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Abstract A total of 30 genera of phytoplankton belonging to four divisions were identified. 

The highest of Shannon Wiener diversity index of phytoplankton were 2.463 in dry season of 

Trang River basin (TR4). The second-most abundant genera were Euglena and Pandorina. The 

water quality of all sampling sites were not clearly differed and classified as oligotrophic-

mesotrophic status. Canonical correspondence analysis (CCA) after analyzed the relationship 

between the physico-chemical parameters and the phytoplankton. Among the environmental 

parameters, hardness and pH found to be the most important factors for Bacillaria and 

Gomphonema in the dry season. While, the wet season, Eudorina, Pleurosigma and Synedra 

were positively correlated with dissolved oxygen. Fragilaria was positively correlated with the 

ammonia content but Bacillaria was negatively correlated with total dissolved solids and 

conductivity.  
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Introduction 

 

Microalgae or phytoplankton have numerous advantages that make them 

suitable for biodiversity and environmental monitoring studies.The productivity 

of the aquatic ecosystem depends on the phytoplankton (Parmar et al., 2016). 

The microalgae are one of the most rapid bio-indicator of water quality changes 

due to their short lifetime, instantaneous response to pollutants and easy to 

determine their numbers.Phytoplankton or microalgae as a lower plant that 

contains chlorophyll for photosynthesis. Microalgae are important for food, and 

agricultural crop production in fixing nitrogen, drug to treat various diseases, 
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and wastewater disposal. Ecosystems are classified as producers and as a part 

of the primary food chain of aquatic organisms (Peerapornpisan et al., 2007). 

Phytoplankton is sensitive to environmental change and has been used as water 

bio-indicator (Palmer, 1969). Some species go along in eutrophic water, while 

some species thrive in oligotrophic water. Some genera of phytoplankton are 

concerned as the most organic pollution-tolerant such as Oscillatoria, 

Scenedesmus, Euglena, Nitzschia and Navicula (Palmer, 1969). Peerapornpisal 

et al. (2007) using AARL-PP score method with dominant specie for evaluation 

water quality in freshwater bodies. Many researchers are interested in 

phytoplankton in terms of biodiversity in many areas and used as bio-indicators 

(Palmer, 1969; Sakset and Chankaew, 2013; Bellinger and Sigee, 2015; 

Prasertsin and Peerapornpisal, 2015).  

Nakhon Si Thammarat province is one of the most biodiversity provinces 

in Thailand as an important watershed because of the mountain areas. There are 

many aquatic ecosystems in canal and stream flowing through the areas. In this 

area, a large variety of wetland plants are found as the endemic plants in the 

southern of Thailand is “Sago” (Sago palm, Metroxylon sp.). “Sago Palm” is a 

plant that plays an important role as the main plant in the wetlands because of 

the high biodiversity in sago forest ecosystem. In Malaysia, the sago palm is 

grown in the freshwater swamps, especially in the state of Sarawak (Phang et 

al., 2000). 

This study focused on phytoplankton diversity in term of abundance, 

species compostion, seasonal distribution and its correlations with the water 

quality based on physical and chemical parameters in Sago plam wetland, 

Nakhon Si Thammarat, Thailand. The obtained data provided basic information 

and assessing aquatic resources of Sago plam wetland. It can be developed for 

aquatic animal and Sago palm resources management for sustainable 

utilization.  

 

Materials and methods  

 

Study sites  

 

 Data on phytoplankton diversity were collected which based on spatial 

and seasonal variability in the areas of the sago palm wetlands of the peninsular 

east coast basins of Thailand in Nakhon Si Thammarat province. It was 

obtained from sampling freshwater fishes in four river basins, namely the upper 

Pak Phanang River basin (UP), the lower Pak Phanang River basin (SP), the 

Trang River basin (TR) and the Tapi River basin (TP). Each of the river basins 

was included five survey stations in the total of twenty survey stations (Figure 
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1). The samples were collected during two seasons in 2020, summer (March to 

May) and the rainy season (September to November). 

 

 
Figure 1.  Map of sampling stations locates in the Upper Pak Phanang River 

Basin (UP), LowerPak Phanang River Basin (LP), Trang River Basin (TR), and 

Tapi River Basin (TP), Nakhon Si Thammarat province, Thailand  
Source: Adapted from National Hydroinformatics Data Center (2020)  

 

Samplings 
 

 The samples were collected from the sago forest wetland at 20 stations by 

in 2 seasons, dry and rainy seasons, 3 replications per site using phytoplankton 

net with pore size of 22 micron. Phytoplankton samples were collected 

vertically down from the water dept along with water quality measurement. The 

samples were filtered and preserved in Lugol's solution (Wongrat and 
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Boonyapiwat, 2003).The samples were then transported to the laboratory for 

identification into species. Phytoplankton was counted by using a Sedgewick 

rafter chamber following the methods in APHA, AWWA and WPCE (1989). 

The water quality was tested in terms of its physical and chemical during the 

fieldwork, using a fieldwork Lovibond 600 water quality gauge. 

 

Phytoplankton identification, diversity index and data analysis 

 

The phytoplankton species were classified according to morphology 

according to Presscott (1978), Lewmanomont et al., (1995), Wongrat (1995), 

John et al., (2002) and Peerapornpisan (2006). The Shannon-Wiener diversity 

index was done according to the method of Brower et al., (1997). 

 Statistical analyses were performed using software the multivariate 

statistical package (MVSP) for Windows. In order to identify interrelationships 

among sampling sites, the cluster analysis was presented as the percent 

similarity. The MVSP was used for Canonical Correspondence Analysis (CCA). 

The trophic status of water was evaluated from the main parameters such as 

dissolved oxygen (DO), conductivity, ammonia-nitrogen, nitrate-nitrogen and 

soluble reactive phosphorus by the Applied Algal Research Laboratory 

Physical and Chemical score (AARL PC score) (Peerapornpisal et al., 2004). 

The cluster and CCA data were transformed to square root and the axes 

extracted by Kaiser’s rule. 

 

Results 

 

Phytoplankton community 

 

A total of 30 genera of phytoplankton were found from 20 sampling sites 

of sago plam wetland, Nakhon Si Thammarat province, Thailand. It is classified 

into 4 divisions. The chrysophyte (11 genera) was the highest of phytoplankton, 

followed by the green algae (10 genera) while, euglenoid was lowest diversity 

with 4 genera. According to the numbers of phytoplankton, Euglena was the 

dominant genera, with 24.0±27.1 units/L. Freshwater diatom was the dominant 

group of Lower Pak Phanang River Basin (LP) and Tapi River Basin (TP) with 

Navicula were 21.6±1.7 units/L and 16.4±8.6 units/L, respectively, while the 

dominant group of the Trang watershed was Euglena, Strombomonas 22.8±13.2 

units/L (Table 1).   
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Table 1. Number of species, density (units/L), distribution and AARL-PP 

score, of phytoplankton in the sago palm wetlands of Nakhon Si Thammarat 

province, Thailand 

                                                                   Dry season Wet season 

Division  /  

genus 

Sampling site Sampling site 

UP SP TR TP UP SP TR TP 

CYANOPHYTA 

Anabaena 7.8±15.6 5.2±5.2 1.2±2.4 12.4±17.9 0 0 0 0 

Arthrospira 0 0 2.4±2.9 0 0 0 0 0 

Lyngbya 1.2±1.5 0 2.8±3.4 0.6±1.3 0 0 0 0 

Merismopedia 0.8±1.6 0 0 0.8±1.8 0 0 0 0 

Oscillatoria 13.6±5.9 2.2±4.9 3.2±3.9 7.4±7.1 0 2.9±2.7 21.6±15.2 10.6±9.6 

CHLOROPHYTA 

Closterium 0.6±2.8 2.4±3.6 20.6±21.6 1.4±3.1 4.3±8.7 0 0 0 

Cosmarium 0 0 0 0 15.4±15.0 0 0 0 

Eudorina 0.4±2.4 0.4±0.9 2.4±2.1 2.2±2.0 0 0 3.2±7.2 2.6±3.6 

Gonium 0.4±0.8 0 0 0 0.8±1.2 0 0 0 

Pandorina 24.0±11.2 2.8±6.3 5.2±3.2 0 8.3±9.0 85.1±62.5 0 36.9±36.1 

Pediastrum 8.8±2.1 0.4±0.9 6.6±5.5 1.8±2.5 4.5±6.6 0 0 0 

Pleurotaenium 0 0 0 0 0.5±0.8 1.8±3.6 7.4±16.5 7.3±6.7 

Scenedesmus 6.6±0 0.4±0.9 0 0 3.5±5.1 0 0 0 

Spirogyra 21.0±3.6 0.4±0.9 0.8±1.6 0.5±0.4 0.9±1.9 0 8.7±3.2 3.0±4.4 

Staurastrum 0 2.2±4.9 0.4±0.8 0 1.7±2.5 0 0 0 

Staurodesmus 22.4±0 1.4±1.9 0.6±1.2 0 0 0 0 0 

Synedra 17.0±4.4 0.4±0.9 0 2.2±4.9 0 0 0 0 

EUGLENOPHYTA 

Euglena 24.0±27.1 16.0±6.3 14±11.5 9.0±7.2 34.2±29.1 104.7±61.7 16.1±6.5 47.3±29.5 

Phacus 0 3.4±7.6 2.4±3.5 0 15.6±5.6 95.5±57.9 7.5±4.8 41.4±29.9 

Strombomonas 8.8±8.7 12.6±19.5 22.8±13.2 5.4±5.5 0 0 0 0 

Trachelomonas 21.0±13.1 18.0±18.2 20.0±9.8 9.8±8.9 2.8±3.4 42.6±34.7 0 19.3±20.1 

CHRYSOPHYTA 

Amphora 0.6±1.2 1.8±1.6 0 0 1.5±2.9 0 0 0 

Bacillaria 2.2±4.4 0.6±1.3 0 2.2±4.9 2.0±4.0 0 0 0 

Caloneis 0 0 0 0 0.9±1.3 0 0 0 

Cymbella 1.6±3.2 0.6±1.3 0.6±1.2 0 0 0 0 0 

Diatoma 0 0.4±0.9 0.4±0.8 0 0 0 0 0 

Diatomella 6.6±9.5 8±8 10.0±5.8 0.4±0.9 0 0 0 0 

Euastrum 0 0 0 0 0 0 1.8±4.0 1.5±2.0 

Fragilaria 0 0 0 0 0.8±1.6 0 5.6±5.4 2.8±3.2 

Gomphonema 0.4±0.8 0.4±0.9 0 0 0 0 0 0 

Gyrosigma 2.4±3.5 0.8±1.3 0 0 2.8±5.6 0 0 0 

Navicula 22.4±5.0 21.6±1.7 17.2±6.9 16.4±8.6 18.4±12.3 20.1±2.9 30.7±3.2 14.2±16.0 

Neidium 0 0.4±0.9 0 0 0 0 0 0 

Nitzschia 0.4±0.8 1.2±2.7 0.6±1.2 0 4.6±6.6 4.6±3.8 2.1±3.5 3.5±0.9 

Melosira 0.8±1.6 0 0 0 0  0 0 

Pinnularia 0 0 0 0 0 12.8±11.7 26.9±8.2 14.9±10.0 

Rhopalodia 0 0 0 0 0 0 6.7±7.4 3.5±4.1 

Surirella 0 0 0 0 0 11.3±9.5 0 5.2±5.5 

Number of 

genus 
25 25 20 15 18 10 12 15 

AARL score 7.0 7.0 6.33 7.33 6.67 8.0 8.33 8.0 

Trophic status Meso-

eutrophic 

Meso-

eutrophic 

Meso-

eutrophic 

Meso-

eutrophic 

Meso-

eutrophic 

eutrophic eutrophic eutrophic 

Classified 

of water 

quality 

Class 4 Class 4 Class 4 Class 4 Class 4 Class 5 Class 5 Class 5 
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In the dry season, distribution of phytoplankton was found 4 divisions in 

25 genera. The chrysophyte were the dominant group (17 genera). The highest 

of number was found in the UP and LP (Table 1). Ten genera were found in all 

areas such as Anabaena, Oscillatoria, Closterium, Eudorina, Pediastrum, 

Euglena, Trachelomonas, Strombomonas, Diatomella and Navicula. 

Distribution of phytoplankton in 4 areas of the rainy season was 4 divisions of 

phytoplankton which 25 genera were found, in the dry season which the green 

algae and the chrysophyte were the dominant group (11 genera) and the lowest 

was found in blue green algae, Oscillatoria. Upper Pak Phanang found the 

highest number of species (18 genera) while the lower Upper Pak Phanang was 

the lowest of number (10 genera). There were found five genera in all selected 

areas such as Pleurotaenium, Euglena, Phacus, Navicula and Nitzschia (Table 

1). 

Phytoplankton diversity index in SagoPalm wetland is shown in Figure 2. 

In the summer, the most sampling site of the diversity index was higher than 

the rainy season. The highest diversity index found in the Trang River tributary 

area (TR4) of 2.463 while in the rainy season, the highest value was in the 

upper Pak Phanang River tributary area (UP2) which was 2.443. The lowest of 

phytoplankton diversity index was found in the rainy season at the lower Pak 

Phanang River tributary (SP1) which was 1.33 (Figure 2). 

 

 
Figure 2. Shannon Wiener diversity indices in site and season of phytoplankton 

in the sago palm wetlands of Nakhon Si Thammarat province, Thailand 
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 The evenness index of phytoplankton in two seasons were similarity. The 

summer and rainy seasons were ranged of 0.74-0.936 and 0.718-0.945, 

respectively. The highest of evenness index was found in the summer season at 

the upper Pak Phanang River tributary (UP4) and the rainy season found in the 

lower Pak Phanang River tributary watershed (SP1) which were 0.936 and 

0.945, respectively (Figure 3). 

 

 
Figure 3. Evenness indices in site and season of phytoplankton in the sago 

palm wetlands of Nakhon Si Thammarat province, Thailand 

 

The water quality in Sago were evaluated by AARL PC Score. Most of 

the sampling sites showed similarity trophic status in each season due to 

similarity locations in Nakhon Si Thammarat province. The most sampling sites 

were classified in the meso-eutrophic status, except at SP, TR and TP sites 

during the wet season which shown eutrophic status.  The TR site in dry season 

was the highest clean water, and being meso-eurotrophic status because this 

area was small site which surrounded by deciduous forests, there was not much 

contaminated from tourists and agricultural activities. The change in water 

quality and trophic status were not much in both sites and seasons.  

The UGPMA dendrogram was classified into 2 groups at the percent 

similarity of 50 based on phytoplankton diversity which demonstrated from 20 

sampling sites in dry season.  The first group was found at all sampling sites 

except the upper Pak Phanang River tributary areas (UP4) and the River Basin 

4 (TP4). In the rainy season, the similarity of phytoplankton distribution was 50 
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percent which classified into 6 groups. There were found 4 groups in sampling 

sites namely, UP4, TP5, SP1 and UP3 (Figure 4 and 5). 
 

 
Figure 4.  Dendrogram for clustering of sampling site based on physico-

chemical parameter in the dry season 
 

 
Figure 5. Dendrogram for clustering of sampling site based on physico-

chemical parameter in the wet season 
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Phytoplankton distribution and water quality were correlated by 

Canonical corresponding analysis (CCA) that in the summer season revealed to 

be low correlation.  The Bacillaria (Bac) was positively correlated with pH, 

while Gomphonema (Gom) was negatively correlated with pH  (Figure 6).The 

rainy season, Eudorina (Eudr), Pleurosigma (Pleu) and Synedra (Syn)  were 

positively correlated with dissolved oxygen (DO), Fragilaria (Fra) was 

positively correlated with ammonia (Amm).Whereas, Bacillaria (Bac) was 

negative correlated with total dissolved solids (TDS) and conductivity (Cond).   

Trachelomonas (Tra) and Gonium (Gon) were negative correlated with nitrite 

(Nitri) and nitrate (Nitra) (Figure7). 

 

 
Figure 6. Canonical Correspondence Analysis ordition of phytoplankton 

distribution based on the correlation of physico-chemical water quality in dry 

season  
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Figure 7.  Canonical Correspondence Analysis ordition of phytoplankton 

distribution based on the correlation of physico-chemical water quality in wet 

season  

  
Discussion 

 

Phytoplankton community 

 

From the results of Canonical Correspondence Analysis (CCA), a few 

species of phytoplankton were related with each physico-chemical parameter. 

Bacillaria was a high hardness tolerant species. However, phytoplankton was 

sensitive to the physical and chemical properties.  In Sago Palm wetland, 

Nakhon Si Thammarat province, 30 genera were found, the appropriate 

conditions for phytoplankton are normally found in high nutrient water bodies 

with mesotrophic–eutrophic status (Peerapornpisal et al., 2004). Due to the 

wetland of sago palm is small area. Chrysophytes was found to be the most 

diverse because it possed a wide range of environmental variables (Mooser et 

al., 1996). Phytoplankton diversity depends on the key ecological process such 
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as succession, predation and competition, and changes in these processes can 

alter the diversity through changes in evenness (Sterling et al., 2001). 

There were found 30 genera of phytoplankton  in this study  which 

revealed less than the number of phytoplankton genera reported in Sago plam 

forest of Nakhon Si Thammarat province, which consisted of 100 genera of 6 

divisions in 2013 (Weeraphong et al., 2016).  The phytoplankton richness 

showed the highest in UP and SP site followed by TR.  While, the lowest 

species richness was SP site which lower in diversity when compared the 

phytoplankton community reported in the lower part of the Tapee River basin, 

where the higher value of  species richness was 63 genera (Sakset and Preecha, 

2021). When comparison the study of Promana (2002) who reported toxic algae 

distribution and water quality in Kwan Phayao that was similar group in this 

study which were blue green algae, green algae, chrysophyte and euglenoids, 

due to phytoplankton are commonly found in freshwater and eutrophic water 

bodies. 

 

Phytoplankton distribution and physico-chemical parameters 

 

AARL-PP score showed 6.67 overall of both seasons, indicating that the 

trophic status was meso-eutrophic to eutrophic status level (Table 1). The water 

quality of Sago palm wetland in this study was classified to Class 4-5 of surface 

water quality standard of Thailand (Pollution Control Department, 2016) (Table 

1), resulted inconsistent with reported in Pak Phanang river basin (Sakset, 

2011) and the lower part of the Tapee river basin, Surat Thani province (Sakset 

and Preecha, 2021). It is suggested that the amount of water bodies in this 

wetland was less than those area due to the small areas and high nutrients in the 

water bodies. 

As results, it was showed the range of physico-chemical water 

parameters which related with distribution of phytoplankton in all sampling 

sites. The major factors that influenced the distribution of phytoplankton in the 

dry season such as alkalinity, pH and hardness. In the rainy season, the number 

of phytoplankton was significantly decreased, except in TP. In the SP site, the 

distribution of phytoplankton was found 25 genera which appeared in dry 

season whereas only 10 genera occurred in wet season. Due to the wet season 

in this area is moderate current velocity that impacted to the phytoplankton 

distribution. The changing of water temperature in each season directly affected 

the succession of phytoplankton. In the dry season, the average water 

temperature was 28.05±0.71 
◦
C. Anabaena, Lyngbya, Merismopedia, 
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Arthrospira, Surirella, Synedra, Strombomonas and Diatomella were found to 

be the dominant species in all sites but not found in the rainy season, when the 

water temperature was lower. However, many chrysophyte species (diatom), 

Euastrum, Fragilaria, Pinnularia, Pluerosigma and Rhopalodia were found in 

only the wet season.  

Fluctuation in nitrogen and phosphorus ratios represent significant as 

limiting growth factors to most algal species in aquatic ecosystems (Mohamed 

et al., 2017). As the result, in the sago palm wetland in Nakhon Si Thammarat 

province, the nutrients were slightly increased in the rainy season which high 

concentration of nutrient because of nitrogen in the soil, agricultural fertilizer 

and human waste diluted to the wetland. The high nutrient concentration had a 

negative correlated with phytoplankton diversity. Nutrient which effect the 

growth of phytoplankton are nitrate and phosphate which are found in natural 

water bodies. Phosphate (soluble reactive phosphorus) is considered as one of 

the important nutrient limiting phytoplankton growth (Welch et al., 1978).  
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