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Biofouling on artificial substrata in Muscat waters

Sergey Dobretsov

Lius olw & dsllny! c&a'ﬂ\ S S5 (,f\jd\

O geniyf 93 o

ABSTRACT. Macro-fouling communities developed on acrylic, aluminum, wood and fiberglass panels were investigat-
ed after 4 months exposure in Marina Bandar al Rawdah and Marina Shangri La. Wet weight of biofouling was about
2-fold higher in Marina Bandar Rawdah and different communities were formed on the front and back sides of the
panels. Differences between communities on different materials were less pronounced. In the second study, wet weight
and community composition of macro-fouling communities on ceramic tiles at the depth of 1 m and 5 m in Marina
Bandar al Rawdah were investigated. During 2008 — 2010, there were no differences between biomass of communities,
while in 2011 biomass of macro-fouling was higher on tiles at 5 m. In December 2008 the minimal weight (0 kg/m?) and
in September 2011 the maximal weight (26.3 kg/m?) of macro-fouling communities were recorded. In total, 27 inverte-
brate fouling species were found, which mostly (33%) belonged to phylum Ectoprocta. Three invasive bryozoan (Bugula
neritina, Zoobotryon verticillatum and Schizoporella errata) and one invasive tunicate (Ciona intestinalis) species were
observed. Overall, this study indicates high biofouling pressure in Muscat marinas and suggests necessity of future
studies of fouling communities in Oman waters.
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Introduction

n marine environment any undefended natural and
Iman—made substrate is quickly colonized by micro-

and macro-organisms in a process known as “bio-
fouling” (Clare et al. 1992; Wahl et al. 2012). Biofouling
is a multi-stage process. The first stage involves the for-
mation of a biofilm mainly composed of bacterial and
diatoms incorporated in a polysaccharide matrix (Qian
et al. 2007). At the second stage, spores of microalgae
and larvae of invertebrates settle on the substrate cov-
ered with biofilms (Clare et al. 1992). Microbial biofilms
(micro-fouling) either enhance or inhibit settlement of
macro-fouling organisms (Dobretsov et al. 2006).
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Biofouling caused significant problems for industries
and navies alike (Callow and Callow 2002; Schultz et al.
2011). Biofouling reduce speed of boats and ships, clogs
aquaculture nets, water intakes and heat exchangers
(Okamura et al. 2010; Schultz et al. 2011; Sievers et al.
2014). Additionally, biofouling organisms increase cor-
rosion, shear stress and drag, eventually leading to high-
er fuel consumption and increased production of CO,
by ships. In order to control and deal with biofouling
around the world, countries spend annually more than
US$5 billion (Dobretsov et al. 2006).

Current antifouling methods are based on the usage
of toxic metals, such as copper and zinc, and organic
compounds, such as Sea Nine (Yebra et al. 2004). These
compounds pollute marine environment and are toxic to
marine organisms and humans (Ali et al. 2013; Thomas
et al. 2002). Due to high environmental risks the use of
one of the highly successful antifouling agent — organo-



tin (TBT) — has been banned globally in 2008 (Guardiola
et al. 2012). Therefore, there is a strong need to develop
non-toxic or low toxic “environmentally friendly” anti-
fouling solutions.

For the development of a successful antifouling de-
fence one need to investigate occurrence of biofouling
species on different materials, depths, and during dif-
ferent seasons. While there is a strong indication that
biofouling cause numerous problems for boat and ship
owners, aquaculture and desalination plants in Oman,
there is limited information about biofouling in Oman
waters. It has been shown that the alga Ulva sp. and the
barnacle Balanus amphitrite were the major macro-foul-
ing species in Oman waters (Dobretsov et al. 2013). Few
publications describe biofouling communities in Arabi-
an Gulf. High diversities of fouling organisms, such as al-
gae, sponges, cnidarians, annelids, arthropods, molluscs
and echinoderms, were found on fish cages in Kuwait
waters (Mohammad 1976). Another study conducted on
the legs of oil platforms in Abu Dhabi demonstrated that
the highest biomass of fouling organisms was observed
at the depth of 5 m, while the highest number of individ-
uals were found at the surface (Stachowitsch et al. 2002).
Not only the exposure depth but also chemical and
physical properties of the substratum affect formation
of biofouling communities (Connell and Glasby 1999). It
was demonstrated that higher densities of macro-foul-
ing organisms were found on black but not on white sub-
strata in Oman waters (Dobretsov et al. 2013). Different
macro-fouling communities were formed on wooden
and metal substrata (Scheer 1945).

We hypothesized that formation of macro-fouling
communities in Oman waters is different and depends
on the type of substrata, exposure depth and location.
The main aims of this study were: 1) to investigate the
formation of macro-fouling communities on acrylic,
aluminum, wood and fiberglass panels in two marinas
in Muscat waters; 2) to study long-term (>3 years) dy-
namics of macro-fouling communities on ceramic tiles
at the depth 1 m and 5 m in marina Bandar Al Rawdah
and 3) to identify main macro-fouling species present in
Muscat waters.

Materials and methods

Experimental sites

This study was conducted at Marina Bandar Al Rawdah
(23° 34’ 55” N 58° 36’ 27” E) and Marina Shanri La (23°
32" 56” N 58° 39’ 23” E), Muscat, Sultanate of Oman.
These are semi-closed marinas with limited current (1-
10 cm/s) few kilometers apart from each other. Marina
Bandar Al Rawdabh is relatively old (opened in 1996) and
polluted, while Shangri La is a new, unpolluted marina
constructed in 2007. During the experiment, the average
water temperature was 26.8°C and salinity was 35.5 ppt.
Both marinas have similar temperatures and salinities,
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Table 1. List of invertebrate fouling taxa recorded during this
study in Muscat waters with their taxonomic position.

I Phylum Porifera
Class Demospongiae,
Family Mycalidae
Mycale sp.
Family Chalinidae
Chalina sp.

II Phylum Cnidaria
Class Hydrozoa,
Family Campanulariidae
Obelia sp.

III Phylum Mollusca
Class Bivalvia
Family Ostreidae
Saccostrea sp.
Family Pteriidae
Pinctada fucata
Class Gastropoda
Family Vermetidae
Vermetus sp.

IV Phylum Annelida
Class Polychaeta
Family Serpulidae
Hydproides elegans
Serpula vermicularis

V Phylum Arthropoda
Class Maxillopoda
Family Balanidae
Balanus amphitrite
Balanus trigonus

VI Sub Phylum Tunicata
Class Ascidiacea
Family Ascidiidae
Phallusia nigra
Acidia sp.

Family Cionidae
Ciona intestinalis*
Family Didemnidae
Didemnum sp.
Family Botryllidae
Botrylloides sp.
Family Polycitoridae
Eudistoma sp.

VII Phylum Ectoprocta
Class Gymnolaemata

Family Bugulidae
Bugula sp.
Bugula cf neritina

Family Lepraliellidae
Celleporaria cf aperta
Celleporaria vermiformis

Family Schizoporellidae
Schizoporella errata

Family Membraniporidae
Biflustra sp.

as well as amounts of dissolved nutrients. The average
depth at the experimental sites for both marinas is about
6m at low tides.
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Experimental design

Two experiments were conducted. In the first study,
acrylic, aluminum, wooden and fiberglass panels
(size=250 x 150 x 3 mm) were exposed vertically to
biofouling at the depth of 1m for 4 months (October
2011 - January 2012) in Marina Bandar Al Rawdah and
Marina Shanri La. Each experimental set up contained
one acrylic, aluminum, wooden and fiberglass panel
attached by ties to a PVC pipe. Pipes were attached to
marina pontoons by ropes. The distance between the set
ups was ~1m. There were 3 replicated set-ups in this ex-
periment. At the end of experiment, the panels were re-
trieved and brought to the laboratory on ice. Presence of
dominant species was recoded. Biofouling was scraped
individually from front and back side of each panel using
a knife. Wet weight + 0.1g of biofouling developed on
both sides (front and back) of the panels was recorded.
Collected macro-fouling was storied in 70% alcohol and
used for taxonomic identification.

In the second study, ceramic tiles (size = 152 x 152
x 5 mm) were placed vertically at the depth 1m and 5m
in Marina Bandar Al Rawdah. There were 5 replicated
tiles for each depth. Each tile was attached to individual
ropes that were tied to pontoons. The distance between
ropes was ~0.5m. Every month tiles were retrieved and
their individual wet weight + 0.1g and presence of dom-
inant species on the front size of the tiles were recorded.
Individual pictures of tiles were made and used for iden-
tification of species. Then, tiles were deployed back to
the sea. The experiment was conducted from February
2008 till December 2011.

Analysis of data

Presence of invasive species was detected by analysis of
collections and photographs with the help of Global In-
vasive Species Database (www.issg.org). Bryozoan spe-
cies were identified by Dr. Andrey Ostrovsky and species
of decapods were identified by Dr. Sergey Khvorov.

For each experiment the mean wet weight was calcu-
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Figure 1. Wet weight (g/m2) of macro-fouling communi-
ties developed on acrylic, fiberglass, wooden and alumi-
num plates exposed for 4 months horizontally at the depth
of 1m in Marina Shangri La. Data are means + 1 standard
deviation. Means that are significantly different according
to a HSD test (ANOVA: p< 0.05) are indicated by different
letters above the bars.

lated. The data were square root transformed in order
to ensure normality of variances. The normality data as-
sumption was verified with the Shapiro—Wilk’s test. The
effect of the type of substratum, its side and the exposure
depth on wet weight of fouling communities was inves-
tigated by analysis of variance (ANOVA) followed by a
post-hoc HSD test. All calculations were performed us-
ing Statistica 11.0 (StatSoft, USA) software. In all cases,
the threshold for significance was 5%.

Results

Experiment 1

Wet weight of macro-fouling communities developed on
front and back sides of acrylic plates in Marina Shangri
La was similar to each other (Fig.1). In opposite, weight
of biofouling developed on the back side of fiberglass,
wooden and aluminum plates was significantly (ANO-
VA, HSD, p<0.05) higher than ones on the front side. It

Table 2. Dominant fouling taxa found on acrylic, fiberglass, wooden and aluminum plates exposed for 4 months horizontally at
the depth of 1m in Marina Shangri La and Marina Bandar Al Rawdah.

Location Shangri La Bandar Al-Rawdah
Front side Back side Front side Back side
Acrylic Red Algae Red and Bryozoa Bryozoa
Barnacles Green Algae Barnacles Barnacles
Bryzoa Barnacles Sponges Sponges
Bryzoa
Fiberglass Red and green Algae  Red and Green Bryozoa Bryozoa
Barnacles Algae Barnacles Barnacles
Barnacles Sponges Sponges
Wood Red Algae Red Algae Bryozoa Bryozoa
Barnacles Barnacles Barnacles Barnacles
Aluminum Red Algae Oysters Bryozoa Bryozoa
Barnacles Barnacles Barnacles Barnacles
Green Algae
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Figure 2. Wet weight (g/m2) of macro-fouling communi-
ties developed on acrylic, fiberglass, wooden and alumi-
num plates exposed for 4 months horizontally at the depth
of 1m in Marina Bandar Al Rawdah. Data are means + 1
standard deviation. Data that are significantly different ac-
cording to a HSD test (ANOVA: p< 0.05) are indicated by
different letters above the bars.

was easy to scrape biofouling from acrylic, fiberglass and
aluminum but not from wooden plates. Wet weight of
macro-fouling communities developed on different sub-
strata exposed horizontally in Marina Bandar Al Rawdah
was significantly similar (ANOVA, HSD, p>0.05), except
front size acrylic and fiberglass substrata (Fig.2). Again,
it was difficult to remove biofouling from wooden plates.

Biofouling communities formed on different substra-
ta were slightly different in each marina (Table 1). For
example, in marina Shangri La bryozoans were found
only on acrylic plates. At the same time, there were dras-
tic differences between biofouling communities formed
in both marinas. Red and green algae were found only
in marina Shangri La but tunicates Phallusia nigra (Ta-
ble 2) were observed only in marina Bandar Al Rawdah.
Only in marina Shangri La different communities were
developed on front and back sides of the plates (Table 1).

Experiment 2

Wet weight of macro-fouling communities developed
on ceramic tiles increased during the first year of study
(Fig.3). In December 2008 the minimal weight (0 kg/m2)
of macro-fouling communities was recoded. On Sep-
tember 2011, the highest weight of communities (26.3
kg/m2) was detected on tiles that exposed to fouling at
the depth of 5m. During first 3 years of the study, there
were no significant differences between wet weight of
fouling communities developed on tiles at 1m and 5m
(Fig.3). In opposite, in the last year of study, tiles exposed
to fouling at 5m depth had the highest weight of com-
munities. The average wet biomass on substrata at 1m
depth was 10.3 + 4.1 kg/m2, while at 5m depth was 14.0
t 6.6 kg/m?2.

Macro-fouling species

During this study 7 different phyla of invertebrates were
detected (Table 2, Fig. 4). In total, 27 fouling species
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Figure 3. Mean wet weight (kg/m?2) of macro-fouling com-
munities developed on ceramic tiles exposed to fouling in
Marina Bandar Al Rawdah.

were found. Most of them (33%) belonged to bryozoa
(Phylum Ectoprocta) (Fig.4). Among this group the most
dominant were Bugula neritina and Schizoporella erra-
ta. B. neritina was mostly present during winter months
(December — February), while S. errata dominated
during summer and autumn (June - October). In total, 4
invasive species was recorded. Three invasive species (B.
neritina, Zoobotryon verticillatum and S. errata) belong
to bryozoans and one (C. intestinalis) belongs to tuni-
cates (Table 2).

Discussion

Any unprotected substratum in marine environ-
ments gets quickly fouled by macro-fouling species
(Scheer 1945). Our hypothesis was that fouling pressure
on acrylic, aluminum, wood and fiberglass panels would
be different. While our data demonstrated different bio-
mass of fouling on some of these substrata (Fig. 1 and 2),
we observed that location (Marina Bandar Al Rawdah or
Shangri La) and position (front or back) of panels played
a major role in the formation of biofouling communi-
ties. Higher biomass was recorded on the front size of
the panels in Marina Bandar Al Rawdah, while in Marina
Shangri La biomass was higher on the back side of ver-
tical panels. This could be due to differences in light in-
tensity on front and back sides of the panels. It has been
shown that orientation of the panels and light intensi-
ty affected formation of fouling communities (Connell
and Glasby 1999; Fairfull and Harriott 1999). Biomass
of macro-fouling communities in Marina Bandar Al
Rawdah was more than 2-fold higher than one in Ma-
rina Shangri La. This could be explained by differential
fouling pressure due to the presence of different species
in marinas. While temperature, salinity, currents, and
nutrients were similar in both marinas, high organic and
inorganic pollution in Marina Bandar Al Rawdah could
enhance growth of certain species. It has been shown
that aquatic pollution increases success of invasive and
fouling species and reduce survival of local species
(Crooks et al. 2011; Mayer-Pinto and Junqueira 2003).
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Figure 4. Proportions of macro-fouling taxa recorded
during our experiments in Muscat waters.

The average wet biomass of fouling communities
detected on ceramic tiles was higher than 10 kg/m2.
After 4 months, the highest biomass 5.9 kg/m2 was de-
tected on acrylic plates in Marina Bandar Al Rawdah.
These biomasses are extremely high in comparison with
the highest biomass (about 1.5 kg/m2) recorded on the
oil platforms legs in the Gulf region (Stachowitsch et
al. 2002). Unfortunately, data about biomass of fouling
communities in Iranian waters are not available. Our
experiment suggests that biofouling in Muscat and pos-
sibly in Oman waters are more intensive than in other
Gulf regions. This could lead to more devastating effects
on marine installations, desalination plants, ships and
equipment working this area.

Experiment 2 conducted in Marina Bandar Al Raw-
dah showed that only in 2011 biomass of macro-fouling
communities was higher on tiles exposed to fouling at
5m. Previously, the highest biomass of fouling was ob-
served on the oil platform legs in UAE at the depth of
5m, while highest number of individuals was found at
the depth of Om (Stachowitsch et al. 2002). In December
2008 the minimal weight of 0 kg/m2 of macro-fouling
communities was recorded (Fig. 3). Possibly it was due
to harmful algal blooms (HABs) caused by the marine
ichthyotoxic dinoflagellate Cochlodinium polykrikoides
(Richlen et al. 2010). During HABs of November 2008
— January 2009 the Cochlodinium species were respon-
sible for killing thousands of tons of fish, damaging coral
reefs, impacting coastal tourism and desalination plants
in the Gulf region (Richlen et al. 2010). While HAB in
the Arabian Gulf and the Sea of Oman has lasted for
more than eight months till July 2009, biomass of fouling
communities is quickly recovered after February 2009.
Current study is the first documented impact of HABs
on biofouling communities.

During this study 27 species of biofouling invertebrate
organisms belonging to 7 phyla were detected (Table 2).
Previously, 76 species belonging to algae, sponges, cni-
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darians, annelids, arthropods, mollusks, echinoderms
and chordates were observed on shells of Pinctada fu-
cata in Kuwait waters (Mohammad 1976). Polychaetes,
such as Serpula vermicularis, Hydroides chomoceros,
and Spirobranchus semperi, constituted more than 55%
of all biofouling species. Presence of sessile filter feeders,
such as Porifera, Bivalves, Cirripedia and Ascidia, and
small mobile forms, such as Polychaetes and Amphi-
pods, was recorded of the legs of oil platforms in UAE
(Stachowitsch et al. 2002). In our study, biofouling com-
munities were dominated by bryozoan species (Phylum
Ectoprocta). Differences in fouling species could indi-
cate presence of different fouling species existing in the
Gulf and the Sea of Oman.

Our study is the first one that demonstrated pres-
ence of invasive species in Oman fouling communities.
Alien species include 3 invasive bryozoan (B. neritina,
Z. verticullatum and S. errata) and one tunicate (C. in-
testinalis) species (Table 2). Previously, only 11 alien and
6 species with un-identified biostatus were recorded in
Oman (www.issg.org). Most of these species were found
in terrestrial but not in marine environments. Interest-
ingly, invasive tunicate C. intestinalis was not recorded
in this part of the world (Therriault and Herborg 2008).
Invasive species decrease biodiversity of indigenes com-
munities and have serious impacts on fisheries and
aquaculture (Mollo et al. 2008). Most of invasive species
spread by ballast waters or by biofouling on ship hulls
(Gollasch 2002). While there is no data about the impact
of these invasive species on marine communities and
fisheries in Oman, their detection is an alarming signal,
which shows that early warning and control measures
have to be developed in the nearest future.
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