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ABSTRACT

The quality of water in Spermonde Archipelago, South Sulawesi has decreased as
a result of high human activities and land use, this can have an impact on the life
of marine biota. Macroalgae is suitable for bioindicators because they live in a
sessile manner, can accumulate metals and distributed widely. This research aimed
to determine coastal ecosystem quality by using macroalgae as indicators on five
islands that had different anthropogenic stresses. The research was carried out in
April 2019 on Barrang Caddi, Bonebatang, Barrang Lompo, Kodingareng Keke,
and Badi Islands. Community structures observed included taxa richness, diver-
sity, evenness, dominance of macroalgae and physicochemical parameters (tem-
perature, turbidity, pH, salinity, DO, BOD, H:S, oil, grease, total Phosphate, and
nitrate) as well as the measurement of the ecological condition using Quality of
Rocky Bottoms (CFR) index. The results showed that physicochemical parame-
ters (temperature, turbidity, pH, salinity, DO, H»S, oil, grease, total Phosphate) of
the water still met the quality standards of sea water based on Decree of the State
Minister for Environment No. 51/2004 for marine biota and other standards for
macroalgae growth. BOD and nitrate have exceeded sea water quality standards
for marine biota (20 mg/L for BOD and 0.008 mg/L for nitrates). A total of nine
species of macroalgae were found in Barrang Caddi and Badi Island, three species
in Bonebatang, and five species in Kodingareng Keke and Barrang Lompo Island.
The result of Principal Component Analysis (PCA) and Biplot showed that phys-
icochemical water quality has an influence on the macroalgae community struc-
ture. While the CFR index shows Barrang Caddi and Badi Island have poor eco-
logical conditions and Bonebatang, Barrang Lompo, and Kodingareng Keke have
bad ecological condition.

Keywords: Macroalgae, Spermonde Archipelago, water quality, CFR Index,
Community structure

Introduction

Spermonde Archipelago are islands located on
the west coast of South Sulawesi Province or
southeast of the Makassar City, Indonesia [1, 2].
Administratively, these islands belong to the Barru
Regency, Kepulauan Pangkajene Regency
(Pangkep), Maros Regency, Makassar City and
Takalar Regency [3]. This archipelago is also one
of the regions with high diversity of ecosystems
and marine life in Indonesia. There are 78 genera
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of macroalgae with a total of 262 species [2].
Some of the islands are populated and some are
not. The availability of fresh water is one of the
main factors that causes the island communities to
settle on certain islands [3]. A short distance from
the coast of Makassar causes the activity on the
coast of Makassar to affect several small islands in
the Spermonde Archipelago. The coastal city of
Makassar has several functions including for the
port of Pelni ships, inter-island traditional vessels,
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Figure 1. Study area in five islands in Spermonde Archipelago

fisheries, sea transportation routes, and tourist at-
tractions. These activities cause changes in land
use and contribute for nutrients and other toxic
wastes to the water; thus, eutrophication often oc-
curs [4, 5]. This can trigger an increase in biomass
as well as degradation and death of marine produc-
ers such as macroalgae thus can threaten the lives
of another marine biota.

Prevention of Sea Air Pollution According to
the Decree of the State Minister for the Environ-
ment No. 51 of 2004, concerning Sea Water Qual-
ity Standards, an objective evaluation method by
physicochemical and biological methods are
needed. Fish habitat communities such as macro-
algae can be used as indicators of the health level
of an ecosystem. This can happen due to the inter-
action between the seawater biota and its habitat,
which is essentially a dynamic balance. Therefore,
any changes in habitat and the contamination of
pollutants into the water will affect the life and
composition of biota [6].

Macroalgae is suitable for bioindicators be-
cause they live in a sessile manner, are easily iden-
tified, have a long-life span, exist in polluted loca-
tions, can accumulate metals and distributed
widely [7]. Biomonitoring with macroalgae (pas-
sive biomonitoring) was first introduced in the

early 1950s [7, 8] and is still widely used to assess
the state of an environment [9].

Macroalgae are known as biological indicators
in rocky coastal environments. Changes in macro-
algae communities occur after prolonged exposure
to nutrients or pollutants which eliminates the
most sensitive macroalgae species among resistant
species [10]. Several species of the Rhodophyta
family are known to be potential bioindicators for
chemical pollutants such as Al, As, Br, Cd, Fe, La,
Mn, Ni, Hg, V, and Zn in Ghana [11], Cystoseira
compressa species are known as bioindicators be-
cause they can accumulate heavy metals of Cd, Pb,
Cr, and Hg in the Mediterranean Sea [12].

Based on this background and also consider-
ing the development of the tourism sector and in-
dustrial activities in the coastal areas and small is-
lands in the Spermonde Archipelagos, the water
quality will be negatively impacted, therefore
management needs to be done. It is necessary to
evaluate the quality of the coastal water ecosys-
tems of several islands in the Spermonde Archi-
pelago, especially Barrang Caddi, Bonebatang,
Barrang Lompo, and Kodingareng Keke Island.
Hopefully, this research can produce recommen-
dations for the development of ecotourism in the
Spermonde Islands.
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Material and Methods
Study area

This research was conducted in April 2019 on
five islands of Spermonde archipelago: (1) Bar-
rang Caddi and Barrang Lompo Island located in
the middle inner zone area, 5 km from the coast of
Makassar city with a depth of + 30 m; (2) Boneba-
tang, Kodingareng Keke and Badi Island, located
in the middle outer zone, are 12.5 km from the
coast of Makassar city with a depth of + 20-50 m.
The map of research locations can be seen in Fig-
ure 1.

Sample collection

The study used the Ex Post Facto method, a
method for selecting a causal effect phenomenon
that has been proved in the field (natural phenom-
ena) thus researchers do not need to give any more
treatment but only observe the effect on the de-
pendent variable [13]. The basis of the research
systemic approach is the complete causal correla-
tion (causal finalist) of the object being assessed,
namely environmental conditions such as varia-
tion of land use and community activities around
the ecosystem of the coastal water to the macroal-
gae community structure and physicochemical
quality of water. The dependent variables of this
research were macroalgae community structure
and water physicochemical parameters, while the
independent variables were variations of land use
and human activities.

A 50 m transect line was performed perpen-
dicularly (vertical) to the coastline [13]. Five
quadrants (1 x 1 m?) were placed along the tran-
sect line, and three replicates were used in this
sampling method for each station. The number of
each macroalgae species were counted in each
quadrant. Samples that have been collected were
taken to Hasanuddin University Marine station la-
boratory.

The water quality of each station was meas-
ured in three replicates. The physicochemical pa-
rameters (DO, pH, salinity, and temperature) of
the seawater were measured in situ. Bottles of sea-
water were collected in each sampling point. The
concentration of BOD, nitrate, total phosphate
(TP), HsS, oil, grease, and Pb in water were meas-
ured at Makassar Health Laboratory Center. The
physicochemical parameters of seawater tested in
this study, as well as the measurement methods
and analysis standards used, are presented in Table

Table 1. Water physics chemical were measured in
this research

Parameters Unit Methods

pH - pH meter

Dissolved Oxygen (DO) mg/L DO meter

Salinity /o0 Refractometer

Turbidity NTU Turbidimeter

BOD mg/L Winkler

Nitrate mg/L Colorimetric

Phosphate mg/L Colorimetric

Sulfide as H»S mg/L Colorimetric

Oil and Grease mg/L Gravimetric

Lead (Pb) mg/L AAS

Table 2. Numerical scoring system for the assign-

ment of the ecological status of each sam-
pling station

CFR Values Status
83-100 High
62-82 Good
41-61 Moderate
20-40 Poor
0.19 Bad

1. Data analysis of the results of measurements in
situ and the results of laboratory analysis of water
quality parameters are carried out descriptively, by
comparing the results obtained with the quality
standards of sea water based on Decree of the State
Minister for Environment No. 51/2004 for marine
biota.

Data analysis

The results of macroalgae structure and water
quality analysis were analyzed using Ms. Excel.
Macroalgae structure was represented by deter-
mining the Shannon-Wiener Diversity index (H’),
Evenness index (E), Dominance index (D), and
taxa richness (S). Macroalgae structure and water
quality data were analyzed by biplot using the
PAST 3.20 program.

Assessment of environmental quality

Environmental quality was assessed by deter-
mining the Quality of Rocky Bottoms index (CFR
index) [14] (Table 2). It provides a quantitative ap-
proach for reflecting, in a homogeneous way, the
ecological condition of hard substrate habitats
throughout the extent of the water bodies (Eq. 1)
[15].

CFR=R+C+0+S ...(1)
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Note:

R : Richness

O : Presence of Opportunistic species
C : Abundance (Cover)

S : Physiological status

This index describes the suitability of benthic
macrophytes as indicators of the effects of differ-
ent pollution gradients.

Results and Discussion
Macroalgae community structure

In five study areas, 15 species of macroalgae
were found consisting of seven species of green
algae (Chlorophyceae), five species of brown al-
gae (Phaeophyceae), and three species of red algae
(Rhodophyceae). The location that had the highest
number of Taxa Richness was station 1 (Barrang
Caddi), with nine species, and the lowest was sta-
tion 2 (Bonebatang), with three species (Figure 2).
Station 2 with substrate structure that was less var-
ied, caused the species of algae found to be less
varied. On the other hand, station 1 (Barrang
Caddi) had a varied combination of substrate
structure so that the species of macroalgae found
also varied. The types of substrate found were
sand and broken coral fragments at station 1, while
at station 2 (Bonebatang) the type of the substrate
was fine sand

Based on Figure 2 it can be seen that three spe-
cies are Padina australis, Dictyota dichotoma, and
Chlorodesmis fastigiata was found in 2 stations
(Barrang Caddi and Badi) with high dominance
(Figure 2). This was possible because the location
of the study has characteristics suitable for the
growth of Padina sp. Seaweed is a macro-algae
that has a macroscopic size and grows on rocky
and sandy substrates. Other macroalgae species
that occupied sand substrates and broken coral
fragments were Boergesenia forbesii, Sargassum
binderii, and Halimeda sp., this was because these
macroalgae have a disc-shaped holdfast structure
that can attach to the substrate. One of the im-
portant components that play an important role in
the growth and presence of macroalgae species is
the substrate. Type of bottom substrate affects the
type of benthic organisms that live on the surface.
Not only that, the distribution and abundance of
macroalgae communities in intertidal rocky shores
are affected by various abiotic variables such as
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Figure 2. Measurement importance value index of
macroalgae in each station

PA: P. australis; UL: U. lactuca; SB: S. binderi;

CF: C. fastigiate; DB: D. bartayresiana; HM: H.

macroloba; TT: T. ornata; BF: B. forbesii; HO: H.

opuntia; DD: D. dichotoma; NA: N. annulate ED:

E. denticulatum; GC: G. coronopifolia; C sp: Chlo-

Note:

rodesmis sp.; AS: A. spicifera;

tidal regimes, wave action, nutrient levels, sub-
strate stability, desiccation, and sedimentation [16,
17].

The size distribution of sediment particles
greatly influences the pore water exchange in the
holdfast macroalgae section with the water col-
umn at the top. In the particle size distribution in
the direction of dust and clay (terrigenous), it will
cause the exchange of pore water with water col-
umn to below, the opposite condition will be ex-
perienced by macroalgae if it occupies the type of
coarse sand sediments, fractures and rubble (car-
bonates) where the pore water exchange with the
water column very high with currents that carry
nutrients (nutrients) for the growth and develop-
ment of macroalgae [18, 19].

The type of macroalgae species found at the
study area was relatively less varied (Table 3),
compared to another research that found 28 ma-
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Figure 4. Measurement of ecological condition by use CFR index in five islands

croalgae species on the water of Barrang Lompo
and Bonebatang Islands [2]. This is due to differ-
ent natural conditions which of course have differ-
ent environmental factors that affects the presence
of macroalgae.

Based on Figure 3, the analysis of macroalgae
community structure in five study areas showed
that the highest diversity value (H' = 2.42) was
found at station 1 (Barrang Caddi) with low dom-
inance index. This was due to the subtraction con-
dition which was dominated by sand, dead coral
and vast sea grass beds. Another study stated that
the condition of the substrate dominated by sand
and coral fragments supports the growth and de-
velopment of macroalgae. Another factor was the
human activities in the area close to the habitat of

macroalgae [20]. The growth and survival of
macroalgae were supported by the stability of the
substrate as a place to grow. Daily human activi-
ties can cause pressure on the presence and diver-
sity of seaweed (algae) [21]. The diversity value at
station 2 (Bonebatang) was low due to the high
dominance of a species, and also because the is-
land was a small uninhabited island without any
nutrient input that could support macroalgae
growth.

Diversity is a very important parameter to
compare various marine biota communities, espe-
cially to determine the effect of water quality. This
index value was influenced by the number of indi-
viduals of each species of macroalgae and the total
number of individuals of all species of macroal-
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Table 4. Water physico-chemical paramaters were measured

Observation result

Parameter Standard*
BC BB BL KK BD

Temperature (°C) 31.05+0.17a 31 +0a 32.44 £ 0.68b 30.55+0.39a 33.08 £ 0.4b 28-30
Salinity (°/o0) 30 + Oab 30 + 0ab 30 + 0ab 29.3+0.1a  30.2 £ 0.04b 33-34
Turbidity (ms) 0.87+0.24ab 0.64 £0.14a 1.26+0.57b 0.63+0.22a 0.75 £ 0.09ab <5

pH 8.08 +0.07ab 8.19+0.02b 8.32+0.06c 7.99+0.11a 8.38+0.03c 7-85
DO (mg/L) 480+0.29a 4.63+0.08a 6.10+092b 4.95+0.56a 7.70+0.41c >5
BOD (mg/L) 26.12+£3.49a 25.39+3.83a 28.33+292a 28.70+2.7la 29.81+0a 20
Nitrate (mg/L) 0.03+0.01a 0.06+0.0l1a 0.16+0.38a 0.05+0.0la 0.1+0.02a 0.008
Note : *(BC; Barrang Caddi, BB; Bonebatang, BL; Barrang Lompo, KK; Kodingareng Keke, BD;

Badi),*Standard Based on Indonesian government regulation decree of the State Minister for Environment No.
51/2004 about the sea water quality standard for marine biota.

gae. The diversity index in the study area was in
the medium category (greater than 1 smaller than
3). This study showed that the diversity index
value was directly proportional to the evenness in-
dex and inversely proportional to the dominance
index. According to Shannon Wiener, the index
value of H' = 1.0-3.0 indicates that the species di-
versity in an area of water was categorized as me-
dium diversity [22]. The value of (id) = < 0.5 indi-
cates low dominance, while (id) = 1 indicates high
dominance. Stable Evenness index indicates that
the number of individuals of each macroalgae
found was not so different. This is also proved by
the low dominance value (no dominant species).
The evenness of macroalgae species in water indi-
cated that the macroalgae can grow optimally.
Macroalgae can grow optimally because of good
water conditions and stable environmental factors.
The diversity of organisms in water is strongly in-
fluenced by environmental factors. Macroalgae
communities that have high biodiversity values
generally found good water conditions, and vice
versa, poor water conditions will result in lower
diversity [23].

Quuality of rocky bottoms index (CFR Index)

The CFR assessment results showed that Bar-
rang Caddi and Badi Island have ‘poor’ ecological
status (CFR value = 30 — 33.3), which means that
both regions (Barrang Caddi and Badi) were an-
thropogenic region. Bonebatang, Kodingareng
Keke, and Barrang Lompo Island have ‘bad’ eco-
logical status (CFR value = 6.7 — 23.7), which
means that these regions have started to be highly

polluted (Figure 4). This was caused by an in-
crease of human activities on those islands, thus
affecting the richness and abundance of macroal-
gae. On the other hand, Barrang Lompo Island is
one of the islands in the Spermonde Archipelago
that has an increasing population, especially in the
last two decades. High human activity causes
changes in the environment where the sea is used
as a place to dispose unhandled waste. This also
has an impact on the high BOD content in the wa-
ter, proving that the high content of organic pollu-
tants in this area was a result of human activities.
This will cause coastal erosion and disturb macro-
algae and another biota.

Water physicochemical quality

Macroalgae growth is influenced by environ-
mental factors both physical and chemical. The re-
sults of monitoring water coastal quality in five is-
lands i.e. Barrang Caddi, Bonebatang, Barrang
Lompo, Badi and Kodingareng Keke showed that
total phosphate in all coasts < 0.010 mg/L, H>S <
0.01 mg/L, oil and grease < 0.1 mg/L, and Pb <
0.005 mg/L. These concentrations still met quality
standards of sea water based on Decree of the In-
donesia State Minister for Environment No.
51/2004 for marine biota. The variation value of
common other physics chemical parameters of
water such as pH, temperature, salinity, dissolved
oxygen (DO) Biological oxygen demand (BOD)
and Nitrate is shown in Table 4.

The water temperature in the five study areas
did not differ much and fluctuated not too large,
from 30 - 33°C (Table 3), with the lowest tempera-
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ture at the station 4 (Kodingareng Keke) with an
average of 30.55°C. The highest temperature
range values are in the Station 5 (Bonebatang), an
average of 33.08 compared to the quality standard
value, the highest temperature value has exceeded
the quality standard (> 30°C), is a normal range
for growth Macroalgae and another organism.
Generally, as stated that a good temperature range
for macroalgae growth ranges from 21 - 32.4°C
[24].

Turbidity is a limiting factor for the process of
photosynthesis and primary production because it
affects the penetration of light where the turbidity
of the waters is a description of the optical proper-
ties of a water medium that is determined based on
the number of light rays emitted and absorbed by
particles in the water column [25, 26]. Based on
Table 2, the Turbidity value in the study area
ranged from 0.62 NTU to 1.26 NTU. The high tur-
bidity value in the middle inner zone area is Bar-
rang Lompo Island (BL) with an average of 1.26
NTU + 0.57 while the outer middle zone area is
around 0.63 NTU % 0.22. The high turbidity value
in the area of the middle inner zone is suspected
that the waters received a lot of suspended mate-
rial input originating from land sedimentation (or-
ganic particles of mud) and anthropogenic waste.

Salinity in the five islands has a value that is
not much different from the measured salinity
value ranging from 29.3 -30.1 %o. Salinity in these
waters still matches the salinity values found in
coastal areas. Generally, the range of good salinity
for macroalgae growth and development is 15 - 38
%o. Salinity plays an important role in the life of
macroalgae, salinity that is too high or too low will
cause interference with the physiological process
[27, 28].

The degree of acidity (pH) in these waters
ranges from 7.91-8.18, still good for Macroalgae
life. Macroalgae growth can take place continu-
ously in the pH range of 7-8. The pH range < 6.5
will suppress the growth rate even pH < 9 is the
optimal range in water. The range of pH values in
these waters is still within the safe limits for the
pH of an aquatic, generally, the pH of seawater is
relatively stable in the range of 7.99-8.38 [29].

The results of measurements of dissolved ox-
ygen (DO) content from 5 research locations
ranged from 4.63 mg/L to 7.70 mg/L. The low DO
concentration at 3 research stations (Bonebatang,
Barrang Caddi, and Kodingareng Keke) is related

to the low abundance of organisms and the high
content of pollutants in the waters. While the DO
measurement results for two stations (Barrrang
Lompo and Badi) have met the quality standard
for the growth of Macroalgae which is > 5 ppm
[30]. Generally, the oxygen content of 5 ppm with
water temperatures ranging from 20-30°C is still
relatively good for fish life, even if there are no
toxic compounds in the water, the oxygen content
of 2 ppm is sufficient to support the life of aquatic
organisms [31].

Biochemical oxygen demand (BOD) is one of
the most important and widely used parameters for
characterizing the organic pollution of water and
wastewater, which is estimated by determining the
amount of oxygen required by aerobic microor-
ganisms for degrading organic matters in waste-
water. BOD is a measure of pollutants from waste
in the water. The greater the BOD concentration
of water shows the concentration of organic matter
in the water is also high [32]. The highest BOD
concentration was found on Badi Island (Station
5) of 29.81 mg/L and the lowest concentration was
found on Bonebatang Island (Station 2). BOD
concentrations at all points are higher than the es-
tablished quality standard of at least 20 mg/L,
meaning that the organic content in the waters is
more than what is needed by marine biota. This
condition can endanger marine biota due to high
levels of natural pollutants in water.

Nitrate is the main form of Nitrate is the main
nutrient that supports the growth and development
of Macroalgae. Nitrate levels in this transfer are
between 0.03-0.16 mg/L. with the highest concen-
tration found in the central middle zone, Barrang
Lompo Island (Station 3), rated 0.16 mg/L and
Badi Island (Station 5) the value is 0.1 mg/L. The
high concentration of nitrate in the 2 study loca-
tions was caused by the majority of households
that had accumulated at this station. Besides, this
station also receives a supply of nutrients through
the household liquid waste stream. Anthropogenic
activity on land increases the supply of nutrients
for coastal eutrophication that can be achieved in
Coastal eutrophication [33, 34].

High nitrate concentrations in both locations
caused the dominance of D. bartayresiana
macroalgae species, E. denticulatum, G. coronopi-
folia, Padina australis, dan C. fastigiata (Table 3).
Bonebatang island location (station 2) nitrate con-
centration value is 0.06 mg/L and the lowest is
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Kodingareng Keke island location (station 4) con-
centration value 0.05 mg/L. Low nitrate concen-
tration for Bonebatang and Kodingareng Keke is-
land locations is associated with all locations that
are far from being involved in land activities such
as organic waste disposal. Based on the results of
the study the range of values for nitrate concentra-
tions is still a good normal category for macroal-
gae growth. The water threshold value determined
by US-EPA (1973) [35] for nitrates is 0.07 mg/L.

Correlation between macroalgae community
structure and water quality in in the beach of the
study area

Correlation between Macroalgae Community
Structure and water Quality was verified. The re-
sult of the PCA analysis showed that physico-
chemical water quality has an influence on the
macroalgae community structure (Figure 5). Bar-
rang Lompo and Badi Island with mildly polluted
waters were characterized by the dominant species
of macroalgae with high Nitrate and BOD.
Whereas Barrang Caddi Island with good physico-
chemical water quality was characterized by high
diversity (H') and Evenness (E) index. Macroalgae
in the tropics especially eastern part of Indonesia
has high species diversity, but algae are very sus-
ceptible to changes in the environment or ecologi-
cal pressure that can affect its existence. Environ-
mental influences such as substrate, water move-
ment, temperature, salinity, tides, light, pH, nutri-
ents and water quality will because damage and
even species extinctions [36, 37].

This research results proved that some indices
of macroalgae could be used for monitoring the
impact of human activity and land use on water
quality in some beach. This evaluation could then
be served as basis recommendations for the devel-
opment of ecotourism and coastal ecosystem man-
agement in Spermonde Archipelago.

Conclusion

This study showed macroalgae can use as bio-
indicators. Barrang Caddi island has the better
ecological condition than other islands. This is in-
dicated by the high value of H’ (2.42) evenness in-
dex (0.76), nitrate (0.03 mg/l) and dominance in-
dex (0.22). Barrang Lompo island with the highest
nitrate and bod categorize as mildly polluted.
However, this physicochemical the results showed
(temperature, turbidity, DO and pH,) in this study

area still met the quality standards of sea water-
based on the decree of the state minister for the
environment no. 51/2004 for marine biota and
other standards. BOD and nitrate concentrations at
all points are higher than the established quality
standard. The result of the PCA analysis showed
that physicochemical water quality has an influ-
ence on the macroalgae community structure.
While CFR index show Barrang Caddi island and
Badi island have poor ecological condition and
Bonebatang, Barrang Lompo, and Kodingareng
Keke have a bad ecological condition.
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