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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
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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
























