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ชื่อวิทยานิพนธ์ ผลกระทบของความเค็ม ความเข้มของแสง และตะกอน ต่อการ
เจริญเติบโต รงควัตถุ การผลิตวุ้น และการสืบพันธุ์ ในสาหร่ายผมนาง 
Gracilaria tenuistipitata C.F. Chang & B.M. Xia บริเวณเกาะยอ 
ทะเลสาบสงขลา จังหวัดสงขลา ประเทศไทย 

ผู้เขียน นายเฉลิมพล  บุญสม 
สาขาวิชา  พฤกษศาสตร์ 
ปีการศึกษา  2552 
 

บทคัดย่อ 
 

  สาหร่ายสีแดง Gracilaria tenuistipitata C.F. Chang & B.M. Xia พบการ
แพร่กระจายได้ทั่วไปในเขตร้อน ส าหรับในประเทศไทยสามารถพบ  G. tenuistipitata 
แพร่กระจายอยู่ทั่วไปในอ่าวปัตตานีและทะสาบสงขลา ซึ่ง ในปัจจุบันประชากร  G. tenuistipitata 
ในทะเลสาบสงขลา ลดจ านวนลง จากการเปลี่ยนแปลงของ สภาพแวดล้อมและการพัฒนาพื้นที่
รอบบริเวณทะเลสาบ จุดมุ่งหมายของงานวิจัยช้ินน้ี คือ การศึกษาอิทธิพลของ ความเค็ม ความ
เข้มแสงและตะกอน ต่อ  G. tenuistipitata จากทะเลสาบสงขลา โดยจัดชุดการทดลอง ภายใต้
สภาวะท่ีแตกต่างกัน คือ ความเค็ม (0, 25 และ 33 ppt), ความเข้มแสง (150, 400, 700 และ 
1,000 µmol photons m-2s-1) และปริมาณตะกอน (0, 0.67 และ 2.28 mg/L) จากการศึกษา
พบว่า  สาหร่ายได้รับอิทธิพลจากความเค็ม ความเข้มแสง และตะกอน อย่างมีนัยส าคัญ 
(P<0.05) ค่ามวลชีวภาพดีที่สุดคือ 6.85 %WG ต่อวัน เจริญในสภาวะความเค็ม 25 ppt ที่ความ
เข้มแสง 700 µmol photons m-2s-1 และภาวะท่ีไม่มีตะกอน สภาวะท่ีเหมาะในการผลิตวุ้น 
(24.80 %DW) พบในสภาวะความเค็ม 25 ppt ที่ความเข้มแสง 150-400 µmol photons m-2s-1 

และภาวะท่ีไม่มีตะกอน ส่วนปริมาณรงควัตถุสูงสุด พบ phycoerythrin (0.841±0.04 mg g-1FW) 
และ phycocyanin (0.341±0.05 mg g-1FW) ในสภาวะความเข้มแสง 150 µmol photons m-2s-1 
และ chlorophyll a (0.211±0.02 mg g-1FW) พบในสภาวะความเข้มแสง 700 µmol photons m-

2s-1 นอกจากนี้ ในการเลี้ยงระยะสั้น พบอัตราการสัง เคราะห์ด้วยแสงสูงสุด (161.33±32.64 mg 
O2 g d wt-1h-1) พบในสภาวะความเค็ม 25 ppt ที่ความเข้มแสง 400 µmol photons m-2s-1 และ
ภาวะท่ีไม่มีตะกอน ส่วนอัตราการหายใจสูงสุด (45.91±30.81 mg O2 g d wt-1h-1) พบในสภาวะ
ความเค็ม 25 ppt ที่ความเข้มแสง 150 µmol photons m-2s-1 และภาวะท่ีมีตะกอนเล็กน้อย ส่วน
ในการเลี้ยงระยะยาว พบอัตราการสังเคราะห์ด้วยแสงสูงสุด (60.26±6.71 mg O2 g d wt-1h-1) 
พบในสภาวะความเค็ม 25 ppt ที่ความเข้มแสง 700 µmol photons m-2s-1 และภาวะท่ีไม่มี
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ตะกอน ส่วนอัตราการหายใจสูงสุด (43.48±25.07 mg O2 g d wt-1h-1) พบในสภาวะความเค็ม 0 
ppt ที่ความเข้มแสง 1,000 µmol photons m-2s-1 และภาวะท่ีมีตะกอนสูง จากผลการศึกษา
ชี้ให้เห็นว่า G. tenuistipitata ได้รับผลกระทบ อย่างมากจากปัจจัยด้านความเค็มและความเข้ม
แสง 
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Abstract 

 

  The red algae, Gracilaria tenuistipitata C.F. Chang & B.M. Xia widely 

distributes in the tropic. In Thailand, G. tenuistipitata is commonly found in Pattani 

Bay and Songkhla Lagoon. Nowadays the population of Gracilaria spp in Songkhla 

lagoon was declined because of the developments around the lagoon. The aim of this 

research is to study the effects of salinity, light intensity and sediment on G. 

tenuistipitata, which were collected from Songkhla Lagoon and tested in laboratory 

under different conditions; salinities (0, 25 and 33 ppt), light intensities (150, 400, 700 

and 1,000 µmol photons m
-2

s
-1

) and sediment (0, 0.67 and 2.28 mg/L). The results 

showed that G. tenuistipitata were significantly influenced by salinity, light intensity 

and sediment (P<0.05). The highest biomass was 6.85 %WG cultured in 25 ppt, 700 

µmol photons m
-2

s
-1

and no sediment. The best condition for the highest agar 

production (24.80±2.96 %DW) was found in 25 ppt, 150-400 µmol photons m
-2

s
-1

and 

no sediment. The highest of pigment contents; phycoerythrin (0.841±0.04 mg g
-1

FW) 

and phycocyanin (0.341±0.05 mg g
-1

FW) were found in 150 µmol photons m
-2

s
-1

 and 

chlorophyll a (0.211±0.02 mg g
-1

FW) was found in 700 µmol photons m
-2

s
-1

. In short 

period of cultivation, the highest photosynthesis rate was 161.33±32.64 mg O2 g d wt
-

1
h

-1
 in 25 ppt, 400 µmol photons m

-2
s

-1
and no sediment. The highest respiration rate 

(45.91±30.81 mg O2 g d wt
-1

h
-1

) were found in 25 ppt, 150 µmol photons m
-2

s
-1

 and 

low sediment. In long period of cultivation, the highest photosynthesis rate was 
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60.26±6.71 mg O2 g d wt
-1

h
-1

 in 25 ppt, 700 µmol photons m
-2

s
-1

and no sediment. The 

highest respiration rate was 43.48±25.07 mg O2 g d wt
-1

h
-1

 in 0 ppt, 1,000 µmol 

photons m
-2

s
-1

 and high sediment. The results suggested that G. tenuistipitata were 

strongly affected by salinity and light intensity. 
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CHAPTER 1 

 

INTRODUCTION 

 

  Macroalgae or seaweed have been used as vegetables, materials for 

medicinal or pharmaceutical use, phycocolloid sources, raw materials for feed and 

fertilizer (Armisen, 1995; Araño et al., 2000; McHugh, 2003). Gracilaria spp. 

(Rhodophyta) are one of commercial seaweeds which have high economic values. At 

present, Gracilaria spp. are the most important raw materials for producing agar and 

easy to farm. In China, the average productivity of Gracilaria spp. was 3,340 tones 

and output in the agar production reached 260 tones in 1993 (FAO/NACA, 1996). 

Wet and dry Gracilaria productions in Thailand, were 80 and 20 tons per year 

respectively, but the commercial requirement was more than 2,400 tons (Department 

of Fisheries, 2005). 

  Songkhla lagoon, a mesotrophic lagoon, is the largest natural lagoon of 

Thailand. There are varieties and abundance in aquatic animals and plants. Its rich 

resources have supported well to fishery and way of life of people around. 

Furthermore, Gracilaria spp. are known to be an important resource in Songkhla 

lagoon, especially at Koh Yor. Most of the commercial crop comes from the wild or 

planted beds in the lagoon. However, population of Gracilaria spp. is declined 

because of development around and above the lagoon; this has dramatically changed 

physical factors such as salinity and turbidity (Angsupanich and Rakkheaw, 1997; 

Angsupanich and Kuwabara, 1999; Panapitukkul et al, 2005). 

  The salinity is an important factor for photosynthesis, respiration, and 

growth of Gracilaria spp. (Israel et al., 1999; Li-hon et al., 2002). Lowered salinities 

often inhibit growth of seaweeds, vary branching patterns and promote changes in the 

chemical composition of seaweeds (Ekman et al., 1999; Choi et al., 2006). 

  Light intensity is also important for photosynthesis, and ultimately for 

all biological processes. The quality and quantity of light depend on such factors as 

depth, the number of particles in water (turbidity) and the amount of daily light in 

seasonal variation (Lobban et al., 1985). Ability of seaweed to absorb light energy are 
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different, depends on quantity of pigment or density of photosynthetic units which 

able to tolerate and adapt for growing under light variation (Darley, 1982). 

  The adaptation is always important for the algae populations at all 

depths. Red algae are best adapted to vary of light. The pigment composition is 

increasing when increased depth or low light intensities which cause by chromatic 

adaptation (Beer and Levy, 1983; Carnicas et al., 1999) 

  Increasing of sediment loads has been recognized as a major threat to 

marine biodiversity at a global scale. Changes in sedimentation have been problem for 

aquaculture, which have resulted from activities such as deforestation, agriculture, 

coastal development, construction, mining, drilling and dredging. Sediment is known 

to influence macroalgae community as well as the associated animals (Airoldi, 2003). 

Generally, organisms that rely upon sexual reproduction are more vulnerable than 

those using vegetative means, probably due to the lack of substrate stability and 

likelihood of smothering of new recruits (Airoldi, 2003; Chapman and Fletcher, 

2002). In contrast, organisms with sediment trapping morphologies, opportunistic 

species as well as those with physical adaptation to sediment tend to do well in 

sediment-affected environments (Airodi, 2003 and Prathep et al., 2003). 

  In this study, we test the effects of salinity, light intensity and sediment 

on growth, biomass, pigments content, photosynthesis rate, respiration rate, amount of 

agar and reproduction of Gracilaria tenuistipitata C.F. Chang & B.M. Xia. In 

addition, this is hope to bring back G. tenuistipitata cultivation to Songkhla lagoon by 

using this baseline information, which will provide an ideal condition for seaweed 

cultivation both in the lagoon and/or farming. 
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Review of literature 

The characteristics of the genus Gracilaria 

 

      Classification of Gracilaria (Guiry and Guiry, 2010) 

          Phylum             Rhodophyta 

             Subphylum        Eurhodophytina 

                 Class              Florideophyceae 

                    Subclass       Rhodymeniophycidae 

                        Order              Gracilariales 

                            Family                 Gracilariaceae 

                                Genus        Gracilaria 

    Species                 Gracilaria tenuistipitata C.F.  

               Chang & B.M. Xia 

 

The characteristic of Gracilaria tenuistipitata C.F. Chang & B.M. Xia 

  The dark-red thallus is thin, cylindrical, cartilaginous, solitary and 

growing from a small disc-like holdfast, 5-30 cm tall and 0.2-1.0 mm in diameter. The 

cylindrical branching is constructed at the base and tapering toward the tips. The algae 

have a tendency to be flattened or foliose with pseudoparenchymatous tissues that 

lack filamentous cells in mature vegetative thallus. The thallus are large thick walled 

cells 225- -

considerably smaller, the cortex of 1-2 layers of rounded cells 10-

with cuticle 10-

become multinucleate as they age (Lee, 1999; Lewmanomont and Ogawa, 1995; 

FAO/NACA, 1996) (Figure 1 and 2). 
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200 m 

 

 

 Figure 1. The thallus of Gracilaria tenuistipitata C.F. Chang & B.M. Xia 
 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Transection of main axis of Gracilaria tenuistipitata  

      C.F. Chang & B.M. Xia 

 

The ecology of Gracilaria tenuistipitata C.F. Chang & B.M. Xia 

  G. tenuistipitata is found growing on gravels and shells, broken stones, 

pebbles, polyethylene bags and fish cages, in sandy muddy areas of turbid water. It is 

exposed to air during extreme low tide and found in the sublittoral region of lower 

1 cm 
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salinity. In Thailand, this species is known to be abundant in Pattani Bay and 

Songkhla lagoon (Lewmanomont and Ogawa, 1995; FAO/NACA, 1996). 

 

The reproduction of Gracilaria tenuistipitata C.F. Chang & B.M. Xia 

  Mature tetrasporophyte produces male gametophyte (n) or female 

gametophyte (n) from tetraspores. The male plants produce spermatia in antheridial 

pits over surface of thalli. The female plants form supporting cells from outer layer of 

medulla and develop into nutritive cells except for the carpogonium. After 

fertilization, female plant forms cystocarps, which prominently protrude, globes, 

rostrate, constricted at base and large 830- ing of 8-10 layers 

of cells of which the outmost layer cells are round or ovoid, with a distinct cell wall 

(Figure 3 and 4) Cystocarps releases carpospores which round or ovoid in shape, 33-

matousdisc and 

develop to tetrasporophyte (Figure 5) (Lee, 1999; FAO/NACA, 1996).  

 

 

 

Figure 3. The cystocarp of Gracilaria tenuistipitata C.F. Chang & B.M. Xia 

 

 

 

 

 

20 m 
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 Figure 4. Transection of cystocarp of Gracilaria tenuistipitata  

      C.F. Chang & B.M. Xia 

 

 

 

 Figure 5. The life cycle of Gracilaria (FAO/NACA, 1996) 

 

200 m 
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Biochemical of Gracilaria 

  The main productions are as food and as sources of hydrocolloids: agar 

and carrageenan. Agar production, the first phycocolloid is discovered and prepared 

as a purified extract. Agar is essentially a mixture of the neutral polymer agarose, 

pyruvated agarose and sulfated galactans. The structure of agar consists of alternating 

- -1,4 linked D and L galactose residues, respectively. The gel-forming 

properties of agar are widely used in pharmaceutical, cosmetics and food industry. 

Gel strength (upon gelation) of this species is very low compared with Gelidiales. 

Agar content has depended on the collection site, season, physiological, development 

stage, conditions of cultivation and extraction mode. (Marinho-Soriano, 2001; 

Marinho-Soriano and Bourret, 2003; Hong et al., 2007).   

 

Environmental Factors 

  Growth, pigments, photosynthetic activity and agar quality of 

Gracilaria sp. were influenced by salinity, light intensity, temperature, turbidity and 

nutrients (Table 1). 
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Research question 

  There are any differences in salinity, light intensity and sediment in 

Songkhla lagoon. If so, could these influence distribution and abundance of G. 

tenuistipitata? ; how these affect growth, pigment contents, agar production and 

reproduction on G. tenuistipitata  

 

Hypotheses 

Null hypotheses 

H0A:  Salinity does not affect on growth, pigments, agar production and reproduction 

in G. tenuistipitata. 

H0B: Light intensity does not affect on growth, pigments, agar production and 

reproduction in G. tenuistipitata. 

H0C:  Sediment does not affect growth, pigments, agar production and reproduction in  

G. tenuistipitata. 

H0D:  There is no relationship between the combination (salinity, light intensity and  

sediment) and G. tenuistipitata. 

 

Alternative hypotheses 

H1A: Salinity does affect on growth, pigments, agar production and reproduction in G. 

tenuistipitata. 

H1B: light intensity does affect on growth, pigments, agar production and reproduction  

in G. tenuistipitata. 

H1C: Sediment does affect on growth, pigments, agar production and reproduction in  

G. tenuistipitata. 

H1D: There is relationship between the combination (salinity, light intensity and  

sediment) and G. tenuistipitata. 

 

Objectives 

1. To investigate salinity, light intensity and turbidity in Songkhla lagoon, to use as 

baseline information for experimental testing in laboratory. 

2. To study the effects of salinity, light intensity and sediment on growth, pigments, 

agar production and reproduction of G. tenuistipitata. 
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CHAPTER 2 

 

MATERIALS AND METHODS 

 

Study site 

  The study was carried out at four sites (LP; Laemphor Temple, KP; 

Khokpeaw Temple, TY; Taiyor Temple, KB; Khaobor Temple), which were located 

around Koh Yor (94° 29' 12'', 5° 58' 30''), Songkhla lagoon, Songkhla Province, 

Southern Thailand (Figure 6). The site is known to have an abundance of Gracilaria 

sp.; Koh Yor covers area of 15 square kilometers on the lower part of Songkhla 

lagoon. There are two dominant seasons: (Office of natural resources and 

environmental policy and planning, 2004): 

  1) Dry season is dominated by East monsoon (February to April), April 

is the hottest month. 

  2) Rainy season could be separated into 2 parts: 

- The first is dominated by Southwest monsoon (May to 

September) 

- The second is dominated by Northeast monsoon (October to 

January) having a heavy rain with highest rain in November.  

  Salinity in the lagoon is depended on the proportions of river water and 

seawater from tidal change, thus salinity increases during high tide. However, the 

recent development and construction have changed the balance of freshwater and 

seawater causing the changing of salinity within the lagoon. There are 3 species of 

Gracilaria in this area: G. tenuistipitata C.F. Chang & B.M. Xia, G. percurrens 

(Abbott) Abbott and Hydropuntia fisheri (B.M. Xia & I.A. Abbott) M.J. Wynne 

(Lewmanomont and Ogawa, 1995). They occur on the soft-bottom and hard substrates 

in the shallow bay from 0-5 m. 
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 Figure 6. Sampling sites at Koh Yor, Songkhla lagoon, Songkhla Province, 

       Thailand (LP; Laemphor Temple, KP; Khokpeaw Temple, TY; 

       Taiyor Temple, KB; Khaobor Temple). 
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  The soft bottom was clay with hydrogen sulfide in bottom of the 

lagoon. Khokpeaw Temple and Taiyor Temple were shallower (approximately 1.0-1.5 

m) than Laemphor Temple and Khaobor Temple (approximately 1.5-1.9 m). Recently, 

there were various constructions such as artificial reef at Khokpeaw Temple and a 

waterfront pavilion at Taiyor Temple, causing the changing of bottom and increasing 

accumulation of sediment. (Figure 7) 

      

Laemphor Temple (LP)       Khokpeaw Temple (KP) 

 

 

 
Taiyor Temple (TY)     Khaobor Temple (KB) 

Figure 7. Many substrates are found at coastlines such as artificial reef at 

Khokpeaw Temple (KP). 
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Methods 

1. Field study 

  The Environmental parameters and algal abundance were monthly 

investigated at 4 sites around the coast at Koh Yor during 2006 to 2007. Salinity was 

measured using salinity refractometer (ATC, 0-100 ppt, XHO RHS-10ATC, ATACO, 

China). Light intensity was measured using a light meter (Li-Cor, LI-250A, LI-COR 

Inc., USA). Transparency and temperature were measured using secchi disk and 

thermometer respectively. 

  The ambient underwater light intensity in each month was calculated 

by the regression between bottom light intensity and amount of sediment suspension 

during January to December (2006 to 2007), using following equation: 

 

Y = -10995X + 780          ; R2= 0.9304, P<0.01 

 

  Y = underwater light intensity (µmol photons m-2s-1) 

  X = amount of sediment suspension (mg/l) 

  This equation calculated by finding the relationship between amount of 

sediment suspension and underwater light intensity from May to July 2007; a total of 

36 samples were examined (Appendix 1). 

  The nutrients data (Nitrogen and phosphorous) were provided by The 

National institute of coastal aquaculture, Songkhla province and the study of Buakaew 

(2005) (personal communication) from January to December (2006 to 2007), however 

some months are missing. Sediment and water samples were collected by suspended 

sediment traps made from PET water bottle, diameter 13.5 cm (5 traps per site) at 50 

cm above the bottom (Figure 8). After 24 hrs, the traps were brought back to 

laboratory. 
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 Figure 8. The sediment trap was used to trap suspended sediment for 24 hrs.  

 

  Sediment was washed and dried at 30 ºC for 6 days, 10% H2O2 (v/v) 

was added and left for 24 hrs to remove organic mater. Then 10% H2O2 (v/v) was 

removed by boiling and rinsed the sediments with distilled water. Grain sizes were 

investigated using particle size analyzer (LS 13 320, Beckman Coulter) and dried 

again at 60 ºC for 24 hrs (Buakaew, 2005). The sediment was kept for further uses in 

laboratory. Each sediment size was weighed. 

  G. tenuistipitata was collected from Songkhla lagoon, Koh Yor during 

March to November 2006. Then they were brought back to the laboratory in a foam 

container with air pump and washed with seawater in order to remove sand and mud, 

epiphytes were also cleaned and kept in the filtered seawater tanks for 7 days under 

daylight, ambient temperature at 28 ppt, air supply was given using air pump for 

acclimate the algae. 

 

2. Laboratory study 

2.1 Laboratory set up 

 The experiments were set up to test the effects of light, salinity and 

sediment of G. tenuistipitata in short-term (3 days) and long-term (20 days) 

conditions (Figure 9).  
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Light intensity     1,000   700            400      150 

(µmol photons m-2 s-1) 

 

Salinity (ppt)     31    25        0   

    

Quantity of sediment   2.28     0.67       0   

(mg/l)      

 

Replication     5      5      5   

 

Temperature (ºC) 25±5 

 

Experimental unit 

 

(Algae 3 g: Seawater 750 ml) 

 
Figure 9. Flow chart showing experimental design in the laboratory. 

 

 Three grams wet weight of G. tenuistipitata was incubated in 700 ml. 

sterilized seawater, at 25±5 ºC, for 5 days before the experiments; this would allow 

the algae to acclimate. Algal specimens were photographed before and after the 

experiments using a digital camera (Canon, PowerShort SX100 IS). This was to 

compare the morphological characters of the algae. 

  The culture medium consisted of filtered natural seawater (What-man 

GF/F) with 3 salinities: 31, 25 and 0 ppt. The average concentrations of nitrate and 

phosphate all the year round, were 0.096±0.017 and 0.281 mg/L, respectively (NICA, 

personal communication, Appendix 2). This was found in the field during the 
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preliminary study. The medium were renewed every three days and enriched nitrogen 

and phosphorus by using NaNO3 0.799 mg/l and Na3PO4 1.486 mg/l, respectively. 

Aeration was provided by bubbling with air pump at rate 3.4 min-1 (Daivo pump, NS 

8200) to stir the sediment. 

  Horizontal day light was continuously provided using fluorescent 

lamps  (Philips, TL-D SUPER 80 58W/865 SLV/25) at 1000, 700, 400 and 150 µmol 

photons m-2s-1, (Day light 12 h: Dark 12 h), which was found in the field during the 

preliminary study (Figure 10). Electric fans were used to help keeping the temperature 

in the high light intensity set up. 

 

 

 

Figure 10. The experiments were set up in laboratory, by manipulating 

        salinity, light intensity and sediment. 

 

 The amount of sediment in each experiment was varied, 2.28 mg/l 

represented the rainy season, 0.67 mg/l represented the dry season and 0 mg/l was 

control, respectively. Algae were cultivated for 3 days (short term) and 20 days (long 

term), the experiments had to be aborted at 20 days because of epiphytes (in 

preliminary study). The photosynthesis performance of algae was measured on short 

and long terms cultured. Wet weight would be estimated, pigments and agar 

concentration were investigated at the end of cultivation. 
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2.2 Laboratory analyses 

2.2.1 Morphology and reproduction 

  The change of color, new thalli and reproductive cell of G. 

tenuistipitata were observed and recorded under each condition.  

 

2.2.2 Biomass 

 In long term experiment, since there was an instant change in biomass, 

algae were harvested, weighed (wet weight) and recorded. Biomass was calculated by 

following: 

 

    

 

 %WG = percentage of weight gain 

         A = weight after culture 

         B = weight before culture 

     

2.2.3 Pigment analysis 

 Chlorophyll a was extracted by grinding 0.3 and 0.5g wet weight of G. 

tenuistipitata thalli in 90% acetone. After centrifugation (Model H-103N Series, 

Kokusan) at 2,000 rpm for 20 min, the supernatant solution was analyzed for 

chlorophyll a using absorption spectrophotometry (Model Genesys 10VIS, Thermo 

Electron Corperation). Pigments were calculated by following: 

 

 Chl a (mg.l-1) = 11.41 A664 - 0.40 A630  

     (Jeffrey and Humphrey, 1975) 

 

  Phycobilins was extracted by grinding 0.5g wet weight of G. 

tenuistipitata thalli in 0.05 M phosphate buffer (pH = 6.8) and centrifugation at 2000 

rpm for 20 min. The phycoerythrin (PE) and phycocycanin (PC) were determined 

using spectrophotometrically and calculated by following: 

 

 

%WG = A  B x 100 
        B 
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 PC (µg/ml) = 151.1 A614 - 99.1 A651 

 PE (µg/ml) = 155.8 A498.5 - 40.0 A614 - 10.5 A651 

      (Kursar et al., 1983) 

2.2.4 Photosynthesis and respiration 

  The effect of light intensity on photosynthesis rate in G. tenuistipitata 

was measured in the laboratory using 0.1 g of thallus. These samples were placed in 

closed chambers connected to dissolve oxygen meter (MI 605, Martini instruments) 

and expressed in mg/L (ppm) O2. The oxygen evolution was first monitored at 

darkness for 15 min, and increasing irradiance exposure afterwards: 100 to 2,200 

µmol photons m-2s-1, for 5 min each at 25 ºC. Halogen (Halotone, 220-240V, 50W, SP 

Electric) was used as a light source.  

 

2.2.5 Agar extraction 

 The agar extraction was done using the method described by    

Marinho-Soriano (1999). Each dried sample (dried for 24 h at 60 ºC) was added to 30 

ml of distilled water, adjusted to pH 6.5 in an Erlenmeyer flask and heated for 1 h at 

110 ºC in an autoclave (Hiclave HVE-50, Hirayama). The extracts were filtered 

through a glass fiber filter (Whatman GF/C). The extracts were allowed to gel at room 

temperature and then placed in a freezer (15 ºC) overnight. The frozen gel was 

thawed, washed with distilled water and dried for 24 h at 60 ºC. The agar yield (%) 

was calculated as the percentage of dry matter. 

 

3. Statistical Analyses 

  SPSS Version 13.0 for Windows was used to analyze the data at 

significance levels of 95%. The data (and data transformed with Log(X), Log(X+1) or 

square root(X)) of biomass, pigment content, agar yields, photosynthesis and 

 

  The field study data were analyzed using One-way ANOVA to test for 

differences of between subjects (year and month). A three-way ANOVA was used to 

analyze the effects of the physiological parameters; salinity, light intensity and 

sediment on biomass, pigment content, agar yields, photosynthesis and respiration of 

G. tenuistipitata. 
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 Stepwise multiple regression was employed to test the effects of the 

physiological treatment on biomass, pigment content, agar yields, photosynthesis and 

respiration of G. tenuistipitata. 

 



CHAPTER 3 

 

RESULTS 

 

  Songkhla lagoon is influenced by seasonal and the environmental 

factors i.e. salinity, light, sediment load, tides and by human such as fishery and 

development around Songkhla lagoon, which negatively affected Gracilaria spp. 

population. Gracilaria spp. were found attached on various habitats i.e. rock, shells, 

broken stones, pebbles, polyethylene bags, garbage, fish cages and buildings, at 10 to 

60 cm below water surface; and the population was rather small and in decline. 

 

1. Environmental parameters 

  There were significant differences in air temperature, water 

temperature, salinity, transparency, light intensity and sedimentation among months 

during January 2006 to December 2007 (P<0.05) (Table 2).  

 
Table 2. Summary of physical and chemical parameters of the environmental 

parameters during January 2006 to December 2007 at Koh Yor 

 
Source of variation 

Between subjects df Min-Max Mean ± SE Chi-
Square 

P 

Month      

 
Air temperature (ºC) 

 

11 

 

25.00-36.00 

 

29.92±2.61 

 

61.139 

 

0.000 

Water temperature (ºC) 11 25.00-36.00 30.75±2.14 43.736 0.000 

Salinity (ppt) 11 0 .00-33.00 14.45±11.60 53.260 0.000 

Transparency (cm) 11 8.50-95.50 40.24±18.41 35.493 0.000 

Underwater Light intensity  

( mol photon m-2s-1) 

 

11 

 

394.63-720.14 

 

656.01±16.95 

 

65.367 

 

0.000 

Sedimentation(mg/l/year) 

 

11 

 

0.05-7.20 

 

1.33±1.07 

 

59.856 

 

0.000 

 

 



 

1.1 Temperatures 

  There was similar pattern in temperature from January 2006 to 

December 2007.  The average air temperature and water temperature during noon 

were 29.92±2.61 ºC and 30.75±2.14 ºC respectively (Figure 11 and 12). The lowest 

temperature, 25 ºC, occurred from June to January (rainy season) and the highest 

temperature, 36 ºC, was found in February to May (dry season). 
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 Figure 11. Seasonal changes in air temperature from January 2006 to  

       December 2007. The error bars are standard error. (n=144) 
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 Figure 12. Seasonal changes in water temperature from January 2006  

        to December 2007. The error bars are standard error. (n=144) 

  



 

1.2 Salinity  

  There was similar pattern in salinity from January 2006 to December 

2007. The average salinity was 14.45±11.60 ppt. There was 2 ranges of salinity; low 

salinity and high salinity, depended on the proportions of rainfall and fresh water run-

off from terrestrial system. The highest salinity was 33 ppt during January to April 

(dry season) and August to September (rainy season) and the lowest salinity was 0 

ppt. during May to July and October to December (rainy season) except in December 

2005 to January 2006 (before dry season) due to unexpected heavy rainfall 

(Meteorological Department, 2004) which decreased salinity in dry season. (Figure 

13) 
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 Figure 13. Seasonal changes in salinity from January 2006 to December 2007. 

        The error bars are standard error. (n=144) 

 

1.3 Transparency 

  The average transparency in January 2006 to December 2007 was 

40.24±18.41 cm (Figure 14). There was difference in transparency between seasons; 

low transparency and high transparency, depended on suspended of particles. The 

high transparency was 62.87±3.29 cm during February to April (dry season) and the 

low transparency was 32.19±3.17 cm during August to December (rainy season) 

because of high wave motion and increasing sediment load by run-off from river and 

land in rainy season. However, during 2006, the site was affected by big flood, the 



lowest transparency (8.50 cm) occurred in May 2006, and the highest transparency 

(95.50 cm) occurred in October 2006. 
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 Figure 14. Seasonal changes in transparency from January 2006 to December 

       2007. The error bars are standard error. (n=144) 

 

1.4 Light intensity 

  The average underwater light intensity during noon in January 2006 to 
-2s-1. The lowest underwater light 

intensity was 394.63±147.96 mol photon m-2s-1 in July 2007 (rainy season) and the 

highest underwater light intensity was 720.14±6.33 mol photon m-2s-1 in October 

2006 (rainy season) (Figure 15). 
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 Figure 15. Seasonal changes in light intensity from January 2006 to December 

        2007. The error bars are standard error. (n=144) 

 

1.5 Sedimentation 

  The average sedimentation in January 2006 to December 2007 was 

3.29±0.1 mg/l/d-1. The lowest sedimentation was 0.05 mg/l/d-1 in October 2006 (rainy 

season) and the highest sedimentation was 7.20 mg/l/d-1 in August 2007 (dry season) 

(Figure 16). The sedimentation was influenced by high wave motion, fresh water run-

off; high sedimentation occurred in dry season during February to April while low 

sedimentation occurred in rainy season during October to January. 
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 Figure 16. Seasonal changes in sedimentation from January 2006 to December 

        2007. The error bars are standard error. (n=144) 

 

  There were significant differences in amount of sediment and grain 

size among months. The amount and type of sediment from the sediment traps at Koh 

Yor were 3.070.09 mg/l/year. The category was as fine silt (11-16 µm) as shown in 

Figure 17. 
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 Figure 17. Grain size of sediment at Koh Yor during April 2006 to January 

        2007. (n=120) 

 

 



2. Population of G. tenuistipitata 

 G. tenuistipitata population was surveyed in Songkhla lagoon. The 

algae were observed in early rainy season (May to October) and in late rainy season 

(January to March). The disappearance of G. tenuistipitata during December to 

January might be because of a very low salinity (Figure 18). 
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 Figure 18. Occurrence of Gracilaria spp. population compares with  

  salinity at Koh Yor between January 2006 to December 2007. 
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3. Morphology 

  Color and shape of thallus were changed after the experiment (Figure 

19 to 22). The algae growing at low light intensity (150-400 µmol photons m-2s-1), 25 

ppt and no sediment became green, while at high light intensity (1,000 µmol photons 

m-2s-1) the algae bleached. 

  Thalli covered by sediment had darker color; frond became fragile and 

easily breaks in 0 ppt combinations with high light intensity. There were no 

reproductive fronds observed.  

 

Light intensity: 150 µmol photons m-2s-1 

 
Sediment 

           No Sediment    Low Sediment         High Sediment 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
 Figure 19. G. tenuistipitata after cultured under 150 µmol photons m-2s-1 of light 

     intensity condition in each salinity and 3 levels of sediment for 20 

     days. 
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Light intensity: 400 µmol photons m-2s-1 

 

Sediment 

            No Sediment     Low Sediment          High Sediment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 20. G. tenuistipitata after cultured under 400 µmol photons m-2s-1 of light 

        intensity condition in each salinity and 3 levels of sediment for 20 

     days. 
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Light intensity: 700 µmol photons m-2s-1 
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 Figure 21. G. tenuistipitata after cultured under 700 µmol photons m-2s-1 of 

       light intensity condition in each salinity and 3 levels of sediment for 

       20 days. 
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Light intensity: 1,000 µmol photons m-2s-1 
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 Figure 22. G. tenuistipitata after cultured under 1,000 µmol photons m-2s-1 of 

        light intensity condition in each salinity and 3 levels of sediment 

        for 20 days. 
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4. Biomass 

  There was significant difference in biomass among salinities, light 

intensities and interactions of the three factors (P<0.05). However, sediment showed 

no effects on biomass (Table 3). The highest increasing biomass was 137.01±3.63 % 

in no sediment, 25 ppt and 700 mol photon m-2s-1 condition, while weight was 

decreased, -15.83±2.26 %, in no sediment, 0 ppt and 700 mol photon m-2s-1 condition 

(Figure 23). The biomass in fresh water (0 ppt) was lower than other salinity and 

become lowest when combined with high light intensity condition (400-1,000 mol 

photon m-2s-1) in no sediment condition. 

  Stepwise multiple regression revealed that there was positive 

correlations between biomass and salinity and light intensity (r2=0.845, P<0.05) 

(Table 4). 

 

Table 3. The difference of mean biomass production of G. tenuistipitata in salinity, 

light intensity and sediment conditions. 

 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

65.513 

6652.563 

42098.893 

817.968 

4684.552 

3179.999 

1382.790 

168.464 

 

 

0.389 

39.490 

249.899 

4.855 

27.807 

18.876 

8.208 

 

 

0.679 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
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Irradiance ( mol photon m-2 s-1) 

 
 Figure 23. Mean biomass of G. tenuistipitata in each culturing after 20 days 

         cultured. The error bars are standard error. (n=108) 
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5. Pigment content 

5.1 Chlorophyll a 

  There were significant differences in chlorophyll a content among 

salinities, light intensities, sediments and interactions of the three factors (P<0.05) 

(Table 5). The highest chlorophyll a content was 0.211±0.02 mg g-1 FW, in no 

sediment, 0 ppt and 700 mol photon m-2s- condition. The chlorophyll a content then 

decreased to 0.02±0.002 mg g-1FW in low sediment, 0ppt and 150 mol photon m-2s-1 

condition. There was high the chlorophyll a content when cultured in low light 

condition (150 mol photon m-2s-1) at low salinity condition and the thallus also 

looked darker (Figure 24). 

  Stepwise multiple regression showed that there was a negative 

correlation between chlorophyll a and salinity and light intensity (r2=0.179, P<0.05) 

(Table 4). 

 

Table 5. The difference of mean chlorophyll a content of G. tenuistipitata in salinity, 

light intensity and sediment conditions. 

 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

0.034 

0.042 

0.054 

0.012 

0.028 

0.013 

0.013 

0.001 

 

 

29.992 

37.097 

47.588 

10.967 

24.670 

11.809 

11.872 

 

 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
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    Irradiance ( mol photon m-2 s-1) 

 
 Figure 24. Changes in chlorophyll a content of G. tenuistipitata when  

        cultured under different salinity, light intensity and sediment  

        conditions for 20 days. The error bars are standard error. (n=108) 
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5.2 Phycoerythrin 

  There were significant differences in phycoerythrin among sediments 

and interactions of the three factors (P<0.05), whereas salinity, light intensity showed 

no effects (Table 6). The phycoerythrin content was increased to 0.84±0.04 mg g-1FW 

in high sediment, 31 ppt and 150 mol photon m-2s-1 condition and then decreased to 

0.018±0.003 mg g-1FW in low sediment, 0 ppt and 150 mol photon m-2s-1 condition. 

The phycoerythrin content was higher than Chlorophyll a and phycocyanin contents 

when cultured in low light intensity condition (150 mol photon m-2s-1) (Figure 25). 

  Stepwise multiple regression revealed that there was no relationship 

between phycoerythrin content and salinity, light intensity and sediment (Table 4). 

 

Table 6. The difference of mean phycoerythrin content of G. tenuistipitata in salinity, 

light intensity and sediment conditions. 

  

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

0.368 

0.017 

0.002 

0.084 

0.038 

0.051 

0.067 

0.008 

 

 

48.460 

2.286 

0.223 

11.037 

4.963 

6.745 

8.848 

 

 

0.000 

0.086 

0.801 

0.000 

0.001 

0.000 

0.000 

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             

               Irradiance ( mol photon m-2 s-1) 

 
 Figure 25. Changes in phycoerythrin content of G. tenuistipitata when  

        cultured under different salinity, light intensity and sediment  

        conditions for 20 days. The error bars are standard error. (n=108) 
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5.3 Phycocyanin 

  There were significant differences in phycocyanin content among light 

intensities, sediments and interactions of the three factors (P<0.05), whereas salinity 

showed no effects (Table 7). The highest phycocyanin content was 0.341±0.05 mg g-

1FW when cultured in high sediment, 31 ppt and 150 mol photon m-2s-1 condition. 

The lowest phycocyanin content was 0.014±0.002 mg g-1FW when cultured in low 

sediment, 0 ppt and 150 mol photon m-2s-1 condition. In addition, the phycocyanin 

content increased when cultured in low light intensity condition (150 mol photon m-

2s-1) combined with low salinity and high sediment condition (Figure 26). 

  Stepwise multiple regression revealed that there was a negative 

correlation between phycocyanin content and light intensity, and a positive correlation 

with sediment (r2=0.109, P<0.05) (Table 4). 

 

Table 7. The difference of mean phycocyanin content of G. tenuistipitata in salinity, 

light intensity and sediment conditions. 

 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

0.031 

0.020 

0.000 

0.017 

0.014 

0.005 

0.009 

0.001 

 

 

22.498 

14.536 

0.125 

12.674 

10.100 

3.479 

6.534 

 

 

0.000 

0.000 

0.883 

0.000 

0.000 

0.004 

0.000 
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Irradiance ( mol photon m-2 s-1) 

 

 Figure 26. Changes in phycocyanin content of G. tenuistipitata when cultured 

        under different salinity, light intensity and sediment conditions for 

        20 days. The error bars are standard error. (n=108) 
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6. Photosynthesis 

  There were no significant differences in net photosynthesis rate among 

salinities, light intensities, sediments and interactions of the three factors (P>0.05) on 

short term and long term periods experiment. However, salinity and sediment had 

significant effects on the net photosynthesis rate when cultured on long period 

(P<0.05) (Table 8 and 9).  

  In short term period cultivation, the highest photosynthesis rate was 

161.331±32.638 mg O2 g d wt-1h-1 cultured in no sediment, 25 ppt and 400 mol 

photon m-2s-1 condition and the lowest photosynthesis rate was -27.648±3.568 mg O2 

g d wt-1h-1, when cultured in  no sediment, 0 ppt and 150 mol photon m-2s-1 condition 

(Figure 27). In long term period cultivation, the highest photosynthesis rates was 

60.26±6.71 mg O2 g d wt-1h-1 when cultured in no sediment, 25 ppt and 700 mol 

photon m-2s-1 condition and the lowest was -21.048±4.577 mg O2 g d wt-1h-1, when 

cultured in high sediment, 31 ppt and 700 mol photon m-2s-1 condition (Figure 28).  

  In short period cultivation, stepwise multiple regression showed that 

there was a positive correlation between photosynthesis rates and salinity, and 

negative correlation with sediment (r2=0.280, P<0.05) (Table 4). In long period 

cultivation, stepwise multiple regression showed that there was no correlations. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 8. The difference of mean the photosynthesis rates of G. tenuistipitata in 

salinity, light intensity and sediment conditions on short period cultivations (3 

days). 

  

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

10 

43 

 

 

0.401 

0.310 

0.747 

0.280 

0.181 

0.081 

0.440 

0.146 

 

 

2.748 

2.123 

5.127 

1.924 

1.238 

0.553 

3.021 

 

 

0.075 

0.111 

0.010 

0.099 

0.309 

0.765 

0.006 

 

Table 9. The difference of mean the photosynthesis rates of G. tenuistipitata in 

salinity, light intensity and sediment conditions on long period cultivations (20 

days). 

 

Source of variation df MS F P 



Between subjects 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

2 

3 

2 

6 

4 

6 

6 

30 

 

1.405 

6.397 

0.537 

3.917 

1.689 

5.082 

3.899 

3.892 

 

0.361 

1.643 

0.138 

1.006 

0.434 

1.306 

1.002 

 

0.700 

0.200 

0.872 

0.440 

0.783 

0.285 

0.442 
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 Figure 27. Effect of salinity, light intensity and sediment on photosynthesis 

         rates of G. tenuistipitata in short period culturing (3 days). The 

         error bars are standard error. (n=108) 
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Irradiance ( mol photon m-2 s-1) 

 
 Figure 28. Effect of salinity, light intensity and sediment on photosynthesis 

         rates of G. tenuistipitata in long period culturing (20 days). The 

         error bars are standard error. (n=108) 
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  There was no significant difference in respiration among salinities, 

light intensities and sediments on both periods of cultivations (P>0.05), whereas 

interaction of light and salinity showed significant effects on the respiration when 

cultured on long term period (P<0.05) (Table 10 and 11). 

  In short term period cultivation, the highest respiration was 

45.91±30.84 mg O2 g d wt-1h-1, when cultured in low sediment, 25 ppt and 150 mol 

photon m-2s-1 condition and the lowest respiration was 0.047±7.04 mg O2 g d wt-1h-1 

when cultured in high sediment, 0 ppt and 1,000 mol photon m-2s-1 condition (Figure 

29). In long term period cultivation, the highest respiration was 43.475±25.075 mg O2 

g d wt-1h-1 when cultured in high sediment, 0 ppt and 700 mol photon m-2s-1 

condition and the lowest respiration was 1.168±12.737 mg O2 g d wt-1h-1 when 

cultured in low sediment, 0 ppt and 700 mol photon m-2s-1 condition (Figure 30). 

  There was no correlation between respiration and salinities, light 

intensities and sediments, but in long term cultivation, stepwise multiple regression 

showed a positive correlation between the respiration and light intensity and sediment 

(r2=0.137, P<0.05) (Table 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 10. The difference of mean respiration of G. tenuistipitata in salinity, light 

intensity and sediment conditions on short period cultivations (3 days). 



 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

5 

15 

 

 

4.105 

0.918 

2.877 

1.615 

1.731 

1.624 

5.087 

1.624 

 

 

2.527 

0.565 

1.772 

0.994 

1.066 

1.000 

3.132 

 

 

0.113 

0.646 

0.204 

0.464 

0.408 

0.460 

0.039 

 

Table 11. The difference of mean respiration of G. tenuistipitata in salinity, light 

intensity and sediment conditions on long period cultivations (20 days). 

 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

1,316.408 

799.575 

812.218 

340.635 

522.055 

211.927 

369.371 

262.244 

 

 

5.020 

3.049 

3.097 

1.299 

1.991 

0.808 

1.409 

 

 

0.009 

0.034 

0.051 

0.269 

0.105 

0.567 

0.182 
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 Figure 29. Effect of salinity, light intensity and sediment on respiration of G.  

            tenuistipitata in short period culturing (3 days). The error bars are 

        standard error. (n=108) 
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 Figure 30. Effect of salinity, light intensity and sediment on respiration of  

            G. tenuistipitata in long period culturing (20 days). The error bars 

        are standard error. (n=108) 

 

8. Agar 

m
g 

O
2 

g 
d 

w
t-1

h-1
 

150          400       700   1,000 



  There was significant difference in agar production among salinities, 

light intensities, sediments and interactions of the three factors (P<0.05) (Table 12). 

The highest percentage of agar yield was 24.80±2.96 when cultured in no sediment, 0 

ppt and 1,000 mol photon m-2s-1 condition. The lowest percentage of agar yield was 

4.00±0.60 when cultured in high sediment, 25 ppt and 150 mol photon m-2s-1 

condition (Figure 31). Moreover, the agar production was when cultured in no 

sediment condition combined with low salinity (0 ppt). 

  Stepwise multiple regression revealed that there was a positive 

correlation between agar production and salinity, and a negative correlations with 

light intensity and sediment (r2=0.179, P<0.05) (Table 4). 

 

Table 12. The difference of mean agar production of G. tenuistipitata in salinity, light 

intensity and sediment conditions. 

 

Source of variation df MS F P 

Between subjects 

 

Sediment 

Light 

Salinity 

Sediment*Light 

Sediment*Salinity 

Light*Salinity 

Sediment*Light*Salinity 

Error 

 

 

2 

3 

2 

6 

4 

6 

12 

72 

 

 

6.699 

1.521 

2.926 

2.443 

2.646 

0.326 

0.810 

0.058 

 

 

116.221 

26.393 

50.756 

42.389 

45.911 

5.654 

14.620 

 

 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 
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 Figure 31. Mean Agar production of G. tenuistipitata in each culturing after 

          20 days cultured. The error bars are standard error. (n=108) 
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CHAPTER 4 

 

DISCUSSION 

 

  There have been numerous studies on physiological responses to 

combinations of abiotic factors, salinity and light (Israel et al., 1999; Li-hon et al., 

2002; Chirapart and Lewmanomont, 2004; Chirapart et al., 2006; Skriptsova and 

Nabivailo, 2009). This is the first study looking at the effects of the combinations of 

salinity, light intensity and sediment on biomass, pigments, photosynthesis, 

respirations and agar production of Gracilaria tenuistipitata. These combinations are 

common for G. tenuistipitata, which normally habit in esturaine in many places such 

as China and the Philippines and also in Pattani Bay, Thailand. Sediment is an 

additional factor since there are a lot of problems with developments and 

deforestations in the last decades, which increasing the sedimentation in the habitats.  

This study revealed that G. tenuistipitata showed resilience to stresses under 

differences in salinity, light intensity and sediment. 

 

Effect of environmental parameters at Koh Yor 

  This study showed that salinity, light intensity and sediment at Koh 

Yor were greatly different between seasons. The salinity decreased presumably due to 

fresh water run off in rainy season (May to July and October to December) and 

increased in dry season (February to April). The high amount of sediment also 

accompanied with fresh water run off in rainy season. During rainy season, high 

loaded sediment from the run off, causing increasing of sedimentation and decreasing 

of light intensity because of the turbidity. The fine sediment then settled on the 

bottom during summer months when less water exchanged between inland and sea, 

which later on cover the algae. During two years observation at Koh Yor, there were 

many developments around the area, increasing the sediment loaded, which disturbed 

algae habitat. G. tenuistipitata population was strongly influenced by salinity, light 

intensity and sedimentation respectively. 
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  Combinations of salinity and light intensity strongly affected 

photosynthesis and respiration which influenced biomass, pigment content and agar 

production of G. tenuistipitata. Salinity was the most important factor driving algae 

growth production. Light intensity also influenced the photosynthesis and respiration 

and sediment indirectly cut down the light. 

   

1. Effects of salinity  

  Salinity is one of the most important chemical factor affecting growth 

and physiological processes of seaweeds (Lapointe et al., 1984; Dawes et al., 1999). 

G. tenuistipitata showed positively relationship with increasing of salinity, by 

increasing its growth. In this study, the optimum growth was observed in the salinity 

range between 25 and 31 ppt. The best condition for the highest daily specific growth 

rates (% increase in wet weight) is determined at 25 ppt, 6.85 % per day. This was 

lower than the study by Yongjian et al. (2009), showed 10.25% per day at 24 ppt. 

However, G. tenuistipitata could also grow in a very high salinity at 39 ppt (Israel et 

al., 1999). By contrast, the biomass and photosynthesis rate were lowest at 0 ppt; this 

is influenced to osmotic pressure; hypo- 

reduction in growth of many red algae and also Gracilaria (Penniman and Mathieson, 

1985; Kirst, 1989; Dawes et al., 1999; Wong and Chang, 2000; Phooprong et al., 

2007). This is related to the movement of water molecules and ions across the cell 

membrane required as co-factors in photosynthesis, respiratory rates and changes in 

shape of pigment contents (Kirst, 1981, 1989; Lapointe et al., 1984; Simon et al., 

1999; Skriptsova and Nabivailo, 2009). This also led to changing of chemical 

structure such as pigments disruption in the photosystem, protein synthesis and 

storage product (Kirst, 1989).  

  The decreasing of agar might be the results from inhibited 

photosynthetic, carbon fixation and stimulated the energy uses for balancing the ion-

exchange in lower salinity, decreasing the storage products (floridean starch) in red 

algae (Macler, 1988; Kirst, 1989; Li-hong et al., 2002). The optimal salinity for 

growth and agar synthesis of G. tenuistipitata (24.80% of DW agar) in this study was 

at 25 ppt, but by increasing or decreasing salinities, the agar productions would 

increase; this is to support turgid cells helping with osmotic acclimation and may be 



64 
 

an indicator for acclimatization of stress in algae (Kirst, 1989), which is also clearly 

shown in this study. This is, however, still unclear since there was degraded of the 

storage products when cultured at low salinity at 3 ppt for 8 days at 100 µmol photons 

m-2s-1 (Yu and Pedersen, 1990), thus further study would be needed to provide a better 

understanding on agar productions. 

 

2. Effects of Light 

  G. tenuistipitata was tolerant in wide range of light intensity, between 

150-700 mol photon m-2s-1. Increased light intensity promoted biomass but also 

increased respiration and decreased agar production; pigment contents, on the other 

hands, were decreased. Generally, the optimal light in this species is 20-300 µmol 

photons m-2s-1 (Yongjian et al., 2009) but in this study, the maximum biomass was 

found in rather high light intensity, 700 mol photon m-2s-1 condition and 

photoinhibition have also observed at 1,000 µmol photons m-2s-1. Similar to other 

species, G. cornea had the optimum irradiances between 100-800 µmol photons m-2s-1 

for growth and photoinhibition occurred above 1,000 µmol photons m-2s-1 (Penninan 

and Mathieson, 1985; Dawes et al., 1999) 

  The pigment contents (chlorophyll a and phycocyanin) of G. 

tenuistipitata decreased with increasing of light intensity. In this study, there was 

highest phycoerythrin under low light levels (150 mol photon m-2 s-1), 0.84 mg g-1 

FW. This was higher than the study by Beer and Levy, (1983) under 140 mol photon 

m-2 s-1 of light condition, showed 0.65 mg g-1 FW. The changes in pigmentation 

resulting from photoacclimation, there was increased in the number of photosynthetic 

units or increasing of the size of each photosynthetic unit when cultured under low 

light intensity for cell metabolism devote of their resources to photosynthetic units 

synthesis of algae (Beer and Levy, 1983; Lobban et al., 1985; Falkowski and Raven, 

1997), in red algae are well known (Beer and Levy, 1983; Carnicas et al., 1999; 

Godinez-Ortega et al., 2007). 

  Even though there was no relationship between environmental 

conditions and photosynthesis rate in this study, the highest of the photosynthesis rate 

(60.26 mg O2 g d wt-1h-1) was found at 700 mol photon m-2s-1 condition, this also 

caused the increasing of respiration rate. This is known as enhanced post-illumination 
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respiration when algae exposed to higher light levels thereby accelerating 

photosynthesis rates, the mitochondrial respiration rate will accelerate (Falkowski and 

Raven, 1997). Agar decreased when light is increased, which might be caused in 

process of growth; thus only a few carbohydrates are stored and sometime used 

(Lobban et al., 1985; Falkowski and Raven, 1997). 

 

3. Effects of sediment  

  The direct effects of sedimentation on seaweeds were to cut down 

underwater irradiance, cover and burial or smothering by suspending and depositing 

of particles (Chapman and Fletcher, 2002; Airoldi, 2003). In this study, seaweed was 

covered by sediment in all sediment treatments. The photosynthesis and agar 

production decreased with increasing of sediment whereas phycocyanin and 

respiration increased, suggested that pigment can adapt to the variations in light 

intensity which affected by deposition of sediment suspension in other algae (Izagirre 

et al., 2009), which could also be observed by the dark red thalli. In study, there was 

highest phycocyanin 0.341 mg g-1 FW under low light levels (150 mol photon m-2 s-

1). This was higher than the study by Beer and Levy (1983), showed 0.27 mg g-1 FW 

in 140 mol photon m-2 s-1, which reported that phycoerythrin was nearly 2 times 

higher than phycocyanin. 

   Sediment inhibited photosynthe

1997; Chapman and Fletcher, 2002), which is also known in other algae, Ulva 

lactuca, reducing photosynthetic activity and increasing of mortality under exposure 

to anoxia and sulfides (Nedergaard et al., 2002). Sediment clearly influences the 

photosynthesis and respiration rate of G. tenuistipitata; and there was slightly 

increasing of pigments since the sediment was indirectly cut down the light. In a high 

sediment condition, the sediment covered the algal surface causing anoxic condition, 

but the results of the sediment was not so crucial since the air pump has been provided 

throughout the experiment, thus the sediment was likely to stir up most of the time. In 

contrast, in the field, the sediment accumulation was high, the bottom covered with 

the sediment deeper than 40 cm; and the anoxic condition was clearly occurred with a 

strong smell of hydrogen sulfide (H2S). These conditions were not suitable for growth 

as well as the recruitment of new juvenile, which reproduction sometime observed 
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during summer months. The new recruitment, thus, likely to be limited on the soft-

bottom but often observed on the fish nets or some other hard substrate within the 

lagoon.  

  The critical problem in Songkhla lagoon is salinity and sedimentation, 

which influenced G. tenuistipitata and also other marine organisms, the average of 

salinity decreased from18.8 to 14.45 pp, 23.08 % decreased and the lower salinity 

period was longer, it is now up to 6 months comparing to only from 2-3 months in 

1994. The average of transparency decreased from 0.73 to 0.4 m, 45.20% (La-

ongsiriwong, 1994; Angsupanich and Rakkheaw, 1997). The developments by 

building the dam to limit the seawater to come in the lagoon as well as some other 

developments along and upper the lagoon caused drastic changes in ecosystem, which 

might cause the extinction of some species if they cannot adapt. 

  From this study, to culture G. tenuistipitata in Songkhla lagoon, it 

could be divided into 2 crops. Each crop would take 3-4 months and is 

limited/decided by salinity. 1) The first crop: during the mid of January to the end of 

April (dry season), salinity 20 to 30 ppt, light intensity 700 mol photon m-2s-1 and 2) 

The second crop: during the mid of July to the end of September (first rainy season), 

salinity 17 to 30 ppt, light intensity 400-700 mol photon m-2s-1.  

  The first crop is an ideal condition with optimum salinity and high 

light intensity to increase growth and productivity of Gracilaria sp. Since there are a 

lot of problems with natural farming, the idea of inland culture was introduced. In 

Pattani Bay, there was a cultivation of Hydropuntia fisheri in abandoned shrimp 

ponds; 2 methods were introduced, bottom scattering, with  9.9%d-1 of growth rate 

and hanging thalli into the rope with 1.6%d-1 of growth rate in shrimp ponds situated 

along the coast of Pattani Bay (Ruangchuay et al., 2006). This might be an ideal 

opportunity to promote the seaweed cultivation since there are a few abandoned 

shrimp farms along the coast. 
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CHAPTER 5 

 

CONCLUSIONS 

 

From this study, it can be concluded that: 

1. The environmental factors, salinity, light intensity and sedimentation, 

influenced growth, pigment contents, photosynthesis, respiration and 

agar production of G. tenuistipitata in Songkhla lagoon. 

2. Salinity is the most important factor, driving G. tenuistipitata 

population. 

3. G. tenuistipitata grow well in a wild range of light intensity between 

150-700 mol photon m-2s-1 and at 400 mol photon m-2s-1 produced 

high agar production. 

4. Sediment was indirectly cut down underwater irradiance for algae, 

influenced photosynthesis and respiration rate of G. tenuistipitata, and 

also pigments. 

 

The effects of sedimentation on G. tenuistipitata should be further tested and clarify; 

the causal mechanisms should also be carried out. 
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Appendix1. The relationship between underwater light intensity (µmol photons m-2s-1) 

and total suspended solids (mg/l) 

 

y = -10995x + 780
R² = 0.9304
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Appendix 2. Water quality at Thalesap Songkhla during January 2006 to December 

2007. 

 

Year Round Station TP (mg/l) NO3 (mg/l) NO2 (mg/l) NH3 (mg/l) 

2006 

1 SK12 - 0.16 0.01 0.15 

2 SK12 - 0.12 0.01 0.09 

3 SK12 - 0.12 0.01 0.09 

2007 

1 SK12 0.28 0.06 - 0.04 

2 SK12 0.28 0.06 - 0.04 

3 SK12 0.28 0.06 - 0.04 

 

* SK12 = Koh Yor 

(Data from: Inland Water Quality Information System) 

 

 

 






