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Abstract The interaction between the environment and
heterotrophic dinoflagellates inhabiting coastal waters
of South Andaman was studied based on year round
collections made during September 2012—August 2013
in the bay, eastern, and western region of South
Andaman. The distribution pattern of microzooplankton
in South Andaman showed high abundance in eutrophic
waters (bay region) and gradually decreased towards the
off shore region. Microzooplankton community com-
prised of six different taxa, viz. tintinnids, heterotrophic
dinoflagellates, non-loricate ciliates, Foraminifera,
Rotifera, and Copepoda (nauplii). Tintinnids were the
major component of the microzooplankton (43.8 + 7%)
followed by heterotrophic dinoflagellates (34 + 12%)
and copepod nauplii (18.8 & 4.0%). This study focused
on heterotrophic dinoflagellates which ranked next to
tintinnids in overall abundance and contributed 38-42%
in the bay, 22-37% in the eastern, and 15-29% in the
western region to the microzooplankton community.
Dinoflagellates showed a positive correlation with sa-
linity and a negative correlation with dissolved oxygen
and chlorophyll a (» = — 0.3). Abundance of heterotro-
phic dinoflagellates in this area may be due to their
diverse and advantageous mode of nutrition. A total of
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35 species belonging to 8 genera of heterotrophic dino-
flagellates were recorded during the study period. Het-
erotrophic dinoflagellates showed a great potential to
thrive in low oxygenated and low productive area
(p < 0.001, Mann-Whitney test). Relatively higher di-
versity (H') in the dinoflagellates population was found
in the bay region (avg. H' = 3.46).
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Introduction

Microzooplankton are heterotrophic organisms (20—
200 pm in size) and comprise of protozoans (e.g., cili-
ates, heterotrophic dinoflagellates, radiolarians, and fo-
raminifera) and metazoans (e.g., copepod nauplii,
copepodites, and rotifers). They play a significant role
in energy transfer through classical and microbial food
webs in the marine ecosystems (Berggreen et al. 1988;
Turner and Roff 1993). Heterotrophic dinoflagellates
are ubiquitous protists in marine environment (Lessard
1991; Hansen 1991; Strom and Buskey 1991; Verity
et al. 1993). Dinogflagellates are usually categorized as
autotrops and heterotrops according to the presence or
absence of chloroplast pigments (Ehrenberg 1854;
Ismael Amany 2003). Half of the dinoflagellates species
in marine plankton lack chloroplast and consume other
plankton cells (Lessard and Swift 1985). The non-
photosynthetic nature of many dinoflagellates has been
noted since the early studies (Kofoid and Swezy 1921,
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Lessard and Swift 1985). The feeding mechanism of
dinoflagellates revealed that they are phagotrophic
(Gaines and Taylor 1984; Jacobson and Anderson 1986;
Hansen 1991). Heterotrophic dinoflagellates have diverse
nutrition pattern like autotrophic, mixotrophic, and het-
erotrophic (Jeong et al. 2010). Documentation made on
dinoflagellates feeding on prey size spectrum from bac-
teria (Lessard and Swift 1985) to large diatoms (Hansen
and Larsen 1992), copepod eggs, and early nauplii
(Sekiguchi and Kato 1976). Klein Bretler (1980) found
better growth of marine copepods when their algal diet
was supplemented with heterotrophic dinoflagellates.

In the present study, an attempt has been made to
understand the interaction between the environment and
heterotrophic dinoflagellates inhabiting three diversified
regions (Bay, Eastern, and Western part) of south
Andaman. This study represents the first detailed ac-
count on distribution and diversity of heterotrophic di-
noflagellates from this coastal ecosystem. Prior to this
study, no research on heterotrophic dinoflagellates from
this area had been undertaken. The present study thus
addresses the gap in our knowledge on the taxonomic
and ecological approach of heterotrophic dinoflagellates
in this little studied ecosystem.

Fig. 1 Map of the study area 92°35"E

Methods
Study area

Present study was carried out during September 2012 to
August 2013 in three distinct coastal regions of South
Andaman Island (Bay, Eastern, and Western region). A
total of 10 stations (11° 29" N-92° 36" E; Fig. 1) were
selected, viz. I. Bay region: including Junglighat Bay
(St.2); Sippighat (St.7), and Chouldhary (St.8); II. East-
ern region: including Chatham (St.1), Burmanallah
(St.3), and Carbyn’s Cove (St.4); and III. Western region
including Chidiyatapu (St.5), Pongibalu (St.6), Manjery
(St.9), and (St.10) Wandoor (Fig. 1).

Sampling procedure

Water samples were collected for the determination of
physicochemical parameters such as water temperature,
salinity, dissolved oxygen, and pH and phytoplankton
biomass (chlorophyll a). Microzooplankton (heterotro-
phic dinoflagellates) samples were collected by filtering
10 L of subsurface seawater through plankton net of

92°38'10"E 92°43'15"E

showing the sampling stations of
three different regions in South
Andaman Island. Bay stations are
St.2, St.7, and St.8; eastern
stations are St.1, St.3 and St.4;
and western stations are St.5, St.6,
St.9, and St.10
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200 pm and then slowly passing the filtrate through a
20-pum net.

Physicochemical parameters

Surface seawater temperature was recorded by using
standard mercury centigrade thermometer and salinity
was estimated with the help of a hand held Refractom-
eter (ATAGO). pH was measured by using a portable
digital pH meter (Eutech pH Scanl with accuracy + 0.1
pH) and calibrated with standard buffer solution prior to
the field sampling. Dissolved oxygen (DO) was estimat-
ed by the modified Winkler’s method (Strickland and
Parson 1972).

Biological parameters

Phytoplankton biomass was estimated as chlorophyll a
(ug L") by 90% acetone extraction method (Strickland
and Parson 1972). The following equation was used to
calculate the chlorophyll a concentration.

Chlorophyll a(ug L'l)

26.7(0D647-0D665)XV,
VXL

where

26.7 is derived from AXK (A = Absorption
coefficient of chlorophyll a; K = factor to equate
the reduction in absorbency to initial)

V1  volume of acetone (10 ml)

V2  volume of water (1 L)

L path length (1 cm) of cuvette

Microzooplankton (qualitative and quantitative study)

For microzooplankton (heterotrophic dinoflagellates)
taxonomy and quantitative studies, 10 L of subsurface
seawater was filtered through 200-pum plankton net and
collected in a bucket. Further, this filtered water was
then slowly passed through a 20-um net. The residue
samples from the net was collected and transferred in to
1 1 of filtered seawater and preserved with 1% acid
Lugol’s solution. The samples were left to settle for
24 h and concentrated to 10 ml by siphoning out the
supernatant (Gauns et al. 1996). For heterotrophic dino-
flagellates taxonomy studies, 1-ml sample was taken
from concentrated 10-ml sample to Sedgwick-Rafter

counting chamber and examined under the plankton
inverted microscope (Nikon Eclipse TS 100) and con-
verted to cells per liter.

Statistical analyses

Statistical analysis was performed by using statistical
software Primer (Ver.6.1). Biodiversity indices for the
heterotrophic dinoflagellates population such as species
richness (d), Shannon-Weiner diversity (H'), and evenness
(J) were calculated. Bray-Curtis similarity was applied on
square-root-transformed abundance data to discern species
similarities between different sampling stations. Correla-
tion between the various environmental parameters and
dinoflagellates were assessed by using Spearman rank
correlation analysis (Microsoft Excel, Window 2007).

Results
Bay region

Sea surface water temperature in the bay region ranged
from 25 to 35 °C. Maximum temperature (34 °C) was
recorded at St.7 during April 2013 and minimum
(25 °C) was recorded at all the three bay stations (St.2,
St.7, and St.8) during February 2013. Salinity ranged
from 7 to 35 psu. Maximum salinity (35 psu) was
recorded at St.7 and St.8 during March 2013 and lower
values of salinity was recorded at St.7 during September
2012 (8 psu) and June 2013—July 2013 (7 and 11 psu).
pH ranged from 7.4 to 8.4. Higher values (8.3-8.4) were
recorded at St.2 and St.8 during July 2013—August 2013
and slightly lower values (7.5-7.7) was recorded in all
the three stations in the bay region during October
2012—January 2013. Dissolved oxygen ranged from
2.01 to 6.03 mg L™". Lower values (2.0 mg L™") were
recorded at almost all the three stations during April
2013—June 2013 and generally higher DO was recorded
in this region during September 2012—July 2013. Chlo-
rophyll @ concentration varied from 0.01 to 0.24 ug L™".
Due to the occurrence of periodic blooms of diatoms
and dinoflagellates, higher value of chlorophyll a was
recorded in the bay stations during September 2012—
May 2013 (Elangovan and Padmavati 2017).
Heterotrophic dinoflagellates ranked next to
tintinnids in overall abundance from this area. Maxi-
mum density of heterotrophic dinoflagellates
(125 cells L") was recorded during April 2013 at St.7
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when both temperature and salinity were recorded high.
Minimum density (416 cells L") was recorded during
September 2012 and October 2012 at almost all the bay
stations when salinity was low. They showed a positive
correlation with salinity and temperature and a negative
correlation with chlorophyll @ and dissolved oxygen
(Fig. 2 and Table 1).

Heterotrophic dinoflagellates comprising of 26 spe-
cies belonged to eight genera in bay and represented by
Dinophysis apicata, D. caudate, D. miles, Dinophysis
sp., Gymnodinium sp., Noctiluca scintillan,
Ornithocercus magnificus, O. thumii, Podolampas

bipes, Porocentrum micans, Protoperidinium breve,
P. conicum, P. crassipes, P. curtips, P. depressum,
P divergens, P. globules, P. granii, P. latistriatum,
P. longicollum, P. oceanicum, P. ovatum,
P. pellucidum, P. pentagonum, P. stenii, and Pyrophacus
sp. Among these, six species of heterotrophic dino-
flagellates such as Dinophysis caudata (70 cells L™),
Protoperidinium divergens (38 cells L"),
P. depressum (32 cells LY, P granii (23 cells LY,
P. stenii (22 cells L"), and Dinophysis sp.
(22 cells L") were abundant in the bay region
(Plates 1 and 2, Table 4).

0.30
;«‘
25 A4
b
020 =
<
0.15 =
010 é C— Heterotrophic dinoflagellates
—
'g — O— Chlorophylla
0.05 =
-——l
0.00 ~
0.30
025 =
3
020 &
=
0.15 =
é‘ C—J Heterotrophic dinoflagellates
0.10 g — O— Chlorophylla
=
0.05 5
0.00
0.30
r 0.25
23
0.20
F 0:15

0 St.2
8 10 117
= 120 _
= ] Q
g, 100 A
s A 74
=~ 80 \ a 6 A
=B R . = ¢ A |
= 'J 60 45 1 & A @
=7 \ J. 40
o= 5 ! g g
= .3 40 . - 26
8= 20 [ ||F10® 11
g 20 0 \ |:|
=]
g o[l 0
S 0 |
D T 0 2.0 =0 =2 o8 = o
e C8EREBEEEEEC
o e Y .z * s N Z T b
& X
iz >
) St.7
s 140 125
= —
- 120
'éf 100 ?‘
S : .. 2
é oo "\ ’- \
So 80 R a2l =
253 5 53 . \
=2 60 [} \ ©
= ; )
7 ol oinoalll
2 © |24 © ’
z I ) 18 17
D 20 -
& Tl °nl
' o O
(0] !
B o 9 DD = S = o
—_. =R 0 YV S DV S = == —
_% o 2’ Q- = = = o
A =
St.8
100
S 90 22
=
= 80
- o 6o R
5 ° ;N
= 60 *-2 Y
& so L. il 1 T
2 40 J % 1 ©
8= a0 |20 NP
PTe 0 3 -
2 -& &P
= 20
= b - 9 9 |:| 10 10
£, Uo0n0 []
£ o B =2 8 8592 = _5< === o
aoZ2a=SE2=Ia32E"%
3 =

3 Heterotrophic dinoflagellates

0.10 — ©— Chlorophylla

Chlorophylla(yg.

0.05

0.00

Fig. 2 Monthly variation of total abundance of heterotrophic dinoflagellates and chlorophyll @ in the bay region

@ Springer



Environ Monit Assess (2017) 189: 614

Page 5of 15 614

Table 1 Spearman rank correlation coefficients () between various environmental parameters and heterotrophic dinoflagellates in the bay

region
Temperature Salinity Chl a DO pH H. dinoflagellates

St.2

Temperature 1.00

Salinity 0.24 1.00

Chl a —0.09 - 045 1.00

DO —0.65 -048 0.44 1.00

pH 0.01 0.69 -0.36 -0.40 1.00

H. dinoflagellates 0.45 0.64 -023 -0.35 0.36 1
St.7

Temperature 1

Salinity 0.21 1

Chla 0.16 -0.31 1

DO -0.16 -0.28 -0.32 1

pH -0.20 0.20 -0.39 —0.03 1

H. dinoflagellates 0.39 0.45 -0.14 -0.41 0.37 1
St.8

Temperature 1

Salinity 0.03 1

Chla 0.55 0.11 1

DO -0.24 -0.27 0.18 1

pH -0.20 0.34 -0.22 0.00 1

H. dinoflagellates -0.35 0.29 -0.24 -0.70 0.09 1

Eastern region

Sea surface water temperature ranged from 22 to 33 °C
in the eastern region. Maximum temperature (33 °C)
was recorded during April 2013 at St.3 and lower value
of temperature (24-26 °C) was recorded during January
2013-March 2013 at all the three stations (St.1, St.3,
and St.4). Salinity ranged from 20 to 36 psu. Maximum
salinity (36 psu) recorded during March 2013 and min-
imum (22 psu) recorded during June 2013 at St.4. Gen-
erally, higher salinity (32—36 psu) recorded during Jan-
uary 2013—-March 2013 at almost all three stations in the
eastern region. Salinity values were low during Septem-
ber 2012—October 2012 (20-29 psu) at St.1. pH ranged
from 7.7 to 8.4. Higher pH (8.0-8.3) was recorded
during July 2013—August 2013 at most of the stations
and slightly lower values (7.7-7.9) were recorded dur-
ing September 2012—December 2012. Dissolved oxy-
gen ranged from 2.08 to 4.91 mg L', Higher DO values
(>4 mg L") was recorded during July—January 2013 at
almost all the three stations and generally lower DO was

recorded during February 2013—April 2013. Chloro-
phyll @ concentration varied from 0.05 to 0.16 pg L.
Higher values of chlorophyll a was recorded during
May—August 2013 and low values recorded during Oc-
tober—November 2012 in the eastern stations
(Elangovan and Padmavati 2017). Heterotrophic dino-
flagellates showed a positive correlation with salinity
and temperature and negative correlation with chloro-
phyll a (»=—0.51) and dissolved oxygen at the eastern
stations (Fig. 3 and Table 2).

Heterotrophic dinoflagellates ranked next to
tintinnids in overall abundance from this region. Maxi-
mum density of heterotrophic dinoflagellates
(96 cells L™") was recorded during April 2013 at St.1
when temperature and salinity were recorded high. Min-
imum density (422 cells L™") was recorded during
September 2012—-December 2012 at almost all the east-
ern stations when salinity was low. Heterotrophic dino-
flagellates comprising of 26 species belonged to 8 gen-
era in this region represented by Dinophysis apicata,
D. caudata, D. rotundata, Gymnodinium sp., Noctiluca
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Plate 1 Microphotographs of heterotrophic dinoflagellates (a—h) identified from coastal waters of South Andaman (x 40 magnification)

scintillans, Ornithocercus magnificus, O. thumii,
Podolampas bipes, Podolampas sp., Porocentrum
micans, Protoperidinium breve, P. conicum, P. curtips,
P depressum, P. divergens, P. globules, P. granii,
P latistriatum, P. nipponicum, P. oceanicum,
P ovatum, P. pellucidum, P. pentagonum, P. stenii,
P tuba, and Pyrophacus sp. Among these, four species
of heterotrophic dinoflagellates such as Dinophysis
caudata (63 cells L"), Protoperidinium depressum
(22 cells L'V, P granii (18 cells L"), and P. divergens
(15 cells L™!) were abundant in the eastern region
(Plates 1 and 2, Table 4).

Western region
Sea surface water temperature ranged from 23 to 34 °C
in the western region. Higher temperature (> 32 °C) was

recorded during April 2013 in all the four stations in this
region. Maximum temperature (34 °C) was recorded

@ Springer

during April 2013 at St.9. Lower values of temperature
(23-27°C)wererecorded during January—March 2013 at
all the four stations (St.5, St.6, St.9, and St.10). Salinity
ranged from 17 to 36 psu. Maximum salinity (36 psu)
was recorded during February 2013 at St.6 and mini-
mum (17 psu) was recorded during May 2013 at St.5.
Generally, higher values of salinity (31-36 psu) obtain-
ed during January 2013—April 2013 at almost all the
four western stations. Lower value of salinity was re-
corded during September—October 2012 (30-31 psu).
pH ranged from 7.2 to 8.4. Higher values (8.0-8.3) were
recorded during June 2013—August 2013 at most of the
sampling stations and slightly lower values (7.7-8.0)
were recorded during October 2012—January 2013 in
the western region. Dissolved oxygen showed wide
range and varied from 0.53 to 5.03 mg L', Maximum
dissolved oxygen (5.03 mg L") was recorded at St.9
during February and August 2013. Lower values
(< 3 mg L") were recorded during April 2013 and
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b

(h) P. pellucidum

(i) P. stenii
Plate 2 Microphotographs of heterotrophic dinoflagellates (a—k) identified from coastal waters of South Andaman (x 40 magnification)

June 2013 in this region. Chlorophyll ¢ concentration
varied from 0.01 to 0.19 ug L™". Higher value of chlo-
rophyll @ was recorded during November 2012—Febru-
ary 2013 in the western stations (Elangovan and
Padmavati 2017).

Heterotrophic dinoflagellates ranked next in the
order of abundance in this region. Maximum density
of heterotrophic dinoflagellates (42 cells L") was
recorded during June 2013 at St.10 when both

(j) P. tuba (K) Pyrophacus sp

temperature and salinity was recorded high. Minimum
density (3—18 cells L—1) was recorded during Decem-
ber 2012 — January 2013 at almost all the western
stations when temperature was low. A negative corre-
lation was found between heterotrophic dinoflagel-
lates, chlorophyll @, and dissolved oxygen (Fig. 4
and Table 3). Heterotrophic dinoflagellates compris-
ing of 27 species belonged to 8 genera in this region
represented by Dinophysis apicata, D. caudata,
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Fig. 3 Monthly variation of heterotrophic dinoflagellates and chlorophyll @ in the eastern region

D. rotundata, Gymnodinium abbreviatum,
Gymnodinium sp., Noctiluca scintillans,
Ornithocercus magnificus, O. thumii, Podolampas
bipes, Porocentrum micans, Protoperidinium breve,
P brevipes, P. conicum, P. crassipes, P. curtips,
P depressum, P. divergens, P. fatulipes, P. granii,
P. latistriatum, P. nipponicum, P. oblongum,
P. oceanicum, P. ovatum, P. pellucidum, P. stenii, and

@ Springer

Pyrophacus sp. Among these seven of heterotrophic
dinoflagellates such as Protoperidinium granii
(20 cells L™Y), Dinophysis caudata (15 cells L"),
Protoperidinium divergens (15 cells L™'),
P. pellucidum (12 cells L™"), P. stenii (3 cells L"),
P. depressum (3 cells LY, and Porocentrum micans
(2 cells L) were recorded more in the western region
(Plates 1 and 2, Table 4).
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Table 2 Spearman rank correlation coefficients () between various environmental parameters and heterotrophic dinoflagellates in the

eastern region

Temperature Salinity Chl a DO pH H. dinoflagellates
St.1
Temperature 1
Salinity 0.197 1
Chla —0.438 0.29 1
DO 0.054 -0.53 -0.28 1
pH -0.175 0.70 0.65 -0.57 1
H. dinoflagellates 0.621 0.40 0.00 0.19 0.04 1
St.3
Temperature 1
Salinity -0.09 1
Chla 0.11 -0.25 1
DO —0.67 -0.44 —-0.02 1
pH —-0.08 0.45 0.11 -0.13 1
H. dinoflagellates 0.38 0.25 0.00 -0.47 0.25 1
St4
Temperature 1
Salinity —0.06 1
Chla 0.26 —0.67 1
DO -0.21 —-0.06 -0.33 1
pH 0.13 0.30 0.20 —0.63 1
H. dinoflagellates 0.10 0.51 -0.51 -0.34 0.32 1
Species diversity and association Discussion

The mean number of species (S) recorded 12.2 sp.
from the bay region, 11.1 sp. from eastern region,
and 10.4 sp. from western region. There was a grad-
ual decline in the heterotrophic dinoflagellates spe-
cies diversity from the bay region to the open ocean.
Relatively higher diversity (H') in the dinoflagellate
population was found in the bay region and eastern
region (mean H' = 3.4) compared to western region
could be due to the presence of more coastal species
(Fig. 5). Higher evenness in the dinoflagellate popu-
lation was found in the eastern and western region.
On the basis of clustering, the different dinoflagellate
species from this region formed three major groups
over space. Cluster “a” represented a group of ex-
clusively with western species showing 55% similar-
ity, cluster “b” formed of bay species with 50%
similarity, and cluster “c” formed with a mixture of
eastern and western species showing 30% similarity
(Fig. 6).

Heterotrophic dinoflagellates (HD) were second domi-
nant group of the microzooplankton community in the
study area and contributed 38-42% in the bay, 22-37%
in the eastern region, and 15-29% in the western region.
The distribution pattern of HD in South Andaman
showed high abundance in eutrophic waters (bay re-
gion) and gradually decreasing towards the off shore
region. The mean abundance of heterotrophic dinofla-
gellates in bay waters was 35 cells L', eastern region,
18 cells L', and western region was 10 cells L' Max-
imum density (125 cells L") was recorded at St.7 in the
bay region during April 2013 when both temperature
(34 °C) and salinity (35 psu) was high and dissolved
oxygen was quite low (2.6 ml L™"). Heterotrophic dino-
flagellates were negatively correlated with dissolved
oxygen concentration in the study area showing great
potential to thrive at low oxygenated area (p < 0.001,
Mann-Whitney test) and can survive in adverse condi-
tions as found in this study has also been reported earlier
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Fig. 4 Monthly variation of total abundance of heterotrophic dinoflagellates and chlorophyll @ in the western region
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Table 3 Spearman rank correlation coefficients () between various environmental parameters and heterotrophic dinoflagellates in the

western region

Temperature Salinity Chla DO pH H. dinoflagellates
St.5
Temperature 1
Salinity 0.17 1
Chl a 0.34 0.39 1
DO -0.37 -041 -0.14 1
pH 0.40 0.57 0.37 - 044 1
H.dinoflagellates 0.24 -0.26 —0.48 —0.46 0.22 1
St.6
Temperature 1
Salinity —0.46 1
Chla 0.21 -0.20 1
DO 0.03 0.30 0.35 1
pH 0.02 0.53 0.07 0.02 1
H.dinoflagellates 0.10 0.32 - 041 -0.01 0.14 1
St.9
Temperature 1
Salinity 0.28 1
Chla 0.37 0.41 1
DO -0.28 0.41 0.33 1
pH 0.49 0.77 0.04 0.08 1
H.dinoflagellates -0.19 0.34 —0.31 0.29 0.33 1
St.10
Temperature 1
Salinity -0.24 1
Chla 0.04 0.41 1
DO -0.14 -0.33 -0.83 1
pH 0.21 0.43 0.43 -0.38 1
H. dinoflagellates 0.10 0.06 -0.14 -0.21 -0.18 1

(Wenlu Lana et al. 2009). Their abundance was quite
low during September 2012—January 2013 when both
temperature and salinity was low and dissolved oxygen
concentration was quite high. The concentration of chlo-
rophyll a and heterotrophic dinoflagellates showed a
reverse pattern of distribution in this study (p < 0.001,
Mann-Whitney test). Low density of heterotrophic di-
noflagellates (16 cells L") was observed in the bay
region where periodic diatom blooms were recorded,
viz. at St.2 during September 2012 Leptocylindrus
danicus bloom (HD, 26 cells L™"); during June 2013
Protoperidinium pellucidinum bloom (HD, 26 cells L")
and during July 2013 Coscinodiscus centralis bloom
(HD, 11 cells L") were noted. Similarly at St.8 during

November 2012 Ceratium furca bloom (HD, 9 cells LY
and during May 2013 Chaetoceros tortissimum bloom
(HD, 31 cells L") were noted. The negative correlation
of dinoflagaellates abundance and chlorophyll a may
suggest that a large fraction of the dinoflagellates com-
munity is alternatively autotrophic and mixotrophic.
The reason for the abundance of heterotrophic dinofla-
gellates in microzooplankton community in this area
could be due to their adapting nature to different modes
of feeding (mixotrophic) which compete with other
predators for prey and re-package smaller prey into
larger plankton cells (Jyothibabu et al. 2003). They are
non-selective feeders and able to persist at low food
abundance, and can survive on alternate prey, or at low
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Table 4 Occurrence list of heterotrophic dinoflagellates species in the coastal waters of Port Blair, South Andaman Island during 2012—

2013

Species Bay region

Eastern region Western region

Heterotrophic dinoflagellates -
Dinophysis apicata
D. caudata

+ + o+

D. miles

D. rotundata -

+

Dinophysis sp.

Gymnodinium abbreviatum
Gymnodinium sp.
Noctiluca scintillans
Ornithocercus magnificus
O. thumii

Podolampas bipes

+ + + + o+

Podolampas sp.

Prorocentrum micans

+ o+

Protoperidinium breve

P, brevipes
P, conicum
P, crassipes
P. curtips

P, depressum

+ + + + o+

P. divergens
P, fatulipes -
P, globules

P. granii

P, heteracanthum

P, latistriatum

+ + + + +

P, longicollum

P. nipponicum

P, oblongum
P. oceanicum
P ovatum

P, pellucidum

P. pentagonum

+ o+ o+ o+ o+

P, stenii
P, tuba
Pyrophacus sp. +

+ o+
+ o+

+
I+ + + 4+ + o+ +

+ + 4+ + + o+ o+ o+

+ + + I+
+ + + 4+ + + + + +

+ + + o+

+

+ o+ 4+ o+ + o+ o+
|

prey abundance, during non-bloom conditions (Sarthou
et al. 2005). They can also adapt at low prey abundance
by reducing their rate of metabolism (Sherr et al. 1986).

In this study, a total of 35 heterotrophic dinoflagel-
lates species belonging to 8 genera were recorded which
is quite low compared to an earlier study from oceanic

@ Springer

region of Bay of Bengal and the Andaman Sea (76 spp.
and 14 genera; Jyothibabu et al. 2003), western Bay of
Bengal (57 spp. and 12 genera; Jyothibabu et al. 2008)
but higher than the study (25 spp. and 6 genera; Asha
Devi et al. 2010) and (28 spp. and 7 genera; Jyothibabu
et al. 2008) from the Arabian Sea. Eight species such as


http://algaebase.org/browse/taxonomy/?id=6315

Environ Monit Assess (2017) 189: 614

25+
204
%
7 154 T "
2 — I
ie
210 “— I
S e
Z
S+
() T T T
Bay Eastern Western
1
0
2 54
< I
= ]
(a4 J
g, |
5 37 1
2
)
24
I

T T

T
Bay Eastern Western

Page 13 of 15 614
454
4.0+
2 354 L
z
A 30- l
7 I
2 :
2 2
2.0
T T T
Bay Eastern Western
1.02 -
1.00 4 °
I f ]  ——
0.98 H v
; 0.96 1
2
2 0.94 i
0.92 1
0.90 4
T T T
Bay Eastern Western

Fig. 5 Diversity indices of heterotrophic dinoflagellates in the study area

Dinophysis hastata, Ornithocercus quadrates,
0. steinii, Phalacroma rapa, P. apicatum,
P. doryphorum, Podolampus spinifera, and
P, palmipes recorded from Southeastern Arabian Sea
and three species such as Dinophysis uracantha,
Prorocentrum compressa, and Podolamphas elegans
recorded from the oceanic regions of the Bay of
Bengal and the Andaman Sea were not recorded in
this study ascertained their oceanic preference
(Elangovan et al. 2012). Further absence of two spe-
cies such as Protoperidinium brevipes and P. fatulips
recorded earlier during 2011 from the bay and eastern
stations of this area suggest that the coastal waters of
this bay is fast in response to environmental pertur-
bations and the spatio-temporal variation of hetero-
trophic dinoflagellates species were strongly influ-
enced by environmental variables during the period
of investigation.

The mean number of species was higher in the bay
and eastern region compared to the open ocean. Rela-
tively higher diversity and species richness in heterotro-
phic dinoflagellates population was found in the bay and
eastern region. Considering diversity as a means of
biotope utilization and niche division, the operating
species in the bay have “broad” niches and utilizing
their adaptability to the fluctuating environmental and
extract the maximum within the available food, while
the equitability in HD population was relatively high the
western region (avg. J = 0.9) compared to both bay and
eastern region. The pattern of association of the com-
mon dinoflagellates species of coastal waters of south
Andaman showed high degree of correlation between
species of eastern and western species of open ocean.
Cluster analysis clearly showed that the species formed
the groups depending on the type of distribution and
abundance.

@ Springer



614 Page 14 of 15

Environ Monit Assess (2017) 189: 614

Simitarity

T0

T 07
0t
09

“+08

001

| Protoperidinium fatulipes

' Dinophysis rotundata

Protoperidinium crassipes
a

| Protoperidinium nipponicum

| Protoperidinium brevipes

| Protoperidinium oblongum

Dinophysis miles =

Protoperidinivum longicollum

Dinophysis sp

Pvrophacus sp
Protoperidinium latistriatum

Noctiluca scintillans

Protoperid pellucidum

Protoperidinium breve

[ Porocentrum micans

Protoperidinium ovatum

Protoperidinium divergens
Protoperidinium depressum
Protoperidinium granii

(I —
Ornithocercus thumii
— Protoperidinium oceanicum

—{— Podolampas bipes

Protoperidinium stenii

Dinophysis caudata —
Protoperidinium curtips
Gymnodinium sp

Prortoperidinium conicum

Dinophysis apicata

Ornithocercus magnificus

r Protoperidi pent,

 — Protoperidininm ruba

e Podolampas sp

Protoperid, wlobules

abbreviarum

X P
Gy

Fig. 6 Cluster analysis showing affinity of heterotrophic dinoflagellates species and formation of groups in the study area

Conclusion

For the first time, this study contributes to the knowl-
edge on abundance, species composition, diversity, and
association of heterotrophic dinoflagellates from the
coastal waters of South Andaman. The distribution pat-
tern of the heterotrophic dinoflagellates was strongly
influenced by the physicochemical processes occurring
in this area. Heterotrophic dinoflagellates showed great
potential to thrive in low oxygenated and low produc-
tivity area (p < 0.001, Mann-Whitney test). Abundance
of dinoflagellates in the microzooplankton community
may be due to the diverse and advantageous modes of

@ Springer

nutrition of this group. The successful species of hetero-
trophic dinoflagellates, viz. Protoperidinium
depressum, P divergens, P. granii, P. stenii, and
Dinophysis caudata, exhibited a wide range oftolerance
towards salinity and dissolved oxygen in this area. Apart
from salinity and dissolved oxygen, strong currents
down-stream, turbidity, or non-availability of the
“right” food may be rendering low abundance for other
species.

There is a continuous need to assess the taxonomic
composition, abundance, production of heterotrophic
dinoflagellates from the coastal waters of South
Andaman where they have been hitherto ignored.
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