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Chapter 3 

Modeling of phytoplankton and Polychaeta density 

In this chapter contains the preliminary analysis for our two studies and two published 

articles. The first article is concerned with the statistical modeling of distribution and 

abundance of phytoplankton: influence of salinity and turbidity gradients in the Na 

Thap River, Songkhla province, Thailand and was published in the Journal of Coastal 

Research volume 27, No.3, 585-594, May 2011 issue. 

The second article is concerned with modeling the Polychaeta organism density in Na 

Thap estuary and was published in the International Journal of Biology volume 3, No. 

4, 30-35, October 2011 issue. 

3.1 Preliminary Analysis 

The first study   

During the period of study, the phytoplankton community in the Na Thap River 

comprised 74 genera from seven divisions: Cyanophyta, Chlorophyta , 

Bacillariophyta, Chrysophyta, Pyrophyta, Euglenophyta and Cryptophyta, among 

which Bacillariophyta and Chlorophyta were the most diverse groups with a total of 

29 and 27 genera, respectively. Of these, 31 dominant genera with more than 24% 

occurrence of all samples (n = 144) were selected for further study (Table 3.1). 
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Table 3.1: Percentages of phytoplankton occurrence of 31 phytoplankton genera in the 

Na Thap River from June 2005 to December 2007 (n = 144) 

Division Genus Density (×10
4
 cells m

-3
) % occurrence 

Cyanophyta    Oscillatoria spp. (Osc) 299.04 68.1 

Cyanophyta    Merismopedia sp. (Mer) 7.73 27.8 

Chlorophyta    Closterium spp. (Clo) 102.16 34.7 

Chlorophyta    Pandorina sp. (Pan) 36.36 30.6 

Chlorophyta    Spirogyra sp. (Spi) 203.87 29.9 

Chlorophyta    Pleurotaenium spp. (PTa) 3.58 27.1 

Chlorophyta    Cosmarium sp. (CMa) 6.51 26.4 

Chlorophyta    Hyalotheca spp. (Hya) 255.13 25.7 

Chlorophyta    Micrasterias spp. (Mic) 290.03 24.3 

Chlorophyta    Mougeotia sp. (Mou) 110.80 24.3 

Chlorophyta    Staurastrum sp. (Sta) 9.07 24.3 

Bacillariophyta    Coscinodiscus spp. (CCi) 605.13 70.1 

Bacillariophyta    Pleurosigma spp. (PSi) 431.84 50.0 

Bacillariophyta    Chaetoceros spp. (Cha) 7,138.01 47.9 

Bacillariophyta    Bacillaria spp. (Bac) 104.96 45.8 

Bacillariophyta    Thalassionema spp. (Tha) 575.50 44.4 

Bacillariophyta    Serirella sp. (Ser) 7.64 42.4 

Bacillariophyta    Nitzschia sp. (Nit) 105.95 38.2 

Bacillariophyta    Rhizosolenia spp. (Rhi) 2,284.98 38.2 

Bacillariophyta    Melosira sp. (Mel) 1,584.18 37.5 

Bacillariophyta    Triceratium sp. (Tri) 9.89 36.8 

Bacillariophyta    Navicula sp. (Nav) 9.31 32.6 

Bacillariophyta    Synedra sp. (Syn) 146.53 32.6 

Bacillariophyta    Bidduphia spp. (Bid) 28.02 29.2 

Bacillariophyta    Bacteriastrum sp. (Bte) 95.51 25.0 

Bacillariophyta    Guinardia sp. (Gui) 203.37 24.3 

Pyrrophyta    Ceratium spp. (Cer) 292.53 63.9 

Pyrrophyta    Protoperidinium spp. (Pro) 315.65 45.8 

Pyrrophyta    Dinophysis spp. (Din) 1,902.45 24.3 

Euglenophyta    Euglena sp. (Eug) 129.56 61.1 

Euglenophyta    Phacus sp. (Pha) 33.10 40.3 

 

Spatio-temporal differences of phytoplankton density were marked at the basin. 

Cyanobacteria, euglenophytes and chlorophytes, dominated by Closterium spp., 

Spirogyra sp., and Mougeotia sp., were the main microplanktonic groups in the 

freshwater zone (Stations 1-5) while a diatom Synedra sp. was also present 

continually at relatively low density. Euglena sp. was the most common in this zone 

(mean: 22,781 cell l
-1

) and Station 1 had the highest density (243,968 cell l
-1

) in 

August 2007. At the stations further downstream, the phytoplankton community was 



 30 

dominated by an assemblage of diatoms and dinoflagellates. The most prevailing 

genera (> 80% of occurrence within the zone) in decreasing ranking were  

Table 3.2: The Taxa, distribution (station), maximum densities and bimonthly 

occurrence of phytoplankton in the Na Thap River from June 2005 to December 2007. 

Data in bold indicates station and month of maximum density. 

Taxa 
Max density 

(cells l
-3

) 
Distribution (station) Occurrence 

   Division Cyanophyta 
   

Anabaena sp. 10,907 3 5 6 7 8 9 10  Feb Apr Jun Dec 

Ankistrodesmus sp. 1,920 1 2 3 4 6 7 8 10 Feb Jun Aug Oct Dec 

Chroococcus sp. 6,875 1 2 Dec 

Lyngbya sp. 13,750 1 8 Jun Oct Dec 

Merismopedia sp. 54,013 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Oscillatoria spp. 1,372,451 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Raphidiopsis sp. 7,628 2 4 8 9 Aug Oct Dec 

Spirulina sp. 8,200 1 2 3 4 6 7 8 9 10 Feb Jun Aug Oct Dec 

   Division Chlorophyta    

Arthrodesmus sp. 81 8 Dec 

Bambusina sp. 10,242 1 2 3 4 5 6 7 8 9 10 Oct Dec 

Closterium spp. 291,906 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Cosmarium sp. 36,269 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Desmidium spp. 16,549 1 2 4 5 6 7 8 10 Feb Apr Jun Oct Dec 

Euastrum sp. 2,292 1 2 3 4 5 6 7 10 Feb Apr Jun Aug Oct Dec 

Eudorina sp. 2,925 1 2 3 4 5 Feb Oct  

Hyalotheca spp. 2,395,940 1 2 3 4 5 6 7 8 9 10  Feb Jun Aug Oct Dec 

Lagerheimia sp. 181 6 8 Dec 

Micrasterias spp. 1,829,755 1 2 3 4 5 6 7 8 9 10 Feb Jun Aug Oct Dec 

Mougeotia sp. 513,146 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Onychonema sp. 2,229 1 2 4 5 7 Jun Aug Oct Dec 

Pandorina sp. 211,500 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Pediastrum sp. 4,583 1 2 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Phymatodocis sp. 13 1 Dec 

Pleurotaenium spp. 14,012 1 2 3 4 5 6 7 8 9 10 Feb Jun Aug Oct Dec 

Scenedesmus sp. 4,500 1 6 7 8 9 10 Feb Jun Dec 

Selenastrum sp. 60 1 2 7 Aug Dec 

Spirogyra sp. 788,467 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Spondylosium sp. 10,766 1 2 3 4 5 6 8 Apr Jun Aug Oct Dec 

Staurastrum sp. 35,706 1 2 3 4 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Staurodesmus sp. 18 1 Dec 

Triploceras sp. 4,665 1 2 3 4 7 8 10 Jun Dec 

Ulotrix sp. 49,072,782 1 2 3 4 5 6 7 8 10 Feb Jun Aug Oct Dec 

Volvox sp. 45,605 1 3 5 7 10 Apr Jun Oct Dec 

Xanthidium sp. 39,185 1 2 3 4 5 6 7 8 9 10 Apr Jun Oct Dec 

Zygnema sp. 651,514 1 2 3 4 5 7 8 9 10 Oct Dec 
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Table 3.2: (Continue) 

Taxa 
Max density 

(cells l
-3

) 
Distribution (station) Occurrence 

  Division Bacillariophyta    

Asterionella sp. 148,946 8 9 10 Feb Apr Dec 

Bacillaria spp. 574,233 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Bacteriastrum sp. 498,857 4 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Bellerochea sp. 43,429 3 Apr  

Biddulphia spp. 69,287 1 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Chaetoceros spp. 63,073,972 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Climacodium sp. 32,175 2 6 7 8 9 10  Feb Apr Jun Oct  

Coscinodiscus spp. 2,094,610 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Dactyliosolen sp. 6,311 9 10  Apr  

Dictyocha sp. 36,604 1 2 5 7 8 9 10  Feb Aug Oct Dec 

Ditylum sp. 52,091 7 8 9 10 Feb Apr Aug Oct Dec 

Guinardia sp. 437,413 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Gyrosigma sp. 7,881,566 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Hemiaulus sp. 108,658 1 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Hyalodiscus sp. 2,648 8 9 10 Feb Apr  

Licmorpha sp. 52,417 1 2 4 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Melosira sp. 19,975,403 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Navicula sp. 39,824 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Nitzschia sp. 173,544 1 2 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Odontella sp. 10,357 3 8 9 10  Feb Apr Aug  

Palmeria sp. 1,701 9 10  Jun Aug  

Planktoniella sp. 2,396 10 Apr Dec 

Pleurosigma spp. 2,209,131 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Rhizosolenia spp. 8,642,727 1 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Seriella sp. 13,251 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Skeletonema spp. 58,171 7 8 9 10  Jun  
Synedra sp. 396,513 1 2 3 4 5 6 7 8 9 10  Feb Jun Aug Oct Dec 

Thalassionema spp. 2,300,935 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Triceratium sp. 15,020 1 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

   Division Chrysophyta    

Dinobryon sp. 28,250 1 2 3 4 5 6 7 8  Feb Apr Jun Oct Dec 

   Division Pyrophyta    

Ceratium spp. 924,899 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Dinophysis spp. 22,543,407 1 4 5 6 7 8 9 10  Feb Apr Jun Aug Dec 

Gymnodinium spp. 23,725,510 2 3 4 5 6 7 8 9 10  Feb Apr Aug Oct Dec 

Noctiluca spp. 75,940 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Peridinium spp. 324,458,338 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

Protoperidinium spp. 2,045,143 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

   Division Euglenophyta    

Euglena sp. 243,968 1 2 3 4 5 6 7 8 9 10  Feb Apr Jun Aug Oct Dec 

Phacus sp. 100,960 1 2 3 4 5 6 7 8 9 10 Feb Apr Jun Aug Oct Dec 

   Division Cryptophyta    

Cryptonema sp. 2,236,925 6 7 8  Oct  
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Coscinodiscus spp., Ceratium spp., Thalassionema spp., Protoperidinium spp., 

Rhizosolenia spp., Chaetoceros spp., and Pleurosigma spp. The presences of these 

genera varied from stations to stations. Coscinodiscus spp. was the main group at 

Stations 7 and 8, although its density peak (915,542 cell l
-1

) was observed in October 

2007 at Station 10. The phytoplankton community at Station 9 and 10 was dominated 

by Thalassionema spp. during the period of February – May, and by Rhizosolenia spp. 

during June – October. Two dinoflagellates were also present across the sampling 

stations, with densities of Ceratium spp. generally higher than Protoperidinium spp. 

The roles of variables are classified as determinants and outcome. These variables, 

their roles and data type as shown in Table 3.3. The outcome of interest is the 

densities of the thirty one genera of phytoplankton from ten sampling stations at 

sixteen bimonthly periods. These densities are of continuous data type. The predictor 

variables (determinants) consisted of the environmental factors and the unique 

variable derived from factor analysis. 

Table 3.3: Variables, their roles and data type 

Variable Role Type 

Environmental factors (5) Determinant Continuous 

Unique environmental parameter (4) Determinant Continuous 

Density of 31 genera of phytoplankton  Outcomes Continuous 

 

The second study 

For biological outcomes such as Polychaeta organism counts per unit area or volume, 

the normality assumption is usually invalid due to skewness in the distribution of the 

outcomes. In this case the skewness may be reduced substantially by taking 
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logarithms of the outcomes, provided zero outcomes are handled in some way. Clark 

and Warwick (1994) suggested replacing y by the transformed variable log (1+y). 

However, for ease of interpretation, results need to be expressed in terms of the 

organism densities themselves rather than transformed outcomes, so it is necessary to 

correct the back-transformed means to ensure that the overall mean organism density 

is preserved.  

Figures 3.1 and Figures 3.2 show water salinity in Na Thap River by sampling 

stations and observed-periods. The water salinity of Na Thap River was varied by 

stations and season. The salinity was high at station 1 (Pak Bang) which was located 

downstream where the river joins with the saltwater and decreasing all the way 

upstream to station 5 (Tha Klong Cha Nong) where there was freshwater. In the rainy 

season, the salinity was lower than in summer.  

 
Figure 3.1: Water salinity in Na Thap River from June 2005 to May 2010 by station 

 

 
Figure 3.2: Water salinity in Na Thap River from June 2005 to May 2010 by month 
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Figures 3.3 and Figures 3.4 show Polychaeta organism densities in Na Thap River by 

sampling stations and observed-periods from June 2005 to May 2010. Polychaeta 

densities observed by months elapsed. The occasions when no Polychaeta were 

observed are as follows: at one site after 9, 32, 42 and 54 months, at two sites after 1, 

3, 5 and 44 months, never at three sites, at four sites after 7 months, and at all five 

sites after 28 months. 

 
Figure 3.3: Natural logarithms of Polychaeta organisms per square meter in 

   Na Thap River from June 2005 to May 2010 by station 

 

 
Figure 3.4: Natural logarithms of Polychaeta organisms per square meter in 

               Na Thap River from June 2005 to May 2010 by month 

 

Polychaeta is a class of phylum Annelida, which is a macrobenthic fauna, it was the 

most common in all stations and all month. Station 4 had the highest density (5355.56 

organism m
-2

) in August 2005. Polychaeta organism densities were varied by stations 

and season. The Polychaeta densities increased with distance from the station 5 (Tha 

Klong Cha Nong) to station 1 (Pak Bang).  During Dry season, Polychaeta densities 
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have higher than rainy season.  Mean and maximum densities of Polychaetes in the Na 

Thap River from June 2005 to May 2010, during rainy (November–January) were 

199.99 organism m
-2

 and 1066.67 organism m
-2

, respectively, and dry (February–

October) seasons were 426.53 organism m
-2

 and 5355.56 organism m
-2

, respectively. 

Sampling stations 2, 4 and 5 are surrounded by communities, shrimp farms, fish cage 

farms, pig farms, seafood processing factories, and rubber industry (Sapaeing, 2007). 

Waste water containing organic matter from those areas may cause increasing density 

of polychaete. Polychaeta such as Capitella sp. and Theora lubrica in the family 

Capitellidae (Kikuchi, 1991; Ferraro et al., 1991) and Polydora sp. are biological 

indicators of organic pollutants. They are usually found in estuaries that contain 

hydrogen sulfide (H2SO4) and high organic mater (Chareonpanich et al., 1994). 
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3.2 The first article 
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3.3 The second article 
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