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ABSTRACT
The green seaweed Caulerpa can be found in almost every coastal area of Indonesia, and it is one of the seaweeds with immense potential to be developed in the future. The chemical factors, especially water nutrients (nitrate, nitrite, phosphate, and ammonia), play an essential role in the distribution and diversity of seaweed. This study aimed to identify the abundance, ecological index, and relationship between the water column nutrients concentration and the biodiversity of Caulerpa from three different locations (Bintan Island, Jepara, and Osi Island). There were 12 points of observation at each site. The result showed a correlation between the nutrient levels and the abundance and diversity of Caulerpa in three locations. The nitrate, ammonia, and DIN:P ratio values were significantly different between areas. In contrast, there were insignificant differences in nitrite and phosphate concentrations between sites. The highest nitrate and phosphate concentrations were observed on Osi Island. The nitrite and ammonia values were identical for the condition on Bintan Island. The nitrate value was the main characteristic that distinguished the water nutrient at all sites. The Caulerpa species found in this research were Caulerpa racemosa, Caulerpa lentilifera, Caulerpa serrulata, Caulerpa sertularoides, and Caulerpa cupresoides. The nitrate and phosphate values influenced the growth factor of the green seaweed Caulerpa lentilifera. Caulerpa racemosa and Caulerpa serrulata, on the other hand, grew in response to ammonia levels. Caulerpa cupresoides diversity and abundance were impacted by the nitrite value. The results of the canonical correspondence analysis revealed that nitrate, phosphate, and ammonia were the most important factors influencing Caulerpa distribution in three locations. 
Keywords: Caulerpa, ecological, green algae, biodiversity
ABSTRAK

Rumput laut hijau Caulerpa dapat ditemukan di setiap daerah pesisir Indonesia, dan merupakan salah satu rumput laut dengan potensi besar untuk dikembangkan di masa depan. Parameter kimia, terutama konsentrasi nutrisi di kolom perairan (nitrat, nitrit, fosfat, dan amonia), memainkan peran penting dalam distribusi dan keanekaragaman rumput laut. Penelitian ini bertujuan untuk mengidentifikasi kelimpahan, indeks ekologi, dan hubungan antara konsentrasi nutrisi di kolom perairan dengan keanekaragaman Caulerpa dari tiga lokasi yang berbeda (Pulau Bintan, Jepara, dan Pulau Osi). Hasil penelitian menunjukkan bahwa terdapat korelasi antara kadar nutrisi di perairan dengan kelimpahan dan keanekaragaman Caulerpa di tiga lokasi. Kadar nitrat, amonia, dan rasio DIN:P berbeda secara signifikan berbeda di semua lokasi. Namun demikian, kadar nitrit dan fosfat tidak berbeda secara signifikan di ketiga lokasi. Kadar nitrat dan fosfat tertinggi ditemukan di Pulau Osi. Kadar nitrit dan amonia mencirikan kondisi yang ada di Pulau Bintan. Kadar nitrat merupakan karakteristik utama yang membedakan nutrisi perairan di semua lokasi. Spesies Caulerpa yang ditemukan pada penelitian ini adalah Caulerpa racemosa, Caulerpa lentilifera, Caulerpa serrulata, Caulerpa sertularoides, dan Caulerpa cupresoides. Faktor pertumbuhan rumput laut hijau Caulerpa lentilifera dipengaruhi oleh kadar nitrat dan fosfat. Di sisi lain, kadar amonia menentukan pertumbuhan Caulerpa racemosa dan Caulerpa serrulata. Keragaman dan kelimpahan Caulerpa cupresoides dipengaruhi oleh kadar nitrit. Hasil analisis korespondensi kanonik menunjukkan bahwa parameter nitrat, fosfat, dan amonia menjadi parameter dominan yang mempengaruhi distribusi Caulerpa di tiga lokasi. 

Kata Kunci: Caulerpa, ekologi, rumput laut hijau, keanekaragaman
I. INTRODUCTION
Green seaweed from the genus Caulerpa is one type of seaweed found in various regions of the world. The vast spread of marine green algae Caulerpa covers tropical and sub-tropical areas (Darmawan et al., 2020; Rushdi et al., 2020) and has expanded its coverage range into more temperate regions (Famà et al., 2002). Genus Caulerpa can inhabit a wide area from intertidal to subtidal zones (Baleta & Nalleb, 2016) and grow in every type of substrate (muddy, sandy, or rocky) (de Gaillande et al., 2017). Nowadays, 173 species and 232 infraspecific have been published for the genus Caulerpa, with 104 species being accepted taxonomically (Guiry & Guiry, 2021). According to Atmadja and Prud’homme van Reine (2014), there are 32 different species of Caulerpa in Indonesia based on the morphological aspect. 
Environmental conditions such as temperature, light, salinity, and nutrient concentration in the water are among the major factors that control the growth and spread of Caulerpa in several areas (Uyà et al., 2017; Chen et al., 2019; Alexandre & Santos, 2020). Some species from the genus Caulerpa became invasive and widespread in some areas of the world. Several Caulerpa species, known as invasive species, occupy extensive areas and could cause changes in the native ecosystem (Rizzo et al., 2017; Pereda-Briones et al., 2018; Alexandre & Santos, 2020) and damage the environment (Darmawan et al., 2020). The two most invasive species from the genus Caulerpa are Caulerpa taxifolia (Jousson et al., 1998; Bitar et al., 2017; Gribben et al., 2017; Mannino & Balistreri, 2017) and Caulerpa racemosa var. cylindracea or Caulerpa cylindracea (Gartner, 2005; Žuljević et al., 2012; Mannino & Balistreri, 2017; Rizzo et al., 2017) which has invaded many areas, mainly in the Mediterranean Sea. 
In Southeast Asia, Caulerpa can be found in Philippine, Indonesia, Vietnam, and Malaysia (Chen et al., 2019; Dumilag et al., 2019; Lapong et al., 2019; Aroyehun et al., 2020; Gao et al., 2020). Caulerpa has been utilized as food and consumed broadly in the Indo-pacific region, especially in the Southeast Asia region (Lapong et al., 2019), and is well known as nutritious food in Japan, Korea, and Southeast Asia countries (Darmawan et al., 2020). Some of the Caulerpa species, like C. racemosa, are traditionally consumed as salad or vegetables by the locals in Southeast Asian countries like Indonesia, Malaysia, and the Philippines (Fithriani, 2015; Aroyehun et al., 2020). As a part of that, this green seaweed is also used as medicine since ancient times in the Indo-Pacific region (Aroyehun et al., 2020). 
Green seaweed Caulerpa can be used as raw materials for nutraceutical and pharmaceutical products. Caulerpa has a high nutritional value and is beneficial for the medical field such as polysaccharides, amino acid and protein content, polyunsaturated fatty acids (PUFAs), mineral content, vitamin, and pigment content (Matanjun et al., 2009; Rodrigues et al., 2012; Paul et al., 2014; Ribeiro et al., 2014; Alam Bhuiyan & Qureshi, 2016; de Gaillande et al., 2017). Various bioactive compounds of the genus Caulerpa have been widely studied and reported for numerous pharmacological properties (Darmawan et al., 2020). The presence of natural bioactive compounds in Caulerpa has contributed to its antibacterial, anticancer, antidiabetic, and larvicidal activity (Nagaraj & Osborne, 2014; Sharma et al., 2015; Qian et al., 2016; Rizzo et al., 2017; Mehra et al., 2019). 

Genus Caulerpa is one of the genera in the green seaweed with a high number of species found in Indonesia. Some researchers have already identified the presence of Caulerpa in Indonesian Territory such as in Bali (Indrawati et al., 2012), Maluku (Arfah & Patty, 2014), North Sulawesi (Pulukadang et al., 2013; Tampubolon et al., 2013; Kepel et al., 2020), Southeast Sulawesi (Irwandi et al., 2017), Lampung (Handayani, 2017), Jakarta (Marianingsih et al., 2013; Wulandari et al., 2020; Zulpikar et al., 2020), and Central Java (Widyartini et al., 2021). Most of the research explained the existence of Caulerpa species in the region and other seaweed species. The location of samples discussed in the study was usually very limited only to one site. Information about the abundance, the community structure, and the relationship between the environmental factors with the green seaweed Caulerpa from several regions in Indonesia is still rare to find. This research objective was to identify the abundance, the ecological index of seaweed Caulerpa, and the relationship between the nutrient concentration (ammonia, nitrite, nitrate, and phosphate) with the biodiversity of green algae from the genus Caulerpa from three different sites (Jepara, Central Java; Bintan Island, Kepulauan Riau; Osi Island, Maluku). This study hypothesizes a correlation between nutrient levels, seaweed abundance, and diversity in three locations. This research can be used as scientific information for further management and utilization of green seaweed Caulerpa in Indonesia. 
II. MATERIALS AND METHODS
2.1.  Study Site and Data Collection 


This study was conducted from October 2018 – September 2019 in three different locations in Indonesian waters, namely in Bintan Island (Kepulauan Riau Province), Jepara (Central Java Province), and Osi Island (Maluku Province) (Figure 1). Based on the observation, the substrates differed for each sampling site: sandy in Bintan Island; sandy and rocky in Jepara; sandy, rocky, and muddy in Osi Island.
The sampling locations in each site were determined using the Purposive sampling method. This study used the line transect method (English et al., 1997). There was one sampling station in each location. The stations were divided into three different substations as replications with a distance of 50-100 meters for each substation. The substations were divided into four different  
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Figure 1. Map of study sites in Bintan Island, Jepara, and Osi Island

points of observation with a distance of 25 meters. At each observation point, a quadratic transects with a size of (50 x 50) cm2 was placed with a total of 12 transects for each location. All samples were collected during the lowest tidal level with a depth of 30 – 100 cm. The information collected from each sampling site was Caulerpa species identifications, the number of individuals or abundance of individuals, and the water nutrient parameters. Identification of seaweed samples was carried out following Anggadiredja et al. (2006) and Kalasariya (2019). Determination of the individual’s seaweed found in the transect was carried out by counting each seaweed stand. Water samples were collected using a 1 L polyethylene bottle with a range of 50-80 cm from the surface and stored at 4oC in a cool box. Marine water samples were preserved using the American Public Health Association procedures (APHA, 2005). The nutrient analysis of seawater consisting of nitrite, nitrate, phosphate, and ammonia was measured using a portable data logging colorimeter type HACH DR-890. 
2.2. Data Analysis


The Preliminary statistical test was performed not only to check for the normality of data (Shapiro-Wilk test of normality data) but also to evaluate homoscedasticity of the data. The difference between seawater nutrient values in each sampling site was tested using the non-parametric test (Kruskal-Wallis). Kruskal-Wallis test was performed because the assumption of normality data for the ANOVA test was not fulfilled after the preliminary test. Seawater nutrient values were log (x+1) transformed and seaweed diversity in the square root for multivariate analysis. The relationship between the seawater nutrient characteristic in each sampling site was determined using principal component analysis (PCA). The Preliminary statistical test, the Kruskal-Wallis, the Dunn, and PCA tests were conducted using R Studio (v1.1.419) (Kassambra, 2017). The abundance index is ﻿the ratio between individuals of species i in a unit of (m2) (Sumandiarsa et al., 2020). One-way ANOVA was performed to measure the significance of seaweed abundance in three locations. The ecological index consists of Shannon-Wienner diversity index (H’), Evenness index (E), and dominance index (C) were calculated using Bengen (2000). The relationship between the multi-variable (seawater nutrient values and seaweed diversity) was tested using multivariate canonical correspondence analysis (CCA). The CCA was performed with PAST Statistical Software V4.02 (Hammer, 2020). 

III. RESULT AND DISCUSSION 
3.1. Results

3.1.1. 
Seawater Nutrient Values

The result of seawater nutrients in three different locations showed a variation for each component (nitrite, nitrate, phosphate, and ammonia) (Table 1). The nitrite and phosphate values tended to be 
Table 1. Mean Seawater Nutrient variation in Osi Island, Bintan Island, and Jepara
	Location
	Nitrite (mg L-1)
	Nitrate (mg L-1)
	Phosphate (mg L-1)
	Ammonia (mg L-1)
	DIN:P Ratio

	Osi Island
	0.003 ( 0.001
	5.001 ( 0.707
	0.099 ( 0.610
	0.000 ( 0.000
	50.47:1

	Bintan Island
	0.005 ( 0.020
	1.400 ( 0.005
	0.070 ( 0.027
	0.185 ( 0.391
	22.83:1

	Jepara
	0.004 ( 0.001
	1.772 ( 0.360
	0.058 ( 0.140
	0.012 ( 0.160
	31.10:1


similar for all three areas. Meanwhile, the nitrate and ammonia values showed differentiation in all three sites. Osi island had a high nitrate value, while Bintan Island had a higher ammonia value.

The Kruskal-Wallis test of seawater nutrient levels in the three locations showed a significant difference for nitrate (p = 0.0000001), ammonia (p = 0.00003), and DIN:P ratio (p = 0.000009) parameters. On the other hand, nitrite and phosphate showed insignificant differences (p = 0.27 and p = 0.48). The post hoc test using the Dunn test has shown that nitrate values from three sites were significantly different (p < 0.05), and the ammonia values differences were only observed between Osi Island and Bintan Island (p < 0.05) (Figure 1). Based on the 
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Figure 1. Kruskal-Wallis test result on seawater nutrients in Osi Island, Bintan Island, and Jepara; (a) Nitrite, (b) Nitrate, (c) Phosphate, dan (d) Ammonia.; (e) DIN:P *) significant different 
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Figure 2. Principal Component Analysis (PCA) of seawater nutrient in Osi Island, Bintan Island, and Jepara. 

ratio of Dissolved Inorganic Nitrogen (DIN) value with the phosphate Value (DIN: P), Osi Island has the highest water nutrients value. In contrast, the lowest water nutrient value was on Bintan Island. 

PCA analysis of seawater nutrients in three locations showed that about 74.3% of the total variance was explained by two Principal Components (PC) (Figure 2). The first PC (PC 1) consisted of two different nutrient components: phosphate and nitrate. On the other hand, the second PC (PC 2) consisted of nitrite and ammonia components. Based on Figure 2, the characteristics of seawater nutrients in Osi Island tended to be in quadrants 1 and 4. Meanwhile, Bintan Island's characteristics of seawater nutrients tended to be in quadrants 2 and 3. In Jepara, the characteristics of seawater nutrients were found around the middle of the quadrant.

Osi Island was characterized by the high value of phosphate and nitrate. On the other side, Bintan Island had high nitrite and ammonia values. PC 1 showed that phosphate and nitrate had a close relationship, with a positive correlation between those two factors. PC 2 indicated that nitrite and ammonia positively correlated with each other. 

3.1.2. 
Seaweed Abundance

The number of Caulerpa species found in three locations varied. Nevertheless, the one-way ANOVA test of seaweed abundance in the three locations showed an insignificant difference seaweed abundance (p>0.05). On Bintan Island and Osi Island, the number of species seen was only three species. In Osi Island, the species were Caulerpa racemosa, Caulerpa lentilifera, and Caulerpa serrulata. Meanwhile, on Bintan Island, the species were Caulerpa racemosa, Caulerpa cupresoides, and Caulerpa serrulata. The number of Caulerpa species found in Jepara was higher than in two other areas: Caulerpa racemosa, Caulerpa lentilifera, Caulerpa sertularoides, and Caulerpa serrulata (Figure 3). Two species can be found in all three locations, C. racemosa and C. serrulata. The highest abundance of C. racemosa was found in Bintan Island (148 ind m-2), and the lowest was in Jepara (124 ind m-2). On the other hand, a high abundance of C. serrulata was found in Jepara (104 ind m-2), and the lowest value was in Osi Island (28 ind m-2). Certain species only can be found in one location, such as C. cupresoides in Bintan Island (56 ind m-2) and C. sertularoides in Jepara (180 ind m-2). C. lentilifera was found in Osi island (64 ind m-2) and Jepara (52 ind m-2). 
3.1.3. 
Ecological Index


The diversity index (H’) of all seaweed species from the genus Caulerpa in three locations is characterized as low to relatively abundant. On Osi island, the diversity index of green seaweed Caulerpa was low (H’ <1), while on Bintan Island and Jepara, the diversity index was relatively abundant (1 ( H’ ( 3). The Evenness index (E) of green seaweed Caulerpa in Osi Island 
and Bintan Island was categorized in a depressed condition (0 < E ( 0.5). On the other hand, the uniformity index Caulerpa in Jepara island was unstable (0.5 < E ( 0.75). The dominance index (C) of Caulerpa in all three locations was categorized as low (0 < C ( 0.5), which means that there were no species that dominated the areas. The ecological index of the three locations can be seen in Figure 4. 
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Figure 3. 
The abundance of green seaweed Caulerpa (individu/m2) in (a) Osi Island; (b) Bintan Island; and (c) Jepara 
[image: image7.png]Value

14
12

0.8
0.6
0.4
0.2

Diversity (H')

m Osi Island

Evenness (E)

Ecological Index
m Bintan Island

Dominance (D)

m Jepara




Figure 4. 
Ecological index of green seaweed Caulerpa in Osi Island, Bintan Island, and Jepara

3.1.4. 
Relationship between Seawater Nutrients and The Diversity of Seaweed 

The canonical correspondence analysis showed that the seawater nutrient and the Caulerpa species could be found in different quadrants, indicating a correspondence pattern between the two factors (Figure 5). The interaction between seaweed diversity in three locations with the seawater quality is presented in Figure 5, with the eigenvalue of axis one was 0.19 or 81.97%, and axis two was 0.04 or 16.12%. Caulerpa cupresoides corresponded to high nitrite and ammonia components in Bintan Island and are in quadrant one of the dendogram. Caulerpa racemosa and Caulerpa serrulata corresponded to high ammonia components in Bintan Island (quadrant four). On the other hand, Caulerpa lentilifera corresponded to nitrate and phosphate components in Osi Island (quadrant three). Meanwhile, the poor condition of water nutrients in Jepara corresponded to the existence of Caulerpa sertularoides in quadrant two. 
3.2. Discussion 

The growth of seaweed is controlled by the water quality parameters such as nutrients, dissolved oxygen, depth, current speed, brightness, acidity, total dissolved solids, and total suspended solids (Sulistiawati et al., 2020). Nitrogen (N) and phosphorous (P) are the two essential nutrients limiting seaweed growth and yields (Roleda & Hurd, 2019; Suthar et al., 2019). Nitrogen and phosphorous accessibility in the ecosystem limit seaweed growth and regulate seaweed distribution and types of seaweed species, especially when light and temperature are not restricting (Genarro et al., 2015). Some research showed that the N:P ratio could determine seaweed's growth, abundance, and species composition (Guo et al., 2015; Harwanto et al., 2020). The N:P ratio in seawater at three locations varied from 22.83 :1 (Jepara) to 50.47: 1 (Osi Island). These 
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Figure 5. Canonical Correspondence Analysis (CCA) plot of the relationship between Caulerpa species and seawater nutrient parameters.
N:P ratios are still in the range of the optimum N:P ratio for seaweed. Suthar et al. (2019) mentioned that the optimal N: P ratio for seaweeds ranges from 10:1 to 80:1, although each species might have a different optimum ratio.

Atkinson & Smith (1983) stated that the optimum ratio of N:P for seaweed is 30:1, with a range from 10:1 to 80:1. Based on that, the N:P ratio in Jepara (31.10:1) has a value that is near to the optimum N:P ratio for seaweed. The N:P ratio in Osi island (50.47:1) was higher than the optimum N:P ratio. This value indicated that the seawater in Osi island was rich in nitrogen and limited in P. Instead, the N:P ratio on Bintan island (22.83:1) was lower than the optimum ratio, which means the seawater condition on Bintan island was N-limited and rich in P. According to Harrison & Hurd (2001), if the N:P ratio in the seawater is > 30:1, the seaweed's growth will be restricted by P, and surplus N might stay in the seawater medium or be stored in the seaweed's tissues. Essentially, when N:P <30:1, the seaweed's growth will be N-restricted, and surplus P might stay in the seawater or be stored in the seaweed's tissues. The green seaweed of Caulerpa tends to keep N more than P when both nutrients are available in the environment. Malta et al. (2005) mentioned that Caulerpa cylindracea, one of the invasive types of Caulerpa, could be categorized as a nitrophilic species as well as the non-invasive Caulerpa spp. A nitrophilic species are noticed mainly in sites with high N availability, especially nitrates, and are traditionally opposed to oligotrophic species that are found in the environment with low N (Moreau et al., 2013).

In natural systems, nitrogen is accessible in the inorganic forms of nitrate (NO3-), ammonium (NH4+), and the organic form urea. The source of nitrogen for seaweed, either nitrate or ammonia, can differ from one species to another (Gennaro et al., 2015). Gracilaria lichenoides take up ammonia as a nitrogen source, but Caulerpa lentilifera selectively takes up nitrate prior to ammonia for fulfilling the nitrogen demand (Gennaro et al., 2015; Guo et al., 2015). Based on the seawater nutrient in Table 1, nitrate value in the water environment had a significant role in the seaweed growth. Temperature, followed by nitrate and salinity, had substantial effects on the growth of seaweed (Jeliani et al., 2018). The nitrate value in Osi Island was much higher than in other sites. These conditions could be influenced by the location where the seaweed grows. The green seaweed Caulerpa in Osi Island was found in three different ecosystems: seagrass, coral reef, and mangrove. The seagrass ecosystem is located near the village, while the coral reef and mangrove ecosystem are far from the village. The anthropogenic factors influenced the high nitrate value in Osi island: the large supply of nitrate originated from domestic waste. This result corresponded with the result of Sulistiawati et al. (2020), which found that the high nitrate concentration occurred in the ponds near the residents’ settlement for the growth of seaweed Kappaphycus alvarezii and Spinosum sp. The increase in nitrate levels in the waters can be caused by the entry of domestic, industry, or agricultural waste, which generally contains a lot of nitrate concentration (Hutagalung & Rozak, 1997; Patty et al., 2015). 

Another factor that influenced the high value of nitrate concentration in Osi Island was the existence of the mangrove ecosystem. Mangroves are one of the sources of seawater nutrients that can support life in the coastal environment. The primary source of phosphate and nitrate nutrients comes from the waters themselves, namely through decomposition, weathering, or decomposition of plants and the remains of dead organisms (Patty et al., 2015). According to Widiardja et al. (2021), the mangrove ecosystem was one of the factors that contributed to the high level of nitrate in the water. In Jepara and Bintan Island, the green seaweed Caulerpa was found in fewer human activities or settlements. In addition, no mangrove ecosystem was found in both Jepara and Bintan Island, which means that the nitrate concentration was supported only by the seawater. The average N:P ratio in the ocean interior is relatively constant, averaging 16:1 by atoms (Falkowski, 2000). According to Quan & Falkowski (2008), generally, open ocean sites are very similar to the traditional Redfield N:P of 16:1, though there are slight variations both in site locations and depth (N:P ratios around 11:1 to 35:1). However, there were certain sites observed in the research that had N:P ratios which were greater than 61:1. This condition occurred due to the effect of anthropogenic nitrogen loading.
Phosphate is one of the essential elements for higher plants and algae and can affect water productivity. Nitrate and phosphate are the elements that can be used as indicators of water productivity (Subiakto et al., 2019; Sulistiawati et al., 2020). The phosphate value in the three locations tends to be similar. This condition was supported by the Kruskal-Wallis test result, where there was no significant difference in phosphate value in all sites. Osi island has a higher phosphate value compared with Jepara and Bintan Island. This condition was supported by the existence of the mangrove ecosystem in Osi Island, which became the source of nutrients, including phosphate, for the environment. This result corresponded with the result of Widiardja et al. (2021), which found that the high concentration of phosphate in the water could be affected by the mangrove ecosystem that contributed to the nutrient supply to the water environment. Ridwan et al. (2018) stated that the primary source of organic compounds in waters is litter produced by the mangrove plants (leaves, fruit, twigs, etc.), then bacteria and fungi that help decompose all organic matter in soil and waters and released inorganic phosphate. The phosphate supply from the human activity on Osi Island could also affect the water's phosphate concentration. The existence of organic matter in the form of domestic waste (detergent), agricultural waste, or erosion of phosphorus rock by water flow can be a factor that causes differences in the level of phosphate content obtained (Sulistiawati et al., 2020). 

The seaweed growth rate positively correlated with the amount of ammonia available in the waters (Jeliani et al., 2018). The ammonia value in this study was significantly different between Bintan Island and Osi Island. The Bintan Island’s ammonia value was higher than the other sites. Water nutrient measurement in Bintan Island was conducted in rain conditions, which could affect the value of nutrient compounds, especially ammonia in the water. Widiardja et al. (2021) mentioned that the nutrient enrichment in the water could be caused by the rainy condition that brings the nutrient from the land to the waters. 
Based on the PCA test result, the phosphate and the nitrate value strongly correlate (Dim1) and become the primary nutrient that categorized Osi Island. On the other hand, nitrite and ammonia values also strongly correlate and become the nutrient categorized Bintan Island. This result corresponds with the previous test (Kruskal-Wallis test) that showed that the higher nitrate and phosphate value could be found on Osi Island. The higher nitrite and ammonia value can be seen on Bintan Island. The phosphate value gave a higher contribution and became the main component compared with other elements in the water. Phosphate is a primer element for plants and aquatic algae and greatly influences the level of aquatic productivity. In addition, the presence of organic matter in the form of domestic waste (detergent), agricultural waste, or erosion of phosphorus rock by water flow can be a factor that causes differences in the level of phosphate content obtained. (Sulistiawati et al., 2020). 
The abundance of seaweed in the three locations showed an insignificant difference (P>0.05). Nevertheless, the result indicated that seaweed abundance and diversity in Jepara were higher than in Osi Island and Bintan Island. The water nutrients in Jepara tended to be more favorable for the growth and existence of some species from the genus Caulerpa. ﻿This result was supported by the N:P ratio found in three locations.  The N:P ratio in Jepara tended to be more favorable for the growth and existence of Caulerpa because the value was almost similar to the optimum N:P ratio for seaweed growth (30:1). Meanwhile, the N:P ratio in Osi island was higher than optimum N:P ratio for seaweed. Meanwhile, the N:P ratio on Bintan island was lowered. Despite the lower N:P ratios on Bintan island, the green seaweed Caulerpa can still live and grow in the area. Several studies recorded that some species of Caulerpa could still live and grow in the condition of thete N:P ratio below 10:1. Harwanto et al. (2020) found that the N:P ratio for optimizing Caulerpa racemosa was 6:1. Deraxbudsarkom et al. (2003) and Guo et al. (2015) mentioned that the N:P ratio for the growth of Caulerpa lentilifera were 8:1 and 5:1. The green seaweed Caulerpa can live and growth even though the N:P ratio in seawater was not in the optimum N:P ratio for seaweed.  The number of nutrients available in the waters affects the different fertility levels of waters that cause different types of biota that live in an area (Matanjun et al., 2009).

The environmental conditions in this study can influence the diversity, evenness, and dominance index of green seaweed Caulerpa in all locations. According to Kepel et al. (2020), the difference between the high and low levels of seaweed biodiversity obtained compared to other research results is due to differences in the number of sampling locations, as well as differences in environmental parameters both in coastal topography, substrate, transparency of waters, anthropogenic impacts, and seasonal influences. The anthropogenic aspect, the human activities and settlement, can affect the environment, especially with the water quality regarding water nutrients. Water quality factors that affect seaweed growth include acidity, phosphate, nitrate, dissolved oxygen, depth, current speed, brightness, total dissolved solids, and total suspended solids (Jeliani et al., 2018; Patahiruddin, 2020; Sulistiawati et al., 2020). 
The canonical correspondence analysis showed that the diversity and abundance of C. lentilifera were influenced by the variations of nitrate and phosphate in the environment. According to Guo et al. (2015), a high concentration of nitrogen and phosphate could negatively affect the photosynthesis of Caulerpa lentilifera, and this condition contributed significantly to the growth of C. lentilifera. In addition, Guo et al. (2015) mentioned that C. lentilifera has a significant uptake capacity for nutrients, especially nitrate. At the same time, for C. racemosa and C. serrulata, which can be found in all locations, the ammonia value in the environment influenced the diversity and abundance of that seaweed. This condition corresponds with Susilowati et al. (2019), where adding nutrients in fertilizer rich in ammonia increased the growth rate and biomass of C. racemosa. This study revealed that water nutrient elements could affect the biodiversity and abundance of green seaweed Caulerpa in all locations. 
IV. CONCLUSION 

There is a correlation between the nutrient levels in three locations and the Caulerpa’s abundance and diversity. The N:P ratio in Jepara was close to the optimum N:P ratio for seaweed growth, which makes the area more favorable for the growth of Caulerpa. The green seaweed Caulerpa can still be found in Osi island and Bintan island, even though the seawater nutritional condition was not as favorable as in Jepara. The nitrate value was the main characteristic that distinguished the water nutrient at all sites.
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