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Abstract 
 

The seasonal variation of Noctiluca scintillans was investigated from coastal areas of Karachi (Manora Channel), 
Pakistan. Total cell abundance ranged between < 100 cells l-1 to 1340 cells l-1 during the sampling period May 2002-July 
2003. High cells densities were recorded during May 2003. No green or red water discolouration was observed. Cell size 
biovolume ranging between 100 µm-600 µm was used to convert to carbon biomass 4.5-6.8 pg C cell-l. Greatest Insitu 
growth rate of N. scintillans (µ day-1) during 2006 was calculated at 0.82 µ day-1. 

 
Introduction 
 

Noctiluca scintillans is non-photosynthetic, non-toxic 
and bioluminescent species of dinoflagellates. This species 
commonly forms blooms in coastal and eutrophic areas of 
the Arabian Sea including Oman (Al-Zari et al., 2007), 
Saudia Arabia (Mohamed & Mesaad, 2007), Pakistan 
(Saifullah & Chaghtai, 1990; Chaghtai & Saifullah, 2006), 
India (Venugopal et al., 1979; Devassy & Nair, 1987; 
Sargunam et al., 1989; Sahayak et al., 2005) and from 
Indo-Pacific Ocean e.g. Hong Kong (Morton & 
Twentymaan, 1971) and from Mediterranean Sea, Northern 
Adriatic Sea (Umani et al., 2004) and Australia (Dela-Cruz 
et al., 2002) 

N. scintillans forms both green and red coloured tidal 
streaks along the continental shelf (Saifullah & Chaghtai, 
1990) and coastal areas of Pakistan (Chaghtai & Saifullah, 
2006). N. scintillans is also associated with fish kills due to 
increases of ammonia level in the seawater by excess of its 
high cell concentration caused for saphocation (Elbrachter 
& Qi, 1998; Okaichi & Nishio, 1976). The organic matter 
and mangrove vegetation along the Karachi coast was a 
reason for five year blooms of Noctiluca in Pakistani 
waters (Chaghtai & Saifullah, 2006). Only Morton & 
Twentymaan (1971) have published a report on potential 
toxin production in strain of N. scintillans from Japan.  
However the production of any toxic compound has not 
been confirmed. The Cochlodinium fulvescence is another 
non-toxic dinoflagellates which has been recently reported 
from the Manora Channel and could be possible of future 
brown tide events (Munir et al., 2013). 

Water currents and winds prevail the transportation of 
such large plankton species such as Noctiluca scintillans. 
These coastal forcings can help in transportation of these 
algae to large extend and some symbionant toxic algae 
attached to the body of non toxic Noctiluca are the reason 
to distribute the toxins into trophic food web (Chaghtai & 
Saifullah, 2006, Escalera et al., 2007). Such type of 
symbionant toxic algae e.g. Pedinomona are also seen in 
strains of Noctiluca species of Pakistani waters by Chaghtai 
& Saifullah (2006). 

Noctiluca is an important species of Pakistani waters 
with respect to blooms but its seasonal cycle, temporal 
variation in abundance and growth rate from the coast of 
Pakistan are still questionable. This paper addresses the 
abundance, distribution and carbon-biomass and 

oceanographic conditions favorable for Noctiluca along the 
Pakistani coast. 
 
Materials and Methods 
 
Sampling area and procedure: Samples were collected 
from Manora Channel, Karachi coast of  Pakistan during 
the phytoplankton survey 2002-2003 from two stations; 
Stn. A (24˚49'46''N/66˚57'.55''E) and Stn. B 
(24˚47'.51''N/66˚58'.52''E). During sampling period, the 
temperature and dissolve oxygen recorded for correlation to 
the abundance of N. scintillans cells. Samples were fixed 
with Lugol’s solution and settled into cylindrical chamber 
(50 mL) according to Utermöhl technique for 24 hr. The 
settled chamber plate was examined under the light 
microscopy at 20x magnification, and cell count and sizing 
of Noctiluca measured. Cell count was converted into liters 
value and sizes were also measured to calculate the 
biovolume (µm3) and surface area by (Hillebrand et al., 
1999) and carbon biomass derived by formula (Eppley et 
al., 1970).  Biovolume was calculated by V= Pi/6 * d3 for 
sphere shape dinoflagellates.    

During the survey of Feb 2006, an experiment was 
conducted to measure the growth rate by cell changes in 
seawaters from two station’s Stn. A and Stn. B. This 
experiment was designed for one day and analyzed the cell 
division per day with natural communities during light-dark 
cycle for 24 hr. Three measuring protocol was followed: 1) 
unfractionated water (Control), 2) fractionated water 
through 150 µm, and 3) fractionated water through 10 µm 
at interval of 24 hr. The water temperature and salinity was 
recorded >24ºC and >37 psu at time t0 and >25ºC-40 psu at 
time t24 from both sites (Stn. A & Stn. B).   
 
Results and Discussion 
 

During May 2002-July 2003, Noctiluca scintillans 
(Fig. 1) was observed with maximum cell densities was 
>180-1340 cells l-1. Monthly mean temperature ranged 
between >20-31⁰C and DO was ranged into 1.9-5.1 mg l-1 
at Stn. A and 3.0-5.3 mg l-1 at Stn. B (Table 1). Low 
abundance occurred at Stn. A than Stn. B. The cell 
concentration (cells l-1) ranged as (20-180 cells l-1) with 
mean ± S.D (42 ± 55) at Stn. A and (80-1340 cells l-1) 
with mean ± S.D (210±335) at Stn. B (Table 1).   
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Fig. 1. A-C. Light microscopy of Noctiluca scintillans from Karachi coast of Pakistan. 
 

Table 1. Seasonal variation in abundance, distribution of N. scintillans and environmental conditions 
(Temperature and DO) from Manora Channel. 

Months St. A 
 (cells l-1) 

Temperature  
(⁰C) 

DO  
mg l-1 

St. B  
(cells l-1) 

Temperature  
(⁰C) 

DO  
mg l-1 

May 80 29 2.6 180 29 3.8 
Jun 0 30 3.7 0 30 3.5 
Jul 120 28 4.5 140 27 4.9 

Aug 180 25 3.1 160 25 3.7 
Sep 80 29 1.9 80 26 3 
Oct 0 30 2.8 0 30 3.4 
Nov 0 25 1.9 400 25 3.3 
Dec 0 22 2.1 0 23 3.6 
Jan 80 24 2.9 360 24 4.7 
Feb 80 25 2.4 420 24 4.2 
Mar 0 27 3.7 0 27 5.3 
Apr 0 29 2.4 0 29 4.1 
May 0 29 2.9 1340 29 3 
Jun 0 30 3.9 0 30 4.8 
Jul 20 32 5.1 80 31 5.2 

 
At Station A, low cell abundance was observed 

during Jul 2003 when temperature was 32⁰C and DO was 
5.1 mg l-1, and maximum values were observed during Jul 
2002 when temperature was 28⁰C and DO was 4.5 mg l-1 

(Table 1). The low cell abundance of Noctiluca at Stn. B 
observed in July 2003 when temperature was 31⁰C and 
DO recorded as 5.2 mg l-1 and maximum abundance was 

observed in May 2003, when temperature was 27⁰C and 
DO was 3.0 mg l-1 at Stn. B. It is very important that  N. 
scintillans is a typical temperate water species, which 
initiates the blooms at lower temperature typically found 
in the Indian Ocean including the  south west coast of 
India (Devassy et al., 1978; Naqvi et al., 1998), Gulf of 
Oman (Thangaraja et al., 2000; Al-Azri et al., 2007; Al 
Busaidi et al., 2008) and Pacific Ocean (Morton & 
Twentymaan, 1971; Liu & Wing, 2006), Japan 
(Nakamura, 1998; Tada et al., 2004) and Mediterranean 
Sea (Umani et al., 1983).  In this study, highest Noctiluca 
densities were observed during periods of lower 
temperatures (Table 1). Green tide form N. scintillans was 
observed continuously during five years 1999-2004 at 

both coasts of the Karachi and Balochistan Pakistan with  
maximum cell densities reaching bloom level (about 2.4 x 
106 cells l-1 ) and 2.3 x 10³ (500 µm) cells during periods 
of low temperature (19-22ºC; Saifullah & Chaghtai, 
2006). Our result indicated that temperature was never 
below 22ºC and abundance of  Noctiluca was not high as 
reported during blooms period (1999-2004) from Pakistan 
(Saifullah & Chaghtai, 2006) (Table 3). At the high cell 
concentration during May 2003, the heterotrophic N. 
scintillans was dominant dinoflagellate species in 
comparison with the autotrophic species (Ceraitum furca, 
C. lineatum, Prorocentrum micans, Peridinium stenii and 
Dinophysis caudata). The autotrophic species were 
observed in abundances of < 200 cells l-1.   

Carbon biomass of Noctiluca is important in 
temperate area, to being heterotrophic depending upon its 
starved status and food content of prey. Generally, 
biovolume by cell size is depending upon the volume of 
the cell produces carbon (Sun et al., 2000; Sun & Liu, 
2003). To calculate the biovolume and surface area of N. 
scintillans, about 25-30 cells were measured in the range 
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of 50- 600 µm (Table 2). Small sizes 125-180 µm (mean 
± S.D., 157 ± 25.3) dominated during the summer period 
Jul 2002 and 200-275 µm (mean ± S.D., 241 ± 38.2) in 
Jul 2003 at Stn. A whereas 50-100 µm (Mean ± S.D., 77.0 
± 21.0) was dominated during early spring season (Aug) 
at Stn. B. Large cells size 450-600 µm (mean ± S.D., 525 
± 75) dominated during winter season Feb at Stn. A and 
summer May 2003 at Stn. B.  At station A, biovolume and 
surface area of small cells (1, 338, 037 µm³ ± 67484) 
converted into carbon biomass (5.80 pg C cell-l) and 
maximum biovolume and surface area for a diameter of 

450-600 µm recorded as (9, 0595, 951 µm³ ± 931697) 
converted into (6.88 pg C cell-l) during Feb (Table 2).  At 
Station B, biovolume and surface area of small size (2, 
698, 43 µm³ + 18971) converted into (4.50 pg C cell-l) in 
Aug and maximum biovolume and surface of large cell 
size 450-600 µm (8, 1249, 413 µm³ ± 892525) converted 
into 6. 83 pg C recorded in May 2003 (Table 2). These 
carbon values was much higher as compare to diatom 
community e.g., Coscinodiscus  radiatus, Planktoneilla 
sol and Guinardia flaccida has been reported with 
maximum carbon value 3.93 pg C cell-l (Naz et al., 2013).

 
Table 2. Diameter (µm), mean cell-biovolume (µm³) and surface area mean per carbon (Pg C cell-l) of N. 

scintillan’s during May 2002-July 2003 from St. A and St. B.  

Study 
period 

Station A 
sizes range 

(Mean ± S.D.) 

(Mean biovolume µm³ 
± surface area) 

Per cell carbon 
(Pg C cell-l) 

Station B 
sizes range 

(Mean ± S.D.) 

(Mean biovolume µm³ 
± surface area) 

Per cell carbon 
(Pg C cell-l) 

May 300-500µm 
(421 ± 78.7) 

(36110000 ± 515483) (6.50) 100-275µm 
(181 ± 74.4) 

(3080035 + 94854) (5.49) 

Jun - - - - - - 
Jul 125-180µm 

(157 ± 25.3) 
(1338037 ± 67484) (5.16) 100-275µm 

(216 ± 52) 
(5958368 + 153075) (5.76) 

Aug 
 

- - - 50-100 µm 
( 77.0 ± 21.0) 

(269843+18971) (4.50) 

Sep 425-500 µm 
(456.2 ± 32.5) 

(52341510 ± 674119) (6.66) 275-425 µm 
(350 ± 106) 

(33485156 + 47296) (6.47) 

Oct - - -    
Nov - - - 350-475µm 

(425 ± 66.1) 
(42071094 + 57632) (6.56) 

Dec - - - - - - 
Jan 470-525 µm 

(501 ± 28.4) 
(74180456 ± 849272) (6.80) 400-500 µm 

(431 ± 46.6) 
(43111955+58908) (6.57) 

Feb 450-600 µm 
(525 ± 75) 

(90595951 ± 931697) (6.88) 335 µm (19674913 + 35238) (6. 25) 

Mar - - - - - - 
Apr - - - - - - 
May - - - 450-600 µm 

(528 ± 78.9) 
(81249413 ± 89252) (6.83) 

Jun - - - - - - 
Jul 200-275 µm 

(241 ± 38.2) 
(6402656 ± 162888) (5.80) 150-300 µm 

(240 ± 55.7) 
(7749149 ± 186438) (5.87) 

 
Table 3. Occurrence and abundance of  Noctiluca scintillans and water temperature from different areas of the world.
Location Cells densities Temperature References 
Mediterranean Sea    
Northern Adriatic Sea� � 06  ind m-3 < 6. 5 ºC Umani et al., 2004 
Northern Pacific Ocean     
Alaska (Ice off station) ---- 3ºC Tibbs, 1997 
German Bight � 104-105   cells l-1 < 5 ºC  
Indo pacific Ocean    
Jangmak Bay, Japan �100 cells l-1 < 25 ºC Nakammra, 1988 
Tolo Harbor, Japan �105   cells l-1 --- Liu & Wang, 2006 
Northern Arabian Sea Pakistan    
Clifton beach Karachi � 104 cells l-1 19ºC Saifullah & Chaghtai 2006 
Korangi Creek, Karachi � 104 -106 cells l-1 20 ºC Saifullah & Chaghtai 2006 
Sandspit, Karachi �106 cells l-1 19 ºC Saifullah & Chaghtai 2006 
Karachi harbor, Karachi �103 cells l-1 18 ºC Saifullah & Chaghtai 2006 
Miani Hor, Balochistan �103 cells l-1 20-22 ºC Saifullah & Chaghtai 2006 
Churna Island, Balochistan �103 cells l-1 21 ºC Saifullah & Chaghtai 2006 
Mouth of Manora Channel �1340 cells l-1 29 ºC This study 
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Fig. 2. Cell changes in replicate samples at time to and fixed time t24 from both stations. 
 

 

 
Fig. 3.  Average cell densities of Noctiluca scintillans at time to and t24 during Feb. 2006. 

 
During 2006, cell density increased after 24 hr from 

100 cells l-1 to 120 cells l-1 (average 146) in replicate 
samples at time t0 and 20-140 cells l-1 (Average 73 cells l-

1) at time t24 from Stn. A (Fig. 2). Total cell numbers 
varied from 40 cells l-1 to 120 cells l-1 (average 73) in 
replicate samples at time t0 and 100-260 cells l-1 (Average 
166 cells l-1) at time t24 from Stn. B (Fig. 2). Specific 
growth rate was negative as -0.69 µ day-1 at Stn. A and 
positive as 0.82 µ day-1 at Stn. B (Fig. 3). No cells were 
observed from the fractionated samples 150 µm and 10 
µm (data not shown), supposed to be zero growth rates as 
measured. Absence of Noctiluca cells from fractionated 
samples indicating the positive growth for >150 µm and 
>10 µm sizes phytoplankton’s (diatom, dinoflagellates). 
In temperate waters, growth rate of N. scintillans was 
obtained at maximum as 0.07 d-1 and 0.40 d-1 (Nakamura, 
1998a; Buskey, 1995) and high values 0.66 d-1 measured 
from Japan (Tada et al., 2004). High growth of Noctiluca 
scintillans during this study indicating that dynamics of 
bloom condition of N. scintillans is more suitable at the 
low turbid waters of Karachi harbour. 
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