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Abstract

The bloom-forming dinoflagellate, Protoperidinium divergens has been linked with coastal
eutrophication in tropical and subtropical regions. Moderate to intense harmful algal bloom
of dinoflagellates Protoperidinium divergens (33,500 cells. mL™) was observed during June 2012
in Junglighat Bay of Port Blair in South Andaman. Bloom of Protoperidinium divergens was
observed for four days and declined afterwards due to heavy rainfall with low seawater temperature
of 24 to 26°C. A total of 63 species and 33 genera were identified. In the present investigation,
the following species of phytoplankton and zooplankton were found to be common; phytoplankton
such as Amphora sp., Bacteriastrum sp., Chaetoceros sp., Coscinodiscus sp., Rhizosolenia sp.,
Gonyaulax sp., Protoperidinium sp., Pyrophacus sp. and zooplankton such as Paracalanus sp.,
Euterpina sp., fish eggs, Copepod nauplii, Codonella sp. and Tintinnopsis sp. Hydrobiological
parameters analyzed during and post-bloom showed dissolved oxygen in the range of 2.23 — 4.46
mg.L™. Nutrients such as nitrate varied from 0.37-1.118umol.L™, nitrite from 0.37-1.118
umol.L ™, phosphate (0.10-0.289 pmol.L™) and silicate (6.22-9.333 pmol.L™). Anthropogenic
activities increased eutrophication in Junglighat Bay and led to nutrient enrichment in the water
column, although precipitation could also have favoured the outbreak of these dinoflagellates.
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Introduction

Phytoplanktons serve as a vital source of
energy in the marine environment. They initiate
the marine food chain, by serving as food to
primary consumers [1, 2]. Favorable environ-
mental conditions such as adequate levels of
nutrients, light and temperature, trigger periods
of rapid reproduction of phytoplankton known
as ‘blooms’ [3]. Besides normal and periodic
blooms of phytoplankton, exceptional, harmful
algal blooms also occur [4]. Dinoflagellates
are microscopic unicellular organisms belonging
to the division of Dinoflagellates [5]. Harmful
algal blooms (HABS) are a cause for concern
worldwide. Over the years, there has been a
marked increase in their occurrence along with
their spread to new geographical regions [6].
This apparent global expansion of HABs is
linked with increased anthropogenic eutrophi-
cation of coastal waters and increased nutrient
load [6, 7].

Protoperidinium sp. is a large and ubiqui-
tous genus of marine heterotrophic dinoflag-
ellates. Species of the genus typically follow
diatom blooms and are generally coastal in
distribution [8]. Protoperidinium species have
been found to feed on diatoms by means of
extracellular digestion of their prey within a
pseudopodial “feeding veil” [9]. P. divergens is
a marine dinoflagellate, forming extensive surface
blooms that discolour the seawater; these HABS
are commonly referred to as ‘red tide’. Accord-
ing to [10], the HAB events include the proli-
feration of algae in brackish waters, which can
cause massive fish mortality and contaminate
the seafood. Approximately 300 species can
discolour the sea surface, and approximately
40 species have the capacity to produce
potent toxins that can be transferred via fish
and shellfish to humans [11]. Few reports are
available regarding HABs from the Andaman
Islands [9, 12, 13, 14]. This study aimed to
fill this gap and enhance the knowledge base
covering the physicochemical properties and
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nutrient flux in the coastal water of the South
Andaman Islands, and their influence on P.
divergens proliferation.

Materials and methods
1) Description of the study area

Junglighat (92° 43°56"N and 11° 39°21"E)
is a moderately polluted area found in the
East Coast of Andaman [15] with a sewage
influx in the centre of the area. Junglighat Bay
is situated near Haddo harbour and is a major
fish landing centre for Port Blair. The bay is
funnel-shaped with a mouth 3 to 4 times wider
than the head end, and receives a large volume
of sewage discharge from the adjacent areas.
Patches of mangroves are present both at the
head end and right side of the bay. The area is
enclosed by hills on all three sides and there
is a significant freshwater influx in the inter-
tidal zone. Average depth of the bay is 4.5 m,
and maximum depth at high tide is 6.2 m.
Mechanized and motorized boats with fishing
trawls land their catches here regularly and release
oil, plastics, fish waste and other debris. There is
also a well-established fishing settlement which
is a key source of sewage and domestic waste.

2) Sample collection and analysis

Phytoplankton samples were collected by
using plankton net (mesh size, 20pum) from
the surface layers, with each set of samples
collected in triplicate. The samples were fixed
in 4% formaldehyde solution immediately after
collection. Temperature was measured using a
standard mercury centigrade thermometer. Sali-
nity was estimated using a hand-held refrac-
tometer (ATAGO). pH was measured using a
pH meter (OAKTON) from Eutech Instruments.
Dissolved oxygen was estimated by the modi-
fied Winkler’s method, and chlorophyll (90%
acetone method) measurements were carried
out spectrophotometrically in the laboratory
[16] and expressed as pmol.L™.
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The triplicate surface water samples were
collected in clean polyethylene bottles for
analysis of nutrients, which were stored imme-
diately in an ice box before transfer to the
laboratory. The collected water samples were
filtered by using a Millipore filtering system
and then analyzed for dissolved inorganic
nitrate, nitrite, reactive silicate and inorganic
phosphate, adopting the standard procedures
described by [15] and expressed in pmol L™
For the identification of species, 1 ml of sample
were put on a Sedgwick rafter counter slide,
covered with a cover glass and examined under
light microscope.
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Species level identification of the phytoplank-
ton samples were performed using marine phyto-
plankton identification keys [14, 17, 18, 19]. The
eukaryotic phytoplankton cell counts were per-
formed on a Sedgewick Rafter Counting Slide
[20].

N= nxvx1000
\Y

Where N is the total number of phyto-
plankton cells per liter of water filtered, n is
an average number of phytoplankton cells in
1 ml of sample, v is the volume of phyto-
plankton concentrates and V is the volume of
total water filtered.
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Figure 1 Map of the study area: Junglighat Bay
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Results
1) Species composition

Moderate to intense blooms of the dinoflag-
ellate Protoperidinium divergens was observed
during the month of June 2012 in Junglighat Bay,
South Andaman Island. A total of 62 species and
32 genera were identified. Diatoms comprised
36 species and 22 genera, dinoflagellates com-
prised 24 species and 8 genera. One cyanophy-
ceae and silicoflagellates were the most im-
portant taxonomic groups observed. During June
2012, Red and brown color patches were ob-
served in the study area. The bloom-forming
species Protoperidinium divergens was found
to dominate 95-98% in the Sedgewick-Rafter
Counting slide, with a density of 33,500 cells
mL? (Fig.2).
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No fish mortality was encountered during
the bloom. However, the event led to the ex-
clusion of other phytoplankton species. Never-
theless, some phytoplankton species still per-
sisted in small numbers, regardless of bloom
intensity. Notable among these were Amphora
sp., Bacteriastrum sp., Chaetoceros sp., Cos-
cinodiscus sp., Rhizosolenia sp., Gonyaulax
sp., Protoperidinium sp, and Pyrophacus sp.
(Tablel). Among the zooplankton species such
as Paracalanus sp., Euterpina sp., fish eggs,
Copepod nauplii, Codonella sp., Tintinnopsis
sp. were also recorded in low numbers. The
bloom was found to correlate with the heavy
rainfall (401.0 mm) recorded in June 2012 [21].
Diatom species were relatively low in num-
ber; this species might have been grazed upon
by Protoperidinium divergens.
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Figure 2 Microscopic views of the bloom-forming dinoflagellate Protoperidinium divergens

2) Physico-chemical parameters

Hydrological parameters were analyzed both
during and post-bloom. Physico-chemical varia-
bles measured from surface water during the
bloom are presented in Table 2. Surface water
temperature ranged from 26 to 27°C, pH varied
from 7.6-7.8, and salinity ranged from 20 to 31
(PSU). Salinities were found to be significantly
higher during the bloom period.

Dissolved oxygen levels in the study area
were found to range from 2.234 to 4.467 mg L™,
while biological oxygen demand (BOD) ranged
from 1.451-1.893 mg L. Nutrient concentrations
during the bloom period were high (Figure 3).

& 2

Nitrite concentrations varied between 0.37-1.118
pumol L™, while nitrate concentrations remained
much higher than nitrite (0.37-1.118 pmol.L™).
Phosphate levels fluctuated between 0.10-0.289
pmol L. Silicate concentration remained much
higher, ranging from 6.22-9.333 umol L™. Further,
chlorophyll a was recorded in the range of
0.085 to 0.133 pg L™, with a peak in concen-
tration observed in June 2012 (0.133 pg L™).
These high nutrient levels are probably due
to decay of the cells of the bloom-forming
organisms during sampling, in addition to
nutrients contributed by the heavy rainfall and
higher freshwater runoff from the coast. These
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high nutrient loads then triggered the Proto-
peridinium divergens bloom.
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Figure 3 Variations in nutrient concentration
during the bloom May 2012 to July 2012

Discussion

Though earlier studies reported a HAB of
Noctiluca bloom in the area, the current study
encountered no fish mortality during the bloom,
although the bloom event led to exclusion of
most plankton [12]. Algal blooms are used for
aguaculture and fisheries operations, but in some
situations algal blooms can have a negative
effect, causing severe economic losses to aqua-
culture, fisheries and tourism operations and
also have major environmental and human health
impacts [11]. HABs appear to have increased
in frequency, intensity and geographic distri-
bution worldwide, posing a threat to coastal
fisheries and fish/shellfish aquaculture through-
out the world [11, 22]. It is, however, difficult
to quantify such outbreaks in order to docu-
ment trends since there are so many different
types of blooms with so many different impacts
[22]. Heterotrophic dinoflagellates genus Proto-
peridinium was abundant during dinoflagel-
lates blooms, and much less abundant during
diatom blooms as observed in this study has
reported from the coastal waters of southern
California [23, 24]. For identification, the plate
patterns and the cate forms of living taxono-
mic authorities used to identify specimens were
[25, 26, 27, 28]. Previous studies reported the
maximum abundance of Protoperidinium in the
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coastal waters of southern California of 24
Protoperidinium mL™ [24]. During the study
period the dissolved oxygen was very low, as
found in an earlier study of dinoflagellates of
Noctiluca bloom period, during which dissolved
oxygen concentrations were drastically reduced,
reaching a low of (4.2 mg.L™). Nutrient con-
centrations were high during the bloom period;
silicate concentration was present at higher
levels than other nutrients. In this area during
the Noctiluca sp bloom period, phosphate con-
centration was very high. Seasonal blooms occur
annually as a result of changes in temperature
and nutrient availability, whereas red tide
outbreaks are localized and are triggered by a
variety of factors which are species- and region-
specific [4, 12]. This paper documents the first
occurrence of a HAB of the colonial form of
P. divergens in the Junglighat Bay of South Anda-
man Island. Consequently, continuous monitor-
ing of the water column and phytoplankton
compositions is needed to assess the HAB risk
and its impact on the tropical coastline. The
present work has indicated that phytoplank-
ton can serve as good bio-indicators of envi-
ronmental disturbances.

Conclusion

The present study indicated that high nutrient
levels and temperature were the primary causa-
tive agents triggering occurrence of HABs in
the Junglighat Bay region. The general nutrient
profiling of the Andaman Sea, especially in
anthropogenically influenced coastal areas, is
suggested, as it is important to gain a greater
understanding of the influence of nutrients on
marine life. Physico-chemical factors such as
nutrient fluxes, currents, tides, upwelling and
downwelling, convergence and divergence and
related frontal boundaries have also been
indicated as initiation factors for red tide species
of Protoperidinium divergens. The authors propose
a complete nutrient profiling of this area during
various seasons to understand, in a periodic
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sense, the nutrient patterns of this anthropo-
genically influenced Junglighat Bay.
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Tablel Check list of phytoplankton in Junglighat Bay, May to July 2012

No Species Pre-bloom Bloom Post bloom
Class Bacillariophyceae (Diatom)

1 Amphora obtusa + - -
2 Amphora sp. - + -
3 Asterianella glacialis + - -
4 Bacteriastrum delicatulum - + -
5 Chaetoceros atlanticus + - -
6 Chaetoceros curvisetus + + -
7 Chaetoceros decipiens + - -
8 Chaetoceros lorenzianus - + -
9 Chaetoceros orientalis + - -
10  Coscinodiscus asteromphalus + - +
11  Coscinodiscus centralis + - +
12 Coscinodiscus granii + + +
13 Coscinodiscus marginatus - - +
14  Coscinodiscus radiatus + + -
15  Ditylum brightwellii + - -
16  Entomoneis sulcata + - -
17  Eucampia cornuta - + -
18  Eucampia zoddiscus - + -
19  Guinardia flaccida - - +
20  Guinardia striata - + -
21  Gyrosigma diminutum + - -
22 Hemidiscus cuniformis - + +
23 Lauderia annulata - + -
24  Leptocylindrus danicus + + +
25  Meuniera membranacea + - -
26  Navicula sp. + -
27  Nitzschia closterium + - -
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Tablel Check list of phytoplankton in Junglighat Bay, May to July 2012 (continued)

No Species Pre- Bloom Post bloom
bloom
Class Bacillariophyceae (Diatom)
28 Odontella aurita + - -
29 Pleurosigma elongatum + - -
30 Pleurosigma sp. - - +
31 Pleurosigma strigosum + - -
32 Rhizosolenia shrubsolei - + -
33 Skeletonema costatum - + -
34 Thalasiossira decipiens - + -
35 Thalassionema nitzschioides - - +
36 Thalassionema frauenfeldii - + +
Class Dinophyceae (Dinoflagellates)

37 Ceratium furca + - +
38 Ceratium fusus + + +
39 Ceratium lineatum - - +
40 Ceratium lunula - + -
41 Ceratium macroceros + - -
42 Dinophysis caudata + - +
43 Dinophysis tripos - - +
44 Gonyaulax conjuncta - - +
45 Gonyaulax sp. - + -
46 Gymnodinium catenatum - - +
47 Prorocentrume marginatum + - -
48 Prorocentrum micans + + +
49 Prorocentum balticum + - +
50 Protoperidinium biconicum + - -
51 Protoperidinium conicoides - + +
52 Protoperidinium conicum - + -
53 Protoperidinium depressum + + +
54 Protoperidinium divergens - + +
55 Protoperidinium leonis - - +
56 Protoperidinium pyriforme + - -
57 Protoperidinium pentagonum + -

58 Pyrocystis obtusa - - +
59 Pyrophacus horologium + - -
60 Pyrophacus steinii + + -

Class: Cyanophyceae (Cyanobacteria or Blue-green algae)
61 Trichodesmium erythraeum - + -
Class Dictyochophyceae (Silicoflagellates)
62 Dictyocha octonaria - - +

Note : (-) Absent; (+) Present
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Table 2 Physicochemical parameters in Junglighat Bay during the Protoperidinium divergens

bloom
Parameters Pre -Bloom Bloom Post —Bloom
May 2012 June 2012 July 2012
Salinity (PSU) 20 31 28
Temperature (°C) 27 26 27
pH 7.6 7.7 7.8
Dissolved Oxygen (mg.L™) 4.35 2.234 4.46
Biological oxygen demand (mg.L™) 1.893 1.451 1.779
Chlorophyll a (ug.L™) 0.085 0.133 0.086
Rain fall (mm) 597.0 401.0 298.0
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