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Abstract. Seaweed Kappaphycus alvarezii cultivation is still a potential business and is the main 
preference in coastal areas both in Indonesia and in the world, due to the relatively easy and inexpensive 
cultivation techniques, and shorter harvest time. The development of seaweed cultivation technology has 
undergone many changes and modifications in accordance with the region and the business capacity of 
fishermen. At the moment, the application of seaweed cultivation technology is dominated by the long-
line system. Furthermore, the difference in the substrate as one of the technologies applied is used in 
improving the growth and quality of seaweed. Coral reef, seagrass and sand ecosystems are used as 
substrate for seaweed growth. The results of this study showed that the influence of aquatic bottom 
ecosystems was significant on the growth of seaweed K. alvarezii at culture length of 30 and 45 
days. The quality of the content of carrageenan showed significantly different results from different 
ecosystems, although the strength of gel and viscosity produced were the same from coral, seagrass and 
sandy ecosystems. Based on the principal component analysis (PCA) analysis, high seaweed growth and 
gel content were associated with high pH and PO4 content. While the high carrageenan content, is 
associated with high NO3 and total organic matter contents. Whereas, high seaweed viscosity value is 
associated with high salinity and dissolved oxygen content. 
Key Words: aquatic bottom ecosystem, Kappaphycus alvarezii, growth, seaweed quality, West Sulawesi. 
  

                
Introduction. Seaweed Kappaphycus alvarezii is a fishery commodity with a very wide 
distribution area covering almost all the world, including Asia, Africa, and America, and 
greater production is contributed by Asian countries (Kim et al 2017). Total global 
seaweed production was 30,139 tons of wet weight in 2016 and the largest contributors 
from the main producing countries are China, Indonesia, and Philippines with production 
percentage of 47.9%, 28.7%, and 4.7% respectively (FAO 2018). Several areas in 
Sulawesi Island are main sources of seaweed K. alvarezii from Indonesia e.g. Southeast 
Sulawesi (Nesih 2013), Gorontalo (Fadilah et al 2016), North and Southeast Sulawesi 
(Yulianto et al 2017). The other part of Sulawesi i.e. West Sulawesi, that dominated by 
coasts and seas is a potential and promising location for seaweed culture. 

West Sulawesi has an area of 16,937.16 km2 which spreads between 0o12'-3o38' 
South latitude and 118o43'15"-119o 54'3" East longitude. Topographical conditions 
indicate that West Sulawesi is an area on the western coastline of Sulawesi Island and 
consists of deep sea, shallow sea, mountains, hills, and plain. The western part of the 
area was developed for fishery potential including seaweed culture activities which were 
able to produce 17,552 tons in 2010 (https://www.slideshare.net/ssuser200d5e/rpjm-
provinsi-sulawesi-barat-2012-2016). 

Development of seaweed K. alvarezii culture expands very quickly due to the 
simple technology of cultivation, low start-up capital, and the cycle of rapid growth 
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(Webber et al 2012), as well as the potential benefits would be substantial carrageenan 
(Sahu et al 2011; Ingle et al 2018). Carrageenan is widely utilized as a gel forming agent 
for stabilizers and emulsifiers in the pharmaceutical, cosmetic and food industries 
(Raman & Doble 2015). Carrageenan quality may be measured physically through gel 
strength and viscosity (Webber et al 2012). In addition to carrageenan, growth is also an 
indicator of the success of seaweed production. High production can be achieved by 
considering the growth factors of seaweed including seeds, nutrition, environment and 
water conditions including substrate waters. In general, seaweed cultivation is carried out 
at a depth of 0.5 m to 2 m with a substrate of coral bottom (Mulyani et al 2018). 

When the seaweed culture has been established in an area, the location of 
cultivation is often producing a problem, for example the closure of access to the beach 
and social conflicts in claiming lands. In fact, it often has penetrated into seagrass and 
coral reef ecosystems. On the other hand, scientific information regarding the comparison 
of the growth response of seaweed maintained in various ecosystems is not available yet. 

Seaweed K. alvarezii culture have been practiced with some methods such as the 
long-line, off-bottom, floating raft, and basket methods (Kim et al 2017). Commonly 
used method is the long-line because of the materials invested may be used in the longer 
term. The purpose of this study was to analyze the response of growth and quality of K. 
alvarezii cultivated in various aquatic ecosystems (bottom ecosystem) using long-line 
method in the waters of West Sulawesi. 

 
Material and Method 
 
Collection of seaweed seed and culture location. This research was conducted in 
May to October 2017 at the Mamuju Coastal meeting, Mamuju Regency, West Sulawesi 
Province, Indonesia. Seed of young and healthy seaweed K. alvarezii was collected from 
the cultivation sites of the seaweed in Mamuju, West Sulawesi. Furthermore, the 
seagrass seed was brought to the location of the research to be cultivated in the coastal 
waters with different ecosystems i.e. in the area of seaweed culture with coral reef, 
seagrass and sandy ecosystems (Figure 1).   
 

 
Figure 1. Location of seaweed culture media placement in the waters of Mamuju 

Regency, West Sulawesi, Indonesia. 
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Areas of seaweed cultivation in seagrass area was placed at coordinates of 
118o53'30" East Longitude and 2o39'0" of South Latitude. Furthermore, the location of 
cultivation in the area of coral reefs was at coordinates 118o53'0" of East Longitude 
and 2o36'45" of South Latitude. The location of seaweed culture in the sandy area was 
located at coordinates 118o 53'36" of East Longitude and 2o36'45" of South Latitude. The 
initial weight of seedlings used in this study was 50 grams. 

 
Culture techniques applied. Seaweed culture method performed in the study was a 
long-line method (Kasim & Mustafa 2017). One unit of culture media with the technology 
applied in this study (Figure 2), installed as many as 160 lines with a length of each line 
of 15 m and a distance between two lines as wide as 50 cm. The binding distance of the 
seedlings was 20 cm wide, so in one line, it was bound 75 seeds. The weight of seaweed 
seeds used was approximately 100 grams. The total number of ties in one seaweed 
culture unit was 12,000 seedlings. Subsequently, the seaweed cultivation unit was moved 
to a coral, seagrass and sandy ecosystems. 
 

 
Figure 2. Longline used in the study. 

 
Measurement of growth and quality of seaweed. The wet weight of each seaweed 
was recorded every 15 days. Growth was measured by the daily growth rate (DGR, % 
per day) for each seaweed maintenance location based on the formula Yong et al (2013): 

 
where: Wt = final wet weight at time t (g); 

 W0 = initial wet weight (g); 
 t = number of maintenance days. 
 

         Semi refine carrageenan extraction followed the method described by Istini et 
al (1994). Five gram of dry weight of K. alvarezii (Ws) was washed with running water 
until the salts out of the seaweed. Samples were cooked within 6% potassium hydroxide, 
KOH, the solution was preheated at 80°C for 30 minutes. The cooked seaweed was then 
cooled and washed using sterile water several times. Semi-refine carrageenan was 
extracted by filtration using a pressure pump. The semi-refined carrageenan precipitate 
was then dried at 50oC for 24 hours in the oven. Dry semi-refined carrageenan was 
weighed as final weight (Wc ) and the percentage of carrageenan content was calculated 
following the formula of de Goes & Reis (2012): 
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Extracts of carrageenan that have been produced, furtherly were analyzed their 
viscosity (Muñoz et al 2004). Viscosity measurement was done by taking as much as 
1.5% of carrageenan extracts, and dissolved in 20 mL of hot water for 20 minutes. Next, 
the carrageenan solution was homogenized in a water bath at 75oC, and the viscosity was 
determined using a viscometer. 

Gel strength analysis was performed by a combined method (Hayashi et al 2011b; 
Bono et al 2014). The strength of the gel was done by taking carrageenan as much as 
1.2%, and was added with KCI 0.3% at room temperature, and measured using a 
Texture Analyzer (TXT 32). 

 
Water quality analysis. Water quality variables at three seaweed farming locations 
were monitored once every two weeks during the cultivation. Water quality parameters 
such as temperature, pH, salinity, and dissolved oxygen (DO) were measured directly in 
the field (in situ). The content of nitrate, phosphate, and total organic matter (TOM) was 
determined by carrying surface water samples from each seaweed cultivation location, 
which was then analyzed by spectrophotometrically according to the methods described 
by Strickland & Parsons (1972) in the laboratory. 
 
Data analysis. Growth data, carrageenan content, gel strength, and viscosity were 
analyzed statistically with SPSS software version 16.0 used ANOVA and if there were 
differences then proceed with further Tukey's Tests. Next, water quality data were 
analyzed using Principal Component Analysis (PCA). PCA was carried out to determine 
the traits or characteristics that distinguish each component of water quality parameters 
in relation to the growth and quality of seaweed, and to make sure the characters that 
cause these clusters. 
 
Results 
  
Growth. The results of this study showed that seaweed K. alvarezii are successfully 
breed in different substrates, namely coral, seagrass and sand substrates. Although, it 
was seen that the growth pattern decreased until the end of the study (Figure 3). The 
coral growing substrate showed the same growth decline until the end of the study. While 
seagrass and sand substrates produce drastically decline at the end of the study. The 
decline in the trend of growth rate for all substrates is associated with changes in water 
quality during the culture. 
 
 
 
  

 
 
 
 
 
 
 
 
 

Figure 3. Growth patterns of K. alvarezii on coral, seagrass and sand substrates during 
the study. 

 
Seaweed K. alvarezii on all of the three substrates shows varied growth rate at specific 
culture age (Table 1). The 15-day of culture period shows the same daily growth rate on 
all three substrates. Furthermore, the coral and seagrass growing substrates produced 
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significantly different seaweed growth rates (p < 0.05) from the sand substrate during 
the 30-day of culture period. DGR of seaweed obtained at 30 days was 
between 1.49±0.14 and 2.39±0.13% per day. The coral ecosystem shows a significantly 
different DGR from seagrass and sand substrates at 45 days of culture (Table 1). DGR 
achieved in the 15 days of culture for the three ecosystems was between 2.85±0.18 and 
 3.65±0:33 % per day (Table 1). Nutrients around the growing substrates are considered 
to be sufficient for the growth requirement of K. alvarezii seaweed. Furthermore, a 
dramatic decrease in growth was observed in seagrass substrate reaching 1.97% per day 
in the culture period after 30 days to 45 days (Table 1). This indicates that seagrass 
substrate is experiencing faster nutrient depletion than other substrates. 
 

Table 1 
Daily growth rate of seaweed K. alvarezii at 15, 30 and 45 days cultivation with coral, 

seagrass, and sand substrates 
          
Daily growth rate (% day-1) Ecosystem 

15 (days) 30 days) 45 (days) 
Coral 2.85±0.18a 1.97±0.11a 1.36±0.11a 

Seagrass 3.65±0.33a 2.39±0.13a 0.42±0.14b 
Sand 2.86±0.26a 1.49±0.14b 0.29±0.13b 

Different letters on the same line indicate significant differences at alpha 5%. The mean±standard error; n = 30. 
   
Seaweed quality. The quality of seaweed K. alvarezii's in this study was indicated from 
its carrageenan content, gel strength, and viscosity (Table 2). The carrageenan content 
within seaweed with sand ecosystem is different from coral ecosystem, however it shows 
the same carrageenan content with seaweed with seagrass ecosystem. The average 
value of carrageenan content of sand ecosystem is higher than seagrass and coral 
substrates, 53.24%, 47.05%, and 44.76%, respectively. This indicates that the substrate 
of sand provides nutrients to support the formation of carrageenan in K. alvarezii. 

Furthermore, the gel strength is similar in all of these three seaweed ecosystems. 
The average strength values of seaweed K. alvarezii gel produced in the study were in 
range of 169.43±5.17 - 280.10±88.26 g cm-2. All three areas of the ecosystems that 
grow seaweed are indicated to have the same temperature for seaweed K. alvarezii. 
Viscosity is an indicator of the quality of seaweed K. alvarezii. Viscosity is similar for 
seaweed K. alvarezii in all three growing ecosystems. The average value of the viscosity 
of the seagrass substrate is higher (110 cps) than coral (81.7 cps) and sand (83.33 cps).  

 
Table 2 

Carrageenan, gel strength, and viscosity of seaweed K.alvarezii of corals, seagrass and 
sand substrates 

  
Ecosystem Carrageenan (%) Gel strength (g cm-2) Viscosity (cps) 

Coral 44.76±0.62b 169.43±5.17a 81.67±4.41a 
Seagrass 47.05±2.10ab 280.10±88.26a 110.00±20.82a 

Sand 53.24±2.42a 195.10±28.10a 83.33±3.33a 
Different letters in the same column indicate significant differences. Mean±standard error, n = 3. 
 
Environmental factors and relationship to seaweed growth and quality. 
Environmental factors that support the growth of seaweed in a different ecosystem 
are presented in Table 3. The parameters of temperature, salinity, and pH are relatively 
the same for all cultivation sites. The value of DO and nitrate content is higher in 
seagrass and sand locations compared to coral reefs. While phosphate is lower at the 
location of coral reefs and sand. Whereas the highest TOM content was found in seagrass 
location. 
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Table 3 
Environmental factors of seaweed K.alvarezii on different substrates 

 
Environmental conditions of bottom ecosystems/ substrates (mean±SE) Parameter Unit Coral Seagrass Sand 

Temperature oC 30.42±0.25 5a 30.26±0.201a 30.93±0.118a 
Salinity ppt 31.85±0.396a 31.12±0.379a 30.78±0.264a 

pH - 7.63±0.076a 7.80±0.124a 7.70±0.084a 
DO (ppm) 4.71±0.275a 5.14±0.159a 5.27±0.413a 
NO3 (ppm) 0.026±0.004a 0.04±0.006a 0.031±0.004a 
PO4 (ppm) 0.009±0.001a 0.05±0.002a 0.009±0.001a 
TOM (ppm) 43.59±1.448a 46.34±1.921a 44.07±1.904a 

The same letters at the same row shows that there is no significant difference at p > 0.05.   
 
In this research, PCA was applied to determine the clustering of different variables with 
specific characteristics, as illustrated in Figure 4. The use of two main axes can 
explain approximately 57% of the distribution of cultivation area according to time based 
on growth and quality of seaweed and water quality. There are four groups of locations 
formed by months of observation.  Group 1, at the Seagrass-October-1 area is 
characterized by high growth and gel content of seaweed and these parameters are 
associated with high pH and content of PO4. Group 2, which consists of coral, seagrass 
and sand in October-2, is characterized by high carrageenan content and is associated 
with high NO3 and TOM content. Group 3, consisting of coral, seagrass and sand 
in November-1, is characterized by a low content of gel and growth, characterized by low 
TOM content. Group 4, consisting of sand and coral in October-1, is characterized by the 
high content of seaweed viscosity with water quality characteristics such as high 
temperature, salinity, and DO. 
 

 

Figure 4. Analysis Map of PCA toward parameter of water quality at the time of culture of 
seaweed K. alvarezii in coastal ecosystems in the waters of West Sulawesi. 
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Discussion 
 
Growth rate. Seaweed shows similar growth response in seagrass, sand and coral 
ecosystems, which tends to decrease until the end of the study (Figure 3). Similar growth 
pattern is shown in seaweed Euchema denticulatum cultivated both with long-line method 
or the floating cage in May, June, July, August, September, and October (Kasim et al 
2016), and seaweed K. striatum which is cultivated by long-line method (Ali et al 2014). 
Shrinkage of growth that occurred on the 30th day and uniform in all areas was caused 
by an ice-ice attack. Seaweed showed bleaching symptoms on the surface of the thallus 
found in all three culture ecosystems i.e. coral, seagrass and sand. Decrease in growth of 
seaweed K. alvarezii at a particular age, which is caused by the attack of ice-ice disease 
were also reported among others, age 59 days (Hayashi et al 2007), and culture after 30 
days (Zuldin & Shapawi 2015). 

Higher DGRs were sequentially obtained in October at 15-day, 30-day of culture, 
and as low as 45 days at November (Table 1). In other words, the highest growth rate 
was obtained in October in the seagrass ecosystem, and the lowest in November in the 
sand ecosystem. This indicates that in October, seagrass ecosystems support the growth 
of seaweed K. alvarezii. Seagrass is a coastal plant that is abundantly found from tropical 
to cold waters and has leaves that can provide a place for the seaweed growth (Lobban & 
Harrison 1997). Furthermore, seagrasses can stabilize sediments, filter terrestrial runoff, 
bind and absorb carbon and nutrients (McGlathery 2001; Thomsen et al 2012; Msuya 
2013), so metabolic by products such as anoxia and sulfides are lower for seaweed. 

Low growth response of seaweed was obtained in the sand ecosystem and 
cultivation length of 45 days. This reflects, that seaweed K. alvarezii cannot grow with a 
maximum performance in the sand ecosystem. Seaweed can grow well on hard substrate 
types such as dead coral, rock, or stick to the soft substrate of seagrass and other 
macroalgae, as well as on mud and sand (Norashikin et al 2013). Sand is an ecosystem 
as well as a substrate of seaweed but only for a few species of seaweeds, and several 
other species cannot grow because seaweed tends to attach its holdfast to hard subsites 
such as corals (Harah et al 2014) or to anchors from seagrass leaves (Norashikin et al 
2013). 

Table 1 also shows that the drastic reduction in growth is known in the cultivation 
of 30 days to 45 days i.e. entering November and in the seagrass ecosystem. This 
indicates that, the absorption of nutrients by seagrass is faster than the seaweed and the 
availability of nutrients is only available in a short time around the seagrass. The ability 
of seagrass to quickly remove the available nitrogen, reflect its adaptation to the 
environment in which the concentration of nutrients is usually very low. Furthermore, in 
competition for high nutrition, seagrasses may have a competitive advantage over 
seaweed because they can explore short-lived nitrogen pulses from the water column 
more efficiently (Burkholder et al 1994; Touchette & Burkholder 2000). 

On the cultivation of 45 days, the average DGR obtained the highest sequence on 
coral ecosystems, seagrass, and sand is 1.36%, 0.42% and 0.29% respectively. These 
values when compared to several previous studies show the same as DGR of seaweed K. 
alvarezii in the Philippines which is 0.1-8.4% (Dawes et al 1994) and Mandapam, 
southeast coast of India 0.34-5.5% (Eswaran et al 2002). Nevertheless, the DGR value 
obtained is lower than that of seaweed K. alvarezii resulted by other studies, including 
Zanzibar in Tanzania 1.7-6.8% (Msuya 2013), Yucatan Peninsula Mexico 2.0-7.0% 
(Muñoz et al 2004). The low DGR obtained is considered to be caused by differences in 
cultivation locations, water conditions, as well as the species of cultivation method, as 
well as the habitat used.  

Coral ecosystems are known to have the highest DGR in 45 days of seaweed K. 
alvarezii culture. K. alvarezii plant at the age of 45 days has entered the adult stage. This 
is reinforced that adult marine plants are more likely to need hard substrates for the 
comfort of their habitat (Patton et al 1994; Deysher et al 2002). Furthermore, aside from 
being a habitat, corals also contribute to facilitating the growth of seaweed K. alvarezii 
(Zuldin & Shapawi 2015), and seaweed propagation (Hughes et al 2007; Littler & Littler 
2007; Smith et al 2010; Brown et al 2018). Seaweed nutrition, especially nitrogen and 
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phosphorus in coral substrate, is suspected to be very abundant, thus supporting the 
multiplication and impact on the rapid seaweed growth. 

Seagrass and sand ecosystems as a substrate with low seaweed growth, are 
below 0.5% at the age of 45 days of cultivation (Table 1). However, seaweed in seagrass 
ecosystems showed the highest growth on day 15 of the cultivation. This is related to the 
uptake of N in the seaweed thallus tissue so that the N requirement becomes limited at 
the beginning of the cultivation. In another study, seaweed was known to have high 
nutrient uptake at day 10-15 of cultivation, and further down when the cultivation length 
increased (Hurd et al 2014a). Seagrass leaves are suitable algal substrate that have a 
flat surface that helps in the process of photosynthesis, gas diffusion, and nutrient uptake 
(Hurd et al 2014b). Seaweed culture on 0-30 days is expected to be more effective in 
seagrass substrate, and after 30 days, the culture in coral substrate will help accelerate 
the growth of seaweed K. alvarezii. 
 
Seaweed quality. Carrageenan is an anionic polysaccharide extracted from marine red 
algae. Chemically, this polymer is composed of soluble, straight galactan sulfate, 
composed of disaccharides of 3-linked β - D-galactopyranose (unit G) and 4-linked α -d-
galacto pyranose (unit D) or 4-linked 3,6-anhydro D-galactopyranose (unit DA) (Van de 
Velde et al 2005; Thrimawithana et al 2010). The results showed that the amount of 
seawater cultivated in the sand substrate produced the highest carrageenan of 53.24%. 
This value is higher than the yield of seaweed that grows in seagrass and coral 
substrates, which is 47.05% and 44.76%, respectively. The carrageenan value of the 
three substrates still meets the minimum carrageenan standard requirements according 
to the FAO of 40% (FAO 2007; Kreckoff et al 2019) and the world carrageenan industry 
requirements of 38% (Muñoz et al 2004). Another study also obtained carrageenan of K. 
alvarezii which is 46.1% (de Góes & Reis 2012). This study also confirmed that the range 
of carrageenan values obtained was the same as seaweed treated with growth hormone 
as reported by Rustam et al (2017). This shows that seaweed cultivation in the waters of 
West Sulawesi produces high carrageenan content. 

Furthermore, the viscosity value obtained is inversely proportional to the value of 
seaweed carrageenan. The highest seaweed viscosity is obtained in seagrass and the 
lowest one is resulted from coral substrate, with the values of each are 110 and 81.67 
cps respectively. The viscosity values of seaweed K. alvarezii obtained is still lower than 
other studies, including 222.6 cps (de Góes & Reis 2012). The relationship between 
viscosity and carrageenan is directly proportional. The higher the carrageenan sulfate 
content, the higher the viscosity value. This is because the high sulfate content in 
carrageenan polymers and excess K+ cations cause an increase in the thickness value 
(Pine et al 1980; Supriyantini et al 2017). Different results are thought to be related with 
the presence of different ecosystem factors as seaweed growing substrate. However, the 
value of viscosity obtained still fullfills the standard requirements for seaweed quality, 
which is a minimum of 5 cps as stipulated by FAO (Stanley 1987). 

The study result also shows the viscosity value is inversely proportional to the 
strength of the gel. Gel strength is the main physical property of carrageenan, i.e. the 
ability of carrageenan to form a gel. The highest value of gel strength obtained from 
seagrass was 280.10 g cm cm-2 and the lowest was 169.43 g cm cm-2 produced from 
coral substrate. The results obtained are still lower than the standard strength of 
commercial gel strength that is 685.50 g cm cm-2, and from other studies that are 395.1 
g cm-2 (de Góes & Reis 2012). The low gel strength obtained is associated with important 
factors that affect the gel strength, namely NaOH, temperature and extraction time 
(Yarnpakdee et al 2015). Furthermore, the three seaweed ecosystems of K. alvarezii 
confirm the same carrageenan quality both viscosity and gel strength. 
 
Environmental factors and their relationship to seaweed growth and quality. 
This study shows that the environmental conditions of seaweed farming are the same for 
all three ecosystems, i.e. coral, seagrass and sand ecosystems (Table 3). Environmental 
factors for the three basic ecosystems support the growth and quality of seaweed K. 
alvarezii. The relationship of water quality parameters assoxiated with growth (DGR), 
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carrageenan content, gel strength, and viscosity of seaweed K. alvarezii  is presented 
in Figure 4. In this study, the gel content and DGR associated with high pH and PO4. 
Macroalgae in tropical regions generally have a low saturation levels of the nutrients, and 
produce a higher growth rate (Nascimento et al 2014). High phosphorus concentrations 
are strongly linked in inducing rapid growth in algal groups. Furthermore, nutrients 
uptake mainly phosphorus by algae depend on factors that affect growth such as light, 
temperature and water movement (Zacharias 2012). One indicator of carrageenan 
quality is the gel content or strength of the gel produced. The quality of carrageenan is 
highly dependent on the environmental conditions that are suitable for seaweed growth 
(Hidayat et al 2015). This indicates that, high gel strength may be associated with 
environmental conditions that affect algal growth such as pH and PO4. 

Abiotic factors such as light intensity, temperature, salinity, pH and nutrients are 
important factors that affect growth, physiology as well as proximate components and 
biochemistry of seaweed species, such as Gracillaria sp. (Orduña-Rojas et al 2002; 
Harley et al 2012; Francavilla et al 2013; Hidayat et al 2015), Laminaria sp. (Roleda et al 
2004; Zacharias 2012), and Kappaphycus sp. (Hayashi et al 2011b). pH is also 
responsible for the function of carrageenan e.g. when the pH is low, it causes 
depolymerization (de Góes & Reis 2012; Necas & Bartosikova 2013). This explains that, 
the strength of the gel as the main carrageenan function is strongly influenced by pH. 

Furthermore, the PCA analysis map shows the relationship between carrageenan 
content with TOM and NO3. The nitrogen (N) content in waters is associated with N 
content in thallus tissue, growth, carrageenan production, and photosynthesis (Neish et 
al 1977; Chopin et al 1995). The content of carrageenan is influenced by many factors 
such as the concentration of nutrients in the tissues of the thallus (Rui et al 1990). 
Carrageenan content is low when N availability is high, known as the Neish effect (Chopin 
et al 1995). Nitrate (NO3) is part of the N cycle. In contrary to the Neish effect, the 
carrageenan content of seaweed K. alvarezii has a positive correlation with nitrate (Orbita 
2013). Furthermore, total organic matter (TOM) is known to have a role in microbial 
metabolism in waters (Kline et al 2006). TOM existence is considered helping microbes in 
decomposition process included in the N cycle, which in turn will increase nitrate and 
content of carrageenan of seaweed K. alvarezii. 

PCA analysis results show that viscosity is associated with temperature and 
salinity. Carrageenan viscosity occurs because of rejection between negatively charged 
sulfate groups along the polymer chain, causing the polymer chain to become rigid and 
stretch strongly, and hence the water molecule will bind with the carrageenan molecule 
making the viscosity rise (Moirano 1977). In other words, the viscosity is determined by 
the number of carrageenan sulfate fractions and cations. Carrageenan is recommended 
to have 18-40% sulfate, specifically kappa-carrageenan has an sulfate amount of 25-
30%. Viscosity increases with cultivation time at a constant temperature. Temperature is 
an important environmental factor for the growth and quality of carrageenan of seaweed 
K. alvarezii (Hayashi et al 2007; Hayashi et al 2011b). Furthermore, salinity is also 
identified as a limiting factor for the life of seaweed K. alvarezii  (Hayashi et al 
2011a). Furthermore, salinity is also identified as a limiting factor for the life of seaweed 
K. alvarezii (Hayashi et al 2011a). This confirms that, it is important to maintain salinity 
in conditions that can be tolerated by seaweed, to maintain water molecules that will bind 
carrageenan molecules, thereby causing increased viscosity. 
 
Conclusions. Corals, seagrass and sand as the bottom (seabed) ecosystems showed 
diverse responses to growth and quality of seaweed K. alvarezii. The cultivation period of 
K. alvarezii seaweed for 0-30 days is effective in seagrass ecosystem, and cultivation 
length of 30-45 days is effective in coral ecosystems. Furthermore, the best effective 
responses to the quality of seaweed is performed by seagrass.  

High growth and seaweed gel content are associated with high pH and PO4 
content. While the high carrageenan content, is associated with a high NO3 and TOM 
content. A high seaweed viscosity value is associate with high salinity and DO values. 
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