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Effect of Salinity and Light Intensity on the Growth of Chattonella (Raphidophyceae) 

LEESZEWAN 

ABSTRACT 
Hannful algal bloom is a natural phenomenon referring to drastic increase in abundance 
of phytoplankton. In Malaysian water, Chattonella spp. are members of the 
Raphidophytes that previous reported as harmful algal that associated with bloom event 
in Johor in 2002. In this study, clonal culture of Chattonella from Santubong (CtSb02) 
estuary was used to investigate its salinity tolerance, growth at different light intensity 
and also morphological changes at different light intensity. For salinity experiment, 
medium with salinity from 5 PSU to 35 PSU was prepared by diluting filtered seawater 
with deionized distilled water to desired salinities. The highest specific growth rate was 
0.276 day" I in 25 PSU. Optimum salinity 25 PSU medium was chosen and proceeded 
with growth experiment at different light intensity. Light intensity was varied from 0 
/lmol photons m02 sol, 50 IJ.mol photons m02 sol, 100 /lmol photons m02 sol, 200 IJ.mol 
photons m02 sol and 300 Ilmol photons m02 sol .300 J.Lmol photons m02 sol shown highest 
specific growth rate 0.417 day"l. The result of chlorophyll shown that the higher the 
irradiance, lower the concentration of chlorophyll and the location of chlorophyll in outer 
layer area of cell. 

Key words: Harmful algal bloom, Raphidophyte, Chattonella, salinity, light intensity 

ABSTRAK 
Hannful Alga Blooms adalah satu fenomena semula disebadkan oleh peningkatan drastic 
dalam kelimpahan fitoplankton dan sesetengah boleh menyebadkan kematian ikan dan 
ketiksikan kerang. Dekat Malaysia, Chattonella spp. merupakan ahli-ahli Raphidophytes 
yang sebelumnya d ilaporkan sebagai alga berbahaya yang dikaitkan dengan acara mekar 
di negeri Johor, 2002. Dalam kajian ini, budaya klon Chattonella dari Santubong (CtSb02) 
muara telah digunakan untuk menyiasat toleransi salinity, perturnbuhan pada intensiti 
cahaya yang berbeza dan juga perubahan morfologi pada intensiti cahaya yang berbeza. 
Dalam kajian salinity, menyediakan salinity daripada 5 PSU sampai 35 PSU telah 
disediakan dengan mencairkan air laut dan ditapis dengan air suling Deionized untuk 
salinity dikehendaki. Kadar pertumbuhan tentu yang paling tinggi adalah 0.276 dayol 
dalam 25 PSU. Optimum salinity 25 PSU telah dimilih dan diteruskan dengan 
eksperimen pada intensiti cahaya. Intensiti cahaya telah diubah dari 0 Ilmol foton m- 2 sol, 
50 1J.ffi01 foton mO 

2 sol, 100 Ilffiol foton m O 

2 sol, 200 Ilffiol foton m- 2 s -1 dan 300 Ilffiol 
foton m02 s -\ dengan 25 PSU . 300 J.Lmol foton m-2 sol menunjukkan kadar pertumbuhan 
tertinggi iaitu 0.417 day"l. Hasilnya menunjukkan lebih tinggi intensiti, kurang kepekatan 
klorofil dan lokasi klorofil di kawasan lapisan luar sel. 

Kata Kunci: Harmful Alga Blooms, Raphidophyte, Chattonella, salinity, intensiti cahaya 

x 
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1.0 INTRODUCTION 

Phytoplankton are important constituents of the marine food web and comprises 40% of the 

total fixed global primary productivity (Falkowski, 1984). Among 5,000 species of marine 

phytoplankton that exist in the world, about 7% are responsible for algal blooms which 

includes diatoms, dinoflagellates, Raphidophytes, Prymnesiophtes and 

Silicoflagellates(Sournia, 1995). Out of this, about 2% of the phytoplankton species are 

harmful or toxic and 75% are contributed by dinoflagellates (Smayda, 1997). The combination 

of physical, chemical and biological factors influences phytoplankton growth resulted in 

sudden and unpredictable blooms (Glibert et al., 2005). 

Harmful algal bloom also known as red tide has increased in some parts of the world 

over the past few years. Among the harmful algal blooms (HAB) species, species of 

Raphidophytes from Malaysia was not well studied or fully understood. Raphidophyte blooms 

had been reported worldwide throughout temperate coastal waters, including eastern and 

western areas of North America (Lewitus et aI., 2004). Raphidophytes are well known for 

causing fish kills, especially those associated with fish aquaculture operations (Glibert et aI., 

2002). The first discovery of a Raphidophyte bloom in South Carolina occurred on 11 April 

2001, when a bloom of Heterosigma akashiwo of 2xlO 5 cell mL-1 was observed in a 7-acre 

pond in Hilton Head (Lewitus and Holland', 2003). Over the last 2 years, routine monitoring 

and fish kill response efforts under the South Carolina Harmful Algal Bloom Program 

(SCHABP) have revealed a widespread distribution of Raphidophytes in South Carolina 

brackish lagoonal ponds. Triggered by the discovery of these blooms, SCHABP extended its 

routine monitoring to include several of the >1500 brackish ponds along the South Carolina 

coast (Lewitus and Holland', 2003) . Of the 9 HAB species found to form blooms in the 
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ponds, the 4 Rapbidophytes Heterosigma akashiwo (Yamaguchi et aI., 1997), Chattonella 

subsalsa, Pseudochattonella verruculosa (lIara and Chihara, 1982) and Fibrocapsa japonica 

were relatively cornmon and in some cases associated with fish kills. 

Raphidophytes also fonns heavy red tides in coastal regions of temperate and 

subtropical embayment in Japan, Korea, Singapore, Canada, New Zealand, England, the 

Netherlands, eastern and western areas of North America, and Bennuda (Khan et aI., 1998). 

Chattonella is a genus of Raphidophytes known to be the most noxious red tide organisms 

which cause serious damage to fish fanning in Seto Inland Sea (Endo et aI., 1985). Besides 

that, Chattonella marina var. marina caused mortality of cultured fish such as Atlantic 

salmon, yellowtail, black sea bass and black seabream (Endo et aI., 1985). Chattonella marina 

var. marina also reported to produce fat-soluble neurotoxins (NSP) such as brevetoxins. The 

composition of brevetoxins, PbTx-2 and PbTx-3, was influenced by the age and the growth 

phase of the algal culture (Ahmed et aI., 1995). 

Chattonella was first found in Hiroshima Bay, the Seto Inland Sea in 1969 and 

described under Hemieutrepta antiqua. (Nakamura and Watanabe, 1983) mentioned that 

knowledge of the physiological characteristics of red tide organisms is indispensable to 

understand the growth mechanisms of red tides. The study showed that Chattonella marina 

var. antiqua had a wide optimum salinity range (14-31 PSU) and a wide optimum pH range 

(7.0-8.3). Besides that, based on the study of Nakamura and Watanabe (1983), c. marina var. 

antiqua can grow very well with optimal cell density of 1.5X 104 cell mL-l 
. 

The physiological studies of Chattonella sp. from Malaysian waters are still poorly 

understood. Hence, this study is to examine the effects of different salinity, light intensity to 
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the growth of Chattonella sp. and also observe the content of chlorophyll change of 

Chattonella sp. in order to detennine the relative importance of these factors in the growth 

dynamics of this species. The strain of Chattonella sp. collected from Santubong was used in 

this study, to attain a better understanding of Raphidophytes with the specific objectives 

includes: 

1. To observe the growth rate of Chattonella sp. at different salinity regime, 

2. To detennine the effect of light condition on growth of Chattonella sp., 

3. To obtain optimal growth of Chattonella sp., 

4. To observed the content of chlorophyll changes in Chattonella sp. 
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2.0 LITERATURE REVIEW 

2.1 Harmful algal bloom 

The marine Raphidophyte, Chattonella has caused severe damage to the fishery of cultured 

yellowtail and sea bream in Japan (Onoue and Nozawa, 1989) and had also been linked as a 

potential cause of fish kills in the Salton Sea, which is a saline but inland water body in 

California (Reifel et aI., 2002). The blooms that cause large number of farm fish kills also will 

cause great economic damage to other fish (Nakamura and Watanabe, 1983). The 

classification of Chattonella are shown in Table 2.1. 

Table 2.1: Scientific classification of Chattonella (Chretiennot-Dinet et ai. , 1993) 

Domain Eukaryota 

Kingdom Chromalveolata 

Phylum Heterokontophyta 

Class Raphidophyceae 

Order Chattonellales 

Family Chattonellaceae 

Genus Chattonella 
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2,2 ChattoneUa spp. 

The species of the genus Chattonella was classified on the basis of morphological features 

such as cell size, cell shape, and fine structure of chloroplasts. The genus Chattonella includes 

five species: C. subsalsa (Hada, 1974), C. marina var. antiqua (Hada, 1974), C. marina var. 

marina (Hara and Chihara, 1982), C. minima (Harada et al., 1982) and C. marina var. ovata 

(Demura et al., 2009). Five species Chattonella, C. marina var. antiqua, C. marina and C 

marina var. ovata are recognized as harmful. The Seto Inland Sea aquaculture in Japan has 

been particularly subjected to continuous damage since the 1970s from both C. marina var. 

antiqua and C. marina (Endo et al., 1985). In 2004, fish mass mortality was first reported in 

aquaculture area of Hiroshima Bay of the Seto Inland Sea caused by C marina var. ovata 

(Takatsuji et al., 2005). However, cells of the Chattonella species that do not possess rigid cell 

walls are fragile, and several morphological characteristics may transform with bad 

environmental conditions. For example, it was reported that strict differentiation between C 

marina var. antiqua and C. marina is sometimes difficult because C. marina var. antiqua ceHs 

may lose the tail, and because they have a round shape with small cell size, resemble C. 

marina cells (lmai, 2000). 

The cell size differences between C. antique and C.marina therefore they defined as 

two independent species (Demura et al., 2009). Thus, occasionally it is difficult to identify the 

causative Chattonella species for red tides during monitoring .. Chattonella that with a average 

cell length lager than 50jlm were identified as C.antiqua and the cell length smaller than 50jlm 

were identified as C.marina. Then for strains with ovate cells possessing of vacuoles were 

identified as C. ovata (Demura et al., 2009). C. antique was originally described as new 

cugleniod psecis (Hemieutreptia antiqua) (Hada, 1974). It was transfer to Chattonella group 

based on the morphological similarity with C. subsalsa (Ono, 1980). C.antiqua is an 
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independent species based on its large cell size that compared with the type speCIes 

C.subsalsa. 

Recently, the physiology of Vicicitus globosa, C. minima, C. marina var. ovata and 

Pseudochattonella verruculosa were studied (Fukuyo et aI., 1990). An experiment of these 

four species were grown in ESM medium and maintained at a temperature of 20°C under a 

14: 10 light: dark cycle (Hara et aI., 1994). The results are presented as full descriptions of the 

four species of Chattonella, and associated micrographs and drawings. Vicicitus globosus are 

yellowish brown with 40-55 ~m in diameter. The Vicicitus globosa has longer anteriorly 

directed flagella, compare to others. On the basis of the fact that Vicicitus. globosus causes 

respiratory damages to cultivated and natural fish (Hara et a1., 1994). 

C. minima is the smallest marine raphidophycean algae, C. minima is similar cell size 

with Pseudochattonella verruculosa but differs from it in lacking large mucocyts. Chattonella 

minima are pale-yellow or yellowish brown, slightly flattened, cordiform, 1 0-45 ~m long and 

20-30 ~m wide and with a shallow depression at the anterior end (Hara et aI., 1994). For C. 

ovate, cell is yellowish brown, ovoid or obovoid, 50-70 ~m long and 30-45 ~m wide. C. ovate 

has been recognized to inhabit Japanese coastal waters, mainly in the Seto Inland Sea (Imai et 

aI., 2006). Pseudochattonella verruculosa are pale yellow or yellowish brown, nearly Vicicitus 

globosus. Chattonella verruculosa is highly vacuolated but less clear boundary between 

ectoplasm and endoplasm (Hara et aI. , 1994). 
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1.3 Salinity tolerance 

Salinity is defined by the content of salt in the water body and its unit is Practical Salinity Unit 

(PSU). The salt tolerance is the ability of organisms to withstand the high concentration of salt 

in their environment. In the study of Yamaguchi et a1. (1997), the Pseudochattonella 

verruculosa was tested under 150).lmol photons m-2s-! of cool-white fluorescent illuminations 

on a 14: 10 h light: dark cycle. Selenite (Na2Se03) was also added into the medium at a 

concentration of 2 nM because Pseudochattonella verruculosa requires selenium for growth. 

The result show that Pseudochattonella verruculosa did not grow at 10 PSU (Yamaguchi et 

al., 1997). The highest growth rate of 1.74 division day"! was obtained with the combination of 

15°C and 25 PSU. Previous study had reported that a red tide of Pseudochattonella 

verruculosa occurred at a salinity range of 32.0- 33.09 PSU and causing mortalities of cultured 

yellowtail in Tokuyama Bay (Baba et aI., 1995). Yamaguchi et a1. (1997) also show that the 

growth rate of Pseudochattonella verruculosa is 1.74 division day-! and the range salinity 

tolerance at 32.0-33.1 PSU. As a result, Pseudochattonella verruculosa much higher than that 

of the other two species of Chattonella (c. antique and C. marina) in same salinity condition. 

For the salinities adjustment in Yamaguchi et a1. (1997), salinities :::;30 PSU were obtained by 

diluting aged seawater from Hiroshima Bay with ultra distilled water and the salinity 35 PSU 

will obtained by concentrating natural seawater in a drying oven at 50°C by using modified 

SWM-3 medium for salinity adjustments. 

Kahn et a1. (1998) reported that the cell morphology will affected by salinity. The 

result showed that there was no significant difference in morphology at salinities of 20 PSU, 

25 PSU and 30 PSU, but long-phase cultures under 35 PSU consisted of 86% spindle-like cells 

was found and at 10 PSU, about 40% of cells become spherical within 10 days (Kahn et aI., 

1998). The majority of cells was spherical in stationary phase and at 5 PSU spindle-like cells 
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started to change their shapes after 2 days of inoculation and all were spherical on day 10 

(Kahn et al. , 1998). 

1.4 Light tolerance 

For light tolerance experiment, the irradiances was measured by used a spherical (4 1l 

collector) immersible quantum light meter (Model QSL-IOOBiosherical Instruments, San 

Diego, CA). The experiment was done on wide range of irradiances from 10 to 12000 Ilmol 

photons m-2 
S-l. In result, C. marina var. marina was recorded that the low irradiance 25 Ilmol 

photons m-2 
S-l produces a long lag phase. The C. marina var. marina with high irradiances 

was resulted in short exponential phases (Marshall and Hallegraeff, 1999). 

1.S Fluorometry 

Clonal culture of C.marina that was isolated from Port Lincoln, South Australia, during April 

1996 was measured in fluorometry experiment by in vivo fluorescence using a Turner Design 

fluorometer (Model lO-AU) at 2-3 day intervals with a blank of GSe medium to estimate back 

ground fluorescence (Marshall and Hallegraeff, 1999). 
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3.0 MATERIALS AND METHODS 

3.1 CeU isolation and culture 

Clonal culture of Chattonella subsalsa (CtSb02) was established from live plankton specimens 

collected from Santubong, Sarawak, Malaysia (Date when the strain was collected, can ask 

Winnie). The plankton samples were collected during high tide with 20 /lm-mesh size 

plankton net. The plankton net sample was isolated by using fme capillary pipette under 

stereomicroscope or inverted microscope with magnification up to 200x and transferred onto 

steriled multi well plate with filtered ambient sea water. The cultures were maintained in f12 

medium at 30 PSU and 300 /lmol photon m-2 
S-1 cool white light (Sylvania daylight 

fluorescent tubes). When the isolate reaches over 100 cells, the culture was inoculated into 

new conical flask. Cell culture was maintained at 25 ± 0.5°C under a photosynthetic photon 

flux density on a 12: 12 h light: dark cycle. 

3.2 Natural seawater treatment 

The cultures in laboratory are grown in natural seawater colIected from Santubong, Sarawak 

(salinity 28-30 PSU). The black polyethylene carboys were acid washed prior the collection. 

Seawater used in medium preparation was treated by a series of filtration. Seawater was pre-

filtered with 20/lm mesh sieve and followed by Whatman™ cartridge filter with 0.2/lm pore 

size. Seawater is then ready for media preparation. 
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3.3 Culture media preparation 

The fl2 medium (Guillard and Ryther, 1962) was used in culture maintenance. One litter of 

sea water was mixed with the ingredient as listed in Table 3. 1 : 

Table 3.1: Nutrient composition of fl2 medium. 

Ingredient Volume 

The medium was autoc1aved at 121°C for 20 min, cooling down at room temperature 

for 24 hours and allowed gases diffuse into the liquid. Precipitation is minimized by rapid 

cooling in a water bath. Seawater media at final pH around 7.8-8.2 is desirable. 

3.4 Culture establlshment and salinity tolerance experiment 

Eight generations of cultures were pre-adapted to experimental conditions (Dortch et aI., 

1991). Six different salinities treatments at 5, 10, 15,20,25, and 30 PSU was prepared at 200 

mL by diluting seawater with distilled water in conical flask. The salinity of each treatment 

was measured by refractometer (HANNA, USA). Low salinities treatments were prepared by 

10 

Filtered sea water 

NaN0375.0 gIL dH20 

NaH2P04.H20 5.0 gIL dH20 

fl2 Trace Metal Solution 

fl2 Vitamin Solution 

950mL 

1.0mL 

1.0mL 

1.0mL 

0.5mL 
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adding distilled water to desire salinity. Cells at exponential phase were inoculated into 

conical flask containing medium at desired salinity. Growths were monitored every two to 

three days by detennining the cell density by using a Sedgwick-Rafter cell. 

3.5 Light tolerance experiment 

Light intensity was varied from 0, 25, 50, 100, 150,200 )lmol photons mol sol with 25 PSU by 

using light measure instrument with model QSL 2100 and brand Biospherical Instruments by 

18W day light fluorescent tubes (Sylvania cool white) (Marshall and Hallegraeff, 1999). 

Differences irradiance was used light measure instrument to measure the irradiance. 

Differences distant with the light fluorescent showed differences irradiances, 100 )lmol 

photons m-2 s-), 200 )lmol photons m-2 sol and 300 )lmol photons m-2 sol was fixed the place by 

polystyrene boxes in room temperature. The highest irradiance of polystyrene boxes after 

placed was 300 )lmol photons m-2 sol and set as the highest irradiance. 0 )lmol photons m-2 sol 

light treatment was shrouded by aluminium paper and 50 )lmol photons m-2 sol will used 

mosquito net filter in 100 )lmol photons m-2 sol polystyrene boxes. 

The optimum salinity at 25 PSU was chosen. The culture medium was sterilized by 

autoclaving (120°C, 20 min) or filtered through a Millipore HA filter. About 200 m1 of each of 

the sterile culture media added aseptically into conical flask. Incubation carried out at 25.0°C 

12 light: dark regime. Growth was monitored daily by determining the cell 

density. Specific growth rate ()l, unit: day-1) was calculated for both cell density over the 

exponential growth phase as described above. A minimum 400 cells per sample was examined 

and the morphology and motility was observed. 
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3.6 Fluorometry 

The cell in light intensity experiments was measured by fluorescence using Olympus IX51 

microscope with attached cooled CCD camera for capture images used with 3-4 day intervals. 

The chlorophyll concentration was observed and recorded the change from difference light 

intensity. 

3.7 Stadstlcal analysis 

Specific growth rate (Il, unit: day"l) was calculated for both cell density over the exponential 

growth phase using the following equation: 

In Nl-In No 
J.l= tl-to 

where No and NI are the cell density at time to and tl (in days). 
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4.0 RESULTS 

4.1 Algal culture 


The clonal culture of C. subsalsa, CtSb02, used in this study was isolated from Santubong. 


Figure 4.1, 4.2 and 4.3 showed C. subsalsa as unicellular biflagellate algae lacking cell walls. 


The cell of C. subsalsa is a single-celled organism in which motility involves two flagella. The 


absence of cell wall is associated with extensive variation in the cell shape that includes ovoid, 


teardrop or cylindrical forms(Demura et aI., 2009) (Figure 4.2). Cells of C. subsalsa, CtSb02, 


have various types of shapes (Figure 4.3). 


Fipe 4.1: Micrograph photo of C. subsalsa, CtSb02 from Santubong. Cell length 60 )lm - 100 )lm. Scale bar = 

50 j.Ul1. 
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Figure 4.2: Light micrographs of C. subsalsa fron Santubong showing three morphotypes: (A) spherical 
morphology, (8) oval, (C) spindle. Cell length 30-100 J.Lm. Scale bar = 50 J.Lm. 

14 





