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Abstract

Climate change is related to global warming, which indicates the rising temperature on the earth's
surface, which in turn increases sea level. Rising seawater temperatures have a very complex effect on
various aspects of the ocean, including fisheries. These impacts can occur directly or indirectly, which
appear in different time variations. The impact of increased seawater temperature gives very complex
effect on various marine aspects including seaweed. Temperature change greatly affect life in the sea.
This study aims to know the effect of temperature on the seaweed Kappaphycus alvarezii production
and growth in Sulamu waters. The study used survey method and direct field observations. Results
showed that the seaweed production was 81.07 kg m™ 6 weeks™ at 27°C, 73.07 kg m? 6 weeks™ at 28°C,
64 kg m? 6 weeks?at 29°C, 60.8 kg m? 6 week* at 31°C, and 30.47 kg m?2 6 week*at 32 —33°C. The
specific growth rate was 6.25% at 27°C, 5.19% at 28°C, 4.6% at 29°C, 3.6% at 30°C, 2.08% at 32°C,
and 1.9% at 33°C, respectively. The seaweed production and growth at 27 — 30°C were not infected by
ice-ice disease, but those were infected by ice-ice disease at 32 — 33 °C.Key words: climate change,

temperature, growth, production, Kappaphycus alvarezii

Introduction

Seaweed is one of the development programs in
East Nusa Tenggara province to support the food
security (Sunadiji et al., 2014). For this, seaweed
culture needs to be done in order to prepare
seeds and produce good quality seeds that are
resistant to water temperature change and
disease. (MMAF, 2020). Nevertheless, seaweed
culture is highly affected by climate change that
can eventually influence food availability.
Seaweed is also one of the fisheries commodities
that have been utilized in food industries,
pharmacy, medical, cosmetics, and others
(Oedjoe et al., 2019). This commodity has even
been established as major commodity in
fisheries rehabilitation program since 2005, so
that fast and appropriate culture is needed to
keep pace with demand in quantity, quality, and
continuity using appropriate technology in
climate change condition (Joppy et al., 2015).
Seaweed culture technology needs to be
thoroughly mastered to obtain maximum

profitability. This culture technique includes
locality-related culture system, seaweed species,
seed selection, planting technique or seasonal
change-related planting pattern (Radiarta et al.,
2013). Seaweed culture development can be
influenced by biophysically aquatic
environmental condition and climate condition
(Harley,et al., 2012). Temperature is a factor
regulating the seaweed growth (Aris,et
al.,2021), and thus, it is important for marine
ecosystem (Charan et al.,, 2017), because
seaweed can grow well at the suitable water
temperature (Kumar, et al., 2015). It results from
highly  dynamic  water  condition and
unpredictable climate impact. Harvest failures
often experienced by the seaweed farmers are
caused by big waves, wind direction, and
unstable water temperature. This condition
indicates that climate is one of the highly
important factors needed to be considered in the
sustainability of seaweed culture activity, and
one of which is temperature. Previous studies
found that seaweed growth response differs with
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time and season (Radiarta et al., 2013; Daud,
2013). Water temperature is an important factor
for the seaweed life (Serdiati & Widiatuti,
2010), and water mixing can prevent high
temperature fluctuation (Ramdhan et al., 2018).
High water temperature can cause protein
denaturation and damage enzyme and cell
membrane (Rao et al., 2008), so that temperature
highly influences the seaweed life, such as
growth, production, reproduction,
photosynthesis, and respiration (Sarojini and
Sujata., 2015). This study was aimed at knowing
the effect of water temperature on the seaweed
condition. This study is expected to be able to
become basic reference for seaweed planting
pattern that can assist the seaweed farmers to
maximize the production.

Materials and Methods

This study was carried out in Sulamu waters,
Kupang regency in April to October 2020.
Water temperature was recorded from April to
October. Other data were collected through
interviews using questionnaires, in which
respondents were selected using purposive
sampling (Tongco, 2007) from the active groups
of seaweed farmers in Sulamu(Figure 1). These
data are used to know the production and the
growth of seaweed K. alvarezii.

Measurements were done on the following
parameters:

a) Specific growth rate (SGR) was
calculated following Hurtado et al. (2014):
SGR:LnWt—LnWo X100

t

where SGR is specific growth rate, Wt is mean
final weight (g), Wo is mean initial weight (g),
and t is observation time length (day). SGR was
measured each 7 days for 6 weeks.

b) Absolute growth. This measurement
was estimated as the difference between weight
at the end of rearing and weight at the beginning
of rearing (Faisal et al., 2013):

W =Wt -Wo

Where W = absolute growth (g), Wt = final
weight (g), and Wo = initial weight (g)

c) Production. Seaweed production estimation
used the formula of Fikri et al. (2015):

Pr=(Wt-—Wo) xB

A

Where Pr = seaweed biomass (g/m), Wt = final
weight (g), Wo = initial weight (g), B = line
length (m), and A = planting point

d) Water Quality

Water quality parameter measurements focused
on water temperature that was recorded every
week during the study.

All data were descriptively analyzed.

Results

Seaweed Kappapyhcus alvarezii production

Relationship between water temperature and
Production of Kappapyhcus in Sulamu waters

Seaweed K. alvarezii production in Sulamu
waters, NTT, is highly influenced by the
environmental conditions, especially water
temperature (Tablel). According to Fikri et al
(2015), seaweed production is dependent upon
environmental factors and growth rate. High
growth rate will yield high production as well
(Irfan, 2017). This finding is in agreement with
Serdiarti & Widiastuti(2010) that extremely
high or low water temperature can affect the
seaweed growth rate and production, and even
could cause high mortality. The optimum
temperature for the growth of K. alvarezii ranges
from 26 C°- 30 C° (Joppy & Ngangi., 2014). The
higher the water temperature is the lower the
seaweed K. alvarezii production will be. High
water temperature is believed to cause ice-ice
disease on the leaf of K. alvarezii so that the
seaweed production is affected (Prakash et al.,
2011)(Figure 2).K. alvarezii is a seaweed
species that is not resistant to very high
temperature (Charan et al., 2017). whereas
according to Andi et al.(2016), K. alvarezii
grown well at the temperature range of
27°C-30°C.

Specific growth rate (SGR) of seaweed
Kappapyhcus alvarezii

In this study, the specific growth rate of K.
alvarezii decreased with increasing temperature
above 30°C, and the highest specific growth rate
(6.25 %) was recorded at 27 °C.Seaweed growth
of K. alvarezii is highly influenced by
environmental factors. The effect of water
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temperature on the seaweed growth is presented
in Table 2.

Ittdemonstrates that specific growth rate (SGR)
is influenced by increased water temperature.
The present study revealed that the SGR was
6.25% at 27°C, 5.19% at 28°C, 4.6% at 29°C,
3.6% at 30°C, 2.08% at 32°C, and 1.9% at 33°C,
respectively. This finding is in agreement with
Neksidin. et al (2013) and Andi et al (2016), that
the optimum temperature for K. alvarezii occurs
from 27°C to 30°C. In this temperature range, the
SGR was recorded as much as 6.25-4.6%.
According to Zainuddin & Rusdani (2018), the
profitable SGR is higher than 3%.
Hasanuzzaman et al (2013) found that water
temperature >30°C inhibits photosynthesis and
impacts on slow growth. According to Oedjoe et
al. (2020), optimum water temperature is found
in April to June that gives good seaweed growth
and quality.

The highest SGRin March/May inthe present
study was nearly in agreement with the result of
an Aslan et al, 2019 study in Sulawesi
Tenggara.The results indicated that the growth
rates are influenced specifically by study site
and season. The maximum growth rates in the
present study were mostlyfound from March -
June atrelativelyoptimumtemperature(27 ° C —
30°C), whilelowest growth ratein July -October
coincidentally occurred at high temperature
(31° C- 33 °C.) and salinity (33-34 ppm). As
what the result has shown, Aslan et al., 2019 and
Oedjoe et. al, 2020.

Absolute growth

Mean absolute growth of K. alvarezii during the
culture period of April-October in Sulama
waters ranged from 68.070 g to 307.150 g (Table
2). The absolute growth was 307.150 g at 27°C,
292.57 g at 28°C, : 254.840 g at 29°C, 103.320 g
at 31°C, 98.410g at 32°C, and the lowest 68.070
g at 33°C (Table 3). This condition is supported
by Serdiati & Widiastuti (2010) and Oedjoe et al
(2020) that water temperature plays important
role in K. alvarezii’ growth.Temperature is
closelyrelated to the intensity of sunlight,
because the higherthe sunlight intensity is, the
higher the temperatureof water will be.
Temperature is an oceanographic factorthat is
easily measured and plays an important role
inphysical, chemical, and biological processes
such as theconcentration of dissolved oxygen
and the distributionof aquatic organisms (Kumar

et al. 2015.; Nur et al, 2020). Water quality
parameters observed during the study were
salinity, dissolved oxygen, pH and light
intensity (Table 3).

Effect of water temperature om K. alvarezii
morphology

Morphological features

Different water temperatures change the
appearance of the thallus and branching of the
seaweed. At temperature 27-30 °C the
appearance of seaweed is fresher, and more
branches appear in the thallus (Figure 2a)
compared to the less morphological features of
the seaweed at higher temperatures (Figure 2b).

Discussion

Water temperature

The results explain that temperature and salinity
influence production and growth. The water
temperature observed during the study was from
27 °C to 33 °C. At water temperature 27 °C to 30
OC the production and growth of K. alvarezii was
not affected by ice-ice disease, while there was
ice-ice disease at water temperature 31 - 33 °C.
Temperature ranges from 27 °C to 30 °C is very
supportive to the growth and production of
seaweed. According to Radiarta et al., (2013),
the water temperature that supports the growth
of seaweed is from 27 °C to 31 °C. Temperature
and salinity affect the life of biota as they relate
to the level of oxygen solubility, the respiration
process of aquatic biota, and the rate of
degradation of pollutants (Amin et al., 2005). It
was also supported by Patang and Yunarti,
(2009) which mentioned that temperature,
salinity, turbidity, pH, and dissolved oxygen
affect the growth and production. Temperature
also affects the morphology of the seaweed.
Neksidin et al. (2013) explained that the
different temperatures will affect the growth and
production of seaweed both morphologically
and physiologically (Figures 2a and 2b) shown
the different responses to temperatures
changes). Additionally, Choi et al. (2010) argue
that temperature has a significant role in the
growth, callus formation, and morphogenetic
development of seaweed because of
osmoregulation events in cells. They argue that
different fluid concentrations between the inside
and outside cells encourage the cell's Golgi
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apparatus to keep trying to balance until it
becomes isotonic. As a result, this has an impact
on greater energy utilization so that it affects the
low growth and development of seaweed
(Raikar & Fujita. 200). At high temperatures,
water inside of cells seaweed was lower or
shrinking, which is an indication of a hypertonic
event resulting from the concentration of the
water fluid being more concentrated than the
concentration of fluid in the seaweed cells.
According to Choi et al. (2010), a more
concentrated external environment causes the
fluid to flow out. The cell then size decreases as
it undergoes plasmolysis, marked by the
membrane release from the wall. Xiong and Zhu
(2002) explain that temperature on plants is very
complex, such as ionic stress, osmotic stress,
and secondary stress. lon stress due to high-
temperature results in Na* poisoning. Excessive
Na* ions on the thallus surface can inhibit K*
uptake from the environment, even though K*
ions play a role in maintaining cell flaccid and
enzyme activity. Meanwhile, osmotic stress
caused by an increase in temperature which
affects the high osmotic pressure so that it
inhibits the absorption of water and the elements
that take place through the osmosis process. If
the amount of water that enters the cell is
reduced, it will reduce the amount of water
supply in the cell (Choi et al., 2010;Akib et al.
(2015) explained that temperature affects plant
growth and development; Andi et al. (2016) also
discussed further that temperature affects
metabolism, photosynthesis, respiration, and
plant transpiration.

High temperatures on 31 °C to 33 °C can damage
the enzymes so that metabolism does not work
well, as well as low temperatures can cause
enzymes to be inactive and metabolism to stop
(Yoppy et al., 2015) (as shown in Figure 2b).
This is due to the number of cells at high
temperatures (> 34 °C) is lower than it is in 27
%C-30 °C. According Chen (2017), if the
temperature range has exceeded the life span of
algae, the growth and development of algal cells
is linear and inversely (negative) with an
increase in temperature and salinity. High
temperature affects the growth and structural
changes of algae, among others, the smaller size
of the stomata, so that the absorption of nutrients
and water is reduced, ultimately inhibiting algae
growth at the level of organs, tissues and cells.
The impact of temperature changes that are too
high or low causes an increase in pressure for

aquaculture, including seaweed farming (Sofri
et al., 2018). According to Hung et al (2009)),
the enzymes in K. alvarezii cannot function at
temperatures that are too hot or too cold.
Supported by Joppy& Ngangi (2014), that
seaweed has a specific temperature range due to
the presence of enzymes in seaweed that cannot
function at temperatures that are too cold or too
hot. High water temperatures affect the rate of
photosynthesis and can damage enzymes and
cell membranes which are unstable. At low
temperatures, membrane proteins and fats can be
damaged as a result of the formation of crystals
in cells, thus affecting seaweed life, such as loss
of life, growth and development, reproduction,
photosynthesis, and respiration (Blanchard, et
al. 2012. and Goodwin et al., 2013). The impact
of rising sea water temperatures clearly
influences seaweed production compared to the
optimum temperaturesaround 29 °C to 31 °C
(Oedjoe et al., 2020).Water temperature highly
influences both production and growth. During
the study, water temperature ranged from 27°C
to 33°C. Good seaweed production and growth
occurred in the range of 27 °C—30 °C, while at
the water temperature of 31 — 33°C, ice-ice
disease seemed to infect the seaweed and impact
on the growth and production of seaweed. This
finding is in agreement with Charan et al (2017);
Radiarta et al. (2013) that good seaweed growth-
supporting temperatures are 27°C—30 °C. Lester
et al., (2011). Temperature change can increase
the physiological pressure on the aquatic
organisms, affect productivity, and increase the
sensitivity to disease infection. It eventually
impacts to profit reduction for the seaweed
farmers (Radiarta et al. 2013). This is supported
by Amin et al (2005) that coastal area is the
mostly impacted area from temperature change.
According to Hardan et al., (2020) and Oedjoe
et al. (2020), high water temperature can cause
ice-ice disease and will impact to seaweed
production because the enzymatic performance
in new cell formation is disturbed (Figure 2b)
and thalli became fragile and fragmented
(Yushanthini et al, 2020).

Water temperature also highly affects the
aquatic life in relation with oxygen solubility
level, respiration, and degradation rate of
pollutants. (Kokubu et al., 2015). Water
temperature condition is determined by sunlight
intensity and water-air heat exchange (Amin et
al., 2005). The present study is in line with
Radiata et al (2013) good water temperature for



411

Journal of Positive School Psychology

seaweed K. alvarezii growth and production
occurs in the range 27°C -30°C. Beyond this
temperature range, the seaweed growth and
production will be morphologically and
physiologically disturbed (Neksidin, et al 2013).
Moreover, water temperature, according to Choi
et al. (2010), highly affects growth, callus
formation, and morphogenetic  seaweed
development. This is closely related to the
physiology ofabsorption and circulation of
nutrients in seaweed sothat lower and higher
temperature will result in seaweeddeath (Bindu
and Levine, 2011).0Osmoregulation controls the
solution concentration in seaweed to be in
equilibrium with the environment (Pamungkas,
2012). Furthermore, osmoregulationprocess of
the explant body is disrupted because
thetemperature is too high. It has difficulty of
absorbing thenutrients that are around them,
resulting in the slowgrowth of the thallus.
According to Gonzalez et al., 2013; Hayashi et
al., 2010, the high temperature causes theGolgi
body unable to balance the concentration offluid
in the cell with the concentration of fluid
outsidethe cell. In the end, many cell fluids are
lysis into theenvironment, so that the cell shrinks
from its previoussize. The inability of seaweed
to control the equilibrium in the body could
result in stress and then mortality (Amri &
Taslim, 2016). Different density between
internal and external cell liquid makes the golgi
body continuously work to equalize to be
isotonic (Hasanuzzaman et al. 2013). It impacts
to the use of larger energy that influences the
seaweed growth and production (Raikar &
Fujita. 2001). In high temperature waters, the
seaweed cell size shrinks indicating that the
hypertonic condition due to denser fluid in the
water than that in the cell. According to Harley
et al. (2012), denser environment causes the
fluid flow out and cell shrink so that the cell
experiences plasmolysis due to the membrane
release from cell wall. According to Xiong and
Zhu (2002), effect of temperature on plant is
very complex and results in ionic stress, osmotic
stress, and secondary stress. lon stress from high
temperature is Na+ toxicity. Excessive Na+ ion
on thallus surface can inhibit K+ absorption
from the environment, even though K+ ion
functions to maintain cell flaccidity and
enzymatic activity. Meanwhile, the osmotic
stress is caused by increased temperature that
influences the osmotic stress and then inhibits
water absorption. Osmotic stress could be
caused by increased water temperature that

inhibits the absorption of water and other
elements (Amri & Taslim, 2016). Decreased
amount of water entering the cell causes
reduction in water supply into the cell (Choi et
al., 2010). Physiological processes, such as
photosynthesis, respiration, enzymatic activity,
water absorption, transpiration, cell division,
cell elongation, and changes in cell function will
work well (Figure 2a). Akib et al (2015) stated
that temperature affects plant growth, while
temperature influences the metabolism rate,
photosynthesis, respiration, and transpiration
(Andi et al., 2016). High temperature, 31°C -
35°C can damage the enzyme so that metabolism
works well (Yoppy et al., 2015) (Figure 2b),
sinceK. alvareziicells are damaged at high
temperature (>30 °C) and causes mortality
(Hayashi L, Reiss R.,2012). According to Rao et
al. (2008), when water temperature exceeds the
temperature range of algal life, the cell growth
and development will be negatively correlated
with temperature increment. Temperature
reduces growth rate through reduction in cell
enlargement at the thallus parts (Harley et al.,
2012; Hurtado et al., 2014). Impact of high
temperature to growth and structural change of
the algae is small size of stomata, so that the
absorption of nutrients and water decrease and
eventually inhibit the algal growth at the level of
organ, tissue, and cell (Hasanuzzaman et al.,
2013).

Extreme temperature changes result in increased
pressure on the coastal and marine ecosystem,
Fisheries cultivation industry, such as fish,
seaweed, and shrimp culture (Andi et al., 2016).
Increased seawater temperature impacts on
seaweed production (Ramdhan et al., 2018).
SeaweedK. alvareziiz culture has specific
temperature range, 27°C—30°C because the
enzyme in K.alvarezii cannot function at too
high and too low water temperature (Hung et al.,
2009); Joppy.&Ngangi, 2014). High water
temperature affects photosynthetic rate and can
damage the enzyme and labile cell membrane
(Hasanuzzaman et al. 2013). While low
temperature can damage protein and fat
membranes as a result of crystal formation
inside the cell that influences the seaweed life,
such as survival, growth, reproduction,
photosynthesis, and respiration (Sofri et
al.,2018).
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Conclusion.

K. alvarezii that cultivated for six weeks at the
temperature range from 27°C to 30°C produced
73.07 to 81.07 kg m? of seaweed, while the
specific growth rate was 5.19 to 6.25% week-1
and the absolute growth was 292.57 to 307.15 g,
with no appearance of the ice-ice disease.
Higher water temperatures vyielded lower
seaweed production and growth rate.
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Figure 1: Study site

Table 1:

Relationship between Water Temperature and Production of Kappapyhcus alvarezii Seaweed at
Sulamu waters.

Temperature Production (g)

27 81.7

28 73.07

29 64

30 60.8

32 30.47

33 18.57
Table 2. :

Relationship between Water Temperature and Absolute growth (g) and Spesific growth rate (%) of
Kappapyhcus alvarezii Seaweed at Sulamu waters.

Temperature | Absolute growth (g) Spesific  growth

rate (%)
27 307.150 6.25
28 292.570 5.19
29 254.840 4.6
30 103.320 3.6

32 98.410 2.08
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33 68.070 1.9

Table 2. Demonstrated positive growth rates at temperatures of 27-30°C on March to June(Fig 5a).
Nevertheless, the specific growth rates showed a decreasing at temperature 32 ° C -33°CinJuly to
December (Fig.5b)

Table 3. Observation results of water quality parameters

Parameters Range Value parameters

March - June July - October

Salinity (mg/L) 30-32 33-35

Dissolved  oxygen 5-7 4-5

(mg/L)

pH 76-728 5-6

Brightness (m) 3-10 2-3
Figure 2a

Figure 2a. Condition of K.alvarezii at temperature 27 °C to 30 ° C, salinity 30 to 31 ppt at Sulamu
Waters on March to June 2020.

Figure 2b

(a) 31°C at July (b) 32 °C at August c) 33 °C at September at October
y

Figure 2b. (a)Condition ofK. alvarezii at Temperature 31 °C and salinity 33ppt; (b) 32 °C and 34ppt;
(c) 33 °C and 35ppt; on Juli to October 2020. Thalli became fragile and fragmente



