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Abstract − Marine bioluminescence is a unique phenomenon

and widely studied around the world. However, information on

bioluminescence is scarce in the Indian ocean. This study was carried

out to understand the spatial and temporal variations in planktonic

bioluminescence off the south coast and the Puttalm Lagoon of Sri

Lanka. Planktonic bioluminescence intensity, zooplankton samples,

water samples and oceanographic data were collected from sampling

sites from January to December 2016 in three month intervals.

Time series data were collected at a fixed sampling station, off the

south coast of Sri Lanka, in order to understand the variation of

bioluminescence intensity throughout the night and with respect

to monsoon winds. Bioluminescence intensity was measured

using the recoverable bathyphotometer and zooplankton samples

were collected using WP-2 net with a 180 µm mesh size plankton

net. The results revealed that most of the bioluminescence

intensity peaks in the ocean were concentrated in the mixed layer

depth zone. Bioluminescence and Chlorophyll profiles indicate

the presence of both heterotrophic and autotrophic planktonic

bioluminescence. Fixed station analysis showed variations in

planktonic bioluminescence throughout the night and with respect

to monsoon winds. Twenty two surface bioluminescent zooplankton

species belonging to 15 families and 4 phyla were identified during

this study. Variations in planktonic bioluminescence with respect

to time and sampling locations were evident. The current study

yielded encouraging results that should lead to further identification

of planktonic distribution near Sri Lanka and key bioluminescent

zooplankton in the region.

Keywords−oceanography, planktonic bioluminescence, recoverable
bathyphotometer, Sri Lanka

1. Introduction

The production and emission of visible light by living

organisms is known as bioluminescence. Bioluminescent

organisms are rare on land but they represent approximately

1% to 3% of biomass in the surface ocean (Haddock and

Moline 2010). Copepods, euphausiids, dinoflagellates, ostracods,

radiolarians, cephalopods, decapods shrimps, chaetognaths,

cnidarians, ctenophores and fish are the major groups of

bioluminescent organisms found in marine and brackish water

environments (Morin 1983; Bradner et al. 1987; Herring 1987;

Fischer and Fischer 1995; Moline et al. 2005).

The function of these luminous displays varies from organism

to organism, but can be divided into some basic categories

such as predator avoidance, prey attraction, physiological

maintenance and intra-species communication (Morin 1983;

Abrahams and Townsend 1993). Most of the bioluminescent

organisms emit light by oxidizing the luciferin molecules,

and there are different forms of luciferin produced by

different organisms (Swift et al. 1995; Widder 2010). Light-

producing reactions are assumed to be dependent on diet,

photosynthetic rates (autotrophy), pH within the light

organelles, interaction with the host in the case of symbionts

and the organism’s ability to maintain the synthetic pathways

of the luciferin (Hastings 1983; Widder 2010). However,

these processes and their controlling mechanisms still remain

largely unknown.

Many studies have been carried out to analyse the spectral

quality, flash kinetics, physiology and cellular basis of*Corresponding author. E-mail: udeshikawimalasiri@gmail.com
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bioluminescence (Latz et al. 1988; Rees et al. 1998) and

how these phenomena link with circadian rhythms (Losee

and Lapota 1981), photosynthesis and diet of marine organisms

(Haddock et al. 2001). Further, relationships between

bioluminescence and predator avoidance, prey attraction and

intra-species communication have been studied in detail

(Abrahams and Townsend 1993; Rivers and Morin 2008).

Scientists have been working on ocean bioluminescence

for more than two decades to understand its distribution in

the world’s oceans and to identify the organisms responsible

for this phenomenon (Marra and Hartwig 1984; Lapota et al.

1989; Marra 1989). Many studies have shown that plankton

are the dominant bioluminescent organisms in the epipelagic

zone of the ocean (Losee and Lapota 1981). However, species

distributions in different geographical areas, mechanisms of

producing light and details on the biochemical processes

remain poorly known, especially in regions where observations

are scarce. One such geographical area is the southern part of

the Bay of Bengal and region around Sri Lanka (Staples 1966),

where primary productivity is strong during monsoon periods

and bioluminescence has been reported. Furthermore, there

is very little understanding of bioluminescence in lagoon

ecosystems in the Indian Ocean region.

Therefore, this study focuses its investigation on the

temporal variation and spatial depth distribution pattern of

bioluminescence in both the offshore waters and the

lagoon. Further, an attempt was made to identify and

quantify the bioluminescent zooplankton in the selected

offshore waters and lagoon environment. 

2. Methodology

Study area

Planktonic bioluminescence was assessed off the south

coast (5.763°N–6.183°N, 80.116°E–79.793°E) and the Puttalam

Lagoon (8.329°N–8.504°N, 79.823°E–79.795°E) of Sri Lanka

from January to December 2016. Five sampling locations off

the south coast and six sampling locations from the Puttalam

Lagoon were selected for this study and a description of each

sampling location is summarized in Table 1, with sampling

locations shown in Fig. 1.

Data collection

Planktonic bioluminescence intensity, zooplankton samples,

water samples and oceanographic data were collected at each

sampling location from January to December 2016 in three

month frequency. 

A recoverable bathyphotometer (RBPM; Teledyne-Benthos)

was used to measure the planktonic bioluminescence intensity

in terms of intensity counts at each sampling location.

The RBPM was deployed in free-falling (1 m/s) mode and

bioluminescence profiles were recorded after dusk and before

dawn of the next day. The R/V Samuddrika that belongs to

the National Aquatic Resources Research and Development

Agency (NARA) was used to collect RBPM data in the offshore

waters, while a Fiberglass Reinforced Plastic (FRP) boat

powered with a 15 HP engine was used to collect lagoon

samples. The RBPM was deployed up to a depth of 6 m in

the lagoon and ~120 m in the ocean. If there is an external

light source other than bioluminescence, the instrument records

Table 1. Details of sampling locations off the south coast and in the Puttalam lagoon of Sri Lanka

Location Latitude (N) Longitude (S) The depth of the location around (m)

Off south coast

1 6.185 79.793 980

2 6.112 79.758 1500

3 5.988 79.874 1050

4 5.903 79.922 1800

5 5.763 80.116 2300

Puttalam lagoon

1 8.504 79.79 3

2 8.478 79.795 3

3 8.453 79.814 3

4 8.412 79.821 5

5 8.374 79.829 6

6 8.329 79.823 3

Fixed station off the south coast 6.112 79.758 1500
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it as an intensity count. Therefore, all the sampling was carried

out during the new moon phase to avoid this problem.

Bioluminescence intensity graphs were plotted using Grapher

and MATLAB software and these graphs were used to

Fig. 1. Sampling plan for the measurement of planktonic bioluminescence, water and plankton samples collection off the south coast
and Puttalam Lagoon of Sri Lanka from January to December 2016. (a) Two sampling areas off the south coast and Puttalam
Lagoon (b) sampling locations off the south coast of Sri Lanka (c) sampling locations in Puttalam Lagoon of Sri Lanka and (d)
fixed station sampling location in the south coast of Sri Lanka
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identify the distribution of bioluminescence intensity peaks

from surface to the sampling depth.

Zooplankton and water sampling

Surface zooplankton samples were collected using a 180

µm mesh size WP2 plankton net. Marine zooplankton samples

were collected by towing the plankton net from 10 m depth

to the surface off the south coast of Sri Lanka. Lagoon zooplankton

samples were obtained by towing the net horizontally at a

constant speed (1 km/h) for a specific time (5 minute) in the

lagoon surface water. Four replicates of zooplankton samples

were collected at each sampling location. Three samples

were used to estimate the zooplankton abundance and the

fourth sample was used to identify the bioluminescent

zooplankton at the location. Immediately after taking the

fourth sample on-board, bioluminescent zooplankton were

separated by observing the naked eye (for light emitting

individuals). The separated zooplankton were put into labelled

sampling bottles using laboratory pipettes, and preserved in

5% buffered formalin. The other three samples were also

preserved in 5% buffered formalin, labelled appropriately

and transported to the laboratory of the National Institute of

Oceanography and Marine Sciences (NIOMS), NARA for

further analysis. At the laboratory, bioluminescent zooplankton

were identified and counted using a light microscope with

classification up to the lowest possible taxon using available

keys (Conway et al. 2003; Razouls et al. 2005). The abundance

of bioluminescent zooplankton was calculated (individuals/m3)

using the formula below proposed by Conway et al. (2003).

Zooplankton abundance =

Where;

N - number of the zooplankton individuals

V - volume of water passed through the plankton net (m3)

V = a × d

a - surface area of the net opening (m2)

d - depth (in ocean) or distance towed (in lagoon) (m)

Oceanographic measurements

Conductivity, temperature, Chlorophyll and depth data were

collected using a Sea-Bird SBE19plus sea CAT instrument

(CTD). The CTD was deployed up to 300 m and the data was

recovered and processed using Sea-Bird software. The CTD

was used only in the offshore waters as it could not be deployed

in the lagoon waters due to its shallow depths. Grapher and

Surfer software were used to identify thermocline depth, mixed

layer depth and Chlorophyll maxima depth. An attempt was

made to identify the distribution of bioluminescence intensity

peaks in relation to oceanographic parameters.

Nutrient analysis

Three water samples were collected from each sampling

location for nutrient analysis. A Ruttner sampler was used to

collect surface ocean water samples and lagoon water samples

were directly collected into 1 L plastic bottles. The collected

water samples were immediately stored in ice and analysed

for nitrate, orthophosphate and silicate within 48 hours.

Analysis was carried out according to the method described

by Strickland and Parsons (1972).

Fixed station data

In order to understand the variations in planktonic

bioluminescence intensity throughout the night, data were

collected at a fixed sampling station (6.112°N, 79.758°E,

Table 1) on 20th January 2016 and 5th May 2016 in 2-hour

intervals from 7.00 pm to 5.00 am on the next day. These two

sampling dates were selected to represent the southwest monsoon

(May to September) and northeast monsoon (December to

February) periods. Bioluminescence intensity, zooplankton

samples, water samples for nutrient analysis and oceanographic

parameters were collected using the same methodology described

previously. Variations in bioluminescence intensity with respect

to the southwest monsoon and northeast monsoon were

assessed.

Data analysis

Data management, data analysis and formatting were done in

Microsoft Excel. All statistical analyses were done using

Minitab 17 software and significant differences were considered

at the probability level of 0.05. Graphical representations

were done using MATLAB, Grapher and Surfer software. 

3. Results

Ocean bioluminescence

Bioluminescence intensity was computed and compared

off the south coast of Sri Lanka with respect to sampling

locations and sampling period. 

Bioluminescence intensity varied from 2 to 222 intensity

counts during the period of January–March. The highest

bioluminescence intensity was recorded at sampling location 2

N

V
----
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(Fig. 2b) while the lowest was at sampling location 5 (Fig.

2e). During this period, a mixed layer was observed at the upper

85 m. In all these sampling locations, the highest numbers of

bioluminescence peaks were in the mixed layer. However,

there was an isolated strong bioluminescence peak having

177 intensity counts at around 100 m depth at sampling

location 2 (Fig. 2b). But no such high intensity peaks were

evidenced in other sampling locations around or below 100 m

depth. The results of Chlorophyll analysis indicated a very

low Chlorophyll concentration at the surface (0.8 mg/m3)

and a Chlorophyll maximum (1.9 mg/m3) was between 80 to

90 m depth (Fig. 2). Most of the bioluminescence peaks

were reported outside the Chlorophyll maximum (Fig. 2).

Nitrate, orthophosphate and silicate were in the range of

0.002–0.005 ppm, 0.0006–0.01 ppm and 1.75–2.31 ppm,

respectively. There were no significant variations in nutrient

Fig. 2. Distribution of bioluminescence profile (black line), Chlorophyll profile (green line), temperature profile (red line) and density
profile (blue line) at the 5 sampling locations off the South coast of Sri Lanka from January to March 2016
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contents among sampling locations (Table 2). 

Bioluminescence intensity was within the range of 6 -108

intensity counts off the south coast of Sri Lanka within the

period from April to June. The highest intensity count was

recorded at sampling location 3 (Fig. 3c). Although there is a

weak mixed layer, the high level of bioluminescence intensity

counts were associated with the upper 60 m of the ocean.

Surface Chlorophyll concentration was ~0.65 mg/m3 and

Chlorophyll maximum (4.84 mg/m3) was recorded at ~55 m

depth. Low intensity bioluminescence peaks were highly

concentrated with the Chlorophyll maximum at location 3

(Fig. 3c). However, the observed bioluminescent peaks were

above the Chlorophyll maximum at other sampling locations

(Fig. 3). Although nitrate (0.003–0.01 ppm), orthophosphate

(0.001–0.012 ppm) and silicate (1.9–8.84 ppm) levels varied

from location to location, there was no significant variation

among sampling sites (Table 2). 

In the third quarter of the study period from July to September,

Fig. 3. Distribution of bioluminescence profile (black line), Chlorophyll profile (green line), temperature profile (red line) and density

profile (blue line) at the 5 sampling locations off the South coast of Sri Lanka from April to June 2016
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sampling locations 1 and 2 showed different bioluminescence

distribution patterns than the other locations (Fig. 4a and b).

At location 1, most of the bioluminescence peaks were

concentrated in the upper 40 m, having one prominent peak

at around 60 m depth while at location 2, two bioluminescence

peaks were visible at the depth of 11 m and 42 m, respectively

(Fig. 4). The observed highest and lowest bioluminescence

intensity for this time period were 243 and 6 intensity counts,

respectively. The highest bioluminescence intensity was

recorded at location 1 (Fig. 4a) and the lowest was recorded

at location 3 (Fig. 4c). A well-mixed mixed layer was observed

from the surface to 55 m depth. Most of the bioluminescence

peaks were observed in association with the Chlorophyll

maximum (2 mg/m3); however, these peaks were outside the

Chlorophyll maximum at location 1. A comparatively higher

orthophosphate (0.001–0.04 ppm) level was observed in all

the sampling locations compared to the previous time period.

Nitrate and silicate levels varied from 0.007–0.010 ppm and

Fig. 4. Distribution of bioluminescence profile (black line), Chlorophyll profile (green line), temperature profile (red line) and density

profile (blue line) at the 5 sampling locations off the South coast of Sri Lanka from July to September 2016
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0.987–1.276 ppm, respectively (Table 2). However, significant

variations in nutrient contents with respect to sampling

locations were not evident.

During the period from October to December, both the

highest (175 intensity counts) and lowest (2 intensity counts)

bioluminescence intensities were recorded at location 2

(Fig. 5b). Almost all the bioluminescence peaks were

concentrated in the mixed layer, which was observed from

the surface up to 55 m. Similarly, bioluminescence peaks

were associated with the Chlorophyll maximum (2 mg/m3),

which was at the depth of 40 m (Fig. 5). Nutrient levels were

found to be within the same range of the previous sampling

time (Table 2) and there was no significant relationship with

respect to nutrient variation between different locations.

Lagoon bioluminescence

Lagoon bioluminescence profiles showed intensity variations

throughout the year, although the lagoon was very shallow

Fig. 5. Distribution of bioluminescence profile (black line), Chlorophyll profile (green line), temperature profile (red line) and density

profile (blue line) at the 5 sampling locations off the South coast of Sri Lanka from October to December 2016



330 Wimalasiri, H. B. U. G. M. et al.

compared to the selected offshore sampling sites in this study.

Bioluminescence intensity varied from 1 to 45 intensity

counts from January to March. The highest intensity (41

intensity counts) was reported at location 1 and the lowest (1

intensity count) was at location 2 (Fig. 6a). In all the sampling

locations bioluminescence peaks were highest from the

surface to a depth of 3m. Larger numbers of bioluminescence

peaks were observed at locations 5 and 6 than the other locations

(Fig. 6). Nitrate, orthophosphate and silicate concentrations

were within 0.192–0.347 ppm, 0.051–0.099 ppm and 11.029–

50.404 ppm, respectively (Table 2). Nutrient parameters did

not show significant variation with respect to sampling sites.

Similar to the previous observations, bioluminescence

intensity peaked at the surface water during the April to June

period (Fig. 6b). A notable magnitude of bioluminescence

intensity, measured as 120 intensity counts, was recorded at

location 2. In most of the sampling sites, bioluminescence

was dominated by a single intensity peak. High magnitude

bioluminescence intensity peaks were observed during this

period when compared with other sampling periods of the

Fig. 6. Variations in bioluminescence intensity at 6 sampling locations of Puttalam Lagoon of Sri Lanka during January to March (a)

April to June (b) July to September (c) and October to December (d) 2016
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year. Nitrate varied from 0.140–0.310 ppm, while orthophosphate

and silicate concentration was within 0.026–0.059 ppm and

10.732–31.823 ppm, respectively (Table 2). 

Very low bioluminescence intensity (< 20 counts) was

observed at all locations during the period of July–September

(Fig. 6c). The sampling location 3 reported the lowest

bioluminescence counts where peaks did not exceed 5 intensity

counts. Nutrient contents were also within the similar range

as observed in the April–June period (Table 2). 

High variability in bioluminescence intensity was evident

Fig. 7. Variations in bioluminescence intensity (a), Temperature (b), Salinity (c) and Chlorophyll concentration (d) at fixed sampling

location off the south coast of Sri Lanka on 20
th
 January and 5

th
 May 2016 from 7.00 pm to 5.00 am 
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from October to December. The locations 1 and 3 exhibited

an intensity range from 1 to 60 intensity counts. Although

large number of peaks were recorded at location 6 (Fig. 6d),

their magnitudes were relatively low (< 16 counts). The nutrient

parameters were within the similar range observed in the

previous time period (Table 2).

Variations of bioluminescence intensity at fixed sampling

location

The results of the fixed station data analysis showed that

the highest bioluminescence intensity was generally from

dusk to midnight (7.00 pm to 12.00 am) and the lowest intensity

was at dawn (5.00 am). However, variations in bioluminescence

intensity counts with respect to time and depth were evident

in relation to monsoon winds. During the northeast monsoon

period (January), a peak bioluminescence (169 intensity

counts) was observed at 11.00 pm at around 40 m (Fig. 7a)

while it was at 9.00 pm around 60 m depth during the southwest

monsoon (108 intensity counts) period. A “thin layer” (less

than 4 m in total thickness) of bioluminescence was observed

around 80 m over a 10 hour period during the northeast

monsoon (Fig. 7). However, the responsible organisms for

this thin layer formation were not identified. 

Variations in mixed layer depth and halocline depth

demonstrated differences with respect to monsoon winds

(Fig.7b and c). The thermocline depth during the northeast

monsoon period was ~80 m, but it was around 50 m during

the southwest monsoon period. All the bioluminescence

peaks were associated above the thermocline depth irrespective

of the monsoon winds. However, the Chlorophyll maximum

(2.2 mgm3) was observed around 50–90 m depth during the

northeast monsoon period, and 40–60 m depth (4.6 mgm3)

during the southwest monsoon period (Fig. 7d). Bioluminescence

peaks were not associated with the Chlorophyll maximum

during the northeast monsoon period although the peaks

were associated with the Chlorophyll maximum during the

southwest monsoon.

Diversity and abundance of surface bioluminescent

zooplankton off the south coast and the Puttalam Lagoon

of Sri Lanka

Abundance of surface bioluminescent zooplankton was

assessed off the south coast and in the Puttalam Lagoon of

Sri Lanka. Twenty two surface bioluminescent zooplankton

species belonging to 15 families and 4 phyla were identified

during this study. Out of which 8 species were recorded in

the lagoon and 21 species were identified in the ocean. Seven

bioluminescence zooplankton species; Acrocalanus longicornis,

Paracalanus indicus, Pleuromamma indica, Macrosetella

gracillis, Oithona similis, Triconia conifer and Oikopleura

dioica were recorded in both lagoon and ocean.

The most abundant bioluminescent zooplankton species

off the south coast of Sri Lanka was Triconia conifer and its

average abundance was 7 individuals/m3. This species was

observed throughout the year and the highest abundance

was reported in the October to December period mainly at

sampling location 4 (Table 3). Acrocalanus longicornis (3

individuals/m3) was the second most dominant species and it

was also reported throughout the year showing the highest

abundance in the October to December period (Fig. 8).

Macrosetella gracilis, Dana, 1848 and Oikopleura dioica,

Fol, 1872 were also observed throught the year but their

abundance was very low compared with Triconia conifer

and Acrocalanus longicornis (Table 3).

Less abundant zooplankton species include: Diphyes dispar,

Chamisso & Eysenhardt, 1821; Centropages furcatus, Dana,

1849; Clausocalanus arcuicornis, Dana, 1849; Pleuromamma

indica, Wolfenden, 1905; Pleuromamma gracilis, Claus, 1863;

Pontellina sp, Scolecithricella minor, Brady, 1883; Temora

stylifera, Dana, 1849; Tomopteris helgolandica, Greeff, 1879;

Undinula vulgaris ,Dana, 1849; Corycaeus (Onychocorycaeus)

latus Dana, 1849; Corycaeus (Corycaeus) speciosus Dana,

1849; Oithona similis, Claus, 1866. 

Although there were variations in bioluminescent zooplankton

abundance with respect to sampling locations (Fig. 8), it was

not significant (p > 0.05; Kruskal–Wallis test). However,

bioluminescent zooplankton abundance exhibited significant

difference (p < 0.05; Kruskal–Wallis test) with respect to the

sampling season where the highest and lowest abundance

was reported during October-December and April-June,

respectively (Table 3).

According to fixed station data, the highest abundance of

surface bioluminescent zooplankton was reported around

1.00 am during the northeast monsoon period (Table 4) and

around 9.00 pm during the southwest monsoon. Triconia

conifer was the highly abundant bioluminescence zooplankton

during the northeast monsoon period and it was Oikopleura

dioica during the southwest monsoon period. The lowest

species abundance was observed at dusk and dawn for both

sampling dates. 

Bioluminescent zooplankton species were also observed

throughout the year in the Puttalam Lagoon similar to the
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observations made off the south coast of Sri Lanka. Vargula

hilgendorfii reported the highest average abundance (11.2

individuals/m3) in the lagoon (Table 5) and this species was

reported at all the sampling locations in much higher

densities than the other species. Although Oikopleura dioica

(3 individuals/m3) was also observed throughout the year at

all the sampling locations, the abundance was lower than V.

hilgendorfii. Acrocalanus longicornis was the second highest

abundant (6 individuals/m3) species in the lagoon but the

distribution was mostly restricted to the sampling locations

close to the open ocean. Pleuromamma indica (0.08 individuals/

m3) and Oncaea conifer (1 individuals/m3) were identified as

the least abundant species (Table 5) in the Puttalam Lagoon.

The abundance of bioluminescent zooplankton in the Puttalam

Lagoon did not show significant variation with respect to

sampling time and sampling location (p > 0.05; Kruskal–Wallis

test). 

4. Discussion

Bioluminescence is ubiquitous in the world's ocean and an

essential factor in marine ecology (Haddock et al. 2010).

Although many studies have been carried out to study the

abundance, distribution, chemical process of bioluminescence

organisms in many parts of the world, only a few studies have

described bioluminescence communities and their distribution

in the Indian Ocean (Shanware et al. 2013). However, no

work has been done to study any aspect of bioluminescence

in Sri Lankan waters until the current effort. 

In this study, bioluminescence was measured using the

recoverable bathyphotometer (RBPM) which is a new

instrument used in the field of bioluminescence (Fucile

2003). Due to its small structure and the attached mesh grid

to the lower part of the instrument, large animals such as

jellyfish and fish are prevented from entering and passing

through the instrument. Thus, the RBPM only measures the

light emitted by small organisms such as phytoplankton and

zooplankton. According to Tett and Kelly (1973), pump-

through bathyphotometers only collect smaller zooplankton

which cannot or do not swim away from the suction current

of the intake hose. Therefore, pump-through bathyphotometers

underestimate the contribution of zooplankton to the

bioluminescence profiles. However, this is does happen with

regard to RBPM as it records all the animals in the water

column while being deployed in a free falling method. 

This study presents the first bioluminescence intensity

profiles in Sri Lankan waters and the results revealed that

bioluminescence occurs throughout the year off the southern

Fig. 8. Percentage abundance of surface bioluminescent zooplankton at 5 sampling locations off the south coast of Sri Lanka during 2016



334 Wimalasiri, H. B. U. G. M. et al.

T
a
b
le
3
.
V

ar
ia

ti
o
n
s 

in
 t

h
e 

ab
u
n
d
an

ce
 o

f 
su

rf
ac

e 
b
io

lu
m

in
es

ce
n
ce

 z
o
o
p
la

n
k
to

n
 (

in
d
iv

id
u
al

s 
/m

3
) 

o
ff

 t
h
e 

so
u
th

 c
o
as

t 
o
f 

S
ri

 L
an

k
a 

d
u
ri

n
g
 t

h
e 

st
u
d
y
 p

er
io

d
 f

ro
m

 J
an

u
ar

y
 t

o
D

ec
em

b
er

 2
0
1
6

S
p
ec

ie
s 

Ja
n
u
ar

y
–

M
ar

ch
 a

b
u
n
d
an

ce
 

(i
n
d
iv

id
u
al

s/
m

3
)

A
p
ri

l–
Ju

n
e 

ab
u
n
d
an

ce
 

(i
n
d
iv

id
u
al

s/
m

3
)

Ju
ly
–

S
ep

te
m

b
er

 a
b
u
n
d
an

ce
 

(i
n
d
iv

id
u
al

s/
m

3
)

O
ct

o
b
er
–

D
ec

em
b
er

 a
b
u
n
d
an

ce
 

(i
n
d
iv

id
u
al

s/
m

3
)

1
2

3
4

5
1

2
3

4
5

1
2

3
4

5
1

2
3

4
5

D
ip

h
ye

s 
d
is

p
a
r

0
0

0
4

4
0

0
0

0
0

0
0

0
0

0
0

0
2

0
4

A
cr

o
ca

la
n
u
s 

lo
n
g
ic

o
rn

is
0

4
1
2

2
8

8
3

2
6

2
5

1
1
2

3
0

3
2
5

1
8

2
4

1
2

6
0

1
6

P
a
ra

ca
la

n
u

s 
in

d
ic

u
s

0
0

0
1
6

4
0

1
1

2
0

0
0

0
3

0
0

0
0

0
2
0

2
0

C
en

tr
o
p
a
g
es

 f
u
rc

a
tu

s
0

0
0

0
0

3
0

0
0

0
0

0
0

0
0

6
0

0
1
0

0

C
la

u
so

ca
la

n
u
s 

a
rc

u
ic

o
rn

is
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2
4

0
0

9
0

0

P
le

u
ro

m
a
m

m
a
 i

n
d
ic

a
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

P
le

u
ro

m
a
m

m
a
 g

ra
ci

li
s

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

P
o
n
te

ll
in

a
 p

lu
m

a
ta

0
0

0
4

8
3

0
2

5
0

0
0

0
0

0
0

8
0

0
0

P
o
n
te

ll
in

a
 s

p
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

6
0

0
0

0

P
o
n
te

ll
a
fe

ra
 s

p
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

S
co

le
ci

th
ri

ce
ll

a
 m

in
o
r

0
0

0
0

0
8

6
2

0
0

8
0

0
0

0
0

0
0

0
4

T
em

o
ra

 s
ty

li
fe

ra
2
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

6
4

0
0

4

T
o
m

o
p
te

ri
s 

h
el

g
o
la

d
ic

a
0

0
0

0
4

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0

U
n
d
in

u
la

 v
u
lg

a
ri

s
0

0
4

0
0

3
0

0
0

0
0

6
9

0
0

0
0

0
0

0

E
u
ch

a
et

a
 m

a
ri

n
a

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

C
o
ry

ca
eu

s 
la

tu
s

0
0

0
0

0
0

3
0

0
1

0
0

0
0

1
0

0
0

0
0

0

C
o
ry

ca
eu

s 
sp

ec
io

su
s

0
0

0
4

4
0

0
4

0
0

0
1
2

0
0

0
6

0
0

0
0

T
ri

co
n
ia

 c
o
n
if

er
1
2

0
3
2

2
0

6
0

0
5

4
5

0
4
0

9
2
4

1
2

1
5

8
4

3
2

2
8

1
9
0

2
0

M
a
cr

o
se

te
ll

a
 g

ra
ci

li
s

0
8

8
0

0
1
0

2
0

1
5

0
0

0
0

0
1
5

6
0

0
0

0

O
it

h
o
n
a
 s

im
il

is
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

2
0

0

O
ik

o
p
le

u
ra

 d
io

ic
a

8
0

2
0

8
2
8

0
0

0
0

1
0

0
1
6

0
0

0
0

0
0

0
0

0



Bioluminism in Sri Lankan Waters 335 

T
a
b
le
5
.
V

ar
ia

ti
o
n
s 

in
 t

h
e 

ab
u
n
d
an

ce
 o

f 
su

rf
ac

e 
b
io

lu
m

in
es

ce
n
ce

 z
o
o
p
la

n
k
to

n
 (

in
d
iv

id
u
al

s/
m

3
) 

in
 t

h
e 

P
u
tt

al
am

 l
ag

o
o
n
 S

ri
 L

an
k
a 

d
u
ri

n
g
 t

h
e 

st
u
d
y
 p

er
io

d
 f

ro
m

 J
an

u
ar

y
 t

o
D

ec
em

b
er

 2
0
1
6

S
p
ec

ie
s 

n
am

e

Ja
n
u
ar

y
−

M
ar

ch
 a

b
u

n
d
an

ce
(i

n
d
iv

id
u

al
s/

m
3
)

A
p
ri

l−
Ju

n
e 

ab
u
n
d
an

ce
(i

n
d
iv

id
u
al

s/
m

3
)

Ju
ly
−

S
ep

te
m

b
er

 a
b

u
n
d
an

ce
(i

n
d
iv

id
u
al

s/
m

3
)

O
ct

o
b
er
−

D
ec

em
b
er

 a
b
u
n

d
an

ce
 

(i
n
d
iv

id
u
al

s/
m

3
)

1
2

3
4

5
6

1
2

3
4

5
6

1
2

3
4

5
6

1
2

3
4

5
6

A
cr

o
ca

la
n
u
s 

lo
n
g
ic

o
rn

is
0

2
6

0
0

0
1

0
8

1
4

1
8

0
0

1
0

8
1
1

1
6

0
0

5
0

8
2
0

0
0

P
a

ra
ca

la
n
u
s 

in
d
ic

u
s

0
0

1
4

0
0

0
0

8
6

0
0

0
0

4
2

0
0

7
0

1
4

1
6

0
0

P
lu

ro
m

a
m

m
a
 i

n
d
ic

a
0

0
0

0
0

0
0

1
0

0
0

0
0

0
0

0
0

0
0

1
0

0
0

0

M
a
cr

o
se

te
ll

a
 g

ra
ci

ll
is

0
0

0
0

0
0

0
0

2
1

0
0

4
2

8
0

0
0

0
2

5
0

0
0

O
it

h
o
n
a
 s

im
il

is
0

0
8

0
8

4
0

0
0

1
6

0
8

0
0

8
1
8

2
6

0
0

3
1
1

2
5

T
ri

co
n
ia

 c
o
n
if

er
1

0
4

0
0

0
0

0
0

4
0

0
0

0
0

2
0

0
0

0
4

2
0

0

V
a
rg

u
la

 h
il

g
en

d
o
rf

ii
8

2
1

1
8

6
1
0

1
4

3
5

6
2

1
5

1
0

1
8

1
5

2
0

1
2

8
1
5

6
8

1
6

2
2

2
0

O
ik

o
p
le

u
ra

 d
io

ca
0

2
1

1
1

1
1

0
0

1
0

1
2

8
6

8
2

1
4

5
8

4
0

1

T
a
b
le
4
.
V

ar
ia

ti
o
n
s 

in
 t

h
e 

ab
u
n
d
an

ce
 o

f 
su

rf
ac

e 
b
io

lu
m

in
es

ce
n
ce

 z
o
o
p
la

n
k
to

n
 (

in
d
iv

id
u
al

s/
m

3
) 

at
 t

h
e 

fi
x
 s

am
p
li

n
g
 l

o
ca

ti
o
n
 o

ff
 t

h
e 

so
u
th

 c
o
as

t 
o
f 

 S
ri

 L
an

k
a 

d
u
ri

n
g
 t

h
e

n
o
rt

h
ea

st
(J

an
u
ar

y
) 

an
d
 s

o
u
th

w
es

t 
(M

ay
) 

m
o
n
so

o
n
 p

er
io

d
s 

S
p
ec

ie
s

Ja
n
u
ar

y
 a

b
u
n
d
an

ce
 (

in
d
iv

id
u
al

s/
m

3
)

M
ay

 a
b
u
n
d
an

ce
 (

in
d
iv

id
u
al

s/
m

3
)

7
.0

0
 p

m
9
.0

0
 p

m
11

.0
0
 p

m
1
.0

0
 a

m
3
.0

0
 a

m
5
.0

0
 a

m
7
.0

0
 p

m
9
.0

0
 p

m
11

.0
0
 p

m
1
.0

0
 a

m
3
.0

0
 a

m
5
.0

0
 a

m

D
ip

h
ye

s 
d
is

p
a
r

0
0

0
4

4
0

4
0

0
0

0
0

To
m

o
p
te

ri
s 

h
el

g
o
la

n
d
ic

a
0

0
0

0
4

0
0

4
0

0
0

0

U
n
d
in

u
la

 v
u
lg

a
ri

s
0

0
4

0
0

0
1
2

1
2

0
1
0

0
0

C
en

tr
o
p
a
g
es

 f
u
rc

a
tu

s
0

0
0

0
0

0
0

0
0

1
0

0
0

P
le

u
ro

m
a
m

m
a
 g

ra
ci

li
s

4
0

0
0

0
0

0
0

0
0

0
0

A
cr

o
ca

la
n
u
s 

lo
n
g
ic

o
rn

is
0

4
1
2

2
8

8
1
8

4
5
4

8
1
0

0
0

P
a
ra

ca
la

n
u
s 

in
d
ic

u
s

0
0

0
1
6

4
0

0
2
4

2
0

0
1
6

0

P
o
n
te

ll
a
 f
er

a
0

0
0

0
0

0
0

0
4

0
0

0

P
o
te

ll
in

a
 p

lu
m

a
ta

0
0

0
4

8
0

1
2

6
0

1
0

0
0

Te
m

o
ra

 s
ty

li
fe

ra
2
0

0
0

0
0

0
4

0
0

0
0

0

M
a
cr

o
se

te
ll

a
 g

ra
ci

li
s

0
8

8
0

0
0

0
0

4
0

4
0

C
o
ry

ca
eu

s 
sp

ec
io

su
s

0
0

0
4

4
0

0
0

0
0

0
3

T
ri

co
n
ia

 c
o
n
if

er
1
2

0
3
2

2
0

6
0

6
0

0
0

0
8

0

O
ik

o
p
le

u
ra

 d
io

ic
a

8
2
0

8
2
8

0
0

4
4
8

1
6

2
0

4
1
2



336 Wimalasiri, H. B. U. G. M. et al.

coast of Sri Lanka and the Puttalam Lagoon in varying

degrees of intensity. Physical oceanographic dynamics in

off-shore and coastal waters could be the main reason for

this intensity variation and similar observations have been

previously reported by Marra (1989) in the Northeast Atlantic.

From an oceanographic perspective, Sri Lanka is situated in

a unique location in the Indian Ocean. This uniqueness is

mainly due to the presence of bi-annual reversing monsoon

winds in two different seasons of the year (Schott and Mccreary

2001). The southwest monsoon is generally from May to

September and the northeast monsoon is from December to

February. There are additional two seasons named as first

inter monsoon (March to April) and second inter monsoon

(October to November) which are considered as transitional

periods of wind. This bi-directional monsoonal wind is

responsible for the changes in the physical and chemical

properties of the ocean which greatly affect plankton biomass in

the water column (Marra 1989). Similarly, monsoon winds

also change the physical characteristics of Puttalam Lagoon

(Silva et al. 2013). During the southwest monsoon, the lagoon

exhibits rough conditions due to high winds but it is calm

during the northeast monsoon period (Durairatnam 1963). 

The observed high bioluminescence intensity counts in

the bioluminescence intensity profiles off the south coast

especially during January to March and July to September

periods could be due to monsoonal wind driven water currents,

as explained by Lynch (1981). According to the results of this

study, high intensity bioluminescence peaks were mostly

reported at sampling locations 2 and 4 during this study

period. The high bioluminescence intensity records in these

two locations could be due to high abundance of planktonic

organisms in those areas. Although surface nutrient concentrations

did not show any significant changes among locations, vertical

nutrient distribution could have made some contribution to

this observation (Gunasekara 2016).

In most of the bioluminescence profiles, the highest

bioluminescence peaks were found in the mixed layer. It has

been reported that temperature and salinity are fairly constant

in the mixed layer. However, layers below mixed layer

continuously inject nutrient rich water to the mixed layer

(Kara et al. 2003). Therefore, high productivity is evidenced

in the mixed layer due to high level of plankton growth. Thus,

the high abundance of plankton in the mixed layer could be a

reason for the high concentration of bioluminescence peaks

in this layer compared to other layers. According to Lapota

et al. (1989), well-mixed water with relatively uniform temperature

is vital for the existence of the planktonic bioluminescence

species in the mixed layer and this study also supports their

findings. Furthermore, the observed high bioluminescence

intensity counts in the mixed layer off the south coast

especially during January to March and July to September

periods could be due to changes in the mixed layer plankton

population as a result of monsoon variation, as explained by

Lynch (1981) and Marra (1989). 

The changes in the mixed layer depth are caused by a wind

driven phenomenon and chages in mixed layer depth is

mainly associated with monsoonal changes (Keerthi et al.

2013, 2016). This may be the reason for the observed slight

changes in the mixed layer depth during this study period. It

is well documented that the mixed layer depth ranges from

the surface to ~60 m in tropical oceans, while it varies

seasonally in temperate oceans (Gitelson and Levin 1989).

Therefore, the observed high number of bioluminescence

peaks around 60 m depths can be explained, as Sri Lanka is

situated in a tropical region. Similar observations were reported

for vertical bioluminescence profiles obtained from many

parts of the world (Gitelson and Levin 1989). For example,

high bioluminescence has been reported around 70 m depth,

which is within the mixed layer depth, in the Arctic Ocean.

Other scientists (Lapota et al. 1989; Lapota and Losee 1984)

have confirmed the occurrence of high numbers of high

intensity bioluminescence peaks in the mixed layer of the

ocean due to the presence of light-emitting dianoflagellates

and zooplankton. However, this study faced difficulties in

quantifying the type of bioluminescent organisms and their

intensities due of the lack of depth related plankton sampling.

However, it can be assumed that the observed bioluminescence

peaks are mainly due to planktonic organisms as the instrument

employed only allows planktonic organisms to enter the

bathyphotometer chamber.

Fixed station bioluminescence profiles indicated differences

in bioluminescence intensity during January (northeast monsoon)

and May (southwest monsoon). The observed differences in

bioluminescence intensity with respect to monsoon winds

could be due to changes in bioluminescent species abundance

in the sampling area. The high number of bioluminescence

peaks in May compared to January could be a result of high

bioluminescent species abundance stemming from the high

productivity of the ocean during May. The occurrence of

high intensity bioluminescence peaks were found to vary

with time with respect to the two sampling periods. The exact

reason for this observation could not be established, but this
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could be due to variations in water currents or differences in

species composition. A similar study was carried out in the

US Pacific Northwest waters by Mcmanus et al. (2003) and

they reported that bioluminescence intensity was high during

10.00 pm to 4.00 am - similar to the findings of this study.

This study also demonstrated that changes in bioluminescence

intensity and the abundance of bioluminescent organisms

occurred with respect to the sampling time of the day and the

sampling season at the fixed station, off the south coast of Sri

Lanka. The observed bioluminescence intensity variations

with respect to time could be due to intermittent increases

and decreases created by vertical migration of plankton. It

has been well reported that many species of zooplankton such

as copepods, euphausiids and ostracods undertake diurnal

vertical migration (Roe 1972; Ambler and Miller 1987).

Migration of bioluminescent zooplankton can easily alter the

number of flashes, mean intensity of the flashes and intensity

distribution in near-surface waters at night (Sweeney et al.

1959; Batchelder et al. 1992; Buskey 1992; Swift et al. 1995).

Similar observations were reported previously by Lieberman

et al. (1987), Clarke and Kelly (1965), Clarke and Backus

(1957) for different regions of the world.

This study confirms the occurrence of a thin layer of

bioluminescence at the fixed station especially during 7.00 pm

to 5.00 am in January 2016 at around 80 m depth. As per the

explanation made by Mcmanus et al. (2003), this thin layer

may be a result of the aggregation of planktonic organisms

(both phytoplankton and zooplankton). According to Mcmanus

et al. (2003), organisms in this thin layer belong to several

orders and they are more abundant than in the water

immediately above or below it. Further, it has been reported

that this thin layer can persist for much more extended periods

than other plankton communities, and this was also observed

in this study. The thin layer produce a unique physical,

chemical and biological environment for plankton community

and preserve and maintain species diversity (Mcmanus et al.

2003). This type of planktonic aggregation is important to

maintain productivity in the pelagic oceans (Mcmanus et al.

2003) and more importantly it can be directly observed through

RBPM using the bioluminescence ability of organisms.

Only a few studies have been carried out to assess the

lagoon bioluminescence in the world. A few authors such as

Ratheesh (2016) and Zimberlin (2013) made attempts to

identify the patterns of bioluminescence in different lagoons

previously and the findings of this study will enhance existing

knowledge and information. The observed high intensity

bioluminescence peaks in the lagoon profiles during the April

to July period might be due to the increase of wind driven

wave action in the lagoon in response to the first inter-monsoon.

Pinckney et al. (2018) also highlighted the role of wind

driven variability in bioluminescence in mangrove lagoons

in the United States. 

According to the findings of this study, it seems that the

entire Puttalam Lagoon acts as one unit with high bioluminescence

dispersed throughout the lagoon. The lack of differences in

the bioluminescence intensity along the lagoon could be due

to its shallowness. Although high bioluminescence peaks

were observed during monsoonal winds, they did not show

any consistent pattern across the lagoon. A study carried out

in Kavaratti Lagoon in India revealed that although fluctuations

in tide and salinity proved to be the major factors affecting

bioluminescence variations in the lagoon, lagoon nutrients

did not exert any influence (Ratheesh 2016).

The observed bioluminescence profiles off the south coast

and Puttalam Lagoon could be due to bioluminescent

phytoplankton or zooplankton species or a combination of

both as the mesh net in the RPBM only allows planktonic

organisms to pass through it. However it is hard to distinguish

phytoplankton and zooplankton bioluminescence separately

only by looking at bioluminescence profiles. Lieberman et

al. (1987) suggested comparing bioluminescence profiles

and Chlorophyll profiles to identify the responsible organism

or group that produce bioluminescence peaks. 

Accordingly, it can be assumed that bioluminescence

peaks in the regions where bioluminescence and Chlorophyll

peaks overlap are due to bioluminescent phytoplankton mainly

from dianoflagellates, as revealed by many authors previously

(Lapota et al. 1989; Swift et al. 1995) Bioluminescence in

the regions where bioluminescence peaks and Chlorophyll

peaks did not overlap could be due to heterotrophic plankton

such as zooplankton or heterotrophic dianoflagellates. However,

some studies have reported a non-systematic correlation

between bioluminescence and Chlorophyll fluorescence

(Lapota et al. 1989). Neilson et al. (1995) explained that the

relationships between bioluminescence and Chlorophyll

fluorescence in the North Atlantic Ocean are mainly due to

differences in organism assemblage. 

When analysing the bioluminescence and Chlorophyll

profiles off the south coast of Sri Lanka, it was shown that

large autotrophic and heterotrophic plankton populations

were present in this area during the study period. However,

this study did not collect plankton samples along the depth
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profile due to practical difficulties, hence it is difficult to

make conclusions regarding the type of bioluminescent

phytoplankton species responsible for bioluminescence

peaks.

Batchelder et al. (1992) emphasized that zooplankton are

responsible for at least two-thirds of the ocean flashes and

around 60% of bioluminescence occurs in the ocean surface

(Batchelder et al. 1992). Rudyakov and Voronina (1967)

also suggested that zooplankton are just as important as

phytoplankton in the surface waters of the Gulf of Aden and

the Red Sea. Furthermore, they reported those bioluminescent

zooplanktons are largely responsible for the bioluminescence

in vertical profiles. They also noted that different zooplankton

organisms are responsible for bioluminescence at different

depths. Moreover, bioluminescent phytoplankton were found

to be generally persisting over a vast region and that they are

more abundant in numbers and uniform in distribution.

Zooplankton (i.e., copepods) were found to be fewer in numbers

than phytoplankton in an equivalent volume, but their flash

intensity was reported to be much higher. These differences

are believed to have caused the many variations in bioluminescence

outputs observed in this study.This study demonstrated the

presence of seasonal and perennial zooplankton species

along the south coast of Sri Lanka. Seasonality of zooplankton,

including bioluminescent zooplankton, has been reported

by several studies in Sri Lanka (Wijetunge and Ranatunga

2015) as well as in other parts of the world (Khalil and El-

Rakman 1997). Although zooplankton are able to swim, their

horizontal distribution largely depends on water currents.

Similar to this study, high abundance of Triconia conifer and

Acrocalanus longicornis was reported in the Sargasso Sea

(Swift et al. 1983), North Atlantic (Herring et al. 1993) as

well as in other parts of the world (Herring 1988). 

5. Conclusion

This study provides the first scientific evidence of the

presence of bioluminescence in the marine and lagoon waters

of Sri Lanka and preliminary results regarding intensity

variations with respect to space and time. This information

will be useful to update existing regional and global information;

however, more detailed studies will be needed in the future

to understand such variations around Sri Lanka and to utilize

bioluminescent organisms for commercial purposes in a

sustainable manner. 

Acknowledgements

The authors wish to thank Prof. Harindra Fernando,

University of Notre Dame and the Office of Naval Research,

USA for financial and technical assistance. Support given

by the staff of the National Institute of Oceanography and

Marine Sciences (NIOMS) of National Aquatic Resources

Research and Development Agency (NARA) and the crew

of RV Samuddrika is greatly acknowledged. 

References

Abrahams VA, Townsend LD (1993) Bioluminescence in

dinoflagellates: A test of the burglar alarm hypothesis. Ecology

74:258–260. doi:10.2307/1939521

Ambler J, Miller C (1987) Vertical habitat-partitioning by

copepodites and adults of subtropical oceanic copepods. Mar

Biol 94:561–577. doi:10.1007/BF00431403

Batchelder HP, Swift E, Van Keuren JR (1992) Diel patterns of

planktonic bioluminescence in the northern Sargasso Sea.

Mar Biol 113:329–339. doi:10.1007/BF00347288

Bradner H, Bartlett M, Blackinton G, Clem J, Karl D, Learned J,

Lewitus A, Matsuno S, O'Connor D, Peatman W, Reichle M (1987)

Bioluminescence profile in the deep Pacific Ocean. Deep-Sea

Res 34:1831–1840. doi:10.1016/0198-0149(87)90057-4

Buskey EJ (1992) Epipelagic planktonic bioluminescence in the

marginal ice zone of the Greenland Sea. Mar Biol 113:689–

698. doi:10.1007/BF00349712

Clarke GL, Backus RH (1957) Measurements of light penetration

in relation to vertical migration and records of luminescence

of deep-sea animals. Deep-Sea Res 4:1–14. doi:10.1016/

0146-6313(56)90026-0

Clarke GL, Kelly MG (1965) Measurements of diurnal changes in

bioluminescence from the sea surface to 2,000 meters using a

new photometric device. Limnol Oceanogr 10:54–66. doi:10.4319/

lo.1965.10.suppl2.r54

Conway DV, White RG, Hugues-Dit-Ciles J, Gallienne CP, Robins

DB (2003) Guide to the coastal and surface zooplankton of the

south-western Indian Ocean. Occasional Publication of the

Marine Biological Association 15. http://plymsea.ac.uk/279/

Accessed 12 Feb 2016

Durairatnam M (1963) Studies on the seasonal cycle of sea surface

temperatures, salinities and phytoplankton in Puttalam Lagoon,

Dutch Bay and Portugal Bay along the west coast of Ceylon.

Bull Fish Res Stn Ceylon 16:9–14

Fischer A, Fischer U (1995) On the life-cycle of the luminescent

polychaete Odontosyllis enopla (Annelida: Polychaeta). Invertebr

Biol 114:236–247. doi:10.2307/3226878

Fucile PD (2003) Low-cost, compact bathyphotometer. U.S. Patent

No. 6570176



Bioluminism in Sri Lankan Waters 339 

Gitelson I, Levin L (1989) Bioluminescence in oceanology. J

Biolum Chemilum 4:555–562. doi:10.1002/bio.1170040173

Gunasekara SS (2016) Temporal changes of surface chlorophyll

in the sea of south of Sri Lanka based on satellite data from

2005 to 2015. In: Proceedings of the National Aquatic Resources

Research and development Agency, scientific sessions, Sri

Lanka 2016, Colombo, 29 Mar 2016

Haddock SH, Moline MA. And Case JF (2010) Bioluminescence

in the sea. Ann Rev Mar Sci 2:443–493. doi:10.1146/120308-

081028

Haddock SH, Rivers TJ, Robison BH (2001) Can coelenterates

make coelenterazine? Dietary requirement for luciferin in

cnidarian bioluminescence. P Natl Acad Sci USA 98:11148–

11151. doi:10.1073/pnas.201329798

Hastings JW (1983) Biological diversity, chemical mechanisms,

and the evolutionary origins of bioluminescent systems. J Mol

Evol 19:309–321. doi:10.1007/BF02101634

Herring PJ (1987) Systematic distribution of bioluminescence in

living organisms. J Biolum Chemilum 1:147–163. doi:10.1002/

bio.1170010303

Herring PJ (1988) Copepod luminescence. Hydrobiologia 167:183–

195. doi:10.1007/BF00026304

Herring PJ, Latz M, Bannister N, Widder E (1993) Bioluminescence of

the poecilostomatoid copepod Oncaea conifera. Mar Ecol-

Prog Ser 94:297–309. doi:10.3354/meps094297

Kara AB, Rochford PA, Hurlburt HE (2003) Mixed layer depth

variability over the global ocean. J Geophys Res 108:3079.

doi:10.1029/2000JC000736

Keerthi M, Lengaigne M, Vialard J, De Boyer Montégut C,

Muraleedharan P (2013) Interannual variability of the Tropical

Indian Ocean mixed layer depth. Clim Dynam 40:743–759.

doi:10.1007/s00382-012-1295-2

Keerthi MG, Lengaigne M, Drushka K, Vialard J, De Boyer

Montégut C, Pous S, Lévy M, Muraleedharan PM (2016)

Intraseasonal variability of mixed layer depth in the tropical

Indian Ocean. Clim Dynam 46:2633–2655. doi:10.1007/

s00382-015-2721-z

Khalil MT, El-Rakman NSA (1997) Abundance and diversity of

surface zooplankton in the Gulf of Aqaba, Red Sea, Egypt. J

Plankton Res 19:927–936. doi:10.1093/plankt/19.7.927

Lapota D, Geiger ML, Stiffey AV, Rosenberger DE, and Young

DK (1989) Correlations of planktonic bioluminescence with

other oceanographic parameters from a Norwegian fjord. Mar

Ecol-Prog Ser 55:217–227. doi:10.3354/meps055217

Lapota D, Losee JR (1984) Observations of bioluminescence in

marine plankton from the Sea of Cortez. J Exp Mar Biol Ecol

77:209–239. doi:10.1016/0022-0981(84)90121-7

Latz MI, Frank TM, Case JF (1988) Spectral composition of

bioluminescence of epipelagic organisms from the Sargasso

Sea. Mar Biol 98:441–446. doi:10.1007/BF00391120

Lieberman SH, Lapota D, Losee JR, Zirino A (1987) Planktonic

bioluminescence in the surface waters of the Gulf of California.

Biol Oceanogr 4:25–46. doi:10.1080/01965581.1987.10749483

Losee, JR, Lapota D (1981) Bioluminescence measurements in

the Atlantic and Pacific. In: Nealson KH (ed) Bioluminescence:

Current perspectives. Burgess Publishing Company, Minneapolis,

pp 143–152

Lynch RV (1981) Patterns of bioluminescence in the oceans.

Naval Research Lab, Washington DC, 34 p

Marra J (1989) Marine bioluminescence and upper ocean physics

seasonal changes in the Northeast Atlantic. Oceanography

2:36–38. doi:10.5670/oceanog.1989.29

Marra J, Hartwig EO (1984) Biowatt: A study of bioluminescence

and optical variability in the sea. EOS T Am Geophys Un

65:732–733. doi:10.1029/EO065i040p00732

Mcmanus M, Alldredge A, Barnard A, Boss E, Case J, Cowles T,

Donaghay P, Eisner L, Gifford D, Greenlaw C (2003)

Characteristics, distribution and persistence of thin layers over a

48 hour period. Mar Ecol-Prog Ser 261:1–19. doi:10.3354/

meps261001

Moline M, Bissett P, Blackwell S, Mueller J, Sevadjian J, Trees C,

Zaneveld R (2005) An autonomous vehicle approach for

quantifying bioluminescence in ports and harbors. In: Proceedings

of the SPIE 5780, 29 Mar 2005, pp 81–87

Morin JG (1983) Coastal bioluminescence: Patterns and functions. B

Mar Sci 33:787–817

Neilson DJ, Latz MI, Case JF (1995) Temporal variability in the

vertical structure of bioluminescence in the North Atlantic

Ocean. J Geophys Res-Oceans 100:6591–6603. doi:10.1029/

94JC01448

Pinckney J, Tomas C, Greenfield D, Reale-Munroe K, Castillo B,

Hillis-Starr Z, Van Meerssche E, Zimberlin M (2018) Seasonal

changes in phytoplankton community structure in a bioluminescent

lagoon, St. Croix, US Virgin Islands. Aquat Microb Ecol

81:109–124. doi:10.3354/ame01865

Ratheesh KM, Greeshma V, Sibin AVV, Faisal A, Mohan M,

Ajayakumar VR, Krishnan A (2016) Bioluminescent glows

of Cypridina hilgendorfii in Kavaratti Lagoon, lakshadweep

archipelago, India. Int J Fish Aquat Stu 4:128–131

Razouls C, de Bovée F, Kouwenberg J, Desreumaux N (2005)

Diversity and geographic distribution of marine planktonic

copepods. Sorbonne Université, CNRS. http://copepodes.obs-

banyuls.fr/en Accessed 22 Feb 2016

Rees JF, Wergifosse B, Noiseti O, Dubuissoni M, Janssens B,

Thompson EM (1998) The origins of marine bioluminescence:

Turning oxygen defence mechanisms into deep-sea communication

tools. J Exp Biol 201:1211–1221

Rivers TJ, Morin JG. (2008) Complex sexual courtship displays

by luminescent male marine ostracods. J Exp Biol 211:2252–

2262. doi:10.1242/jeb.011130

Roe H (1972) The vertical distributions and diurnal migrations of

calanoid copepods collected on the SOND Cruise, 1965 I.



340 Wimalasiri, H. B. U. G. M. et al.

The total population and general discussion. J Mar Biol Assoc

UK 52:277–314. doi:10.1017/S0025315400018713

Rudyakov YA, Voronina N (1967) Plankton and bioluminescence

in red sea and gulf of aden. Oceanology-USSR 7:1076–1088 

Schott FA, Mccreary Jr JP (2001) The monsoon circulation of the

Indian Ocean. Prog Oceanogr 51:1–123. doi:10.1016/S0079-

6611(01)00083-0

Shanware A, Thakre N, Pande S (2013) Isolation and characterization

of novel marine luminescent bacteria from Diu beach, India. J

Pharm Res 7:529–533. doi:10.1016/j.jopr.2013.05.019

Silva E, Katupotha J, Amarasinghe O, Manthrithilake H, Ariyaratna

R (2013) Lagoons of Sri Lanka: From the origins to the

present. International Water Management Institute, Colombo,

122 p

Staples RF (1966) The distribution and characteristics of surface

bioluminescence in the oceans. Naval Oceanographic Office,

Washington DC, 48 p

Strickland JDH, Parsons TR (1972) A practical handbook of

seawater analysis. Fisheries Research Board of Canada, Ottawa,

310 p

Sweeney BM, Haxo FT, Hastings JW (1959) Action spectra for

two effects of light on luminescence in Gonyaulax polyedra. J

Gen Physiol 43:285–299. doi:10.1085/jgp.43.2.285

Swift E, Biggley WH, Verity PG Brown DT (1983) Zooplankton

are major sources of epipelagic bioluminescence in the southern

Sargasso Sea. B Mar Sci 33:855–863

Swift E, Sullivan JM, Batchelder HP, Van Keuren J, Vaillancourt

RD, Bidigare RR (1995) Bioluminescent organisms and

bioluminescence measurements in the North Atlantic Ocean

near latitude 59.5N, longitude 21W. J Geophys Res-Oceans

100:6527–6547. doi:10.1029/94JC01870

Tett P, Kelly M (1973) Marine bioluminescence. Oceanogr Mar

Biol 11:89–173

Widder EA (2010) Bioluminescence in the ocean: Origins of

biological, chemical, and ecological diversity. Science 328:704–

708. doi:10.1126/science.1174269

Wijetunge D, Ranatunga R (2015) Zooplankton assemblage in

Hambanota port and adjacent coastal waters of Sri Lanka.

Vidyodaya J Sci 17:9–23

Zimberlin M (2013) Nutrient limitation of bioluminescent

dinoflagellates in Mangrove Lagoon, Salt River Bay, St.

Croix, USVI. M.D. Thesis, University of South Carolina, 38 p

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional

claims in published maps and institutional affiliations.


