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Recruitment patterns of the solitary ascidian Phallusia nigra
Savigny, 1816 on artificial substrates submerged in the central
Red Sea, Saudi Arabia

by Abstract

Abdul Mohsin A. A|_Sofyani, The solitary ascidian Phallusia nigra is commonly
Sathianeson Satheesh* found on hard substrates along the Jeddah coastal

waters of the central Red Sea. In this study, the
recruitment pattern of P. nigra on artificial substrates
was assessed in relation to their type, surface colorand
orientation. The results showed a higher recruitment
rate of the ascidian species on concrete and dark
panels. The abundance of the ascidian on test panels
varied between the four seasons. The orientation
(vertical or horizontal) of the panels did not show any
major difference in the recruitment. Significant effects
of light intensityon the recruitment of P. nigra were
observed on test panels, with higher abundance on
panels submerged in the shade. In conclusion, this
study clearly indicates the importance of the type and
color of substrates in the recruitment of ascidians on
artificial materials.
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Introduction

The substrate selection by larval forms of marine
organisms is an important factor that may to some
extent determine the patterns of spatial distribution
in adult populations (Pineda et al. 2010). In general,
the substrate selection is influenced by various
physical, biological and chemical factors such as the
type of substrate, its surface properties, composition,
color, and microbial biofilms (Rodriguez et al. 1993;
Azevedo et al. 2006; Swain et al. 2006; Walker et al.
2007; Satheesh & Wesley 2010; Dobretsov et al. 2013;
Whalan et al. 2015; Siddik et al. 2018). Research on
the settlement of larvae on different substrates is
important for those organisms that are suspected
of being invasive, as this will help to understand the
potential effects on native communities and establish
environmental control policies (Mizrahi et al. 2014).

Ascidians (Phylum: Chordata, Class: Ascidiacea)
are commonly found on hard substrates in seawater
and are the major part of fouling assemblages
on artificial and natural substrates (Holmstrom &
Kjelleberg 1994; Swami & Chhapgar 2002; Tracy et al.
2017). Due to their fast growth rate (Lambert 2002)
and superior colonization capacity on substrates
(Dean 1981; Satheesh & Wesley 2011), ascidians play
an important role in determining the structure of
fouling communities developed on artificial materials
submerged in seawater (Bullard et al. 2007; Satheesh
& Wesley 2011). Being widespread in biofouling
assemblages, ascidians are easily transferred to new
locations through vessel fouling, movement of fouled
aquaculture nets as well as oil and gas structures
(Tracy et al. 2017). Further, bioinvasion of ascidians to
new habitats may lead to significant economic and
ecological damage (for a review, see Zhan et al. 2015).

The solitary ascidian Phallusia nigra Savigny,
1816 occurs mainly in shallow waters in tropical
and sub-tropical regions throughout the world
(Vandepas et al. 2015; Kim et al. 2016). The species
(P. nigra) was reported as an introduced species in
the Mediterranean Sea, the Pacific and Indian Oceans
(Shenkar 2012; Vandepas et al. 2015; Kim et al. 2016).
P. nigra is considered native to the Red Sea and the
Indian Ocean or the tropical western Atlantic Ocean
(De Felice et al. 2001; Kondilatos et al. 2010). Despite
the importance of P. nigra in biofouling communities,
research on recruitment patterns on hard substrates
has received little attention compared to other
fouling organisms such as barnacles. In their recent
study, Salama et al. (2018a) identified ascidians as one
of the important fouling organisms on aquaculture
cage nets in the central Red Sea. In addition, ascidian
recruitment patterns are mainly species-specific,
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which may differ between different substrates,
their orientation, and seasons (Shenkar et al.2008).
Therefore, this study assesses the recruitment patterns
of P. nigra on artificial substrates in the central Red
Sea waters. The questions addressed were as follows:
1) Does the recruitment of P. nigra depend on the
type of substrate? 2) Does the substrate orientation
affect the recruitment of P. nigra? 3) Does the color
of the substrate affect the recruitment of ascidian
species and 4) Does the abundance of ascidian
species on substrates vary depending on the season?
The results obtained in this study will improve our
knowledge about the settlement behavior of P. nigra,
a cosmopolitan ascidian species considered invasive in
many regions.

Materials and methods

The experiment was conducted at Obhur Creek
(21°42'33.52”"N, 39°5'45.71"E) in the central Red Sea,
Jeddah, Saudi Arabia. Obhur Creek was selected as a
study site due to the presence of jetties and pontoons
that offer a potential site for the settlement of sessile
organisms. The experimental design comprised
three different aspects, i.e. the effects of the type,
orientation and color of substrates. To test the effects
of the substrate type and orientation, artificial test
panels (15 x 15 cm) were prepared using acrylic
(colorless, transparent sheet, ISO 9001 grade), concrete
blocks, ceramic tiles (white polished surface on one
side) and stainless steel plates. The panels were
mounted on a PVC frame (raft) to be submerged in the
sea. Each raft contained four panels (one from each
material) and a total of eight rafts were prepared. Of
these, four rafts were submerged in the Creek waters
in the vertical position, while the remaining four rafts
were kept in a horizontal position. The panels were
submerged at a depth of 2 m in Obhur Creek in winter
(December 2016), autumn (February 2017), spring
(April 2017) and summer (July 2017). The test panels
(n = 4 for each material and position) were retrieved
from the seawater after four weeks of submersion in
each season. They were immediately transferred to the
laboratory and kept in a refrigerator (for a maximum
duration of 24 h) below 4°C for further analysis (Glasby
& Connell 2001).

Artificial test panels (15 x 15 cm; total surface area
of 225 ¢cm?) were prepared using acrylic sheets with
four different colors (red, blue, green and yellow)
to study the effects of surface color on ascidian
settlement. Control test panels were also prepared
using a colorless (transparent) acrylic sheet. Each
raft consisted of five panels (one panel for each color
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and one colorless panel). A total of eight rafts were
prepared for submersion. Four rafts (n = 4 for each
color) were submerged in a vertical position at a
depth of 2 m (exposed to light) at Obhur Creek. The
remaining four rafts were submerged under a jetty
(shade) in a vertical position at a depth of 2 m. The
experiment was carried out in spring (April 2017)
and summer (July 2017). The light intensity at the
submersion zone of the panels were 26 pmol m=s™
(under the jetty, shade) and 450 pmol m= s (open
waters, the site where panels were exposed to light).
The light intensity was measured using a portable
underwater light meter (Underwater Light Sensor, Skye
Instruments Ltd). The panels were retrieved after four
weeks of submersion each season and immediately
transported to the laboratory, where they were
refrigerated before analysis as described above.

The recruited P. nigra individuals were counted
manually on all test panels (only one side of the panels
was analyzed; the upper side in the case of panels
placed in a horizontal position). The panels were also
observed under a stereomicroscope (Leica) to check
for newly settled individuals of P. nigra. The taxonomic
characters described by Vandepas et al. (2015) for
the identification of P. nigra were used to distinguish
this species from other ascidians (both solitary and
colonial) recruited on the panels. The mean (+ SE)
abundance for each treatment was calculated and
presented as the number of individuals per 225 cm? of
panel surface area.

Statistical analysis

Three-way factorial ANOVA (analysis of variance)
was used to analyze the differences in the recruitment
of the ascidian species on the test panels prepared
from different materials. For this purpose, the type of
substrate and its orientation as well as seasons were
used as factors. In addition, three-way ANOVA was
employed using the seasons, substrate color and light
as factors to understand the effects of surface color on
ascidian recruitment. ANOVA was conducted using the
STATISTICA software (version 13). The interaction plots
for the abundance of P. nigra on different treatment
panels were prepared using Fast Statistics (version 2.0).

Results

P. nigra recruitment on different materials

Among different materials submerged in horizontal
and vertical positions, the recruitment of P. nigra
showed a maximum of 3.75 individuals per 225 cm?
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on concrete panels deployed in a horizontal position
(Fig. 1). The results also indicate that P. nigra
recruitment was high on concrete panels, followed
by stainless steel (Fig. 2). The recruitment of ascidians
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Figure 1

P. nigra recruitment pattern (number of individuals,
mean + SE, n = 4) on artificial substrates submerged in
vertical and horizontal positions
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Figure 2

Abundance of P. nigra on different treatment panels
used in this study. Abundance (mean + SE 225 cm™?)
data were pooled for each factor and all treatments.
a) Recruitment pattern on different substrate types. b) Abundance
of the ascidian on substrates indifferent colors. ¢) Abundance of the
ascidian on panels submerged in vertical and horizontal orientation.
d) Recruitment pattern on panels submerged in the shade and

exposed to light
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was high in winter and low in summer (Fig. 3). The
interaction plot revealed a higher abundance of
ascidians on vertical panels except for concrete ones
(Fig. 4). Further, the recruitment of the P. nigra was
not observed on panels deployed in a horizontal
position during the summer season. Three-way ANOVA
results showed no significant variation in P. nigra
recruitment on substrates in relation to such factors
as the season, the type of substrate and its orientation
(Table 1). However, the abundance of P. nigra revealed
a significant interaction effect between the type of
substrate and the season and between the type of
substrate and its orientation (Table 1).
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The recruitment of ascidians showed a significant
difference between the panels submerged in the
shade and exposed to light (Table 2). The interaction
plots revealed that the abundance of ascidians was
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Table 1

Three-way ANOVA results of P. nigra recruitment on
different types of substrate (p < 0.05 = significant effect).
Season, substrate type and orientation were used as

factors for ANOVA
000000 s Joflms [ F ] p ]
59063 3 19687 1.0989 0353
89063 3 29687 16570 0.181
01250 1 01250 00697 0792
431562 9 47951 26765 0.008
39375 3 13125 07326 0535
179375 3 59791 33374 0022
Season*Substrate*Orientation [EEWEN) 9 20277 1.1318 0.348
L Eorlazszeislorasos | ]
Table 2

Three-way ANOVA results for the ascidian P. nigra
recruitment on substrates in different colors submerged
in the shade and exposed to light. Season, substrate

colorand light were used as factors (p < 0.05 = significant
effect)

000 s Jorl ms [ F ] p ]
420500 1 420500 35207 0.065
1353250 4 33.8312 28326 0031
882000 1 882000 73848 0.008
1050750 4 262687 21994 0079
98000 1 9.80000 08205 0.368
Col 97.9250 4 244812 20497 0.098
1370750 4 342687 28692 0.030

728.5500 | 61 [ 11.9434

high on the test panels deployed in the shade (Fig. 5).
Among the test panels indifferent colors, the green
and red panels submerged in the shade showed higher
abundance - 11.5 and 6.5 individuals per 225 cm?
respectively (Fig. 6). A maximum of 2.25 individuals
per 225 cm? was observed on the blue test panels
submerged in the shade. On the other hand, among
the panels exposed to light, the red panels showed a

Figure 5

Interactive plot of P. nigra recruitment on substrates in
different colors submerged in the shade and exposed
to light
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maximum of 2.25 individuals per 225 cm?. In general,
red and green panels supported higher abundance
of ascidians compared to panels in other colors
(Fig. 2). Three-way ANOVA (Table 2) indicated
a significant variation in the recruitment of the
P. nigra on the test panels depending on the color
of the substrate and light intensity (light or shade).
The submersion season of the test panels showed no
significant effect on the recruitment of P. nigra, but the
interaction of season, color and light had a significant
effect.
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Figure 6

Abundance (number of individuals, mean + SE, n = 4) of
P. nigra on panels in different colors submerged in the
shade and exposed to light

Discussion

Understanding the recruitment pattern of
ascidians on different materials submerged in
seawater is essential due to their superior invasive
potential in new habitats (Marins et al. 2010; Novak
et al. 2017; Tracy et al. 2017). The results of this study
revealed considerable variations in the abundance
of P. nigra on different treatment panels submerged
in the Creek, i.e. factors such as substrate color and
light have a significant effect on the recruitment of
P. nigra on artificial materials. The significant pair-wise
interactive effect was also observed between the
type of substrate and its orientation. A number of
studies have previously reported temporal and spatial
dynamics in the recruitment of ascidians on test
materials in different geographical locations (Oren &
Benayahu 1998; Swami & Chhapgar 2002; Satheesh &
Wesley 2008; 2011; Bullard et al. 2013). However, most
of these studies were conducted using only one type
of material as a test substrate. Benthic assemblage
recruitment assessment, using different materials
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and multiple treatment factors, may provide valuable
information compared to studies conducted with
either one material or one factor (Shenkar et al. 2008;
Siddik et al. 2018). Of all the materials used in this
study, P. nigra recruitment was high on concrete
andstainless steel panels. These two materials
(concrete and stainless steel) are commonly used to
createman-made structures in coastal habitats around
the world (Bulleri & Chapman 2010; Valdez et al. 2016).
The preference of concrete plates by the ascidian
Botrylloides violaceus was previously reported based on
a laboratory study by Chase et al. (2016). While many
factors have been reported to affect the settlement
of benthic organisms on substrates (for a review, see
Rodriguez et al. 1993), the ascidian abundance pattern
on different substrates in this study showed that the
surface roughness (though not analyzed in this study)
seems to have played a major role in the increased
settlement rate on concrete (see Chase et al. 2016) and
stainless steel panels. Moreover, the surface roughness
of the concrete (which supported the maximum
number of individuals) may be high (Azevedo et al.
2006) compared to other panels used in this study. The
possible role of surface roughness in the recruitment
pattern of P. nigra on different substrates observed
in this study is further supported by data from the
two other panels (ceramic and acrylic), which have a
polished surface and supported lower recruitment.
The orientation of substrates has been reported
in previous studies as one of the factors affecting the
recruitment of ascidians (Glasby 2000; Knot et al. 2004).
Although no significant difference was observed in
the abundance between vertically and horizontally
deployed panels in this study, more individuals
were found on the concrete panels submerged in a
horizontal position. This observation was in contrast
with other panels that supported the maximum
abundance on vertical panels. Many previous studies
have also reported higher abundance of benthic
organisms on vertical substrates (Van Dolah et al.
1988; Bayness 1999; Walker et al. 2007). The variations
in the benthic community composition between
vertically and horizontally orientated substrates are
mainly attributed to the difference in light intensity
(horizontal surfaces receive direct sunlight), which
may favor increased algal growth on horizontal
surfaces (Miller & Etter 2008). In general, ascidians
favored vertical substrates due to the shade, reduced
sedimentation and low competition from algal species
(Young & Chia 1984). Further, the bottom side of the
horizontally submerged panels may attract a larger
number of organisms due to limited stress from
physical and biological factors (Sokolowski et al. 2017).
The bottom side of the panels placed in the horizontal
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position was not analyzed in this study due to the
differences in surface topography between both sides
of ceramic tiles.

The results obtained in this study revealed that the
light intensity and surface color have significant effects
on the recruitment of P. nigra on the test substrates.
Biofouling organisms generally prefer dark surfaces
rather than light-colored surfaces (Satheesh & Wesley
2010; Dobretsov et al. 2013). Only a few studies have
previously addressed the effects of substrate color on
the recruitment of ascidians (e.g. Ells et al. 2016). While
some earlier studies have reported that larval forms
of fouling organisms show preferences for substrates
with a specific color (e.g. Satheesh & Wesley 2010;
Dobretsov et al. 2013), few studies have shown no
significant correlation between substrate color and
settlement (e.g. Ells et al. 2016). Although the results
of this study have confirmed the preference of P. nigra
for dark substrates (red, green and blue) during the
settlement process, its abundance differed between
the panels submerged in the shade and those exposed
to light. As the abundance of P. nigra on the colored
test panels varied depending on the shade and light,
it is important to differentiate between the response
of larvae to spectral composition (color) and light
intensity (Crisp 1976; Ells et al. 2016). The results of this
study showed higher abundance of the ascidian on
panels submerged under the jetty (shade) compared
to those exposed to light. This difference may be due
to the photonegative behavior of the larvae (Darbyson
et al.2009),which enables them to settle on shaded
surfaces. Interestingly, the large difference in the
abundance was observed on red and green panels
submerged under the jetty (shade) and exposed to
light. Further, the abundance on the two other panels,
yellow and colorless, did not show a large difference
between the panels submerged in the shade and
those exposed to light. Ascidian larvae may avoid
environments with too high or too low light intensity
(Van Duyl et al. 1981) and the results obtained from the
panels submerged in the shade and those exposed
to light confirmed that P. nigra preferred panels
submerged in the shade over those exposed to light.

Although ANOVA did not reveal a significant
difference in the abundance of P. nigra between
panel submersion seasons, considerable variations
in the recruitment pattern were observed between
the seasons. The abundance of P. nigra on different
treatment panels showed that the recruitment was
low in summer (Fig. 3), which indicates that seasonal
factors may also play an important role in the
ascidian recruitment on artificial materials. Previous
studies from the central Red Sea also confirmed the
significant seasonal variations in the abundance of
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most biofouling organisms on the artificial substrate
(Salama et al. 2018b). For instance, Salama et al. (2018a)
described solitary ascidians as dominant fouling
organisms on aquaculture nets submerged in the
central Red Sea and found their higher abundance in
summer and autumn. Another study also reported
seasonal variations in the abundance of invertebrates
on artificial materials submerged in the central Red
Sea (Siddik et al. 2018). In this study, the recruitment of
P. nigra was very low in the summer season. In general,
seasonal changes in environmental factors play a
key role in the settlement of benthic communities on
artificial substrates (Satheesh & Wesley 2008; 2011).
The lower abundance of the P. nigra in the summer
season on the materials submerged in this study raises
further questions regarding the effect of multiple
factors (including food availability; Lopez-Legentil et
al. 2005), because higher temperature (during summer
months in the central Red Sea, Salama et al. 2018b)
usually favors an increase in the recruitment of benthic
organisms on hard substrates (Satheesh et al. 2008).

In conclusion, the present study shows that the
recruitment of the ascidian P. nigra varied between
different substrates, with higher abundance observed
on concrete panels. Furthermore, P. nigra preferred
dark substrates over yellow and colorless panels. While
the orientation of substrates did not show significant
differences in the recruitment, light intensity plays
an important role, which was evidenced by higher
recruitment on panels submerged under the jetty
(shade). As P. nigra is native to the Red Sea and
considered potentially invasive in other regions, the
results obtained in this study may not be extrapolated
to new habitats due to local environmental conditions
and other biotic factors in a given area. However,
they confirmed that some substrates (e.g. concrete
and stainless steel) are more susceptible to P. nigra
colonization than others. In addition, sites with limited
light availability may be suitable for the settlement of
P. nigra. Further long-term research on the interaction
of P. nigra with other fouling organisms and the role of
environmental factors in the recruitment may improve
our knowledge about the invasion success in new
habitats.
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