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~nospecifi c bloo m of Noctililca lI1iliaris occurred during summer (May 1993), off Mangalore, south-west coast of 
India. The bloom was in the logarithmic phase of growth when it was first noticed . The bloom persisted for more than a 
week. Bacteriological and physico-chemical parameters were studied daily till the collapse of the bloom. No significant cor­
relation was observed between Noctilllca counts and direct viable bacterial count or total plate count of bacteria. However, 
percentage incidence of bacteri a Moraxella during the bloom period was signi ficantly higher compared to non-bloom 
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Incidence of Noctiluca blooms and discoloration of 
waters are regular features in coastal waters'·' . Green 
water phenomenon due to dense growth of Noctiluca 
along wi th the innumerable . green fl age llates inside 
them was recorded in Indian waters by many 
workers ' 04.5. Yenugopal et a I. ' observed water 
discoloration due to dinoflagellate N. miliaris along 
south-west coast of Indi a during summer months of 
1976 and 1977 . Devassy'& Nair4

, Katt i et al. s and 
Shetty et al. 6 reported a green di scoloration of water 
in the same region during 1987 due to the bloom of 
N. miliaris. Blooms of Noctiluca sp . have been 
correlated wi th different physico-chemical parameters 
but the bloom fo rmati on has never been attributed to 
any single cause. 

A monospecific bloom of Noctiluca miliaris 
(Suriray) occurred during summer 1993, off 
Mangalore (12°4' N, 74°49' E) on the south-west 
coast of Indi a ex tend ing over 60 km of the coastline. 
In the present study of N. miliaris bloom, quanti tati ve 
and qualitati ve estimation of bacteria were made to 
understand the possible association of bacteria with 
the bloom formation or its coll apse. Physico-chemical 
parameters were also analysed to compare the 
influences of biotic and abiot ic factors . 

Materials and Methods 
Hydrological observations were made in Gur-pUI' 

estuary, one of the es tuaries located 10 km north of 
Mangalore at the lower end before it opens into the 
sea. Surface water samples were collected during hi gh 
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tide to get true representative sample of seawater. The 
occurrence of bloom being in summer months, the 
freshwater influx was not expected to affect the 
observations drastically. During high tide the depth of 
the sampling area remains between 5-7 m. However, 
only surface water samples were used for the purpose. 

Water samples were collected aseptically in sterile 
bottles for bacteriological analysis. When plankton 
counts were high, water without filtration was used 
for plankton count. W hen the counts came down, 
plankton net was used for collection of sample. Water 
temperature was recorded and pH was measured . 
Dissolved oxygen (DO) , biochemical oxygen demand 
(BOD), nitrite nitrogen (NOr N), ni trate nitrogen 
(NO,-N), ammon ia nitrogen (NH,-N) and phosphate 
phosphorus (PO-l-P) were estimated followi ng the 
methods of Strickl and & Parsons7

. 

The sizes of N. miliaris and the endosymbiont 
Pedinomonas noctilucae were measured using 
micrometer. A tentative count of the endosymbiont 
was done by di luting N. mi/iarts number to si ngle cell 
using a microti tre plate, suspending the cell in a fixed 
vo lume of seawater, rupturing the cell and counting 
the number of the endosymbiont. 

The direct viable count (OYC) of bacteria was 
taken to be the total bacterial number, which include 
the culturable and non-culturable portion of bacterial 
population . The epifluorescent microscopic technique 
as described by Kogure et al. 8 was used for obtaining 
Dye. After enrichi ng the water sample with yeast 
extract (0.025%) and nalidixic acid (0 .002%) in the 
dark for 6 h, the samples were stai ned with acridine 
orange and observed under fluorescent microscope 
(Leitz Wetzler, Germany). Tota l culturable bacterial 
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count was done by spread plate technique with 
luminescent agar (LA) media and expressed as total 
plate count (TPC). About 100 colonies were picked­
up every time from one particular dilution for 
identification . Bacterial identification was made-up to 
generic level following the criterion laid down in 
Bergey's manual 9

. All media and reagents were 
prepared according to the procedure suggested in the 
e d · 10 ompen /Llln . 

Results and Discussion 
A monospecific bloom of Noctiluca miliaris was 

observed during May 1993, with almost complete 
exclusion of other phytoplankton and zooplankton. 
The blooms of N. miliaris, however, have previously 
been observed in August 1984" and between January 
to May 1987 6. The N. miliaris count in the present 
bloom ( 1.56xI06/m') was fopnd to be low compared 
to the counts reported by Prasad2 (3.3x 109/m' ) and 
Shetty et al. 6 (8.2x I 09/m'). On the other hand, 
Yenugopal et al. J observed a count of 3.01x105 -
7.7x105 cells/m' during summer 1976 - 77 on the 
south-west coast of India. Table I presents the daily 
counts of N. miliaris from the day it was observed till 
the disappearance of the bloom. The size of 
N. miliaris varied between 473 /lm and 519 /lm 
(Table 2). It is interesting to note that the average size 
of N. miliaris increased as the bloom progressed. The 
size of the endosymbiont Pedinomonas noctilucae 

was recorded to be 476 - 595 /lm . The endosymbiont 
was present both inside and outside the cell. 
Pedinomonas noctilucae count was found to be 
between 1.2 x1012/m' and 9.2xI0 12/m". A single cell 
of N. miliaris was found to contain about 5x 104 

P. noctilucae cell s. 
Total bacterial counts are presented in Table I. The 

Dye ranged from 104 to 106/m l while TPe was in the 
range 102-104/ml. No definite relation was seen 
between the rise and fall ill N. miliaris count and 
changes in bacterial counts. Neither the TPe nor Dye 
showed any synchronous fluctuation with the 
N. mi/iaris counts. 

Percentage contributions by different bacterial 
genera are presented in Table 3. A month before the 
bloom (27 April 1993), the bacterial flora was diverse 
with dominance of Vibrio and Moraxella. During the 
log phase of the bloom, Bacillus was the most 
dominant species followed by Moraxella and Vibrio . 
However, the Bacillus declined during later part of 
bloom and were not detectable during the collapse of 

Tablel-Bacterial and N. miliw is CO :o:~1' c :lnd dur ing the 
bhi0"(j 

Date of sampling DVC TPC Noclilllca coun t 

(no/ml ) (CFU/ml) (No/m') 

Before {h e bloom 

27.4.93 2.200 x 1 0~ 5.5x 102 Nil 

During the Bloom 

24.5.93 1.005 x 106 5.80 x 1O~ 8.60 X 105 

h 5.93 5.500 x 10' 3.33 X ]Q2 1.56 x 10" 

.!.0 .5.93 4.250 x 104 2.75 x 10' 1.00 x 10" 

27.5 .93 5.400 x 105 5 .50xI O' 1.40 x 10" 

28.5.93 2.030 x 10" 1.50 x 10' 6 .00 x 105 

29.5.93 3.720 x 10" 3.65 X 10' 5.00 X 105 

30 .5 .93 5.950 x 105 2.58 X 10' 1.00 X 105 

3 1.5 .93 8. 180x 105 6.50 x 103 Nil 

CFU: Colony forming unit ; Dye: Direct viable count ; TPe: Total 
plate count 

Table 2-Daily record of averag'e size of 
Nocliluca during the bloom 

Dale Size 

24.5 .93 473.35 urn 

25 .5.93 471.53 ~m 

26.5 .93 495 .20 ).lm 

27.5 .93 509.1 5 11m 

28.5 .93 517.90 [.1m 

29.5 .93 519.60 11m 

30.5.93 517.69 ~lm 

31.5.93 

the bloom. Moraxella, however, was the most 
dominant genus contributing between 33 to 55% of 
the total flora throughout the period. Vibrio was 
another important group found throughout the bloom 
period . However, lumine.scent vibrios were detected 
only during the pre-bloom period and during the early 
part of the bloom. Moraxella-like bacteria increased 
in significance during later part of the bloom. Regular 
monitoring studies have shown that the Moraxella, 
Vibrio and Moraxella-like bacteria were present in the 
coastal water throughout the year ranging between 0 -
28.57%,2.15 - 28.82% and 0 - 13 .66% respectively. 
Increase of Moraxella up to 33 - 55% during 
N. miliaris bloom is suggestive of a close association 
between the two. Students' t test was used to see if 
there is any significant difference in the incidence of 
these bacteria during the bloom and the pre-bloom 
period. Significant difference (P = 0.05) was observed 
in the percentage incidence of Moraxella. Algal 
blooms may influence bacte rial counts and profile . 
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This effect may be due to the release of 
photosynthetically derived organic carbon (PDOC). It 
has been suggested that the algal cells in lag phase 
and maximum population phase release more PDOC 
than exponentially growing cells l2

. Simidu et al. l
] 

observed that generally the bacteria associated with 
algae are gram negative. In this study, the gram 
positive organism Bacillus was in significant 
proportions during the log phase of the bloom. It 
remains to be seen whether Bacillus has any specific 
association with N. miliaris during log phase. The 

concept of phycosphere was proposed by Bell & 
Mitchel 14 to denote the zone surrounding 
phytoplankton created by their production of extra­
cellular products, which would be an aquatic 
equivalent of rhizosphere of plants. They 
demonstrated chemotactic attraction of bacteria to 
filtrates of old algal cultures. Phycosphere can be 
inhibitory to some bacteria and stimulatory to others . 
Bell et al. ls showed that Pseudomonas grew well with 
an actively growing Skeletonema costatum culture, 
whereas Spirillum sp. was inhibited by the algae. 

Table 3-Percentage composition of bacteria during the Noctiluca bloom. 

Bacterial species Percentage composition 

April 24 May 24 May 25 May 29 May 30 May 31 

Bacillus 37.29 3.92 4.55 

Stapylocooc/ls 3.39 

Arthrobacter 15.26 1.96 16.67 

Moraxella 18.65 35.59 37.26 54.54 33.33 33.34 

Moraxella-Iike 5.08 5.89 13.63 8.33 26.19 

Acinetobacter 5.08 2.38 

Vibrio 28.82 15.26 35.29 9.09 33.33 26.19 

Aeromollas 11.76 9.09 2.38 

Plesiomonas 1.69 4.55 4.17 4.76 

Alkaligens 1.69 2.38 

Luminescent vibrio 15.26 11 .86 

Mycoplasma 1.96 

Actinomycetes 3.39 

Unidentified 1.69 1.96 4.55 4.17 2.38 

Total 100.00 100.00 100.00 100.00 100.00 100.00 

Table 4--Physico-chemical parameters before and during Noctiluca miLiaris bloom 

Date NoctiLuca Water pH DO BOD P04 - P NOr N NOr N NHr N 

count(m') temperature (Ilg at-PII) (Ilg at-Nil) (Ilg at-Nil) (Ilg at-Nil ) 

(Log No) (0C) 

Before the bloom 

27-4-93 Nil 32 7.90 8.4 1.2 0.54 0.886 0.358 17.60 

After the bloom 

24-5-93 2.934 32 8.20 9.6 1.6 0.68 0.609 29 .35 

25-5-93 3. 193 32 8.65 5.2 2.4 0.65 0.895 0.15 8.80 

26-5-93 3.000 32 8.38 4.4 2.0 2.05 0.895 0.15 23.48 

27-5-93 3. 146 32 8.20 6.0 2.0 0.55 0.663 0.42 26.42 

28-5-93 2.778 32 8.20 4.0 0.8 1.77 1.039 0.33 23.48 

29-5-93 2.699 32 8.39 6.4 1.2 1.47 1.093 0.27 44.03 

30-5-93 2.000 32 8.23 6.4 1.2 1.53 0.788 BDL 82.19 

31-5-93 Nil 33 8.40 6.4 1.2 0.609 0.15 23.48 
, ' 

02-6-93 Nil 33 8.23 6.4 1.2 

- Not determined 
BDL: Below detection limit 
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Kogure et at. 16 found that SkeLetonema costatum 
generally inhibited the growth of a number of 
Pseudomonas sp. and Vibrio sp. isolates, whereas the 
growth of FLavobacterium sp. was generally 
stimulated. In this study, no such inhibition of any 
specific group was observed but higher percentage 
incidence of MoraxeLLa during the bloom suggests 
close association between Moraxella and N. miliaris . 

The physico-chemical characters analysed during 
the bloom are presented in Table 4. Day temperature 
was constant throughout the bloom period except for 
the last couple of days when the bloom was 
collapsing. There was a ri se of I DC coinciding with a 
nil count of N. miLiaris in the 'water. Like temperature, 
the pH also remained more or less constant. It ranged 
between 8.20 and 8.65 during the bloom. Both 
dissolved oxygen and biochemical oxygen demand 
(BOD) varied widely during the bl oom. Neither the 
DO nor the BOD showed a high significant 
correlation with N. miLiaris count. High phosphate 
(2.4 Ilg at-P/I ), high nitrate (9.4 Ilg at-Nil) and low 
nitrite (0.3 Ilg at-Nil ) leve ls were observed during 
bloom of N. mitiaris by Oevassy & Nair4 who opined 
that the occurrence of bloom may be due to high 
phosphate and nitrate. In the present study, the phos­
phate levels were between 0.55 and 2.05 Ilg at-P/I , 
nitrite level s were between 0 .609 and 1.093 Ilg at-Nil 
and nitrate level varied from undetectab le leve l to 

O.4llg at-NIl. A very hi gh ammonia value was 
obtai ned during the last phase or decline of the bloom, 
which was about 82 Ilg at-NIl. The high ammon ia 
content may be responsible for the setback to fisheri es 
observed during the bloom. Bhimchar & George l 7 re­
ported that abrupt setback to fi sheries in Malabar 
coast in the west coast of Indi a, was due to abundance 
of N. mitiaris. Prasad & Jayaraman 18 also concluded 
that shoaling fi sh avoid NoctiLuca bloom. In the 
present study also, it was observed that fi sh catch was 
very low during the bloom period . 

"Students' t" test was performed to compare the 
levels of P04 -P, N02 -N, NO, -N, and NHr N during 
bloom period and non-bloom period in the same 
locat ion. Significant differences were observed in the 
case of NHrN and N02-N. Thi s is understandable 
since ammon ia would be produced by bacteri al 
decomposition of dead algal ce ll s and ammon ia would 
be ox idi sed by bacteria to nitrite and nitrate . However 
lack of significant difference in the case of nitrate 
could be due to rapid uptake of ni trate for the growth 
of N. mitiaris during the bloom period. 

The present study, clearly indi cates that the 
qualitative changes in bacterial flora occur during 
N. miliaris bloom with an increased proportion of 
MoraxeLLa . It also indicates that there is a chance in 
the increase in ammonia level s during the bloom of 
N. miLiaris, which could affect the fish catch in the 
regIOn. 

References 
1 Subramanyan R, A new member of the Eugleninae, Pro­

toeuglena noctilucae occurring in Noctiluca miliaris Suriray 
causing green disco louration of the sea oFf Cali cut. Proc In ­
dian Acad Sci, 39B (1953) 11 8-127. 

2 Prasad R R, Swarming of Noclilllca in the Palk bay and its ef­
fec ts on the "Choodai" fi shery, with a note on the possible 
use of Noctiluca as an indicator species. Proc Indian Acad 
Sci, 38 (1953) 40-47. 

3 Venugopal P, Haridas p, Madhupratap M & Rao T S S, Inci­
dence of the red water along south Kerala coast. Indian J Mar 
Sci,8 (1979) 94-97. 

4 Oevassy V P & Nair S, Oiscolouration of water and its effects 
on fi sheries along Goa coast. Mahasagar-Bull Natn !tlSt 
Oceanogr, 20( 1987) 121 -128. 

5 Katt i R J, Gupta T R C & Shetty H PC, On the occurrence of 
"Green Tide" in the Arabian Sea off Mangalore. C UlT Sci, 
57( 19R8)380-38 1. 

6 Shell y H P C, Gupta T R C & Kalli R J, Green water phe­
nomenon in Arabian Sea off Mangalore. in The Proceedings 
of First Indiall Fisheries Fonllll , edited by Joseph M M 
(Asian Fisheri es Society-Indian Branch , Mangalore, Indi a) 
1988, 339-34 1. 

7 Strick land 0 H & Parsons T R, A practical handbook of sea 
water analysis, Bull No.167(Fisheries Research Board of 
Canada, Ottawa) 1972, pp. 3 II . 

8 Kogure K, Simidu U & Taga N, A ten tati ve direct micro­
scopic method for count ing li ving marine bacteria. Calladiall 
J Microbiol, 25 (1979) 4 15-420. 

9 Kri eg N R (Ed) , Bef'g)"s lIIalll /(/ l f or systellla tic bacteriolog\', 
Vol I. (Willi am and Wilkins Publication , Ba lt imore),1 989, 
pp.964. 

10 Speck M L(Ed), COlllpell diulII of methods for microbiological 
examination of fnods, (APHA Publication, Washington) 1978, 
pp. 701 . 

II Kumar R S, Studies on the distribution of plankton ill \·mters 
off Mangalore,. M.F.Sc thesis, University of Agricultu ral Sci­
ences, l3 angalore, India. 1984. 

12 Guillard R R L & Wangersky P J, The production of ex tra­
cellular carbohydrates by some mari ne fl age ll ates. Lilll/ IOI 
Oceal1 ogr, 3( 1958) 449-454. 

j 3 Simidu U, Asturi o K & Kaneko E, Bacterial !lora of phyto 
and zoo-plankton in inshore water of Japan. Canadian .I Mi­
crobiol, 17( 197 1) 1157 - 1160. 

14 Bell W H & Mitchell R, Chemotactic and growth responses 
of marine bacteria to extra-cellular products. Bioi Bull, 
143(1 972)265-277. 

15 Bell W H. Lang J M & Mitchell R, Selective stimulation of 
marine bacteria by algal ex tra-cellular products . LillI/wi 
Oceallogr,19( 1974)833-839. . 



·NA YAK et al. : Noctiluca BLOOM ALONG MANGALORE 143 

16 Kogure K, Simidu U & Taga N, Effects of Skeletonema 

costatum on the growth of marine bacteria. J Exp Mar Bioi 

Ecol, 36(1979) 201-215. 

17 Bhimachar B S & George P C, Abrupt setbacks in the fi sher­

ies of Malabar and Kanara coast and red water phenomenon 

as their possible cause. Proc Indian Acad Sci , 31 ( 1950)339-

343. 
18 Prasad R R & Jayaraman R, Preliminary studies on certain 

changes in the plankton and hydrological condition associated 
with swarming of Noctiluca. Proc Indian Acad Sci, 40(1954) 
49-57. 


