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Abstract
Sargassum sp. is one of the most diverse genera of brown seaweed and widely found in

Indonesian waters. This study aimed to provide the latest information on the role of spatial-
temporal variation on water quality in macroalgal assemblages in three different locations in
the western part of Indonesian waters, which are Tidung, Sebesi, and Bintan Islands. This
research was conducted in two different seasons in 2019. Multivariate analysis is used to
determine the relationship between environmental characteristics and macroalgae diversity.
The results showed that the parameters of nitrate, ammonia, and salinity differed significantly
between islands (p < 0.05). Besides that, seasons significantly affected the dissolve oxygen
(DO), temperature, salinity, selenium (Se), and iron (Fe) (p < 0.05). Variation in the
concentrations of DO, nitrate, and ammonium nitrogen, and iron (Fe), are the characteristics
of Bintan Island. Tidung Island is characterized by variations in salinity and the presence
of element zinc (Zn). Sebesi Island shows identical variations in temperature, DO, copper
(Cu), and manganese (Mn). It found that Sargassum polycystum was the most important
species in all locations and seasons and was significantly dominant in Sebesi and Bintan
waters. It can be inferred that the high concentration of barium, copper, manganese, DO, and
nitrate in the seawater could lead to the dominance of this species. The results demonstrate
that spatio-temporal variations in the research locations had significantly influenced
the diversity of macroalgal assemblages in the western part of Indonesian waters.
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1. Introduction

Sargassum sp. is one of the most diverse  been reported, but only 12 species are used
types of brown seaweed (Phaeophyta) commonly (Kadi 2005; Puspita et al., 2020).
globally and plays a vital role in a marine  Essential roles of Sargassum seaweed include
ecosystem. According to Guiry dan Guiry shelter, foraging, and as a suitable habitat for
(2020), there are currently 358 species the breeding of another biota (Olabarria et al.,
that have been officially accepted as the  2018; Sheng et al., 2018). The Sargassum can
Sargassum clan species from 537 names  also be economically utilized as a source of
listed. In Indonesian waters, 58 species have  hydrocolloids, antioxidants, antimicrobials,
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and additives for various food products
(Roohinejad et al., 2016) as well as bioactive
compounds contained therein can be widely
used (Reboleira et al., 2018).

The enormous potential of seaweed,
especially the Sargassum type, has not
been optimally utilized due to fluctuations
in biomass amount. The distribution varies
according to location and is influenced by
habitat characteristics including substrate type,
depth, current and wave, pH, temperature,
season, and availability of nutrients, both
macro and micronutrients (Connan and
Stengel 2011; Kang ef al., 2011; Zhao et al.,
2016; Hoang et al., 2016; Baweja et al., 2016;
Kim et al., 2017; Bi et al., 2018; Bui et al.,
2018; Sheng et al., 2018; Amper et al., 2020).

Seaweed biomass in a marine ecosystem
is not the same due to the availability of
different nutrients. Sargassum is generally
associated with the availability of various
nutrients in waters such as nitrate and
phosphate (Noorjahan et al., 2019) and the
presence of micronutrients including iron (Fe),
iodine (I), manganese (Mn), and magnesium
(Mg) (Misurcova et al., 2011; Rodrigues et
al., 2015; Circuncisao et al., 2018). Variations
in the types and numbers of macroalgae that
grow in an area are highly dependent on natural
competitors and predators’ presence; this is
also supported by adaptive environmental
conditions with variations in temperature, pH,
salinity, DO, currents, and waves within safe
limits (Wernberg et al. 2013; Ar Gall and Le
Duff, 2014).

The Indonesian coastal waters of small
islands have a potential seaweed, including
Sargassum Sp. which can be found in the
coastal waters of Lombok (Setyawidati et al.,
2018), Binuangen-Banten (Dharmayanti et al.,
2019), Bitung-North Sulawesi (Wouthuyzen et
al., 2016), and Jakarta bay and Seribu Islands
(Draisma et al., 2018). However, research
on the temporal variation of the specific
ecological characteristics of Sargassum
species in the small island coast is still limited,
even though the potential for its utilization has
been widely publicized.

Research on the interaction between
seawater quality at different sites and seasons
with macroalgae diversity can be the basis for
determining the most supportive habitats and
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allowing the selection of locations for optimal
resource use. This study found environmental
factors that play the most significant role of
macroalgae diversity and importance value
index in three different small islands’ coastal
waters. This study’s results are expected to be
beneficial for scientists, local communities,
and the government in the context of using
seaweed sustainably.

2. Materials and Methods

2.1 Research sites

The research has been done in the wet
season (March - April 2019) and dry season
(August - September 2019). Also, in situ
data collection and sampling were carried
out at the lowest tide, both for community
structure, environmental quality, and water
fertility. Type of seasons determined based
on weather forecasts on weather forecasts
issued by the Meteorology, Climatology and
Geophysics Agency (BMKG) of Indonesia.
Three islands as research location located
in the western part of Indonesian waters.
They are Bintan in Riau Island province,
Sebesi in Lampung, and Tidung in Seribu
Islands as part of Jakarta province. The
sampling area of each island is divided into
three stations, and each station consists of
three points as substations as replications,
where the distance of each spot is 50 m. The
locations and research stations presented in
Figure 1, where the positioning using GPS
via Garmin ETrex 10 while the base map is
taken from the Indonesian administration map
via Google and then plotted using the QGIS
2.18 application. The study sites determined
based on island types and seasons were
carried out because it suspected that there
were differences in environmental conditions
that impacted macroalgae diversity. Bintan
Island is a monadnock type, which formed
from metamorphic sediment and alluvial
soil. Water quality variations are influenced
by hydrodynamic activity originating
from waters of the Riau archipelago and
strong anthropogenic pressure from land
activities. Sampling sites were in 1°06°30.6”N
104°13°43.7”E, 1°11°57.2”N 104°34°50.4”E,
and 1°01°07.9”N 104°39°09.1”E. Sebesi
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located in 05055°37.437-05058°44.48”
SL and 105027°30.50” - 105030°47.54”
WL. It is a volcanic type of island which
is formed by volcano mountain activity.
The anthropogenic pressures are low, and
the physio-chemical parameter is mainly
influenced by Lampung bay. The sampling
site as research stations were in 5°58°05.3”S
105°30°04.0”E, 5°58°13.6”S 105°28°56.7"E,
and 5°55°26.0”’S 105°29°02.8”E. Tidung is a
coral type of island and has high anthropogenic
pressure from tourism activities and high
population (4.651 people/km?). This island
has a relatively poor seawater quality due
to the limitation of nutrient sources such as
a river that brings sediment from the land.
The sampling sites were in 5°47°55.7”S
106°30°26.3”E, 5°47°43.0”S 106°28°45.2”E,
and 5°48°14.5”’S 106°30°31.0”E.

2.2 Ecological Index and Important Value Index

The macroalgae ecological index is
calculated based on the number of macroalgae
species found in every substation using a
50 x 50 cm quadrant transect. The purposive
sampling method is used to determine the
sampling spot. The sampling collection

was done during the low tide and counting
completed directly in the spot, while the
photograph was also taken for documentation
purposes. The data analysis is finished
according to the formula, as described below.

Shannon-Wiener diversity index formula
was used to define the seaweed diversity
(Bengen, 2000). The equation formula as

follows:
S
H = — Z pilnp;
i-1

Annotation:
H’ = Diversity Index
i = number or proportion of

individuals of a species
pi (i/N) = 1idivided by the total number

of individuals (N)
S = number of species per location
H<1 = the species diversity in

a transect is low
1 <H’<3 = the diversity of species in
a transect is rather abundant
= the diversity of species in
a transect is high

H>3
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The uniformity index (equilibrium) (E)
was used as an index for the uniformity
of abundance or how evenly species are
distributed. The formula of the uniformity
index as follows:

HI
~ Hmax
Annotation:
E = Uniformity Index
H’ = Diversity Index
Hmax = Maximum diversity (Ln S)
S = number of types

The uniformity index value category (E)
shows that a community is in a depressed
condition when the value is between 0.00 < e <
0.4, in an unstable condition when the value is
between 0.4 < e < 0.6 and in a stable condition
when the value is between 0.6 < ¢ < 1.00.

The dominance index at each location
is calculated using the Simpson dominance
index formula. The formula is as follows:

C= i(a)z

Annotation:

C = Index of dominance

Pi =ni/N

Ni = number of individuals of type I
S = number of types

Dominance is in the low category when
0.00 < C < 0.50, while the medium category
is for value 0.50 < C <0.75. High dominance
is shown at value 0.75 <C < 1.00.

The Importance Value Index (IVI) is
used to estimate and calculate the seaweed
species’ role in a community. The higher
the IVI value of a species against other
individuals, the higher the community’s
role. IVI is the sum of frequency, density,
and relative coverage. The formula used is
as follows:

IVI=FR + KR + PR

Where:

FR = relative frequency
KR = Relative density
PR = Relative coverage
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The relative frequency is the ratio between
the i type frequency that appears and the
frequencies for all types. The formula used is:

Fi
FR = 5=x100%

Y F
Where:
FR = relative frequency
Fi = the frequency of i
>F = number of frequencies for all

species

The relative density is the ratio between
the number of individual species and the
total number of individuals of all types. The
formula is as follows:

KR = n X 100%
=S N

KR = Relative density

Ni = Total Number of individuals of
a species

>N = Total Number of individuals of all
species

The relative Coverage is a comparison
between individual i-type closures and the
total closure of all species. The formula used
is as follows:

PR = c X 100%
TS Ci ?
PR = Relative coverage
Ci = Coverage area by the i-species
> Ci = Total area of cover for all species

2.3 Waters Quality of the Seaweed Habitat

Water quality measurements on
three different islands focused on several
parameters, including temperature, DO,
salinity, pH, turbidity or brightness,
currents, and trace elements of water and
seaweed. The tools used are the combo type
8,630 of water quality checker and multi-
parametric analysis tools, which can include
parameters that have been determined by
using tools and carried out in situ. Water
fertility parameters that are part of the
study include nitrate, orthophosphate, and
ammonium nitrogen.
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The instrument used in determining the
fertility of the waters is the Ultra Violet-Visible
(UV-VIS) spectrometer. The trace element
analysis was done using the Atomic
Absorption Spectro-photometry (AAS) Perkin
Elmer PinAAcle 900H with Flame technique
(Acetylene-Air) with APHA (American
Public Health) method Association) (Rice
et al,, 2017) in the IPB Proling laboratory.
Preservation of the trace elements, which
are barium (Ba), selenium (Se), iron (Fe),
manganese (Mn), copper (Cu), zinc (Zn), and
molybdenum (Mo) from water samples was
carried out using a solution of H,SO, to pH <2.

2.4 Data analysis

Kruskal-Wallis and multivariate
discriminant analysis were used to determine
the differences in the coastal waters’
characteristics and seaweed biota diversity
at each location and season. After that, water
quality data was transformed into logarithm
and seaweed diversity in the square root for
multivariate analysis. Characteristics of water
and seaweed characteristics at the study site
were analyzed using multivariate discriminant
analysis. The relationship between multi-
variable water characteristics was spatially-
temporally using multivariate canonical
correspondence analysis. All statistical
tests were performed with PAST Statistical
Software V'4.02 (Hammer, 2020).

3. Results and discussion

3.1 Spatial and temporal distribution of

macroalgae in the waters of Tidung, Sebesi,
and Bintan

Based on the five seaweed species’
research results from the type of brown
macroalgae (Phaeophyta), namely
Sargassum polycystum, Sargassum binderi,
Padina australis, and Turbinaria Sp. and
green species (Chlorophyta), namely
Caulerpa sp. The most common species
found is Sargassum polycystum, which is
found abundantly in all islands’ coastal
waters during all seasons. The abundancy
is likely influenced by this species’
characteristics that have a wide tolerance
for changes in environmental conditions
(Zou et al., 2018). This species’ abundance
of environmental characteristics and
substrates supports the optimization
of these species’ growth, namely coral
substrates and coral fragments (Erlania
dan Radiarta, 2015; Hoang et al., 2016).
In addition to the substrate, nutrient
components carried by currents and waves
from the bottom of the water and erosion
from the land provide suitable habitat
dynamics energy to support optimal
macroalgae (Tecchiato et al., 2015).
Seaweed species from the three study sites
are presented in Table 1, and the Ecological
Index can be seen in Table 2.

Based on the analysis of the ecological
index, it can be seen that all stations have
a low diversity index characterized by the
small number of individual macroalgae that
were found. The diversity index of inter-
island diversity is stable on Tidung Island,
unstable on Bintan Island, and depressed
on Sebesi Island. Simultaneously, the
dominance index tends to be moderate on
Tidung Island and high on the other two
islands.

Table 1. Seaweed species from the three study sites

Class Order Family Genus Species
Phaeophyceae Dictyotales  Dictyotaceae  Padina Padina australis
Fucales Sargassaceae  Sargassum  Sargassum polycystum
Sargassum binderi
Turbinaria  Turbinaria sp.
Ulvophyceae  Bryopsidales Caulerpaceae  Caulerpa Caulerpa sp.

84



I K. Sumandiarsa et al / EnvironmentAsia 14(1) (2021) 80-92

Table 2. Ecological index of the three different Islands

Location Season  Diversity index (H') uniformity dominance

(E) (©)

Tidung Wet Low Stable Medium

Dry Low Stable Medium

Sebesi Wet Low Unstable Medium
Dry Low Depressed High

Bintan Wet Low Unstable Medium

Dry Low Depressed Medium

Anotation: H’ < 1=Low; 1 <H’< 3=Medium; H’ < 3=High;
0.00 < E < 0.4= Depressed; 0.4 <E < 0.6= Unstable; 0.6 <E < 1.00= Stable;
0.00 < C < 0.50=Low; 0.50 < C < 0.75= Medium; 0.75 < C < 1= High

The diversity index, on average, shows
low value. However, when viewed from
the number of individuals, there are more
individuals on Tidung Island because diversity
is positively correlated with substrate types
(Erlania and Radiarta, 2015). Substrates
dominated by sand and mud are generally
overgrown by various biota, including brown
macroalgae (Johan ef al., 2015). Also, there
is competition, and there are predators so that
only certain types can survive. Strong waves
and currents also affect the distribution of
spores. The spores are carried by the currents
and maybe more widely spread (Bi et al., 2018).

The uniformity index on Tidung Island
looks stable, which means that no individual
species dominate, and more individuals can
grow. It is supported by the substrate that varies
at the research location. Sargassum species can
thrive on muddy substrates with a combination
of coral fragments (Aaron-Amper et al., 2020).
The same is right at the three observation stations
on Bintan Island because the substrate in the
area varies from mud, sand, and rock. Physical-
chemical factors and nutrient availability are
sufficient (Suthar et al., 2019).

The dominance index is seen on all islands
and is dominated by brown macroalgae.
A slight variation in macroalgae generally
overgrows an area with extreme environmental
conditions because these conditions require
rapid adaptation where the amount of nutrients
fluctuates. Research (Ar Gall dan Le Duff,
2014; Lalegerie et al., 2019) stated that the
distribution of seaweed in an intertidal zone is
influenced by hydrodynamic systems that cause
variations in temperature, nutrients, grazer fauna
distribution and competition between macroalgae.

85

Sargassum’s dominancy is also supported
by seasonal variations, rainfall, and nutrient
availability, which significantly influences the
distribution of this species (Hoang et al., 2016).

The Importance Value Index (IVI) analysis
(Table 3) generally shows that seasonal
differences result in different IVI values for each
individual. Based on the variance analysis, it
was found that there was a significant difference
(p < 0.05) of IVI concerning S. polycystum,
which grew in the three study sites. The highest
score was found on Sebesi island in two different
seasons. It is presumably due to the identical
beach topography with large waves and close
distance to the coast. These results are by the
statement of Bi et al, (2018) that the area
affected by wave activity will be dominated
by only one type of macroalgae where there
is a physiological modification in the context
of adaptation. The dynamic movement of
water due to currents and waves results in
nutrient limitations so that only certain types
of macroalgae can grow and remain attached
to the substrate of the wave blows (Stephani
et al.,, 2014; Lalegerie et al., 2019).

Discriminant analysis is used to determine
the relationship between macroalgae diversity
with different locations and seasons. Based
on the results of discriminant analysis on the
diversity of macroalgae in the three islands
(Figure 2), it can be seen that the diversity
between islands is not significant. However, the
high IVI of S. polycystum is a feature of Sebesi
and Bintan islands. At the same time, Tubinaria
sp, Caulerpa sp., and Padina australis can
be found on the island of Tidung with a high
variation in the number of individuals between
seasons and research stations.
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Table 3. Importance Value Index (IVI) of macroalgae in three different Islands

Wet season

Island  P. australis®  S. polycystum®  S. binderi Turbinaria sp.  Caulerpa sp.”
Tidung 48.11+23.5 15944 +315 21.81+377 16.83+29.1 13.4+232
Sebesi 21.66+19.0 180.29+12.6" 25.02+14.4 2.20+3.8 0

Bintan 66.92+16.2 174.54+10.3" 28.19+243 4.11+7.1 0

Dry season

Tidung 53.97+31.5 127.8+21.8 172+297 O 51.8+47.8
Sebesi 0 192.7+10.4" 1545167 0 0

Bintan 3248 +£33.1 183.5+10.7" 1493+137 0 0

Notes: " Significantly different at significance (p<0.05), ** at (p<0.01)
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0.01

-0.81
®int
-1.67

an

Padina australis

24 08 00

DF171.41%

08 16 24 32 40

Figure 2. Discriminant diagram of the diversity of seaweed on the islands of Tidung,
Sebesi, and Bintan.

It can be inferred that the dominance and
high importance value index of S. polycystum
compared to other species is due to the
excellent environmental carrying capacity of
the two islands, namely Sebesi and Bintan.
It further confirms that the coastal area with
a sandy mud substrate has a higher salinity
than hard substrates such as corals and coral
fragments. Hydrodynamic conditions such
as currents, waves, freshwater runoff, wind
direction, and speed cause the spreading
of nutrients and oxygen depletion so that
only certain tolerant macroalgae species can
survive (Lalegerie et al., 2019). It happens on
the coasts of Sebesi islands that are impacted
by big wave situations and the effect of Sunda
Strait current, resulting in nutrient limitation
so that only Sargassum species can grow well
and dominate (Zou et al., 2018).
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3.2 Environmental Characteristics of the
coastal waters of Tidung, Sebesi, and Bintan
Island

The three research sites are islands
with a different type of topographical and
have different anthropogenic pressure.
Tidung Island is a reef-formed island with
a robust anthropogenic pressure due to the
population and well known as a tourism
object Khirsnamurti et al. (2016). A hilly
topography dominates the Sebesi Island coast
with strong currents and waves but weak
anthropogenic influence (Wiryawan et al.,
2002). On the other hand, Bintan Island is a
hinterland of the Monadnock type formed from
metamorphic rocks where the beach conditions
are dominated by mud and sand substrate and
a few coral fragments (Asriningrum, 2009).
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General environmental characteristics
show that Nitrate parameters, pH, temperature,
and brightness are evenly distributed in all
locations and between seasons. However,
Phosphate and ammonium nitrogen content
tend to decrease from the wet season to the dry
season on all research sites. At the same time,
DO and salinity increase in seasons across the
islands based on the season (Figure. 2). Based
on the micronutrient content (trace elements)
in Figure. 3, it can be seen that the change of
seasons causes a decrease in the concentration
of all tested elements on all research sites,
except for barium (Ba), copper (Cu), and zinc
(Zn) on Bintan Island. The pattern of seawater
trace element content in research locations
can be seen in table 4. Based on the results,
there are two-element exhibits in all locations
and seasons, namely selenium and zinc. In
contrast, molybdenum was the only trace
element unrevealed. Trace element content in
seawater shows variations in the amount based
on research location and season.

The results of the study on the environmental
characteristics through Kruskal-Wallis significant
analysis showed significant differences for
several parameters, namely nitrate, ammonium
nitrogen, and salinity (p <0.05) between islands
of the study location. On the other hand, based
on season across the islands, it is found that
DO, temperature, salinity, selenium (Se), and
iron (Fe) parameters were significant (p < 0.05).
Other parameters were not significantly different
between locations and study seasons. Differences
in ecological characteristics between study sites
may be caused by differences in wind direction,
currents, and rainfall. It is in line with Lalegerie
et al. (2019) statement that the hydrodynamic
system of currents and waves influences other

environmental factors such as light penetration,
temperature, and nutrient availability. Current
movements in the three study sites are generally
influenced by wind direction and velocity and
tidal patterns. Multiple tidal patterns are found
in Sebesi and Bintan islands, while single tidal
patterns are found on Tidung Island (Widhi ez al,
2012; Yogaswara et al., 2016; Suhana et al., 2018).

Differences in physical-chemical
characteristics based on the season may occur
due to rainfall, wind speed, and direction, currents,
and waves that change each season. These factors
can carry and distribute nutrient elements so
that their concentration may differ from one to
another (Bi ef al,, 2018). This situation impacts
the water’s nutrient content, which tends to be
higher on Bintan Island during the wet season.
This condition is suspected of enriching waters
by freshwater runoff from land containing
macro and micronutrients due to higher inland
activity and natural decomposition processes.
The average nutrient concentration and physio-
chemical parameters are presented in Table 5.

Based on multivariate analysis of
discriminant against water characteristics
in the three study sites over two different
seasons, it was seen that there were no
significant differences between locations in
both water quality and micronutrient parameters
(trace elements) (Figure 3). However, the
concentration of DO, nitrate, ammonia, and the
iron element characterizes Bintan’s island. On
the other hand, Tidung Island is characterized
by variations in salinity and the element zinc
presence. Sebesi Island itself is identical with
variations in temperature, DO, copper, and
manganese. Three research sites are included
in the adjacent zone (ZOM), namely the
Sumatra and Java zones (BKMG, 2019).

Table 4. Trace element content in the seawater (mg/L) based on locations and seasons

(1= wet, 2= dry); (mean + SD; n=3)

Tidung

No. Parameter

Sebesi Bintan

1 2 2

Barium o* 0*

(]

Selenium 0.0012+0.0001  0.001+0.00006

0*
0%

0.0097+0.0001
0.018+0.002

0*

0.22+0.007
Ot

0.0083+0.0006
0.014+0.003

0*

Iron
Manganese 0*

Copper
Zinc

- Oy s W

Molybdenum 0*

0.01+0.001

0.0013+0.0001
0.45+0.08

0.0113+0.002
0.019+0.004

0.003+0.01 0* 0.01+0.0

0.0012+0.0001  0.0021+0.0007  0.0015+0.0004

0.159+0.01
03(

0*
0.015+0.005
0"

0.117+0.06
Ot
0.005+0.001
0.0077+0.002
0*

0.024+0.04
0.0057+0.0006

0.005+0.001
0.01+0.002

0*

Notes: *= under detection limit of the AAS (Fe < 0.050; Mo < 0.005)
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Table 5. Physio-chemical variation of the seawater (mean + SD; n = 9)

Parameters Tidung Sebesi Bintan

Wet Dry Wet Dry Wet Dry
Nitrate (NO3) (5301 024402 0.27+0.1 0.26+0.1 0.77+0.3 1.00+0.7
(mg/L)
Phosphate

0.047£0.01 0.022£0.004 0004+0.003 0027£0.003 0.058=0.009 0.008=0.005
(PO,) (mg/L)
Ammonium
nitrogen 0.09+0.003  0.84+0.05 027+0.04  0.06+0.01 235403 0.81+0.1
(NH,") (mg/L)
DO (mg/L) 561401  6.53+08 558+0.3 753+14 588405 777406
pI 740402  7.35+0.3 755402 7.26=0.3 7.68+0.1 743+04
g,%?pemmre 31.6+04 2753201 308+ 1.6 28.670.7 304709  29.8+38
Salinity (%o) 3467206 355304 33.93:1.6  3433£12 322209 3433+ 1.15
Brightuess (%) 100+ 0.0 100+ 0.0 100 £ 0.0 100 £ 0.0 100+0.0 93.3+£11.6

These zones generally have similar
wind patterns, seasons, and water currents
where winds and tides influence the currents’
movement. Rainfall by season shows a different
pattern because the type of island of the three
study locations is different. Bintan Island,
a large island with more rivers flowing into
the sea, shows the coastal zone’s enrichment
during the wet season (Rahmawitri et al., 2016;
Irawan 2017). Research (Bi et al., 2018) has
shown that the wave size on different islands
results in variations and distribution patterns of
physics-chemical parameters such as turbidity
and salinity. As a consequence, the spatial
distribution of seaweed varies per island of
the study locations. On the other hand, another
study (Chung et al., 2007) show that the waters’
nutrient fluctuations and physicochemical
parameters may be associated with seasonal
and temporal variations. Furthermore,
sedimentation in the form of sediment transfer,
accumulation, and erosion from the hinterland
at a location impacts differences in water
fertility level, which is closely related to an
area (Tecchiato et al., 2015).

DF2 1249%

3.3 The relationship between seawater quality
and macroalgae diversity

In line with the correspondence
analysis results of the relationship between
multi-variable water characteristics,
S. polycystum is strongly impacted
by barium, copper, and manganese.
Also, variations of DO and nitrate are
parameters that determine this type of
distribution’s dominance. Thus, based
on the environment’s location and
character, S. polycystum, as the dominant
macroalgae found, can grow both on the
coast of Sebesi and Bintan parts during
the wet and dry seasons. This finding is
in line with various studies which state
that factors such as substrate, coastal
topography, the interaction of abiotic and
biotic parameters have determined the
distribution and biomass of Sargassum
throughout the world (Ar Gall dan Le
Duff, 2014; Zhao et al., 2016; Sheng et
al., 2018).
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Figure 3. Discriminant diagram of water quality (a) and micronutrients (b) from the
seawater of Tidung, Sebesi, and Bintan Islands.
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Simultaneously, there is a positive
effect of micronutrients on growth and
vice versa. Selenium has a positive
impact where the presence of these
micro-nutrients is positively correlated to
seaweed growth, while copper can inhibit
growth because it can reduce the ability
of photosynthesis, causing a decreased
food intake (Connan dan Stengel 2011;
Costa et al., 2016; Liu et al., 2018).
Regional differences in the distribution
of micronutrients are caused by at least
two factors: anthropogenic factors such
as pollutants from rivers, and natural
factors such as hydrodynamic conditions
(Liuetal., 2016; Siregar et al., 2016). The
interaction between macroalgae abundance
in the study area with the seawater quality
is presented in Figure 4 with eigenvalues
of axis 1 is 0.271 or 58.69% and axis 2
is 0.110 or 23.87%. The interaction was
based on seasonal and spatial variations.

4. Conclusion

The water characteristics on Tidung,
Sebesi, and Bintan are spatially significant

but not temporally. Each research
location has a particular characteristic,
for instance, the variation in salinity and
the element zinc as a differentiator on
the coast of Tidung Island. Meanwhile,
Sebesi Island is identical with temperature
variations, DO, copper, and manganese,
while DO, nitrate, and ammonium
nitrogen concentrations, as well as
iron, are the hallmarks of Bintan Island.

Variations in the concentration
of nitrate, DO, barium, and copper in
seawater determine the growing seaweed
diversity. These elements stimulate the
dominance and index of the highest
importance of S. polycystum in the
coastal waters of the island of Sebesi.
The presence of copper elements and the
Sebesi island topography as a volcanic
island is thought to be a determinant
factor of dominance. Competition
between seaweed species is low so that
S. polycystum seaweed can grow well.
Thus, the use of seaweed in the research
locations can be proposed without
neglecting sustainability, especially
the use of Sargassum polycystum.
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Figure 4. Diagram of the canonical correspondence analysis results of seaweed
environmental characteristics and diversity on the coast of Tidung, Sebesi, and Bintan islands.



I K. Sumandiarsa et al / EnvironmentAsia 14(1) (2021) 80-92

Acknowledgment

The author would like to thank the
Ministry of Maritime Affairs and Fisheries
for the study permit, to the NUFFIC /
NICHE project for the research funding,
stakeholders in the sampling location,
namely the Coastal Resources Management
Unit of the Tanjung Pinang work unit, the
Head of Sebesi Village, and the Manager of
Tidung Island local research. Moreover, all
parties who have contributed to this research.

References

Aaron-Amper J, Largo DB, Handugan ERB,
Nini JL, Alingasa KMA, Gulayan SJ.
Culture of the tropical brown seaweed
Sargassum aquifolium: From hatchery to
field out-planting. Aquaculture Reports.
2020; 16(10).

Ar Gall E, Le Duff M. Development of a
quality index to evaluate the structure
of macroalgal communities. Estuarine,
Coastal and Shelf Science. 2014;139:
99-109.

Asriningrum W. Geomorphological Based
Small Island and Its Ecosystems
Classification in Indonesia. Ph.D. Thesis.
Bogor Agriculture University. 2009.

Baweja P, Kumar S, Sahoo D, Levine 1.
Seaweed in Health and Disease Prevention:
Biology of Seaweeds. Elsevier Inc. 2016.

Bengen DG. Sinopsis teknik pengambilan
contoh dan analisa data biofisik
sumberdaya pesisir. PKSPL-IPB
University. 2000.

Bengen DG, Retraubun AS, Saad S.
Menguak relitas dan urgensi pengelolaan
berbasis eko-sosio sistem pulau-pulau
kecil, III. ed. Pusat Pembelajaran dan
Pengembangan Pesisir dan Laut (P4L).
Bogor. 2012.

Bi Y, Feng M, Zhang Y, Liang J, Wang W.
Spatial distribution patterns of Sargassum
horneri in the coastal waters of the Ma’an
Archipelago. Acta Ecologica Sinica. 2018;
38 (2): 173-178.

Office of Meteorological, Climatological, and
Geophysical Agency (BKMG). Prakiraan
Musim Kemarau 2019 di Indonesia.
Jakarta, Indonesia. 2019.

90

Bui HTT, Luu TQ, Fotedar R. Effects of
Temperature and pH on the Growth
of Sargassum linearifolium and S.
podacanthum in Potassium-Fortified
Inland Saline Water. American Journal
of Applied Sciences. 2018; 15: 186—-197.

Chung I, Hwang R, Lin S, Wu T, Wu J, Chen
C, Lee T. Nutrients, temperature, and
salinity as primary factors influencing
the temporal dynamics of macroalgal
abundance and assemblage structure on
a reef of Du- Lang Bay in Taitung in
southeastern Taiwan. Bothanical Study.
2007; 48: 419-433.

Circuncisdo AR, Catarino MD, Cardoso SM,
Silva AMS. Minerals from macroalgae
origin: Health benefits and risks for
consumers. Marine Drugs. 2018; 16.

Connan S, Stengel DB. Impacts of ambient
salinity and copper on brown algae: 1.
Interactive effects on photosynthesis,
growth, and copper accumulation. Aquatic
Toxicology. 2011;104: 94-107.

Costa GB, de Felix MRL, Simioni C, Ramlov
F, Oliveira ER, Pereira DT, Maraschin M,
Chow F, Horta PA, Lalau CM, da Costa
CH, Matias WG, Bouzon ZL, Schmidt EC.
Effects of copper and lead exposure on
the ecophysiology of the brown seaweed
Sargassum cymosum. Protoplasma. 2016;
253: 111-125.

Dharmayanti N, Supriatna J, Abinawanto
Y. Isolation and partial characterization
of alginate extracted from Sargassum
polycystum collected from three habitats
in banten, Indonesia. Biodiversitas. 2019;
20: 1776-1785.

Draisma SGA, Prud’homme van Reine WEF,
Herandarudewi SMC, Hoeksema BW.
Macroalgal diversity along an inshore-
offshore environmental gradient in the
Jakarta Bay — Thousand Islands reef
complex, Indonesia. Estuarine, Coastal
and Shelf Science. 2018; 200(12), 258—
269.

Erlania E, Radiarta IN. Distribution of Natural
Seaweed Based on Basic Characteristics
of Waters in the Labuhanbua Reef Area,
West Nusa Tenggara: Management
Strategies for Aquaculture Development.
Jurnal Riset Akuakultur. 2015; 10(3):
449-457.



I K. Sumandiarsa et al / EnvironmentAsia 14(1) (2021) 80-92

Guiry MD, Guiry GM. World-wide electronic
publication, National University of
Ireland, AlgaeBase. 2020. Galway. http://
www.algaebase.org; searched on 07
October 2020.

Hammer @. PAleontological Statistics
Reference Manual, in: Natural History
Museum University of Oslo. 2020:p. 280.

Hoang TC, Cole AJ, Fotedar RK, O’Leary
MJ, Lomas MW, Roy S. Seasonal
changes in water quality and Sargassum
biomass in southwest Australia. Marine
Ecology Progress Series. 2016; 55:
63-79.

Irawan S. Hydro-oceanography condition
of bintan island waters (case study of
Sasah strait waters). Jurnal Kelautan.
2017;10(1): 40-53.

Johan O, Erlania E, Radiarta IN. The
relationship of basic water substrate with
the presence of natural seaweed in the
waters of Ujung Genteng, Sukabumi, West
Java. Jurnal Riset Akuakultur 2015;10(4):
609-618.

Kadi A. Beberapa Catatan Kehadiran Marga
Sargassum. Oseana. 2005; 15: 19-29.
Kang JC, Choi HG, Kim MS. Macroalgal
species composition and seasonal variation
in biomass on Udo , Jeju Island , Korea.

Algae. 2011; 26; 333-342.

Khirsnamurti, Utami H, Darmawan R, Marina
P. The impacts of tourism activities on the
environment in Tidung Island, Kepulauan
Seribu. Jurnal Kajian. 2016; 21: 257-273.

Kim JK, Yarish C, Hwang EK, Park M, Kim
Y. Seaweed aquaculture: Cultivation
technologies, challenges and its ecosystem
services. Algae 2017; 32: 1-13.

Lalegerie F, Gager L, Stiger-Pouvreau
V, Connan S. The stressful life of red
and brown seaweeds on the temperate
intertidal zone: effect of abiotic and
biotic parameters on the physiology
of macroalgae and content variability
of particular metabolites. Advances
in Botanical Research 2019; 95:
1-41.

Liu R, Men C, Liu Y, Yu W, Xu F, Shen
Z. Spatial distribution and pollution
evaluation of heavy metals in Yangtze
estuary sediment. Marine Pollutant
Bulletin 2016; 110: 564-571.

91

Liu Z, Wang Q, Dinghui Z, Yang Y. Effects
of selenite on growth, photosynthesis and
antioxidant system in seaweeds, Ulva
fasciata (Chlorophyta) and Gracilaria
lemaneiformis (Rhodophyta). Algal
Research. 2018; 36: 115-124.

Misurcova L, Machu L, Orsavova J. Advance
food nutrition research: Seaweed
minerals as nutraceuticals. Elsevier Inc.
USA. 2011.

Noorjahan A, Aiyamperumal B,
Anantharaman P. Isolation and
charecterisation of seaweed endophytic
fungi as an efficient phosphate solubiizers.
Biosciences Biotechnology Research
Asia. 2019;16: 33-39.

Olabarria C, Arenas F, Fernandez A, Troncoso
JS, Martinez B. Physiological responses to
variations in grazing and light conditions
in native and invasive fucoids. Marine
Environment Research. 2018; 139: 151—
161.

Puspita M, Setyawidati NAR, Stiger-
Pouvreau V, Vandanjon L, Widowati I,
Radjasa OK, Bedoux G, Bourgougnon
N. Indonesian Sargassum species
bioprospecting: potential applications
of bioactive compounds and challenge
for sustainable development,
Advances in Botanical Research.
2020; 95: 1-49.

Rahmawitri H, Atmadipoera AS, Sukoraharjo
SS. Circulation Pattern and Flow
Variability in Sunda Strait Waters. Jurnal
Kelautan Nasional. 2016; 11: 141-158.

Reboleira J, Freitas R, Pinteus S, Silva J,
Alves C, Pedrosa R, Bernardino S. Brown
seaweeds, nonvitamin and nonmineral
nutritional supplements. Elsevier Inc.
USA. 2018

Rice E, Baird RB, Eaton A. Standard
Methods for the Examination of Water and
Wastewater. 23rd ED. AWWA (American
Water Works Association). USA. 2017.

Rodrigues D, Freitas AC, Pereira L, Rocha-
Santos TAP, Vasconcelos MW, Roriz
M, Rodriguez-Alcala LM, Gomes AMP,
Duarte AC. Chemical composition of
red, brown and green macroalgae from
Buarcos bay in Central West Coast of
Portugal. Food Chemical. 2015; 183:
197-207.



I K. Sumandiarsa et al / EnvironmentAsia 14(1) (2021) 80-92

Roohinejad S, Koubaa M, Barba FJ,
Saljoughian S, Amid M, Greiner R.
Application of seaweeds to develop new
food products with enhanced shelf-life,
quality and health-related beneficial
properties. Food Research International.
2016; 99: 1066—-1083.

Setyawidati NAR, Puspita M, Kaimuddin AH,
Widowati I, Deslandes E, Bourgougnon
N, Stiger-Pouvreau V. Seasonal biomass
and alginate stock assessment of three
abundant genera of brown macroalgae
using multispectral high resolution
satellite remote sensing: A case study at
Ekas Bay (Lombok, Indonesia). Marine
Pollutant Bulletin. 2018; 131: 40-48.

Sheng H, Tang Y, Wang X. Relationship
between environmental factors and
benthic macroalgae communities of
artificial reefs in laoshan bay. Indian
Journal of Geo-Marine Sciences. 2018;
47:2248-2254.

Siregar TH, Priyanto N, Putri AK, Rachmawati
N, Triwibowo R, Dsikowitzky L,
Schwarzbauer J. Spatial distribution and
seasonal variation of the trace hazardous
element contamination in Jakarta Bay,
Indonesia. Marine Pollutant Bulletin.
2016; 110: 634-646.

Stephani W, Santosa GW, Sunaryo.
Distribution of macroalgae in the intertidal
area of the Krakal coast, Gunung Kidul
Regency, Yogyakarta. Journal of Marine
Research. 2014; 3: 633-641.

Suhana MP, Nurjaya IW, Natih NMN. 2018.
Characteristics of the East Coast Sea
Waves of Bintan Island, Riau Islands
Province 2005-2014. Dinamika Maritim.
2018; 6(2), 16-19.

Sun X, LiuZ, Jiang Q, Yang Y. Concentrations
of various elements in seaweed and
seawater from Shen’ao Bay, Nan’ao
Island, Guangdong coast, China:
Environmental monitoring and the
bioremediation potential of the seaweed.
Science of the Total Environment. 2019;
659: 632-639.

Suthar P, Gajaria TK, Reddy CRK. Production
of quality seaweed biomass through
nutrient optimization for the sustainable
land-based cultivation. Algal Research.
2019; 42.

92

Tecchiato S, Collins L, Parnum I, Stevens
A. The influence of geomorphology
and sedimentary processes on benthic
habitat distribution and littoral sediment
dynamics: Geraldton, Western Australia.
Marine Geology. 2015.; 359: 148-162.

Wernberg T, Thomsen MS, Kotta J. Complex
plant-herbivore-predator interactions in a
brackish water seaweed habitat. Journal
of Experimental Marine Biology and
Ecology. 2013; 449: 51-56.

Widhi KB, Indrayanti E, Prasetyawan IB.
Study of current patterns in lampung
bay waters using a 2-dimensional
hydrodynamics model approach delft3d
dimensions. ournal of Oceanography.
2012; 1(2): 169-1717.

Wiryawan B, Bengen DG, Yulianto I,
Susanto HA, Mahi AK, Ahmad M.
ProfilSumberdaya Pulau Sebesi.
Penerbitan Khusus Proyek Pesisir, Coastal
Resources Center - University of Rhode
Island. Narraganset, Rhode Island, Jakarta.
2002.

Wouthuyzen S, Herandarudewi SMC,
Komatsu T. Stock Assessment of Brown
Seaweeds (Phaeophyceae) Along the
Bitung-Bentena Coast, North Sulawesi
Province, Indonesia for alginate product
using satellite remote sensing. Procedia
Environmental Sciences. 2016; 33: 553—
561.

Yogaswara GM, Indrayanti E, Setiyono H.
Pola Arus Permukaan di Perairan Pulau
Tidung, Kepulauan Seribu, Provinsi DKI
Jakarta pada Musim Peralihan (Maret-
Mei). Jurnal Oseanografi. 2016; 5(2):
227 - 233.

Zhao F, Xu N, Zhou R, Ma M, Luo H,
Wang H. Community structure and
species diversity of intertidal benthic
macroalgae in Fengming Island, Dalian.
Acta Ecologica Sinica. 2016; 36: 77-84.

Zou XX, Xing SS, Su X, Zhu J, Huang HQ,
Bao SX. The effects of temperature,
salinity and irradiance upon the growth
of Sargassum polycystum C. Agardh
(Phaeophyceae). Journal of Applied
Phycology. 2018; 30: 1207—-1215.



