon
All-taxa dataset Hydrozoa dataset

Higher-level taxon Total Mean ± SD Species Total Mean ± SD
Algae 216 18.00 ± 36.93 Ectopleura crocea 1013 84.42 ± 164.07
Cnidaria: Hydrozoa 2251 187.58 ± 130.37 Obelia dichotoma 490 40.83 ± 48.7
Cnidaria: Scyphozoa 393 32.75 ± 72.21 Bougainvillia muscus 270 22.50 ± 44.34
Cnidaria: Actiniaria 1072 89.33 ± 142.92 Clytia gracilis 24 2.00 ± 6.93
Annelida: Polychaeta 636 53.00 ± 114.28 Eudendrium capillare 126 10.50 ± 19.91
Mollusca: Bivalvia 1888 157.33 ± 197.21 Eudendrium merulum 84 7.00 ± 17.13
Arthropoda: Cirripedia 1000 83.33 ± 108.29 Sertularella ellisii 244 20.33 ± 37.4
Bryozoa: Cheilostomatida 145 12.08 ± 16.27
Chordata: Ascidiacea 19 01.58 ± 2.50
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of which was at least twice that of the second most 
abundant species, Obelia dichotoma. The least 
abundant hydrozoan species observed in this study 
was Clytia gracilis, which was recorded only once on a 
wood panel recovered from the port of Bandirma. In 
terms of frequency of occurrence, most of the fouling 
hydrozoan species (with the exception of O. dichotoma) 
were restricted to a single port, but when present, 
they occurred on all types of panels. Obelia dichotoma 
was the species with the widest distribution, recorded 
on all types of panels in the ports of Ambarli and 
Kocaeli. More hydrozoan polyps were collected on 
rope panels than on either of the other two types of 
panels (Table 2, Fig. 3). Similarly, hydroid colonies were 
more abundant in the port of Haydarpasa, where ca. 10 
times more polyps were observed than in Bandirma, 
the port with the lowest abundance values (Table 2, 
Fig. 3). 

In general, the nMDS plots and cluster diagrams 
for both the all-taxa dataset and the Hydrozoa 
dataset show relatively similar assemblages of sessile 
fouling organisms within the ports, regardless of the 
type of panel analyzed (Figs 4 & 5). When all taxa are 
considered, the biofouling assemblages on panels 
from Bandirma and Kocaeli appear to differ from 
each other and from those deployed in Ambarli and 
Haydarpasa. Biofouling assemblages from the latter 
two ports are loosely clustered, suggesting similar 
assemblage composition. In contrast, no clustering 
pattern related to the type of panel was observed 
in any of the surveyed ports (Fig. 4). This is evident 
again in the nMDS plot and cluster diagram for the 
Hydrozoa dataset, where each of the four ports form 
a well-defined group that includes assemblages from 

rope, wood, and PVC panels. Based on the species 
composition and the abundance of hydrozoans, 
the most dissimilar fouling assemblage occurred on 
wood in the port of Bandirma, which was the only 
case where a colony of C. gracilis was found (Fig. 5). 
The low stress value of the nMDS plots (<  0.04, below 
the commonly accepted threshold of 0.2) indicates a 
good representation of the data in the two dimensions 
shown in the plots. 

Figure 3
Average number of individuals (all-taxa dataset) and polyps (Hydrozoa dataset) of sessile fouling organisms observed 
for port and panel type.

Figure 4
nMDS plot and cluster diagram based on the number 
of individuals for all sessile biofouling taxa found on 
recovered wood, PVC and rope panels in the ports 
of Ambarli, Haydarpasa, Kocaeli, and Bandirma. Well-
supported clusters (as per the SIMPROF routine) are 
highlighted in light gray in the cluster diagram.
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4. Discussion

The community of sessile fouling organisms 
observed in this study is typical of macrobenthic 
fouling assemblages growing on artificial substrates in 
Mediterranean ports, both with respect to high-level 
taxa and species level within Hydrozoa. Algae, 
hydroids, sea anemones, tube-building polychaetes, 
mussels, barnacles, bryozoans, and ascidians are all 
common biofouling taxa in Mediterranean harbors 
and marinas (Tempesti et al. 2022), and have constantly 
been reported as major structural biofouling agents 
in Turkish waters of the adjacent Aegean (Kocak, 
Kucuksezgin 2000) and Black seas (Snigirova et al. 
2022), which was also confirmed by the results of our 
study. Macrofouling studies in the ports of the Sea of 
Marmara are scarce, but the set of taxa growing on 
panels used in our study nevertheless agrees with 
the overall picture of taxa composition of benthic 
hard-bottom communities found elsewhere in the 
basin, where the sessile structural component consists 
mainly of cnidarians, bivalves, bryozoans, and tunicates 
(e.g. Uysal et al. 2002). 

The observed hydrozoan species represent a 
subset of the typical hard-bottom hydroid fauna in the 
Eastern Mediterranean (Isinibilir et al. 2015b; Yilmaz 
et al. 2020). Given the fact that benthic hydroids are 
among the first animals to colonize artificial marine 
substrates, as well as their ability to grow rapidly and 
settle repeatedly on a variety of surfaces, it is not 

surprising that they account for a large portion of 
the sessile macrobenthic biofouling on wood, PVC, 
and rope panels in large ports (Boero 1984; Martell et 
al. 2018). For the most part, the species observed in 
this study have already been reported as occurring in 
marinas and small ports in the Sea of Marmara (Topcu 
et al. 2018), but our discovery of large colonies of 
Ectopleura crocea on panels submerged in the port of 
Haydarpasa represents the first record for this species 
in the basin. The inventory of the hydrozoan fauna of 
the Sea of Marmara currently includes some 79 species, 
but new records are reported for the region in almost 
every recent publication on hydrozoans in the basin, 
highlighting the incompleteness of our knowledge on 
this relevant taxon at the regional level (Isinibilir et al. 
2010; Isinibilir et al. 2015a; Isinibilir, Yilmaz 2016; Yilmaz 
et al. 2017; Albayrak, Balkis 2000; Topcu et al. 2018). 

Ectopleura crocea is a well-documented fouling 
species frequently found on submerged artificial 
substrates in the western Mediterranean Sea (Morri, 
Boero 1986; Di Camillo et al. 2013). It was observed in 
large numbers in Eastern Mediterranean (Egyptian) 
ports in the 1980s (Abdel-Hamid et al. 1983; Shoukr, 
Abdel-Hamid 1987), but later studies did not find it 
in similar habitats in the Levant (Morri et al. 2009) 
and Aegean (Yilmaz et al. 2020) seas, nor did it occur 
in a study conducted in small marinas in the Sea of 
Marmara in 2015 (Topcu et al. 2018). Considered an 
invasive species in Australian and Korean waters 
(Fitridge, Keough 2013; Kim et al. 2020), it is suspected 
that E. crocea was introduced to the Pacific Ocean via 
ships (Kim et al. 2020; Choi, Kim 2023), since polyps 
of this species grow even on surfaces treated with 
antifouling compounds (Genzano 2001). In this sense, a 
similar explanation can be advanced for the presence 
of this species in the port of Haydarpasa. In our study, 
E. crocea showed no preference for any of the panel 
types tested, confirming previous observations that 
the species grows well on a wide range of artificial 
structures, including floating wood, ship hulls, plastic 
surfaces of boats and rafts, and barrels used for mussel 
cultivation (e.g. Brinckmann-Voss 1970; Morri 1981; 
Di Camillo et al. 2013; Fitridge, Keough 2013). The fact 
that a large number of E. crocea polyps were present 
in panels submerged for 3 months is also consistent 
with previous records of the species, indicating its 
role as a rapid colonizer in the early stages of fouling 
communities (e.g. Genzano et al. 2018). 

Unlike E. crocea, which appears to grow poorly 
in natural habitats and appears to prefer artificial 
substrates (Di Camillo et al. 2013; Morri et al. 2017), 
other hydroid species observed on the panels are 
widespread taxa common on Mediterranean rocky 
substrates, where they are known to grow on a wide 

Figure 5
nMDS plot and cluster diagram based on the number of 
polyps for hydrozoan species on recovered wood, PVC, 
and rope panels in the ports of Ambarli, Haydarpasa, 
Kocaeli, and Bandirma. Well-supported clusters (as per 
the SIMPROF routine) are highlighted in light gray in the 
cluster diagram.
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range of substrates (Bouillon et al. 2004). At least three 
of these taxa, Bougainvillia muscus, Obelia dichotoma 
and Clytia gracilis, belong to the most common 
and abundant hydrozoan species in small marinas 
of the Sea of Marmara (Topcu et al. 2018) and were 
frequently encountered during previous surveys in 
the region (Demir 1954; Ünsal 1981). In other parts 
of the Atlantic, O. dichotoma and C. gracilis were the 
most common hydrozoan species growing on artificial 
panels submerged for 3 months off the coast of 
South Carolina (Van Dolah et al. 1988) and, together 
with a Bougainvillia species, were identified as the 
main settlers in a study that analyzed the recruitment 
and succession of hydroids on experimental panels 
submerged for 3 months in the São Seabastião 
channel (Migotto et al. 2001). In a colonization 
and succession study conducted in the Ionian Sea 
(Western Mediterranean), O. dichotoma, Eudendrium 
spp., Sertularella ellisii and B. muscus were among the 
most abundant species growing on short-term (3 to 
12 months) submerged panels (Martell et al. 2018). 
Based on these findings, the hydrozoan assemblages 
observed in this study can be characterized as typical 
of man-made substrates and habitats, demonstrating 
the rapid recruitment and early exploitation of 
available substrate space that is characteristic of 
opportunistic hydrozoans. 

Differences in the local pool of species available 
for recruitment in each port, as well as port-specific 
environmental conditions, appear to impact the 
composition of fouling assemblages more than the 
type of panel. This is further supported by the fact that 
the two ports with the closest geographical proximity 
and supposedly the most similar environmental 
conditions (Ambarli and Haydarpasa, both within the 
limits of the city of Istanbul) shared a similar array of 
fouling organisms at higher taxonomic levels, while 
the port located farthest from the others (Bandirma) 
has the most dissimilar assemblage of fouling 
hydrozoans. The observed pattern of the highest 
abundance in the port of Haydarpasa (adjacent to the 
Istanbul Strait) and the lowest abundance in the port 
of Bandirma (located farthest from both the Istanbul 
Strait and the Canakkale Strait) confirms a previously 
documented trend in the area where higher values 
were observed for benthic invertebrate communities 
at locations closer to the straits, as opposed to other 
coastal sites within the Sea of Marmara (Uysal et al. 
2002). This pattern could be attributed to the complex 
hydrodynamic processes that characterize the 
Istanbul Strait, which provide intensive nutrition for 
filter-feeding biofouling organisms due to an increased 
water exchange rate compared to other coastal areas 
(Uysal et al. 2002; Yalcin et al. 2017). 

Similar biofouling assemblages developed on 
wood, PVC, and rope panels in each port. Several 
factors may have contributed to this pattern, including 
relatively homogeneous conditions within the ports 
in terms of water temperature, salinity, nutrient 
availability and flow, as well as high dispersal and 
recruitment rates of hydrozoans and other biofoulers 
(Boero, Bouillon 1993; Giangrande 1994), which given 
the proximity of different panels, may have facilitated 
rapid colonization of similar species across different 
types of substrates. In addition, human activities, such 
as internal boat traffic and maintenance, may have 
increased the spread of species within each port, thus 
making the observed biofouling assemblages uniform. 
Although the high similarity between assemblages of 
different types of panels seems to contradict previous 
research where the type of substrate greatly affected 
the species composition, diversity, and abundance 
of fouling organisms (e.g. Giangrande et al. 2021; 
Bae et al. 2022), a similar pattern has been observed 
previously for benthic hydroids in natural (Calder 1991) 
and artificial (Migotto et al. 2001) habitats, and it has 
been suggested that many benthic hydrozoan species 
are actually substrate generalists (Calder 1991). 

The results of this study provide the first glance into 
the fouling hydrozoan assemblages currently occurring 
on some of the largest artificial environments in 
the Sea of Marmara. Our findings underscore the 
considerable variability of these assemblages, 
suggesting that their taxonomic composition and 
abundance is driven by site-specific dynamics. 
However, further research is needed to characterize 
the succession patterns of these communities, as well 
as to test the effects of seasonality on the colonization 
of artificial substrates in ports. Fouling hydrozoans act 
as structural elements that provide shelter for other 
organisms, facilitating the translocation of associated 
fauna (e.g. Ros et al. 2013). Understanding their 
diversity in large ports is therefore crucial to develop 
effective antifouling strategies that help prevent the 
spread of invasive species, especially in vulnerable 
systems such as the Sea of Marmara (Demirel et al. 
2023). 
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