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Abstract. Handayani S, Widhiono I, Widyartini DS. 2023. Macroalgae diversity in the Pari Island Cluster, Seribu Islands District,
Jakarta, Indonesia. Biodiversitas 24: 1659-1667. Macroalgae are primary producers of the ocean that support the life of other organisms
at higher trophic levels in aquatic ecosystems. This study aimed to determine the diversity of macroalgae in the Pari Island cluster and
the diversity of water quality. The research method used is the survey method, with the quadratic transect method. Ecological index
analysis using PAST 4.0 software. The relationship between diversity correlation and water quality using PCA software. The results of
the study found 22 species of macroalgae consisting of 3 divisions, namely Chlorophyta (11 species), Phaeophyta (4 species), and
Rhodophyta (7 species). Diversity of Pari Island (H'=2.314, E=0.594, D=0.121) and Kongsi Island (H'=1.191, E=0.481, D=0.211). The
largest species are Acanthophora spicifera (M.Vahl) Bgrgesen (Rhodophyta), with 396 individuals; Caulerpa racemosa (Forssk.)
J.Agardh (Chlorophyta), with 343 individuals; and Padina australis Hauck (Phaeophyta), with an individual number of 130. Macroalgae
diversity in the Pari Island Cluster belongs to the moderate category. The diversity of macroalgae in the Pari Island Cluster is influenced
by physical factors of temperature, salinity, brightness, depth, and current speed, as well as chemical factors of nitrate, orthophosphate,

dissolved oxygen, heavy metal levels of Pb, Cu, and pH.
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INTRODUCTION

Macroalgae are widespread in almost all regions of
Indonesia since Indonesia is an archipelagic country and
has the longest coastline. Macroalgae are important
primary producers of the ocean. They support the life of
other organisms at the trophic level in marine ecosystems,
which are found in the intertidal zone to the subtidal zone
(Satheesh and Wesley 2012; Umanzor et al. 2017). The
presence and diversity of macroalgae in an area are, among
other things, determined by the structure of the habitat or
substrate type (Duran et al. 2018) since each macroalga
occupies a habitat tightly attached to different substrates. In
addition to substrate types, other physical factors also
influence the species diversity of macroalgae, such as
temperature, brightness, current, and chemical factors, e.g.,
salinity, acidity (pH), nitrates, and phosphates (Martinez et
al. 2012; Cleary et al. 2016; Zhao et al. 2016) also,
biological factors such as competition between types of
macroalgae, predation by marine animals such as sea
urchins, sea cucumbers, starfish and herbivorous animals
that can damage macroalgae thallus by eating them so that
it will reduce the number of spores and inhibit the spread of
macroalgae (Fox et al. 2012; Macusi and Deepananda
2013; Anggadiredja 2017; Cordeiro et al. 2020; Budzatek
et al. 2021)

The economic benefits of macroalgae are as raw
materials for several industries, such as the carrageenan
and agar industry, and food supplements and additives

(Khan et al. 2016). On the other hand, macroalga is an
excellent commodity to be developed because of its
chemical content. Thus macroalgae can be used as a source
of foods and medicinals (Roohinejad et al. 2017; Afonso et
al. 2019; Pefialver et al. 2020). Macroalgae also have the
potential as bio  accumulators,  bioremediation,
bioindicators, and biomonitoring on water heavy metals.
(Duran et al. 2018; Flouty and Estephane 2012;
Chakraborty et al. 2014; Shams EI-Din 2014; Henriques et
al. 2015; Ihsan et al. 2015; Seoane et al. 2020; Zeraatkar et
al. 2016; Bonanno and Orlando-Bonaca 2018). Macroalgae
have an ecological role as habitats for other small marine
life such as crustaceans, mollusks, and echinoderms (Chen
et al. 2020; Umanzor et al. 2017), the nurturing area
(Chaves et al. 2013; Giakoumi et al. 2012; shelters (Amsler
et al. 2015), spawning grounds, and food sources for
marine life (Filbee-Dexter and Scheibling 2014; Mauffrey
et al. 2020), as well as playing a role in the blue carbon
system (Chung et al. 2011; Chung et al. 2013; Sondak et
al. 2017). So the existence and diversity of macroalgae
need to be managed and preserved.

Pari Island and Kongsi Island are among the Pari Island
Cluster, a marine tourist destination in the southern Seribu
Islands and adjacent to Jakarta Bay; The Pari Island Cluster
waters cannot be separated from anthropogenic pressure.
This will impact the macroalgae diversity of both islands
(Khrisnamurti et al. 2016; Zulpikar et al. 2020). Moreover,
studies related to macroalgae diversity with water quality in
the Pari Island Cluster are very important, can be used as a
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database related to macroalgae-type information, and can
be used as indicators of water quality. Therefore, this
research aimed to determine the diversity of macroalgae in
the Pari Island Cluster and the relationship of macroalgae
diversity with water quality.

MATERIALS AND METHODS

Study area and period

This research was conducted in September 2022 in the
intertidal zone in the Pari Island Cluster. This study has
two stations: Kongsi Island and Pari Island (Figure 1).

Procedure

The data collection on macroalgae with a survey using
the square transects method. First, on each sampling
station, three transects of line 50 m long perpendicular to
the coast to the tubing with a distance between transects of
20 m are made. Next, the observations were made by
placing squared transects measuring 1x1 m at a distance of
5 m from the coastline. Then, subsequent placement of the
square plot at a distance of 10 m from the first laying, and
so on to 50 m (Figure 2).
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The types of macroalgae, substrates, and environmental
parameters were observed. The measurements include
temperature, Salinity, Brightness, Current, TDS, Depth,
Substrate, pH, DO, Nitrate and orthophosphate (APHA
2017), Hg, Pb, and Cu (Li et al. 2020). In addition,
environmental parameters such as substrate, temperature,
salinity, brightness, current, TDS, depth, pH, and DO are
measured in the field. At the same time, chemical
parameters such as Nitrate, Orthophosphate, Hg, Pb, and
Cu are analyzed at the Productivity and Aquatic
Environment Laboratory IPB-Bogor (Table 1).

Data analysis includes the Shannon-Wiener diversity
index, the index to equal, and the dominance index using
PAST 4.0 software. In addition, the linkages between
parameters were tested using Principal Component
Analysis (PCA).

The identification of macroalgae species found was
determined using the identification book and journals
(Lima et al. 2017; Lim et al. 2017; Joshi 2022; Hurtado-
Poncec et al. 1992; Atmadja et al. 1996; Trono 1997;
Bolton et al. 2007; Ni-Ni-Win et al. 2013; Subagio et al.
2019; Widyartini et al. 2023). In addition, the identification
also uses macroalgae scientific nomenclature that is in
international force today.
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Figure 1. The research sampling location in the Kongsi and Pari Islands at Pari Cluster, Seribu Islands District, Jakarta, Indonesia
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Figure 2. Design of plots by the method of transect squared
Table 1. Measurement of aquatic environmental parameters
Parameter Unit  Method/tools Measurement
Temperature °/C Lutron T 017219 series In situ
Brigtnees m Secchi disc
Salinity %/oo Lutron TF 06213 In situ
Current velocity m/s Floating droudge In situ
Depth m Regular stick In situ
pH Lutron seri TP 07 In situ
DO mg/L  Lutron Seri WAC- In situ
2019CP
Orthophosphate mg/L  APHA, 23rd Edition,
4500-NO3-E, 2017 Laboratory
Nitrate mg/L  APHA, 23rd Edition,  Laboratory
4500-P-E, 2017
Hg mg/L  IK-LAB-logam-04 Laboratory
(Cold Vapor)
Pb mg/L  IK-LAB-logam-11 Laboratory
(Ekstraksi-GFAAS)
Cc mg/L  IK-LAB-logam-11 Laboratory

(Ekstraksi-GFAAS)

RESULTS AND DISCUSSION

Macroalgae composition

The results of macroalgae identification at the study site
in the Pari Island cluster were grouped into three divisions,
namely Chlorophyta, Phaeophyta (Ochrophyta), and
Rhodophyta, with 22 macroalgae species. The proportion
of each division is 11 of Chlorophyta (50%), including
Halimeda macroloba Dcainsne, Halimeda opuntia (L.) J.
V. Lamouroux, Halimeda gracillis Harv. ex J.Agardh,
Halimeda micronesia, Caulerpa sertularoides (S. G.
Gmelin) M. Howe, Caulerpa racemosa (Forsskal) J.
Agardh, Caulerpa racemosa var. uvifera (C. Agardh) J.
Agardh, Caulerpa serrulata (Forsskal) J. Agardh, Caulerpa
sp., Dictyospaera sp., Boergensenia forbesii (Harvey)
Feldmann. Then, four species of Phaeophyta (Ochrophyta)
(18%), covering Padina tetrastromatica Hauck, Padina
australis Hauck, Sargassum sp., Dictyota bartayresiana J.
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V. Lamouroux. Finally, seven species of Rhodophyta
(32%), including Hypnea asperi Bory, Corallina sp.,
Eucheuma denticulatum, Amphiroa fragilissima (L.) J. V.
Lamouroux, Acathophora specifera (M. Vahl) Borgeson,
Galaxaura rugosa (J. Ellis & Solander) J. V. Lamouroux,
Laurencia nidifica J. V. Lamouroux. The diversity of
macroalgae species at the research station in Kongsi and
Pari Island is seen in Figure 3.

Overall, the macroalgae community in the waters of the
Pari Island Cluster is dominated by Chlorophyta, which has
a larger species composition and several species, followed
by Rhodophyta and Phaeophyta. The presence of
Chlorophyta is 50 %, with 11 species dominated by
Caulerpa and Dictyosphaera, while Padina dominates
Phaeophyta, and Achanthopora and Galaxaura dominate
Rhodophyta. The high Chlorophyta in the waters of the
Pari Island Cluster is thought to be due to the substrate type
at the study site filled with sandy sand and mud, which is a
suitable growing place for Chlorophyta macroalgae.
Chlorophyta has a filamentous, sheet, and cylindrical
thallus with overlapping dense tissues (stolons) and creates
a sea-based green network that allows horizontal
expansion. In contrast, stolons stick to substrates such as
those of the Caulerpa. Chlorophyta can inhabit various
substrates of subtidal (sand, mud, rock, layers of dead
seagrasses, from a depth of 0-50 m) and has the potential to
expand its range along the coastline (Mushlihah et al.
2021). Macroalgae from Chlorophyta generally respond
quickly to nutrient enrichment and tend to dominate in
shallow aquatic environments. Chlorophyta is suitable for
growing on sand substrates in the intertidal zone and
tolerates lower salinity (Isham et al. 2018; Abdullah et al.
2020). Sand substrates are a less stable medium, easily
blown away by large waves, even though certain species,
such as Chlorophyta, can grow (Ferawati et al. 2014).
Anggadiredja  (2017) mentions that Chlorophyta
macroalgae prefer to grow on sandy beaches and tolerate
lower salinity.

Phaeophyta (Ochrophyta) presents 24.3% of the sample
with four species. Phaeophyta contains chlorophyll
pigments and phycocyanin, so this macroalgae's color is
brown, has holdfast, thallus shaped like a fan, sheets, and
there are radial concentric lines like in the Padina clan.
Some are cylindrical, while the leaf morphology resembles
a trumpet with jagged edges like the Turbinaria. In
addition, thallus resembles Cormophyta plants with the
characteristic presence of air bubbles between the leaves,
such as the Sargassum clan, Cystoceira.

The presence of Rhodophyta was 32% of the sample
with seven species. Rhodophytes contain chlorophyll and
phycoerythrin pigments, so the thallus is red and has
holdfast. Various thallus there are cylindrical, tightly
prickly, and intermittent branching, as in Euchema,
Hypnea, Achantophora, Laurencia, and Gracillaria, with a
cartilaginous, herbaceous texture.
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Figure 3. Diversity macroalgae Pari Island Cluster, Seribu Islands District, Jakarta, Indonesia
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Macroalgae ecological index in the Pari Island Cluster

Diversity is a very important parameter and can be used
to compare different communities of marine life, especially
to determine the influence of water quality. Analysis of the
diversity index, equality index, and dominance index in the
two islands in the Pari Island Cluster is presented in Table 2.

The diversity index on the two islands belongs to the
moderate category, i.e., the range of the diversity index is
greater than 1 and smaller than 3. The diversity index of a
community can describe its level of stability. The moderate
diversity index is due to the still fairly stable environmental
conditions and many macroalgae species found. Krebs
(2014) stated that the value of the diversity index between
1<H'<3, including moderate species diversity and the
environment's carrying capacity to the community, is still
quite good.

According to Farito et al. (2018), the difference in
macroalgae diversity index values is influenced by the
number of individuals of each species and the total number
of entire species. The fewer the number of species
individuals of each species, the smaller the value of the
diversity index. This is also reinforced by Kepel et al.
(2019) that species diversity is related to species richness
and distribution within a community. The low diversity
value illustrates the small number of macroalgae present in
these waters and also indicates the presence of a
dominating species. Low levels of diversity can also be
caused by habitat complexity due to substrate damage or
high waves (Ferawati et al. 2014). Macroalgae in the
intertidal and subtidal zones globally experience physical
disturbances of both currents and waves (Kregting et al.
2016; Millar et al. 2020). Another factor that causes low
diversity is excessive anthropogenic activity since
macroalgae are organisms susceptible to environmental
changes (Richmond et al. 2018). Handayani (2019)
explained that macroalgae diversity is influenced by the
substrate and how it attaches itself to the substrate.
Herlinawati et el. (2017) state that diverse substrate types
can affect the diversity of more diverse macroalgae.

The macroalgae dominance index obtained in the
waters of the Pari Island Cluster is included in the low
category. The dominance is centered on several species, S0
no one macroalgae dominate greatly. The low dominance
value of a community species is due to the evenness of the
number of individuals in each species (Krebs 2014). The
evenness index (E) in the Pari Island Cluster is less than 1;
generally, the evenness index between research stations is
not too different. Therefore, it is suspected that species
distribution tends to be heterogeneous, and a large number
of macroalgae species strongly influences the number of
species. Therefore, this similarity index shows that
environmental conditions are still quite stable.

Environmental quality of Pari Island Cluster waters
Physical and chemical aquatic conditions influence the
existence and diversity of macroalgae. The measurement
results of several water parameters, including temperature,
salinity, current, pH, turbidity, nitrates, phosphates, heavy
metals, and substrates (Table 3), each provide an important
role in the presence and diversity of macroalgae in water.
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The quality of water and substrates have a very
important role in macroalgae life in shallow marine waters.
Environmental factors that influence the presence and
diversity of macroalgae, such as temperature, are among
the most important factors in regulating the metabolism and
distribution of organisms. The temperature measurements
results in the Pari island Cluster waters are 31.3°C. These
temperatures are still within the normal range that
macroalgae can tolerate. According to Charan (2017), the
optimum temperature for macroalgae growth ranges from
28-30°C. Therefore, high water temperatures can have a
bad impact on macroalgae growth.

The salinity of seawater also affects the distribution,
abundance, and growth of macroalgae in coastal waters.
The Pari Island Cluster's seawater salinity measurement
results range from 30.79-31.3 ppt. These conditions still
favor macroalgae growth as per the statement of Duran et
al. (2018), that the optimum salinity range for macroalgae
growth is between 26-41 ppt. Organisms in the intertidal
zone generally tolerate a wide range of salinity and
temperature (Roleda and Hurd 2019; Tsutsui et al. 2015).
Some Chlorophyta species living in intertidal environments
have varying salinity levels, such as Chaetomorpha sp.
have a broader tolerance to salinity (Tsutsui et al. 2015).

The degree of acidity or pH also affects the growth of
macroalgae. The results of measuring the degree of acidity
(pH) in the waters of the Pari Island Cluster range from
8.10-8.13. The degree of acidity (pH) is good for
macroalgae growth in the pH range of 6.8-9.6 (Anggadireja
et al. 2017), and optimum pH conditions for macroalgae
growth range from 6.8-8.2 (Young and Gobler 2016). So,
the pH in the Pari Island Cluster is still quite ideal for
macroalgae growth.

Table 2. The value of the diversity index, evenness index, and
dominance index at the research site

Parameters Pari Kongsi
Shanon-Wiener (H') 231 1.907
Evenness (E) 0.5%4 0.481
Simpson (D) 0.121 0.211

Table 3. Water quality in the Pari Island Cluster, Seribu Islands
District, Jakarta, Indonesia

Parameters Station
Kongsi Island Pari Island

Physics

Temperature (°C)  31.3 31.3

Salinity (ppt) 30.78 31.3

Current (m.s?) 5.33 4.14

Depth (m) 0.69 0.74

Substrate Sand, muddy sand Sand, muddy sand
Chemistry

pH 8.10 8.13

DO (mg.L?) 6.38 6.38

Phosphate (mg.L*) 0.039 0.021

Nitrate (mg.L™) 0.234 0.230
Heavy metals

Hg (mg L) 0.001 0.001

Pb (mg.L?) 0.020 0.02

Cu (mg.L?) 0.021 0.21
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Depth observations in the waters of the Pari island
Cluster on sand substrates ranged from 33-58 cm at the
lowest tidal. According to Farito et al. 2018, macroalgae in
Indonesia grows well at a depth of 20-30 cm because,
generally, sunlight penetration is still good and reaches that
depth. On the other hand, waters that are too shallow will
inhibit the growth of macroalgae because the bottom of the
water is easily stirred, causing turbidity and disrupting the
process of photosynthesis. In addition, macroalgae will be
easily reached by predators such as sea turtles and sea
urchins (Oliveira 2012; Marinho-Soriano 2012).

A suitable current for macroalgae growth is between
20-40 cm.s. The measurement result of current velocity
on a sand substrate of 4.14-5.33 cm.s®. Based on this
range, the current speed in the Pari island Cluster during
the study was below the optimal current speed.
Anggadireja et al. (2017) state that waves or waves with
relatively strong pressure cause macroalgae thallus to be
damaged, but some macroalgae can survive even on large
waves.

Nitrate is a chemical compound that serves as a nutrient
in seawater. Nitrate levels in the waters of the Pari Island
Cluster range from 0.230-0.234 mg.Lt. The KLH (2004)
sets a quality standard for nitrate compounds for marine
life of 0.008 mg.L*. However, the range of nitrate content
in the waters of the Pari Island Cluster is above the
standard quality threshold for marine life. This is thought to
be because the sampling time was carried out in September
in the Eastern season, so there was a movement of currents
from the Java Sea through the Seribu Islands which
brought contamination from Jakarta Bay which is located
opposite the Pari Island Cluster.

Phosphate is one of the nutrients needed and affects the
growth and development of macroalgae. The measurements
of phosphate levels in the Pari Island Cluster range from
0.002-0.039 mg/L, which is still within safe limits for
marine life. The KLH (2004) set the standard quality for
phosphate compounds for marine life at 0.015 mg.L™.
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Figure 4. The relationship of the diversity index with the quality
of Pari Island waters, Seribu Islands District, Jakarta
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Heavy metal measurements are used to determine metal
contamination in water. The measurement results of heavy
metals in the Pari Island Cluster for Hg ranged from
0.0005-0.001 mg.L?, Pb ranged from 0.005-0.02 mg.L?,
and Cu ranged from 0.005-0.21 mg.L. The range of Hg
levels is still within safe limits for marine life. The KLH
(2004) set the standard quality for Hg compounds for
marine life at 0.001 mg.L%. The high Pb, and Cu content in
the Pari Island Cluster, above the safe limit for marine life,
is thought to be because sampling was carried out in
September or the Eastern season. The current in the waters
of the Pari Island Cluster in the Eastern season (May to
September) moves from the Java Sea through the waters of
the Seribu Islands. These conditions allow water masses
rom the Java Sea, especially Jakarta Bay, to be carried to
the waters of the Pari Island Cluster. Jakarta Bay's sources
of pollutants or pollutants are relatively large because it is
located in an area of high industrial and anthropogenic
activities. Furthermore, the activities of cruise and
traditional ships used as a means of transportation and
recreation, as well as industrial activities in the waters of
the Seribu Islands, can affect the value of Pb and Cu metal
content (Cordova and Muhtadi 2017; Sachoemar 2018).

The relationship of water quality to macroalgae
diversity

The results of the PCA analysis (Figure 4) show that
Pari Island has a fairly good environmental quality. Biplot
axes F1 and F2 of 51.36% mean that environmental
characteristics influence the entire observation station by
51.36%. On Pari Island, the S4T, and SsTs stations are
characterized by an environment with a high Hg and Cu
content; other environmental factors such as temperature,
brightness, depth, and TDS are also high. Stations S4T,and
S4T; are characterized by environmental characteristics of
orthophosphate content, heavy metal content Pb and high
current speed. In addition, stations S;Ti, SiT», SiTs, and
S,T, are characterized by environmental characteristics
with high nitrate levels, dissolved oxygen, and salinity and
acidity (pH).

Biplot (axes F1and F2:41.35 %)

pH

5273

5173
Brightnec®s

5473
54T1 .

F2(17.14 %)

Temperature Hg

[]
Shannon_H tu sam2

.
$3T1

4 3 2 -1 1 2 3 4

0
F1(24.21%)
* Active Variable ¢ Active Observation
Figure 5. The relationship of the diversity index with the quality
of Kongsi island waters, Seribu Islands District, Jakarta



HANDAY AN et al. — The diversity of macroalgae in the Pari Island

The results of the PCA analysis (Figure 5) show that
Kongsi Island has poor environmental quality. Biplot axes
Fi and F, of 41.35% mean that -environmental
characteristics influence the entire observation station at
41.35%. Environmental characteristics with high levels of
nitrate, orthophosphate, Hg, Pb, Cu, and Cu, physical
factors such as salinity, current speed, and high TDS
characterize stations S;Ti, SiT2, SiTs, and S;T,. Stations
SoTa, S2Ts, and S3T; are characterized by environmental
characteristics that have high levels of dissolved oxygen,
high pH, and factors of high brightness physics. Stations
SsTa, S3Ts, SaT1, SaTo, and S4Ts are not characterized by
environmental characteristics or values; the environmental
characteristics are low.

Chemical factors, especially nitrate, orthophosphate,
Hg, Pb, and Cu greatly affect macroalgae diversity,
because Hg, PB, and Cu can be toxic to macroalgae at high
concentrations, likewise the physical factors such as water
salinity, current speed, and TDS. Physicochemical factors
are a very influential determinant of macroalga diversity.
This result was in line with the result of research by
Melsasail et al. (2018) which has been done at Nusa Laut,
Central Sulawesi, and Mushlihah et al. (2021) at Makasar
Bay, South Sulawesi.

In conclusion, based on the results of data analysis and
discussion it can be concluded that the macroalga diversity
between Pari Island and Kongsi Island is different from the
number of species and the number of individuals is higher
on Pari Island. This difference is caused by differences in
physical factors which include Hg, Pb, Cu, Orthophospat,
water currents, brightness, salinity and TDS. There are 22
species of macroalgae found in the Pari Island cluster,
consisting of H. macroloba, H. opuntia, H. gracillis, H.
micronesia, C. sertularoides, C. racemosa, C. racemosa
var. uvifera, C. serrulata, Caulerpa sp., Dictyospaera sp.,
B. forbesii, P. tetrastromatica, P. australis, Sargassum sp.,
D. bartayresiana, H. asperi, Corallina sp., E. denticulatum,
A. fragilissima, A. specifera, G. rugosa, and L. nidifica.

ACKNOWLEDGEMENTS

Acknowledgments to DRTPM Kemendikbudristek as
research funder, contract number:
T/1274/UN23.18/PT.01.03/2022 and LPPM University of
Jenderal Soedirman, number: 2127/UN23/PT.01.02/2022
as research funder, as well as Management Kepulauan
Seribu for the assistance and permission given during the
research.

REFERENCES

Abdullah Al, Akhtar MA, Rahman MF. 2020. Habitat structure and
diversity patterns of seaweeds in the coastal waters of Saint Martin's
Island, Bay of Bengal, Bangladesh. Reg Stud Mar Sci 33: 100959.
DOI: 10.1016/j.rsma.2019.100959.

Afonso NC, Catarino MD, Silva AMS, Cardoso SM. 2019. Brown
macroalgae as valuable food ingredients. Antioxidants 8 (9): 365-391.
DOI: 10.3390/antiox8090365.

Amsler MO, Huang YM, Engl W, McClintock JB, Amsler CD. 2015.
Abundance and diversity of gastropods associated with dominant

1665

subtidal macroalgae from the western Antarctic Peninsula. Polar Biol
38(8): 1171-1181. DOI: 10.1007/s00300-015-1681-4.

Anggadiredja JT. 2017. Seaweed diversity and conservation on the
Warambadi Seashore of Sumba Island Substrata and seasonal
phenomenon. J Teknologi Lingkungan 18 (2): 182. DOI:
10.29122/jt1.v18i2.2032. [Indonesian]

APHA (American Public Health Association). 2017. The Standard
Method for the Examination of Water and Wastewater 23rd Ed.
American Public Health Association, Washington DC.

Atmadja WS, Kadi A, Sulistijo, Satari R.1996. Introduction to types of
Indonesian  seaweed.  Puslitbang  Oseanologi-LIPI, Jakarta.
[Indonesian]

Bolton JJ, Oyieke HA, Gwada P. 2007. The seaweeds of Kenya:
Checklist, history of seaweed study, coastal environment, and
analysis of seaweed diversity and biogeography. S Afr J Bot 73 (1):
76-88. DOI: 10.1016/j.5ajb.2006.08.006.

Bonanno G, Orlando-Bonaca M. 2018. Chemical elements in
Mediterranean macroalgae: a review. Ecotoxicol Environ Saf 148: 44-
71. DOI: 10.1016/j.ecoenv.2017.10.013.

Budzatek G, Sliwinska-wilczewska S, Wisniewska K, Wochna A, Bubak
I, Latata A. 2021. Macroalgal defense against competitors and
herbivores. Intl J Mol Sci 22 (15): 1-25. DOI: 10.3390/ijms22157865.

Chakraborty S, Bhattacharya T, Singh G, Maity JP. 2014. Benthic
macroalgae as biological indicators of heavy metal pollution in the
marine environments: A biomonitoring approach for pollution
assessment. Ecotoxicol Environ Saf 100 (1): 61-68. DOI:
10.1016/j.ecoenv.2013.12.003.

Charan H. 2017. The Effects of Temperature and Nutrients on the Growth
of two Pest Seaweeds in Fiji. International Conference on Energy,
Environment and Climate. University of Mauritus, July 2017.

Chaves LTC, Pereira PHC, Feitosa JLL. 2013. Coral reef fish association
with macroalgal beds on a tropical reef system in North-eastern
Brazil. Mar Freshw Res 64 (12): 1101-1111. DOI: 10.1071/MF13054.

Chen Y, Cooper P, Fulton CJ. 2020. Sargassum epifaunal communities
vary with canopy size, predator biomass, and seascape setting within
a fringing coral reef ecosystem. Mar Ecol Prog Ser 640 (2020): 17-30.
DOI: 10.3354/meps13282.

Chung IK, Beardall J, Mehta S, Sahoo D, Stojkovic S. 2011. Using marine
macroalgae for carbon sequestration: A critical appraisal. J Appl
Phycol 23 (5): 877-886. DOI: 10.1007/s10811-010-9604-9.

Chung IK, Oak JH, Lee JA, Shin JA, Kim JG, Park K. 2013. Installing
kelp forests seaweed beds for mitigation and adaptation against global
warming: Korean Project Overview. ICES J Mar Sci 70 (5): 1038-
1044. DOI: 10.1093/icesjms/fss206.

Cleary DFR, Pol6nia ARM, Renema W, Hoeksema BW, Rachello-
Dolmen PG, Moolenbeek RG. 2016. Variation in the composition of
corals, fishes, sponges, echinoderms, ascidians, mollusks,
foraminifera, and macroalgae across a pronounced in-to-offshore
environmental gradient in the Jakarta Bay-Thousand Islands coral reef
complex. Mar Poll Bul 110 (2): 701-717. DOI: 10.1016/
j.marpolbul.2016.04.042.

Cordeiro CAMM, Harborne AR, Ferreira CEL. 2020. The biophysical
controls of macroalgal growth on subtropical reefs. Front Mar Sci 7:
1-14. DOI: 10.3389/ fmars.2020.00488.

Cordova MR, Muhtadi A. 2017. Screening of Mercury Absorption in
Brown M . Red Macroalgae Gracilaria salicornia from Pari Island.
Oseanologi dan Limnologi di Indonesia 2 (3): 25-33. DOI:
10.14203/0ldi.2017.v2i3.93. [Indonesian]

de Oliveira VP, Freire FA de M, Soriano EM. 2012. Influence of depth on
the growth of the seaweed Gracilaria birdiae (Rhodophyta) in a
shrimp pond. Braz J Food Technol 16 (1): 33. DOI:
10.14210/bjast.v16n1.p33-39.

Duran A, Collado-Vides L, Palma L, Burkepile DE. 2018. Interactive
effects of herbivory and substrate orientation on algal community
dynamics on a coral reef. Mar Biol 165 (10): 1-9. DOI:
10.1007/500227-018-3411-2.

Farito, Kasim M, Nur Al. 2018. Study of the density and diversity of
macroalgae on artificial coral reefs from plastic waste in the waters of
Tanjung Tiram Village, North Moramo District, South Konawe
Regency. Jurnal Manajemen Sumber Daya Perairan 3 (2): 93-103.
[Indonesian]

Ferawati E, Widyartini DS, Insan Al. 2014. Studies of seaweed
communities on various substrates. Scr Biol 1 (1): 55-60. DOI:
10.20884/1.sh.2014.1.1.25. [Indonesian]



1666

Filbee-Dexter K, Scheibling RE. 2015. Sea urchin barrens as alternative
stable states of collapsed kelp ecosystems. Mar Ecol Prog Ser 495: 1-
25. DOI: 10.3354/meps10573.

Flouty R, Estephane G. 2012. Bioaccumulation and biosorption of copper
and lead by a unicellular algae Chlamydomonas reinhardtii in single
and binary metal systems: A comparative study. J Environ Manag
111: 106-114. DOI: 10.1016/j.jenvman.2012.06.042.

Fox SE, Teichberg M, Valiela I, Heffner L. 2012. The relative role of
nutrients, grazing, and predation as controls on macroalgal growth in
the Waquoit Bay estuarine system. Estuar Coast 35 (5): 1193-1204.
DOI: 10.1007/s12237-012-9519-6.

Giakoumi S, Cebrian E, Kokkoris GD, Ballesteros E, Sala E. 2012.
Relationships between fish, sea urchins, and macroalgae: The
structure of shallow rocky sublittoral communities in the Cyclades,
Eastern Mediterranean. Estuar Coast Shelf Sci 109: 1-10. DOI:
10.1016/j.ecss.2011.06.004.

Handayani T. 2019. Macroalgae on the rocky shore of the southern coast
of Garut, West Java, Indonesia. The 3rd EIW IOP Conf Ser: Earth
Environ Sci 278: 2-9. DO1:10.1088/1755-1315/278/1/012030.

Henriques B, Rocha LS, Lopes CB, Figueira P, Monteiro RJR, Duarte
AC. 2015. Study on bioaccumulation and biosorption of mercury by
living marine macroalgae: Prospecting for new remediation
biotechnology applied to saline waters. Chem Eng J 281: 759-770.
DOI: 10.1016/ j.cej.2015.07.013.

Herlinawati NDPD, Arthana IW, Dewi APWK. 2017. Natural Seaweed
Diversity and Density in Serangan Island Waters, Denpasar, Bali. J
Mar Aquat Sci 4 (1): 22. DOI: 10.24843/jmas.2018.v4.i01.22-30.

Hurtado-Ponce AQ, Luhan MRJ, Guanzon NGJ. 1992. Seaweeds of
Panay. Southeast Asian Fisheries Development Center, Aquaculture
Department, Tigbauan, lloilo, Philippines.

lhsan YN, A. Aprodita IR, TDKP. 2015. The ability of Gracilaria sp. as a
bioremediation agent in absorbing the heavy metal Pb. Jurnal
Kelautan 8 (1): 10-18. [Indonesian]

Isham, Kasim M, Arami H .2018. Species composition and density of
macroalgae in Ulunipa Village Waters Menui district Morowali
Regency Central Sulawesi. Jurnal Manajemen Sumber Daya Perairan
3 (3): 199-207. [Indonesian]

Joshi NH. 2022. Seaweed-classification, source, and uses. Agri-India 2
(5): 54-57.

Kementrian Lingkungan Hidup (KLH). 2004. Keputusan Menteri Negara
Lingkungan Hidup No 51 Tahun 2004 tentang Baku Mutu Air Laut.
Lembaran Negara Republik Indonesia 51: 1-8.

Kepel RC, Lumingas LJL, Tombokan JL, Mantiri DMH. 2019.
Biodiversity and community structure of seaweeds in Minahasa
Peninsula, North Sulawesi, Indonesia. AACL Bioflux 12 (3): 880-
892.

Khan MSK, Hoq ME, Haque MA, Islam MM, Hoque MM. 2016.
Nutritional evaluation of some seaweeds from the Bay of Bengal in
contrast to inland fishes of Bangladesh. IOSR J Environ Sci Toxicol
Food Technol 10 (11): 59-65. DOI: 10.9790/2402-1011025965.

Khrisnamurti, Utami H, Darmawan R .2016. The Impact of Tourism on
the Environment on Tidung Island, the Seribu Islands. J Kajian 21
(3): 257-273. [Indonesian]

Krebs CJ. 2014. Species Diversity Measures Version 5. Addison Wesley
Longman, New York.

Kregting L, Blight AJ, ElsdRer B, Savidge G. 2016. The influence of
water motion on the growth rate of the kelp Laminaria digitata. J Exp
Mar Biol Ecol 478: 86-95. DOI: 10.1016/j.jembe.2016.02.006.

Li J, Miao X, Hao Y, Xie Z, Zou S, Zhou C. 2020. Health risk assessment
of metals (Cu, Pb, Zn, Cr, Cd, As, Hg, Se) in angling fish with
different lengths collected from Liuzhou, China. Intl J Environ Res
Public Health 17 (7): 2381-2393. DOI:10.3390/ijerph17072192.

Lim PE, Yang LE, Tan J, Maggs CA, Brodie J. 2017. Advancing the
taxonomy of economically important red seaweeds (Rhodophyta). Eur
J Phycol 52 (4): 438-451. DOI: 10.1080/09670262.2017.1365174.

Lima AL, Gaspar R, Neto JM, Pereira L. 2017. The ldentification Of
Macroalgae and the Assessment of Intertidal Rocky Shores
Ecological Statuses in the Central Western Coast. Nova Science
Publishers, New Y ork.

Macusi E, Deepananda KHMA. 2013. The factor that structures algal
communities in tropical rocky shores: What have we learned?. Intl J
Sci Res Pub 3 (12): 1-13.

Marinho-Soriano E. 2012. Effect of depth on growth and pigment contents
of the macroalgae Gracilaria bursapastoris. Rev Bras Farmacogn 22
(4): 730-735. DOI: 10.1590/S0102-695X2012005000059.

BIODIVERSITAS 24 (3): 1659-1667, March 2023

Martinez B, Arenas F, Rubal M, Burgués S, Esteban R, Garcia-Plazaola I.
2012. Physical factors driving intertidal macroalgae distribution:
Physiological stress of a dominant fucoid at its southern limit.
Oecologia 170 (2): 341-353. DOI: 10.1007/s00442-012-2324-x.

Mauffrey ARL, Cappelatti L, Griffin JN. 2020. Seaweed functional
diversity revisited: Confronting traditional groups with quantitative
traits. J Ecol 108 (6): 2390-2405. DOI: 10.1111/1365-2745.13460.

Melsasail K, Awan A, Papilaya PM, Rumahlatu D. 2018. The ecological
structure of macroalgae community (seagrass) on various zones in the
coastal waters of Nusalaut Island, Central Maluku District, Indonesia.
Aquacult Aquarium Conserv Legis Bioflux 11 (4): 957-966.

Millar R V, Houghton JDR, Elsifer B, Mensink PJ, Kregting L. 2020.
Influence of waves and currents on the growth rate of the kelp
Laminaria digitata (Phaeophyceae). J Phycol 56 (1): 198-207. DOI:
10.1111/jpy.12943.

Mushlihah H, Amri K, Faizal A. 2021. Diversity and distribution of
macroalgae to environmental conditions of Makassar City. Jurnal
llmu Kelautan Spermonde 7(1): 16-26. [Indonesian]

Ni-Ni-Win N, Sun ZM, Hanyuda T, Kurihara A, Millar AJK, Gurgel
CFD, Kawai H. 2013. Four newly recorded species of the calcified
marine brown macroalgal genus Padina (Dictyotales, Phaeophyceae)
for Australia. Aust Syst Bot 26: 448-465. DOI: 10.1071/SB13025.

Pefalver R, Lorenzo JM, Ros G, Amarowicz R, Pateiro M, Nieto G. 2020.
Seaweeds as a functional ingredient for a healthy diet. Mar Drugs 18
(6): 1-27. DOI: 10.3390/md18060301.

Richmond RH, Tisthammer KH, Spies NP. 2018. The effects of
anthropogenic stressors on reproduction and recruitment of corals and
reef organisms. Front Mar Sci 5: 1-9. DOl:
10.3389/fmars.2018.00226.

Roleda MY, Hurd CL. 2019. Seaweed nutrient physiology: application of
concepts to aquaculture and bioremediation. Phycologia 58: 552-562.
DOI: 10.1080/00318884.2019.1622920.

Roohinejad S, Koubaa M, Barba FJ, Saljoughian S, Amid M, Greiner R.
2017. Application of seaweeds to develop new food products with
enhanced shelf-life, quality, and health-related beneficial properties.
Food Res Intl 99: 1066-1083. DOI: 10.1016/j.foodres.2016.08.016.

Sachoemar Sl. 2018. Characteristics of the marine environment of the
Thousand Islands. Indones J Limnol 4 (2): 109-114. DOI:
10.29122/jai.v4i2.2408.

Satheesh S, Wesley SG. 2012. Diversity and distribution of seaweeds in
the Kudankulam coastal waters, south-eastern coast of India.
Biodivers J 3 (1): 79-84.

Seoane RG, Aboal JR, Boquete MT, Fernandez JA. 2020. Phenotypic
differences in heavy metal accumulation in populations of the brown
macroalgae Fucus vesiculosus: A transplantation experiment. Ecol
Indic 111: 105978. DOI: 10.1016/j.ecolind.2019.105978.

Shams EI-Din NG, Mohamedein LI, EI-Moselhy KM. 2014. Seaweeds as
bioindicators of heavy metals of a hot spot area on the Egyptian
Mediterranean Coast during 2008-2010. Environ Monit Assess 186
(9): 5865-5881. DOI: 10.1007/s10661-014-3825-3.

Sondak CFA, Ang PO, Beardall J, Bellgrove A, Boo SM, Gerung GS.
2017. Carbon dioxide mitigation potential of seaweed aquaculture
beds (SABs). J Appl Phycol 29 (5): 2363-2373. DOI:
10.1007/s10811-016-1022-1.

Subagio, Kasim, Hamdan MS. 2019. Identification of seaweed (seaweed)
in the waters of Cemara Beach, Jerowaru, East Lombok as
information on biodiversity for the community. Jurnal Ilmu Sosial
dan Pendidikan 3 (1): 308-321. DOI: 10.58258/jisip.v3i1.945.
[Indonesian]

Trono G. 1997. Field Guide and Atlas of The Seaweed Resources Of The
Philippines. Bureau of Agricultural Research, Los Banos.

Tsutsui 1, Miyoshi T, Aue-umneoy D, Songphatkaew J, Meeanan C,
Klomkling S. 2015. High tolerance of Chaetomorpha sp. to salinity
and water temperature enables survival and growth in stagnant waters
of central Thailand. Intl Aquat Res 7 (1): 47-62. DOI:
10.1007/s40071-014-0092-4.

Umanzor S, Ladah L, Zertuche-Gonzalez JA 2017 The influence of
species, density, and diversity of macroalgal aggregations on
microphytobenthic settlement. J Phycol 53: 1060-1071. DOI:
10.1111/jpy.12565.

Widyartini DS, Hidayah HA, Insan Al, 2023. Diversity and distribution
pattern of bioactive compoun potential seaweed in Menganti Beach,
Central Java, Indonesia. Biodiversitas 24 (2): 1125-1135. DOI:
10.13057/ biodiv/d240252.


https://www.frontiersin.org/people/u/236634
https://www.frontiersin.org/people/u/578630
https://www.frontiersin.org/people/u/578192
https://doi.org/10.3389/fmars.2018.00226
https://doi.org/10.3389/fmars.2018.00226

HANDAY AN et al. — The diversity of macroalgae in the Pari Island 1667

Young CS, Gobler CJ. 2016. Ocean acidification accelerates the growth of ~ Zhao F, Xu N, Zhou R, Ma M, Luo H, Wang H. 2016. Community

two bloom-forming macroalgae. PLoS One 11: e0155152. DOI: structure and species diversity of intertidal benthic macroalgae in

10.1371/journal.pone.0155152. Fengming Island, Dalian. Acta Ecol Sin 36 (2): 77-84. DOI:
Zeraatkar AK, Ahmadzadeh H, Talebi AF, Moheimani NR, McHenry MP. 0rg/10.1016/j.chnaes.2016.01.004.

2016. Potential use of algae for heavy metal bioremediation, a critical Zulpikar F, Handayani T, Renyaan J, Rifai H, Bayu Perisha. 2020. Species

review. J Environ Manag 181: 817-831. DOI: composition and distribution of tropical marine macroalgae in the Pari

10.1016/j.jenvman.2016.06.059. Island Reef Cluster, Jakarta. Omni-Akuatika 16 (2): 141-150. DOI:

10.20884/1.0a.2020.16.2.819.



