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ABSTRACT.— The densities and distribution of heterotrophic bacteria and pico- and nano-phytoplankton
were determined along the Bangpakong River during the dry (February and April) and wet (July and
September) seasons of 2004. Heterotrophic bacteria, with average densities ranging from 1.38 x 10° to 1.87 x
10° cells/ml, were 10 to 100 times more abundant than autotrophic picoplankton (picophytoplankton). The
communities of nanophytoplankton were dominated by nanoflagellates, with average densities ranging
from 2.54 x 10° to 1.33 x 10° cells/l. Other nanophytoplankton included diatoms, dinoflagellates,
coccolithophorids and cyanobacteria, with average densities ranging from < 1 to 108 cells/I. The abundances
of pico- and nano-plankton were higher in the wet season than in the dry season. Higher densities of both
groups were also recorded in the upper estuarine region and the densities tended to decrease towards the
sea. Heterotrophic bacteria and nanoflagellates dominated the pico- and nano-plankton communities
throughout the study periods, while the densities of the other groups showed an increasing trend from the
lower estuarine region of the river (salinity > 25 psu) towards the sea. The densities of the pico- and nano-
plankton were statistically related to the temperature, salinity and dissolved inorganic nutrients in the
Bangpakong River.
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INTRODUCTION

The importance of small-sized phyto-
plankton, the pico- (0.2 — 2 pm) and nano-
phytoplankton (2 — 20 pm), as primary
producers in marine food webs, as well as
their roles in biogeochemical cycles of
elements, are widely recognized in
temperate oceans (Detmer and Bathmann,
1997; Tarran et al., 2001; Not et al., 2002;
Jochem, 2003) but not in the tropical ones
(Nielsen et al., 2004; Pan et al., 2005). The
current information on the role of the small-
sized phytoplankton in the coastal areas of
tropical regions is sporadic due to the turbid

nature of the water bodies, which interferes
with the quantitative measurements of either
phytoplankton abundance or biomass. In
Thai waters, the determination of extracted
chlorophyll-a level has been used as a
measure to assess the phytoplankton
biomass in both coastal and offshore
environments. However, this then places a
strong emphasis accordingly on the
microphytoplankton  (large-sized  phyto-
plankton of 20 — 200 um in diameter), that
is the diatoms, filamentous cyanobacteria
and dinoflagellates (Piumsomboon, 2002).
The measurement of size-fractionated
chlorophyll-a containing organisms was
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used as a part of the study into the marine
food web structure in the coastal and
estuarine  ecosystems to assess the
rehabilitation and/or  reforestation  of
degraded mangrove ecosystem in the Gulf
of Thailand (Piumsomboon et al., 2001) as
well as the ecosystem health and stability of
the tsunami-disturbed mangrove and coastal
ecosystems of the Andaman Sea
(Piumsomboon et al., 2007). The contri-
butions of phytoplankton of smaller than 20
um in size (pico- and nano-phytoplankton)
were estimated to be 41% - 91% of the total
chlorophyll-a  biomass in  mangrove
estuaries and river mouths in the Gulf of
Thailand (Piumsomboon, 2002), and this
proportion increased to 82% in the less
turbid seawater of the near-shore waters of
the Andaman Sea (Paphavasit et al., 2009).
A high percentage of pico- and nano-
phytoplankton biomass results in a different
structure of the pelagic food webs than those
starting with microphytoplankton as the
important producers, and so will alter the
biological  productivities of  marine
ecosystems.

The variation of water quality, and
especially the salinity and nutrient levels,
may play an important role in affecting the
distribution and densities of small
phytoplankton. High densities and biomass
of picophytoplankton have been found in
oligotrophic waters of high salinity and low
nutrient levels, whilst lower densities and
biomass are observed in coastal waters with
a low salinity and high nutrient
concentration. Nanophytoplankton, on the
other hand, had abundant densities and
biomass in coastal waters rather than in the
oligotrophic waters (Sieburth et al., 1978;
Gobler et al., 2005; Pan et al., 2007).
Besides the small-sized phytoplankton as
important photosynthesis primary producers
in marine ecosystem, heterotrophic bacteria

are present that consume dissolved organic
matters and serve as a major biomass and
carbon food source among the plankton
community (Fuhrman et al., 1989; Cho and
Azam, 1990). In the microbial loop food
web, heterotrophic bacteria play an
important role as an intermediate group
between phytoplankton and zooplankton in
transforming dissolved organic matter into
biomass (Azam et al., 1983; Sherr and
Sherr, 1994), contributing some 9 — 48% of
the total carbon food source (Jochem, 2003).

The Bangpakong River locates in the
eastern part of the Gulf of Thailand. The
river is strongly influenced by the monsoon
system (Buranapratheprat et al., 2002) as
well as by intense human activities,
including irrigation systems, industry,
aquaculture, animal farms, municipal supply
and waste water discharge, which control
the wvariations of the physico-chemical
characteristics of this river, and in particular
the salinity and nutrients (Wattayakorn,
2001; Bordalo et al.,, 2001). Indeed, the
fluctuations in the salinity and nutrient
concentrations will primarily alter the
community  structure of  microphyto-
plankton, as has been reported in the eastern
part of the Gulf of Thailand (NRCT-JSPS,
1998; Buranapratheprat et al., 2002), and
hence will affect the higher tropic levels of
the food chains including the fish
productivity. However, there are no report
concerning the community structure of the
small-sized phytoplankton and heterotrophic
bacteria in this area.

Therefore, this study into the structure of
the phytoplankton community, and in
particular the pico- and nano-phytoplankton
plus the heterotrophic bacteria was designed
to determine the wvariability in the
community of small-sized plankton along
the Bangpakong estuary, as a baseline data
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FiGure 1. The 13 sampling stations (ST 1 — ST 13) located within the Bangpakong River (ST 1 — ST 9),

estuary (ST 10 and ST 11) and sea in the river mouth (ST

to serve for future assessment of the
planktonic food webs in this ecosystem.

MATERIALS AND METHODS

Study Area and Period.— Bangpakong
River is the most important river in the
eastern part of Thailand with its 122 km
length covering a watershed of 7,988 km? in
the  Prachinburi and  Chachoengsao
provinces (NRCT-JSPS, 1998). It is under
the influence of the monsoon system; the
dry northeast (November to March) and the
wet southwest (May to October) monsoons.
Thus, the discharge controlled by the river
displays seasonal variations, including

12 and ST 13).

variations in the nutrient concentrations that
may affect the phytoplankton biomass in
this area (NRCT — JSPS, 1998; Buranapra-
theprat et al., 2002).

Thirteen sampling stations were set up
along the Bangpakong River from Baan
Srang district in Prachinburi province to
Bangpakong district in Chachoengsao
province, which were comprised of nine,
two and two sampling stations along the
river, in the estuary and in the sea off the
river mouth respectively (Table 1 and Fig.
1). This study was carried out during the
daytime in February, April, July and
September of 2004. The first two sampling
months represented the dry season while
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TaBLE 1. Location of each sampling station and any associated human activity in the proximity of that

station.
_ _ UTM Upstream Activity
Station Location Distance
Easting Northing (km)

ST1 Amphoe Ban Srang, Prachinburi 732222 1534220 (0 km) Agriculture

ST2 Amphoe Bang Khla, 737194 1518099 (30 km) Urban
Chachoengsao

ST3 Lower Dam, Amphoe Mueang, 730404 1516321 (40 km) Animal farming
Chachoengsao

ST4 Na Mueang, Amphoe Mueang, 724784 1513547 (50 km) Urban
Chachoengsao

ST5S Amphoe Ban Pho, Chachoengsao 724647 1507213 (65 km) Urban

ST6 Amphoe Ban Pho, Chachoengsao 725051 1504103 (70 km) Urban

ST7 Tha Sa-an, Amphoe 716355 1497161 (85 km) Urban
Bangpakong, Chachoengsao

ST8 Tha Kham, Amphoe 717000 1491500 (95 km) Urban
Bangpakong, Chachoengsao

ST9 Amphoe Bangpakong, 711014 1487408 (105 km) Industry,
Chachoengsao Aquaculture

ST 10 Bangpakong estuary, Chonburi 708716 1485977 (110 km) Aquaculture

ST 11 Bangpakong estuary, Chonburi 705819 1484246 (115 km) Aquaculture

ST 12 Bangpakong estuary, Chonburi 700056 1477925 (125 km) Aquaculture

ST 13 Bangpakong estuary, Chonburi 698150 1473581 (130 km) Aquaculture

other two months represented the wet

season.

Study Methods.— At each station, the pre-
sampling measurement of four physico-
chemical parameters, the water temperature,
salinity, dissolved oxygen and pH, were
carried out 0.5 m below the water surface
and 1.0 m above the river / estuary bottom.
Note that at all sampling sites the water
depth was greater than 1.5 m. Water
samples were collected for subsequent
analysis of the size-fractionated chlorophyll-
a biomass. Each sample was separated into
three fractions; 20 — 200 um, 3 — 20 um and
0.7 — 3 um fractions as representing the of
micro-, nano- and pico-plankton,
respectively. These fractions have been
successfully used before in studying the
estuarine plankton in The Gulf of Thailand
(Piumsomboon et al., 2004). Chlorophyll-a

from algal cells retained on the GF/F filter
paper was extracted in 90% (v/v) acetone

solution and the concentration was
measured  fluorometrically  (Arar and
Collins, 1992). Filtrates, after passing

through GF/F paper, were also preserved for
the analyses of the dissolved inorganic
nutrients (NH,*-N, NO,-N, NO;-N, PO,*-P
and SiO;”-Si) according to Parsons et al.

(1984).
In order to estimate the picoplankton
community  structure, water samples

collected with a cleaned stainless water
sampler were immediately filtered through a
200 pm-meshed net and then a 20 pm-
meshed net. The filtrate was collected in a
150 ml cleaned bottle and preserved with
buffered formalin to give a final formalin
concentration of 2% (v/v). An aliquot of 1 —
10 ml (depending on the turbidity) of each
filtrate was then filtered onto a 0.2 um black
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polycarbonate membrane filter.
Picophytoplankton were separated from
heterotrophic bacteria based on their red
chlorophyll-fluorescence under blue light
while heterotrophic bacteria exhibited a
bright blue color under UV excitation after
DAPI (4’6-diamidino-2-phenylindoli) -
staining due to the DNA fluorescence
(Porter and Feig, 1980). At least 400 cells of
each group were counted with an accuracy
of £ 10% (Venrick, 1978) and the cell
density were calculated (cells/ml).

The nanophytoplankton  community
structure was determined by the FTF (filter-
transfer-freeze) technique (Hewes and Holm
— Hansen, 1983). Between 1 to 10 ml of the
filtrate sample was filtered onto a 1.2-um
polycarbonate membrane filter under low
vacuum. The filter containing the
nanophytoplankton cells was placed upside
down onto a clean glass slide with a small
drop of water. The slide was then frozen by
placing onto a cold surface or in the freezer
(-20 °C) for 5 — 10 minutes. After the
sample was frozen, the membrane filter was
carefully  peeled of leaving the
nanophytoplankton cells on the glass slide.
The slide was mounted with glycerol
solution and examined under a compound
microscope for classification at the higher
taxonomic level.

Cell volumes of picoplankton and
nanoplankton  were calculated  from
measuring the cell size using approximate
cell geometry. Conversion factors from the
literatures were used to estimate the carbon
biomass of different groups of picoplankton:
heterotrophic bacteria: 105 fgC/um?® (Theil
— Nielsen and Sgndergaard, 1998)
cyanobacteria Synechococcus: 205 fgC/cell
(Kana and Glibert, 1987).

The nanophytoplankton carbon contents
were also calculated from their cell volumes
using the following empirical relationships;

log C = -0.422+0.758 (log v) for diatoms
(Strathmann, 1967), log C= -0.363+0.863
(log v) for flagellates and cyanobacteria
(Verity et al., 1992) and log C = -
0.760+0.819 (log v) for dinoflagellates
(Menden-Deuer and Lessard, 2000).

Data Analysis.— The Bray-Curtis similarity
coefficient was calculated to explain the
degree of similarity of plankton assemblages
on the temporal scale of sampling months.
Prior to analyses, the abundance data were
transformed to log (x+1) to normalize the
distributions and stabilize variances. The
output similarity matrix was subjected to
cluster analysis (group — average mean
linkage). An ordination technique, principal
component analysis (PCA) was used to
explain the spatial differences in plankton
communities.  These  analyses  were
performed using the PRIMER computer
package version 5.0 (Clarke and Warwick,
1994). Correlation analysis was also
performed upon the data to analyze the
relationships between the physico-chemical
and biological parameters. The test of
significance of water quality parameters as
well as plankton abundances from different
stations and seasons were performed with
ANOVA model and Duncan’s MMT for
parametric analysis and two independent
samples T test.

RESULTS

Temporal and spatial variations in the
physico-chemical parameters.— Temporal
variations in the average physical-chemical
parameters along the Bangpakong River
were clearly noticed with a higher salinity,
pH and dissolved oxygen (DO) content
being observed in the dry season than in the
wet season (Table 2). Concentrations of
dissolved inorganic nitrogen and
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FIGURE 2. Spatial variations in the physical parameters of temperature, salinity, dissolved oxygen and pH for
the dry and wet seasons. The sampling sites (ST 1 — ST 13), shown as the distance upstream from the sea, are
as detailed and shown in Table 1 and Figure 1, respectively. Data are shown as the mean + 1 SE. Means with
a different lowercase letter are significantly different (p < 0.05; Duncan’s MMT).

phosphorus (DIN and DIP) in the dry season
were also higher than those in wet season,
although, in contrast, the silicate-silicon
concentrations were significantly higher in
the wet season. Likewise, in the wet season,
the phytoplankton biomass, in terms of total
chlorophyll-a, was also significantly higher
than in the dry season (Table 2). The
temperature, however, showed no
significant differences.

The water salinity and pH showed clear
spatial ~ variations with the salinity
(especially) and the pH trending to increase
towards the sea with significant and strong
differences between the seasons for the
salinity, being higher at all sampling
stations in the dry season, and for the pH
values, which were lower in the wet season

at the river sampling sites 1 — 8 (Fig. 2). The
amount of DO was above 4 mg/l in either
upstream stations or in the lower estuary in
the dry season, but levels were lower in the
wet season, when they were regularly lower
than 4 mg/l at all sample sites and with the
lowest values in the downstream stations of
the dam, some 60 - 70 km from the
uppermost sampling station. In contrast, the
temperature was not significantly different
at any sampling station in both seasons.
(Fig. 2).

The maximum value of chlorophyll-a
biomass was recorded from the uppermost
sampling station in the Ban Srang district,
Prachinburi province, in the dry season (Fig.
3), which was accompanied by a bloom of
the diatom, Cylindrotheca sp. (not shown),
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FIGURE 3. Spatial variations in the concentrations of chlorophyll-a and dissolved inorganic nutrients in the
Bangpakong River estuary in the dry and wet seasons. The sampling sites (ST 1 — ST 13), shown as the
distance upstream from the sea, are as detailed and shown in Table 1 and Figure 1, respectively. Data are
shown as the mean + 1 SE. Means with a different lowercase letter are significantly different (p < 0.05;

Duncan’s MMT).

the highest DO content (Fig. 2) and the
lowest silicate-silicon concentration (Fig. 3).
In addition, spatial variations in the
concentration of the other dissolved
inorganic nitrogen and phosphorus were
observed, such as the high nitrate and

phosphate levels upstream and the high
concentrations of ammonium and nitrite
downstream in the estuarine area of the river
mouth (Fig. 3). These appear to correlate
with the land use of farming and industry at
site 9.
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TABLE 2. Temporal variations in the average physico-chemical parameters across the 13 sampling sites in the

Bangpakong River in both seasons.

Parameters Dry season Wet season
Mean + SE Range Mean + SE Range
Temperature (°C) 30.02£0.36" 28.35-32.28 30.36+0.15° 29.78-31.95
Salinity (psu) 2301+1.91* 880-30.90 7.47+241° 0.15-25.10
Dissolved oxygen (mg/l) 4.84 £0.23° 3.54-6.55 3.26 £0.15° 2.33-4.21
pH 7.43+0.08° 7.03-8.12 7.17 £0.15° 6.61 —8.23
Total chlorophyll-a (mg/m?) 1.67 £ 0.50* 0.56 — 8.16 3.21 +0.36" 1.71-6.66
Ammonium-nitrogen (LM) 3.49+082*° N.D.-9.14 239039 0.61-5.52
Nitrate-nitrogen (uM) 5230+6.64° 1.01-79.23 14.99+217° 3.05-25.13
Nitrite-nitrogen (uUM) 1.92+059° N.D.-7.68 1.04+0.16° 0.40 - 2.78
Phosphate-phosphorus (uM) 2.28+0.25°  0.27-3.60 1.50 £0.16" 0.76 — 3.00
Silicate-silicon (uM) 60.78 +7.25° 3.89-93.04 95.23+8.64° 31.71-137.36

Data are shown as the mean + 1 SE. Means within a row that are followed by a different letter are
significantly different (p < 0.05; Two Independent samples T Test).

N.D. = non detected.

Temporal and spatial variations in the
plankton abundances.— The communities
of picophytoplankton in the Bangpakong
River and estuary were composed solely of
cyanobacteria cells of 0.83 — 1.77 pum in
diameter, recognized as Synechococcus
type-cells due to their fluorescent
characteristic. Densities of this picophyto-
plankton were in the range of 10* - 10°
cells/ml with the peak abundance in the wet
season (1.48 x 10° cells/ml) being some
five-fold higher than that in dry season (2.06
x 10* cells/ml). High densities of
picophytoplankton were noticed in the peak
of the rainy season (July), decreased in the
late rainy season (September) and then
increased slightly again in the dry season
(February) during the northeast monsoon
season before falling to the lowest level in
April (Fig. 4). Spatially, the picophyto-
plankton tended to be more abundant in the
river mouth and in the sea (St. 9 — 13) in
both seasons (although far more abundant in
the wet season) than in the upstream
stations, with the highest densities at a

distance of 110 km from the inner most
upstream station (Fig. 4).

The communities of nanophytoplankton
were composed of nanoflagellates, diatoms,
dinoflagellates,  coccolithophorids  and
cyanobacteria. Nanophytoplankton densities
were higher in the wet season, 6.55 x 10" —
1.33 x 10° cells/I, than in the dry season,
2.54 x 10° — 1.78 x 10® cells/l (Fig. 5), and
were dominated by nanoflagellates and
cyanobacteria, while dinoflagellates,
coccolithophorids and diatoms made up
only small fractions. The average densities
of nanophytoplankton were highest (8.95 x
108 cells/l) at the peak of the rainy season
(July), the same period as the picophyto-
plankton peak, and lowest in the dry season
(February).

High densities of nanoflagellates were
usually found in the upstream area and
ranged from 10° — 10° cells/I, and were the
main component of the nanophytoplankton
community along the Bangpakong River in
summer (April). In contrast, cyanobacteria
were the major constituent of the
nanophytoplankton communities in the wet
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FIGURE 4. Temporal and spatial variations in the picophytoplankton densities. The sampling sites, shown as
the distance upstream from the sea, are as detailed and shown in Table 1 and Figure 1, respectively. Data are
shown as the mean + 1 SE. Means with a different lowercase letter are significantly different (p < 0.05;
Duncan’s MMT).
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FIGURE 6. Temporal and spatial variations in the heterotrophic bacterial densities. The sampling sites, shown
as the distance upstream from the sea, are as detailed and shown in Table 1 and Figure 1, respectively. Data
are shown as the mean + 1 SE. Means with a different lowercase letter are significantly different (p < 0.05;
Duncan’s MMT).
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season, where they were comprised of
cyanobacteria at 86% to 97% of the total
nanophytoplankton along the river.

Heterotrophic picoplankton (heterotro-
phic bacteria or bacterioplankton), with an
average density of 10° — 10° cells/ml, were
10 — 100 times more abundant than
picophytoplankton. Their densities ranged
from 1.38 x 10° - 1.31 x 10° and 3.29 x 10° -
1.87 x 10° cells/ml in the dry and wet
seasons, respectively (Fig. 6), although this
is some 10-fold lower than that for
nanophytoplankton. High densities of
bacteria were found in the upper estuarine
areas in the dry, and especially in the wet
seasons. The communities of bacterio-
plankton in the lower estuary were always
lower than those of the upstream areas (Fig.
6). Note that although the highest levels of
heterotrophic bacteria were seen in the peak
of the wet season (July), as per the nano-
and pico-plankton, in contrast it did not
decline much in the latter part of the wet
season (September).

Communities of pico- and nano-plankton
in the Bangpakong River showed temporal
variation between the wet and dry seasons
with a similarity of 80%. The communities
in the wet season showed a higher
similarity, of approximately 88%, between

the early and late wet season (Fig. 7). A
PCA of the abundance of picoplankton and
nanophytoplankton communities (Figs 8 and
9, respectively) indicated the separation
between communities in the sampling
stations along the river to the upper estuary
(stations 1 - 9) with those of the lower
estuary (stations 10 and 11) and the sea
(stations 12 & 13) due to the differences in
salinity (Table 3). The abundance of
heterotrophic bacteria tended to be higher in
the river and upper estuarine regions rather
than the lower estuary and the sea without
any significant difference between seasons
(Fig. 8). This result was in agreement with
the significant negative relationships
between heterotrophic bacteria and salinity
as well as the positive relationships of
heterotrophic bacteria to temperature and
phosphate concentrations. The communities
of picophytoplankton with a higher
abundance in the sea and in the lower
estuary than in the upper estuary and river
showed a high positive correlation with the
salinity level but an inverse relationship
with the temperature, nitrate and phosphate
levels (Figs 8 and 9; Table 4).

On the other hand, nanoplanktonic-
diatoms, which exhibited the same
distribution pattern as the picophyto-
plankton, showed a significant relationship
only with the salinity (Table 4). The
distribution patterns of nanophytoplankton
showed a spatial variation between the river
and upper estuarine, lower estuary and the
sea without any significant difference
between seasons (Fig. 9). Nanoflagellates
densities also indicated an inverse
relationship with the salinity level, while
their densities correlated well with the
temperature and, ammonia, nitrate and
phosphate concentrations (Table 4).
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TaBLE 3. Average physico-chemical parameters from the different zones in the Bangpakong River and
estuary.

Zone | (ST 1-9) Zone 11 (ST10—11) __ Zone I11 (ST 12— 13)

Parameters Dry Wet Dry Wet Dry Wet
Temperature Range 28.35-32.28  29.98-31.95 28.55-28.95 30.13-30.23 28.40-30.50 29.78-29.85
(°C) Mean 30.48 + 0.26° 29.46 + 0.42° 29.63 + 0.44°
salinity (psu) Range 8.80-27.65 0.15-9.28  28.88-29.43 16.15-16.55 29.45-30.90 24.03-25.10
Mean 10.88 + 2.58° 22.75+3.70° 27.37 £ 1.66°

Dissolved oxygen ~ Range 3.54-5.84 2.33-4.21 5.05-5.15 3.39-4.16 6.27-6.55  2.92-4.05
(mg/l) Mean 3.76 £0.21° 444 £041° 4.94 +0.88°

H Range 7.03-7.45 6.61-7.39 759-761 7.72-782 8.07-812 8.05-8.13
P Mean 7.03 +£0.07% 7.68 +0.05° 8.12 + 0.04°

Data are shown as the mean + 1 SE. Means within a row that are followed by a different letter are
significantly different (p < 0.05; Duncan’s MMT). Sampling sites (ST 1 — ST 13) are as described and shown
in Table 1 and Figure 1, respectively).

TABLE 4. Correlations of the plankton community with the physico-chemical parameters.

Heterotrophic

picoplankton Cyanobacteria

Pico phytoplankton Nanoflagellates

(|0910X+1) (Iong+l) (IOglOX+1) (IOglOX+1)
Temperature -4627 389”7 4197 ns
Salinity 501" -7 -.354" -597"
Ammonia ns ns 428" ns
Nitrate -274" ns 597" -581"
Nitrite ns ns ns ns
Phosphate -.310° 3377 567" -.293"
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
ns = not significant.
Carbon biomass of the plankton DISCUSSION
community— The carbon  biomass,

calculated from the biovolumes of the
phytoplankton and heterotrophic bacteria, in
the Bangpakong River and estuary varied
from 17.1 — 1,870.7 ugC/I in the dry season
to 157.9 — 4,132.8 pgC/I in the wet season
(Fig. 10). Nanophytoplankton dominated the
plankton communities of Bangpakong
estuary in terms of the proportion of the
carbon biomass ranging from 72.3% to
98.0% of the total carbon biomass in the dry
season and 58.7% to 90.0% in the wet
season. Heterotrophic bacteria contributed
up to 28% of the total carbon biomass
throughout the study period, while carbon
derived from picophytoplankton was almost
negligible, except in the river mouth area.

Structure of plankton communities in the
Bangpakong River estuary— The
communities of picoplankton in the
Bangpakong River estuary showed a broad
resemblance to that seen in the Klongkone
mangrove creek in the Upper Gulf of
Thailand, particularly in terms of
picophytoplankton densities (Tarangkoon,
2002). However, the Bangpakong River and
estuary communities were dominated by
heterotrophic bacteria rather than by the
autotrophic ~ picoplankton ~ found in
Klongkone mangrove creek of Samut
Songkram province. The abundance of
heterotrophic bacteria from our study was
100-fold higher than that that reported for
the Klongkone creek (Tarangkoon, 2002), a
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FIGURE 8. Principal component analysis (PCA) of the log (x+1) transformed density of picoplankton.
Sampling sites (ST 1 — ST 13) are as detailed and shown in Table 1 and Figure 1, respectively.

difference that may due to the significant
basin characteristics and activities of the
Bangpakong River in comparison to the
Klongkone creek (Tarangkoon, 2002;
Paphavasit et al., 2005). For example, the
concentrations of dissolved organic carbon
were in the range of 2 - 4 mg/l in the
Bangpakong River and river mouth
(Paphavasit et al., 2005), levels that can
support the bacterial production in this
estuary.

The dominance of heterotrophic bacteria
over picophytoplankton has also been
reported before in tropical and temperate
estuaries (Garrison et al., 2000; Hare et al.,
2005; Pan et al., 2006, 2007). However, the
abundance of heterotrophic bacteria in the
Bangpakong River / estuary was much
higher than those previously reported in the
temperate regions of Asia and America,
such as in the Hiroshima, Mutsu and Isu
Bays in Japan, the Changjiang estuary in
China, the Arabian Sea in the middle-east

and the St. Lucie river estuary in Florida,
USA (Table 5). In contrast, the abundance
of local picophytoplankton at less than
50x10* cells/ml was in the same range as
that previously reported in the above
estuaries (Table 5).

The abundance of nanophytoplankton in
the Bangpakong River / estuary found in
this study was 10-fold higher than the
communities reported in the Tha Chin
estuary in the western part and Pak Poon
estuary in the southern part of the Gulf of
Thailand  (Table 5), although the
nanophytoplankton community structure
(mostly composed of nanoflagellates and
cyanobacteria with diatoms, dinoflagellates,
and coccolithophorids as minor
constituents) was similar to that reported for
the Thachin estuary and the Pak Poon
estuary in the Gulf of Thailand
(Phromthong, 1999; Piumsomboon et al.,
2000). Thus, the nanophytoplankton
community structure is supported by the
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TaBLE 5. Reported abundances and biomass of heterotrophic bacteria, pico- and nanophytoplankton in
estuaries and coastal areas of the tropical-subtropical regions.

Organisms/Abundance

Ilzor(]:\:tzg:\m;ergg Heterotrophic Pico- Nano- ?L%ngls)s Methods References
' bacteria phytoplankton  phytoplankton
(x10°cells/ml)  (x10*cells/ml)  (x10° cells/I)

Bangpakong estuar .

S g 14-187 0-148 254-1330  11-4,132 LM This study

Tha Chin estuary, Phromthong
Samut Sakhon ) ) 341-24.80 ) LM (1999)

Pak Poon estuary, Piumsomboon
Nakorn Si - - 1-100 - LM
Thammarat etal. (2000)

Klong Kone
mangrove swamp, 1-18 6.4-21.8 - - LM Targg%l;oon
Samut Songkhram ( )

Andaman Sea

The Andaman Sea, Nielsen et al
Indian Ocean, 0.2-0.3 - - 20 - 150 FM (2004) ’
Thailand

Other locations

Hiroshima Bay - 0.15-2 0.35-150 - Nishitani et al

Mutsu Bay - 0.3-0.9 0.10-2.10 - FM (2005) '

Ise Bay - 0.02-9 0.23-710 -

The Changjiang 0.2 -27 (Syn) Pan et al
estuary and adjacent 04-25 0-21 (Pro) 0.01-21.40 - FCM (2007) '
coastal regions 0.01-0.9 (Euk)

The northern Arabian Garrison et al.
Sen - - 0.02-120 0.02-116 - (1998)

0.2-34.7
3-17 (Pro) 0.0-47.2 .
The Arabian Sea 07-1 3-9.7 (Syn) 030-760 00-1129  FCM Ga”'zsggoet al
0.1- 0.2 (Euk) 0.0-58 (2000)
0.1-36.3
The norther Gulfof 0913 - - - FCM  Jochem (2001)
Th;,ﬁ"r:]f'ss'pp' river 01-2 - ; - FCM  Jochem (2003)
R 01-43 51- 283

The Mississippi River 1 (Syr; and I5ro) - 0-6.1(Syn) FCM Jochem (2003)

0.1-0.8 (Pro)

The North Fork of the
St. Lucie river ) 0.7-425 ) ) M Millie et al.
estuary, Florida (Syn and Synt) (2004)

(USA)

FM: Fluorescence microscopy, FCM: Flow cytometry, LM: Light microscopy, Syn: Synecococcus, Synt:
Synechocystis, Pro: Prochorococcus, Euk: Eukaryotic forms.

results of other studies in the subtropical
northwestern Philippine Sea (Tsuji and
Adachi, 1979) and the Arabian Sea
(Garrison et al., 1998), and so may be a
more general ecosystem characteristic. In
general, the successful distribution of
nanoflagellates and cyanobacteria in various

aquatic environments has been attributed to
efficient light harvesting mechanisms by
pigments, adaptations and mechanisms to
live in diverse habitats, and their efficiency
in nutrient uptake (Sigee, 2005).
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FiGuRE 10. Temporal and spatial variations of the carbon biomass in the plankton community. The sampling
sites, shown as the distance upstream from the sea, are as detailed and shown in Table 1 and Figure 1,

respectively.

Factors influencing temporal and spatial
variations in plankton communities.—
Communities of pico- and nano-plankton in
the Bangpakong River were characterized
by the dominance of heterotrophic bacteria
over autotrophic picoplankton and by the
cyanobacteria ~ dominated nanophyto-
plankton communities in the water with a
salinity range from 0.15 to 25.1 psu. The
resemblance  between  the  plankton
communities in the early and late dry season
was about 85% (Fig. 7) with the average
salinity ranged from 8.80 to 30.90 psu.
These communities also had heterotrophic
bacteria dominating the picoplankton
community but the nanophytoplankton one
was dominated by nanoflagellates rather
than by cyanobacteria. Cyanobacteria may
take advantage of their thick cell wall or
mucilaginous sheath (Jeffrey et al., 1997) to

overcome the problem of the changing
salinity in the wet season and hence
supports the high tolerance of cyanobacteria
in an extreme environment (Sigee, 2005).
The situation in the dry season where the
concentrations of nutrients are scarce,
therefore, favors the nanoflagellates with
their smaller sizes and high surface area:
volume ratio which offers a high nutrient
uptake rate (Safi and Hall, 1997) in
comparison to larger sized phytoplankton.
Our result also indicates that salinity is
the major environmental factor shaping the
plankton community structure in the
Bangpakong River and estuary, with the
concentration of dissolved inorganic
nutrients as the minor controlling factors.
The distribution pattern of diatoms reflected
the dominance of different species inhibited
the river and upper estuary in comparison to
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the species in the lower upper estuary and
the sea. The importance of salinity and
dissolved inorganic nutrients as factors
controlling picoplankton abundance in the
Bangpakong River are also in agreement of
the results reported for the Arabian sea
(Brown et al., 1999), equatorial Pacific
(Blanchot et al., 2001), Gulf of Venice
(Aubry et al., 2006), Andean-Patagonian
lakes (Callieri et al., 2007), subtropical
coastal lagoons of Uruguay (Vidal et al.,
2007) and South Australian coastal lagoons
(Schapira et al., 2010).

Carbon biomass of plankton
community.— The estimated carbon bio-
mass levels in this study at the Bangpakong
River and estuary are higher than those
reported from the temperate bays and
estuaries (Table 5). The high carbon
biomass of nanophytoplankton may due to
the application of the microphytoplankton
carbon-biovolume conversion values to
calculate the carbon biomass of nanophyto-
plankton, since there is currently no
conversion value specific for nanophyto-
plankton. Therefore, the biomass for
nanophytoplankton is one to two orders of
magnitude higher in the upstream regions
than the sea, while pico-phytoplankton
biomass increases in the sea, indicating their
different responses to these different
changing environments. Nanophytoplankton
seemingly make a higher contribution to the
phytoplankton biomass in the upstream
regions while picophytoplankton become
more important in the sea.

CONCLUSION

Among the communities of picoplankton
in the Bangpakong River and estuary,
heterotrphic picoplankton (bacteria) were
the most abundant group throughout the

study period with a density of about 10-fold
to 100-fold higher than that for
picophytoplankton, which were composed
of prokaryotic coccoid cyanobacteria or
Synechococcus-like species. The nanophyto-
plankton were mostly comprised of
nanoflagellates and cyanobacteria as the
dominant groups, together with diatoms,
dinoflagellates and coccolithophorids. High
densities of heterotrophic picoplankton and
nanophytoplankton  were recorded in
upstream regions (upper and lower estuary)
while picophytoplankton dominated in the
seaward area. Nanophytoplankton accounts
for a large proportion of the biomass in
terms of chlorophyll-a and make up an
important contribution to the primary
production in the Bangpakong River and
estuary. This also suggested further
investigation on the structure of the food
chain/ food web based on small-size
producers in this area.
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