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Abstract

Artificial reefs are human-made structures built for promoting marine life. Long-term monitoring and research regarding the use of
artificial reefs in terms of ecological and economic perspective is essential. In this study, the ecological succession and their relationship
with bacteria on concrete artificial reef material was investigated. Heybeliada artificial reef site was selected as sampling area. After
three years period, the visual examination of ecological succession and sessile marine bacteria count were performed on the concrete
artificial reef material. All the results showed that the strength of the artificial reef material is also affected by the biofilm layer and the
creatures in the microecosystem. Therefore, monitoring studies should be carried out to determine the service life of artificial reef
materials as well as to reveal the existence of the ecosystem formed and developing in these areas qualitatively and quantitatively.
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Introduction function like natural reefs after being placed underwater

(FAO, 2015). Succession features are critical in realizing
Ensuring the sustainability of the marine ecosystem and this expectation. It is extremely important to monitor the
resources and protecting biodiversity are issues that have processes developing on the reef in the long term from the
increased in importance in recent years (Gazioglu, 2018). moment the artificial reef material first contacts with the
Although some sectors such as fishing, transportation and water and to determine the efficiency of the application in
tourism directly benefit the sea, the developing industrial order to reveal whether the targeted goals are achieved
sector poses a significant problem for the marine (Bracho-Villavicencio et al. 2023).

ecosystem. Moreover, practices such as landfilling,
littering, illegal fishing activities and the global effects of The artificial reef materials should be durable and safe for

climate change lead to the loss of underwater habitats marine environment. The mechanical properties of
(Brander, 2013; Bracho-Villavicencio et al.,2023; artificial reef materials such as strength, chemical
O’Reilly and Willerth, 2024). These damages to water composition, water absorbability need to be suitable for
quality and habitat opportunities lead to irreparable marine life. The metabolic activities of marine organisms
damage to the aquatic ecosystem balance. Especially, to can cause corrosion problems on artificial reef materials
improve damaged habitats and support the ecosystem and it leads lowering service life of reef materials (Yang
many scientific studies are carried out and various tools et al. 2018a). Therefore, the selecting appropriate
and methods are used (Borja et al. 2020). Artificial reefs materials is essential step for artificial reef durability.
are also among the tools used for this purpose (Toring- There are limited studies that have demonstrated the
Farquerabao et al. 2021; Bracho-Villavicencio et al. relationship between benthic organisms and bacteria
2023). Artificial reefs, which are frequently used for communities on artificial reef materials (Guo et al. 2021).
habitat restoration especially on the Mediterranean coasts, In this work, the ecological succession and their
have been implemented in more than 70 applications on relationship with bacteria on artificial reef material was
the coasts of our country. evaluated. After three years period, the visual
examination and the enumeration of sessile marine
Due to human impact and climate change, the Sea of bacteria were performed on the artificial reef material.

Marmara has lost its ecosystem balance and sustainability

and faced the habitat loss (Keles et al. 2020). One of the Materials and Methods

biggest disasters caused by these problems manifested Sampling area

itself as the mucilage disaster in 2021. In the same period,

a large-scale artificial reef project was implemented off Artificial reefs located off the coast of Heybeliada was
the coast of Istanbul in order to improve the ecosystem selected as sampling area (Figure 1). Artificial reefs were
and habitat restoration. Artificial reefs are expected to deployed at 24m depth and muddy ground in 2020.
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Fig. 1. Sampling point o?HeybeIiada.
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Fig. 2. The dimensions of Interlocking Paving Stones
(Iston, 2021).

Avrtificial reef specimens and deployment plan
Interlocking Paving Stones (Iston, 2021) were used for
sampling (Figure 2). Paving Stones are made of concrete
material, placed on artificial reef sets consisting of
concrete cubic blocks, were placed in the region in
December 2020, positioned above the artificial reef
blocks (Figure 3).

Sampling

The stones placed on the reef blocks were placed in
ziplock bags underwater without touching by scuba
diving researchers and brought back to the boat. Samples
were kept in the dark and at the seawater temperature until
arrival at the lab. Then, they were returned to the
laboratory as soon as possible.

Enumeration of marine bacteria

Water samples were taken from study area and filtered by
a sterile (142 mm diameter) 0.22 um pore size (Sartorius)
nylon membrane filter. Afterwards, the samples were re-
suspended in 20 ml of sterile seawater using Stomacher
Lab Blender (Interscience BagMixer) for 2 min. All
suspansions were diluted 10" to 1077 to enumerate marine
bacteria in seawater.

For sessile bacteria counting, the sample was rinsed with
sterile seawater to remove planktonic bacteria and to
avoid sample contamination. Then the bacterial samples
were collected carefully from three different sites of
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Fig. 3. Pre-placement view of paving stones and their
positioning on artificial reef blocks .

stones with sterile swabs. The constituents of biofilm
were put in a 10 mL sterile seawater and vortexed. The
bacterial suspensions were diluted to 107. Marine agar
medium (Merck) was used to enumerate bacteria.
Inoculated plates were incubated at 28 °C for 7 days. All
plates were inoculated in triplicate. The colonies were
counted by a colony counter (Funke Gerber, Colony
Counter) after incubation period and expressed as colony
forming unit (CFU) (Reasoner ve Geldrich, 1985).

Results
Physicochemical parameters

The chemical parameters of water samples that were taken
from the study area were given Table 1. These chemical
data were obtained within the framework of the research
project (TUBITAK 121G102) carried out in the region in
October 2021-October 2022 (Giil et al. 2023).

According to project (Tubitak 121G102) results, the
average of the temperature values were around 12.6 +
1.5°C. The minimum and maximum pH values of the
water were found as 7.67 and 8.03 respectively. The
average concentration of DO was observed as 7.48 mg/l
and the salinity of water was found as %o 23.63. The
lowest value of NO, + NO3z was found as 0.88 mg/l and
the highest value was 26.66 mg/I. Also, the values of PO.-
P reached 251.05 mg/l at winter and the average
chlorophyll-a found as 1.34 pg/1.
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Table 1. Chemical parameters from sampling point at 20m depth between October 2021-October 2022

Parameters Min
Temperature °C 8
pH 7.67
DO (mg/l) 1.89
Salinity 21.2
NO2+NOs3 0.88
PO4+-P 2.31
Chlorophyl-a 0.13

Macroscopic images of paving stone.
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Fig. 6. Macroscopic images of Bougainvillia muscu.
and Rhodophyta species of algae (B)

s ()

Visual examination

According to visual examination of the sample material
showed that the entire area of the material was covered
with benthic organisms. Also, the most dominant species
are determined as Polychaeta on the artificial reef material
surface (Figure 4).

The data related to the species and groups identified
through the examination conducted with the naked eye on
the paving stone surface have been presented in figures. It
has been determined that the most dominant group on the
stone surface is members of the Serpulidae family (Figure
5).

Bougainvillia muscus (Figure 6A) takes the second place
in dominance, Rhodophyta species of algae (Figure 6B)
have also been recorded.

The sea squirt Ciona intestinalis and the scallop named
Mimachlamys varia (Figure 7A) are represented by a
single individual, whereas very small individuals of
Corella sp. (Figure 7B) tunicates have also been observed.

Max Average
20 12.6
8.03 8.09
9.59 7.48
26.5 23.63
26.66 10.28
251.05 86.34
3.19 1.34

£

Fig. 7. Macroscopic images of Ciona intestinalis and

Mimachlamys varia (A) and Corella sp.(B)
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Enumeration of total marine bacteria

The levels of total marine bacteria on artificial reef
material and in seawater were given in Figure 8. The total
marine bacteria on the artificial reef material was
determined as 2.1x10° cfu/cm? and the value in the
seawater was found as 2.3x10* cfu/ml (Figure 8).

HBSlog,,

Artificial reef material Seawater

Fig. 8. The levels of total marine bacteria in artificial reef
material and seawater.



Gul and Unsal / IJEGEO 11(1): 030-035 (2024)

Discussion and Conclusion

Chemical composition and physical properties of the reef
material surface affect bacterial attachment and formation
of biofilm (Georgakopoulos-Soares et al. 2023). The
characteristics of the biofilm also determines the
development of succession. In this study, after three years,
the material was completely covered by sessile organisms.
The upper part of material was scraped to evaluate micro
and macro organisms. The most dominant species was the
members of Serpulidae. It is known that the members of
the Serpulidae provide calcium carbonate enrichment in
the area through the tubes they form. Although there is
limited studies about Serpulidae, it is known that the
members of this family contribute to the enrichment of
mineralization in the area where they are located, and also
create habitats on their own due to the physical space they
create (Hill, 2013). Also, Bouganville muscus, a
hydrozoan species, was densely detected on the surface.
Hydrozoans, which have a wide distribution and high
diversity in the world, have found the chance to live on
the cobblestone representing the artificial reef and have
taken their place in biodiversity. The continuous fecal
production of these organisms lead to occur low-oxygen
gradients and support the development of anaerobic
heterotrophic bacteria on artificial reef materials (Guido
et al. 2014). In this study, the number of marine bacteria
in sessile form, was found as 2.1x10° cfu/ml (Figure 8). It
indicated that bacteria and other organisms have
symbiotic relationship and the extracellular polymeric
subtances (EPS) promote them to adhere to each other or
any surface. This finding has also been corroborated by
various studies (Costa et al. 2018, Yang et al. 2018b). The
other two individuals detected are described as sea squirts:
Ciona intestinalis and Corella sp. Both species are filter
feeding creatures (Emerson et.al. 2022). Although they
were found as a individual on reef material, the
researchers who carried out the underwater sampling also
noted the presence of dense clusters on the artificial reef
sets. Especially the density in the number of Ciona
intestinalis indicates that the region is under algal
pressure. Different studies have studied the filtration rates
of this species in different regions (Petersen and Riisgérd,
1992).

Considering the long-term mucilage disaster that has
occurred in the region in recent years, it is thought that
Ciona intestinalis and Corella sp. provide a benefit in
reducing algal pressure with their filter feeding feature.
Also, Ciona intestinalis has been used as a model
organism in molecular biology (Blasiak er al. 2014).
Members of Rhodophyta were detected on the artificial
reef material. Additionally, the diver researchers who
conducted the sampling observed that members of this
family were abundantly found on and around the artificial
reef sets. Rhodophyta members are indispensable for the
marine ecosystem with their oxygen production,
biogeochemical effect, contribution to carbon
synchronization and important role in the food web
(Minhas et al., 2020). Also, many studies showed that
bacteria-algae interactions has a great impact on algal
development (Ramanan et al. 2016).
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Juvenile Chlamys was also detected on reef material.
Being a filter-feeding creature, this scallop, like all its
other similarly feeding relatives, feeds on phytoplankton,
particulate organic matter, inorganic particles and
planktonic larvae of some marine invertebrates from the
water column and filters them and excretes biodeposits. In
this way, the water column becomes clear by removing
phytoplankton, biotic and abiotic particles, and organic
and nutrient-rich particles are transferred to the bottom
(National Research Council, 2010). Considering that all
these detected creatures feed on particles in the water, this
suggests that the nutrient level of the environment is high.
Moreover, the mucilage disaster experienced in recent
years occurred when the increase in algae and wastes due
to pollution in the environment exceeded the carrying
capacity. By providing hard ground, reefs provide an
environment for such sessile creatures to live and
reproduce, and these creatures play an important role in
ecological balance with their water filtering properties.

All this ecological development provides real benefits
only with the long-term durability of the artificial reef.
FAO (2015) was prepared a guide for artificial reef
applications, the importance and types of monitoring
studies and important criteria are discussed. Many
applications are subject to biological and ecosystem
monitoring, and some applications are supported by
socio-economic monitoring. However, studies on the
underwater durability of artificial reefs are limited. These
studies mostly aimed to reveal the connection between
movements such as waves, currents, etc. and the stability
of artificial reefs (Fauzi et al., 2017, Diizbastilar and
Tokag, 2003). However, the strength of the artificial reef
material is also affected by the biofilm layer formed on
the surface and the creatures in the microecosystem. For
this reason, it is also essential to monitor the biological
development process on the material. Therefore,
sustainable benefits can be achieved for the longest period
of time in these ecosystem-forming areas. Otherwise, the
destruction of reef materials may cause the collapse of this
system, which was created by spending intense effort,
time and cost.

The following conclusions can be drawn from the
obtained data.

e The microbiota develops on artificial reefs may
have both a constructive and a destructive effect
on the ecosystem. Therefore, the studies need to
be conducted on their impact on the ecosystem.
There is no study to evaluate the effect of the
sessile ecosystem, such as their mineral
transformation and physical drilling-carving on
reef materials. These gaps should be addressed
with future studies.

e The ecosystem on the reef material has a
dynamic structure. To achieve the expected
benefit, not only the succession stages but also
the life processes of organisms in the ecosystem
must be taken into account.

e Since the initial formation of the biofilm on the
reef material to model all the processes that will
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develop is important in determining the reef
material composition to be used in the region.

e In artificial reef studies to be carried out
specifically for a species or a group, the benthic
ecosystem that this microbiota will attract should
be foreseen, as well as knowing the behavioral
and metabolic needs of the target species. For
example; if an artificial reef project is to be
prepared for filter feeding creatures in order to
improve water criteria in waters under pollution
pressure, the mineral composition of the reef
material to be used should be carefully selected,
taking into account the microbiota in the water.
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