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ABSTRACT

Steady-state box model computations, using salt as a conservative tracer, were applied to estimate
net fluxes of N and P in Sawi Bay and its major tributaries-the K. Chumphon and K. Sawi River estuaries.
The multiple-box model clearly shows that most nutrients are trapped in the estuarine section of the
system, however a significant portion of nutrients is exported to the Gulf of Thailand. In general, the
export fluxes are higher during the wet season than in the dry season. The export flux of DIN, normally
dominated by NHo, is less than the export flux of DON while DIP is exported at a much greater rate than
that of DOP. Sawi Bay waters appear to be in balance metabolically (p-r -0) in the dry season, suggesting
very high efficiency in recycling organic material; however, in the wet season, the bay is net heterotrophic.
The K. Chumphon estuary is a net denitrifing system while K. Sawi estuary and Sawi Bay are net
nitrifuing. ?

INTRODUCTION

There have been several studies ofthe role of
bays and estuaries in receiving inputs from the
adjacent land and exchanging materials with the
coastal ocean. The functional coupling of coastal
ecosystems and offshore waters may take the form
of physical energy inputs, flows of dissolved
nutrients and organic matter, net fluxes of living
ordead particulate organic material and suspended
sediments (Nixon, l98l). Whether or not coastal
wetlands supply carbon, nitrogen and phosphorus
to the coastal ocean remains a point of contention.
Early research suggested that mass-balance
budgets ofnutrients in bays and estuaries can yield
insight into the cycling of nutrients as well as

controls on biogeochemical and ecological
processes within the system (Smith and Veeh,
1989; Wollast, 1991; Smith et al., 1991. Net

system metabolism, which is defined as the
difference between primary production and
respiration of organic matter records the role of
land-sea interface ecosystems in altering the
chemical state of essential plant nutrients. This
information is important in underitanding the role
ofestuaries and the continental shelfin the cycle
of organic carbon as well as to characterize the
coastal seas as a source or sink for the
biogeochemically reactive and important nutrient
elements carbon, nitrogen, and phosphorus (Smith
and Hollibaugh, 1993). Complete nutrient budgets
and biogeochemical processes exist for a number
of temperate estuaries and bays (e.g. Smith et al.,
1991; Nienhuis, 1992; Kimmerer et al., 7993;
Nixon et a|.,1995). However, little information is
available about nutrient budgets and processes in
the tropical coastal ecosystems. The purpose of
the present paper is to examine the fluxes of carbon,
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Figure 1 Map of Sawi Bay and its subestuaries.

nitrogen and phosphorus from the Sawi Bay into
the Gulf of Thailand in order to gain an initial
understanding of the biogeochemical processes

occurring in the system. The analytical framework
used to explore the linkages among these nutrients
is based on a watershed perspective using the
biogeochemical budget approach of LOICZ
(Gordon et a1.,1996). In general, water and salt
budgets are constructed in order to estimate water
advective and mixing exchange rates between the
bay and coastal ocean. One then moves on to
construction of budgets for non-conservative
materials, in particular carbon, nitrogen and
phosphorus. Phosphorus has the simplest
biogeochemical pathways, and it is often sufficient
to make a detailed study ofthe phosphorus budget
and calculate other elements on the basis of
stoichiometric relationships.
Description of the study area

Sawi Bay (Fig. l) is located in Chumphon
Province, southern Thailand (10"29'N and

99'10'E). The bay proper is a mangrove-frinled
ecosytem with an area of approximately 130 km'z.

The average depth of the bay is -3 m, with
maximum depth increasing to 6 m at the mouth.
The tides are diumal, with a strong spring-neap
variation. Tidal range varies from 0.5 m at neap

tides to about 1.5 m at spring tides. Winds are
generally weak to moderate with speeds peaking
at lOm s-rfor a few hours (Wolanski et a1.,2000).
The outer bay is dominated by tidal exchange and
by water of coastal oceanic composition. The inner
bay, with an area of about 80 kmz, receives
freshwater flow during much of the year. The
majority of surface freshwater entering the bay is
from the Sawi-Chumphon River watershed. The
Khlong Sawi River, which is approximately 75 km
long, originates in the mountain range in A. La-un,
Ranong Province, has a catchment area of 393
km2, while the Khlong Chumphon River (50 km
long) originates inthe mountainrange inA. Kraburi,
also in Ranong Province. Several smaller coastal
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lqble 1 Geographical locations of stream gauging station in Sawi Bay basin area.

Station Latitude (N) Longitude (E)

K. Sawi River (upstream)
K. Chumphon River (upstream)

10"14'39.7"
1029'48.8"

98'59',40.2"
99\3'.11.9"

watersheds also contribute to the total freshwater
surface runoff to the bay (Fig. 1). The watershed
of Sawi Bay consists mainly of agricultural lands
and forests. The population living in the system is
approximately 4 5 4,200 (in I 998), with agriculture,
fisheries and tourism as their main activity. In the
coastal area, there are several socio-economic
activities such as fisheries, mussel culture and
shrimp farming that represents an income for the
people living in the are4 hence the system has been
subjected to sewage loading and other human
perturbations.

MATERIALS AND METHODS

Water samples were collected at ten stations
in Sawi Bay, ten stations in K. Sawi Estuary and
ten stations in K. Chumphon Estuary, during 20-
27 October 1988 and 13-20 April 1999. Samples
were taken at two depths, near surface and near
bottom, whenever possible, for the analysis of
dissolved nutrients (ammonium, nitrite+nitrate,
phosphate, total nitrogen and total phosphorus).
Salinity, pH and temperature of the water were

measured in the field using portable instruments.
Water samples were filteredthrough Whatman GF/
F filters into HCl-washed, sample rinsed
polyethylene bottles immediately after collection.
Analysis for dissolved ammonium, phosphate and
nitrate (nitrate+nitrite) was performed in the
laboratory on site followed Strickland and Parsons
(1972). Dissolved organic nitrogen and phosphorus
were analysed later on in the laboratory at
Chulalongkom University, using the technique as

described in Strickland and Parsons (1972). As
quality control, at least five samples were replicated
five times for each nutrient species. Data in April
were collected to represent the dry season and
October to characterize the wet season.

Stream gauging was performed at K. Sawi
and K. Chumphon Rivers during 2017 October
1988 and I 3-20 April 1 999. Locations of the stream
cross-sections were given in Table 1. At each
cross-section, bottom topography was surveyed
and a stream gauge was installed. Water level was
read from the staffgauge and current speeds were
measured at 2-3 points along the stream cross-
section once or twice a day. Since the benchmark
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Figure 2 Mean monthly rainfall at Chumphon and Sawi districts, 1992-1999
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Table 2 Tidal statistics from the harmonic analysis of 369-day water surface elevation from Chumphon
tidal station. The tidal amplitudes (H) and ranges were given in m, while the phase (K) in degree from
Greenwich mean time.

Tidat
Constituent H(m) K(')

Year 1998 Year 1999 Average
H(m) Ke)H(m) K(")

Sa

Ssa

or
Pr

q
N4
s2

Meantidal range

Spring tide range
Neap tide range
Tropic tide range
Equatorial tide range

Mean diumal tide range

0.164
0.097
0.210
0.141
0.358
0.tzr
0.082
0.226
0.406
0.078
1.136
0.296
0.852

303.2
101.8
308. I

6.5
18.8

354.9
79.1

0.259
0.038
0.226
0.136
0.374
0.11s
0.071
0.230
0.372
0.088
1.200
0.296
0.900

279.2
73.4

307.5
l3.s
20.2

3s4.6
77.8

0.212 291.2
0.068 87.6
0.218 307.8
0.138 10.0
0.366 l9.s
0.1t8 354.8
0.076 78.4
0.236
0.388
0.084
l l68
4.296
0.876

near the study site was not available, no effort was
made to relate the gauge reading to national mean
sea level. Thus, the water level readings were given
as heights above the river bed. River discharges
were computed from the product of current and
the cross-section area. The water level vs. discharge
data from the two periods were then plotted (Figs.3

and 4).

RrllngcurE td I{hlong $wi Rivr
B.Fer ,0-27 O.tob.! l99t md t'.20 AFil 1999

o**{3}l6t
Dircharge (cmr)

Figure 3 Water level vs. discharge for Khlong Sawi
River. Inset is the cross- section where the
measurements were taken placed.

RESULTS AIID DISCUSSION

Meteorology
Meteorological data for Sawi Bay in 1992-

1999 is based on the data compiled from
Chumphon Weather Stations and is shown in Figure
2. Chumphon Province has two monsoon seasons.

The northeast monsoon season starts from
November and ends by early March. The season

Dischaftqcmg 
r(' s

X'igure 4 Water level vs. discharge for Khlong
Chumphon River. Inset is the cross-section where
the measurements were taken placed.

Rating Cun'c for Khlong Chumphon Rivcr
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is characterized by strong north to northeast wind
with dry and cool air from the northern continent.
The southwest monsoon season starts from May
and ends by October. The south to southwest wind
brings warm and humid air from Indian Ocean.
The area receives most rainfall during this season.

There is an inter-monsoon period during March-
April. The season is characterizedby southeast
wind bringing hot air to the region. In addition, the
area is under the cyclone depression paths from
the South China Sea. The data shows that the area

receives much rainfall during the southwest
monsoon season and during the depression or
cyclone occunence (Fig. 2). The mean annual
rainfall forthe period from 1992 to 1999 was 1867
mm. Mean monthly temperature ranges from 25oC,

usually in the wettest month, to 28.5oC, usually in
April.
Tides

Hourly water surface elevation data at
Chumphon tidal station during 1998-1999 was

obtained from the Hydrographic Departrnent, the

vp = l9'5oo

I
Vr, = -205

t

Royal Thai Navy. Harmonic analysis of 369-day
tidal data were performed on the data and the tidal
statistic results are given in Table 2. The major
tidal constituents were K,, 01, Sa, P,, M, and S,
respectively. Notice that the amplitude ofthe annual
tidal constituent (Sa) is rather large due to the
influence of southwest and northeast monsoon
winds. The form number ((Kr+Or)/(M2+S2))
between 2.80 and 3.22 indicates that the tide in
this area is diumal. Thus tropic tide range are bigger
than the spring tide range. The mean diurnal tidal
range was 0.876 m.

Tidal currents in Sawi Bay were small,
generally less than 0.3 m s-t. There was only a

small lag between the tides and the currents
(Wolanski et al., 2000).
Biogeochemical cycles and processes

In general, the LOICZ Biogeochemical
Modeling Guidelines (Gordon et a1.,1996) werc
used to calculate the stoichiometrically linked
water-salt-nutrient budgets. In these mass balance
budgets, complete mixing of the water column is

\'=62
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Figure 5 Water budget in the wet season (fluxes in 103 m3 d-t).
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assumed. Biogeochemical modeling of water
systems calls for determination ofthe water budget
as an essential element. This includes river inflows,
groundwater seepage, amount of saline water,
precipitation and evapotranspiration. Of importance
to calculations for water chemistry and flushing
rates is the amount of freshwater input which, in
most cases is represented solely by riverine
discharge (Gordon et al., 1996). In order to
establish budgetary calculations, data for salinity,
dissolved N and P, and other physical
characteristics were determined for October 1998
(wet season) and April 1999 (dry season).

River inflows (Vo) were measured for each

sampling period. Rainfall (V.) and evaporation (\)
rate were obtained from the local weather office

Table 3 Runoff, rainfall and evaporation for K.
Chumphon and K. Sawi River in the wet and dry
seflsons.

K. Chumphon K. Sawi
River River

October 1998

Runoff, m3 d-t

Rainfall, mm d-r

Evaporation, mm d-r

April1999
Runoff, m3 d-t

Rainfall, mm d-l

Evaporation, mm d-r 3.61 3.61

630,000 900,000
7.4 34.1

2.52 2.52

330,000 320,000
3.1 0

V.,S*, = -18,250

VoSo: -639,173 S", : l9.l

V-r(S3-Sr) = 18,250

V*,= 926

S = 32.3 osu

Sn:=30.6 psu

VoS*, = -13,335

\,(S*,-S,) = 639,1

Yn= 187,92
S*, = 21.0

<ir--r-f

V,r(S3-Sr) : 13,335

V*r:844

S"r=o

I
Srr=o

1

Sr,=o

I
Sr, :0

1

Srr:0

1

So,=o
So,: o

So,=o

Srr: 0

I

Sor=o
Sor= o

Sor=o

K. Sawi Estuary
(l)

S_.',:9.2 psu

Tr=2 d

K. Chumphon Estuary
(2)

S""., = 13.l psu

Tr:3 d

Figure 6 Salt budget in the wet season (fluxes in 103 kg d-').
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V*DIP", = 4.2
VRTDOPB = -0.002

: 0.2

= 0.2

v.r(DIP*"-DIPr) = o

v,3@oP*"-DoP): 0

<-+

(Table 3). Freshwater from groundwater (Vo) and

freshwater input from sewage (Vo) were assumed

to be zero. Major sources of wastewater
discharged into the bay are communities, industrial

factories and fishery ports and aquaculture activities

along the Sawi Bay basin. However, contribution

of non-point agriculature runoff and livestock are

also important during the wet season' Organic

loads from sewage, industrial wastes, and

agricultural wates (Vo) were estimated using the

data from the study conducted by the Pollution
Control Department (1998), assuming 50% BOD
assimilation rates. Total N and P inflows were

obtained by conversion of BOD loading, using the

stoichiometric relationships of C:N:P ratios in

Vo,DIPo, :0.45
Vo,DIPo,= 0

o,DIPo, 
: 0.03

Vo,DOPo, = 1.14

vo,DoPo,= 0

o,DOPo, = 0.ll

VorDIPor:0.25
vorDlPor= 0

VorDIPo, = 0.01

VorDOPo, = 0.50
vorDOPor= 0
VorDOPo, = 0.08

organic waste materials (San Diego-McGlone et

al., 2000).In addition, effluents from shrimp ponds

were also analysed in order to obtain the waste

loads from aquaculture in the area. Salinity in
precipitation and wastes was assumed to be zero.

Vertical profiles of temperature and salinity in the

Bay (not shown) reveals that the water vertically
well-mixed in the dry season or during windy
condition. Only in calm weather conditions and in
the wet season were Sawi Bay waters was

vertically stratified in salinity and temperature. For
the purposes ofthe budgetary analysis, all basins

are treated as well-mixed systems.

Water and salt balance
Figures 5 and 9 represent the multiple-box

DIP*,
DIPR3
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VoDIPo, = 0.02
VoDOPo, : 0.07 V"DIP*, : -0.14

V*DOP*, = -0.33

DIP*, : 0.2
DOP*, = 0.4

V,,(DIP'-DIP,) = 0.09

V,r(DOP,-DOP,) = -0.28

V*DIP*r: -6.16

V*rDOPo: -0.98

DIP*, = 9.3

DOP*: 1.6

V,(DIP3-DIP') = -0.08

V-r(DOP3-DOPr) = -2.28

Figure 7 Dissolved phosphorus budgets in the wet season (fluxes in kmol d-').

K. Sawi Estuary
(l)

DIP,,", : 0.1

DoP",;0.5
mmbl/m3

ADIP': -6.43
ADOP'= -9.94Sawi Bay

(3)

DIP = 0.2
DOP",", = 0.2

mniol/m3

ADIP'= +3.36

ADOP'= -3.94

K. Chumphon Estuary
(2)

DIP = 0,3
DOP""";2.9

mmbl/m3

ADIP'= -9.92

ADOPr: +2.69
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Yn= 397

I
Yr.': -294

I
Vr,=o

I
Vr, = -6

1
K. Sawi Estuary

(1)

Vo,,= 8.2tlffmr

Vo, = 320
V .=0

(Yo,=o

Figure 9 Water budget in the dry season (fluxes in

system is 2 days. In the dry season, the flushing
time ofthe Sawi Bay is 66 days. The flushingtime
ofthe K. Sawi andthe K. Chumphon estuaries is 4

and 8 days, respectively. Flushing time for the
whole system in the dry se:rson is 69 days.
N and P balance

Figures 7 and ll illustrate the dissolved P

budgets for Sawi Bay system. Overall, river input
of DIP and DOP is higher than waste load in the

V"r=3

I

103 m3 d-r).

wet season. However, in the dry season waste load
input of DOP is higher than the river input. In order
to balance the DIP (and/or DOP) contributed by
the rivers and waste load inthe boxes with residual
and exchange fluxes, non-conservative processes

inside the boxes must fix or remove DIP (and/or
DOP).

Inthe wet sernon, the large input ofDIP from
the river in the K. Sawi estuary box relative to

Table 4 Summary of non-conservative phosphorus and nitrogen fluxes (kmol d-t).

Sawi Bay

K. Chumphon
(2)

V = 3.5x106m3

October 1998 April1999

K.Sawi K.Chumphon Sawi
Estuary Estuary Bay

K.Sawi K.Chumphon Sawi
Estuary Estuary Bay

ADIP
ADOP
aNH4
aNo3
ADIN
ADON

-0.43
-0.94
-9.41

-21.5
-30.9
34.8

-0.02
2.68

-7.84
3.6s

-4.t9
-42.t

3.86
-3.94

741.8
1,206
1,948
9,313

-0.10
-0.11
-8.72
12.7
3.98
1.73

-0.04
-0.04
-1.54

1.88
0.34

-6.00

0.06
-0.19
-8.76

-29.4
-38.2
-24.9

*Note: (-): fxed/removed; (+): produced
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what goes out of this box has resulted in a net
removal of DIP (i.e. ADIP is negative) in this box.
This implies that the box is net autotrophic, (p-r)
is +25 mmol m-2d-r (Table 8). The DIP delivered
by the river and from waste load is fixed in the
estuary as organic P, which is decomposed and/or
trapped in the sediments (i.e. ADOP is also
negative). The K. Chumphon estuary box is also a

net sink of DIP suggesting that this box is
autotrophic, albeit not as strong as the K. Sawi
estuary box. The (pr) is +2 mmol m-2d-r. However,
the DIP delivered by the K. Chumphon River and

from waste load is fixed in the estuary as organic
P in the dissolved form (1.e. ADOP is positive).
On the other hand, Sawi Bay is a net source of
DIP to the Gulf of Thailand indicating net
heterotrophy with (p-r) of -5 mmol m-2d-'. This

VoS-: -22,14,

S*" = 32.4 psu

Sn =29.6 psu

V (S -S-) = 22.149

Y*': 4'027

<l-

implies that an external source of organic material
is needed to support decomposition in the bay (i.e.

ADOP is negative).
In the dry season, both K. Sawi and K.

Chumphon estuary boxes are also net autotrophic
with (p-r) of +6 and +5 mmol m-2d-t, respectively.
Sawi Bay is still a net source of DIP to the Gulf of
Thailand indicating, again, net heterotrophy with
(p-r) of -0.07 mmol m-2d-r. The small ADIP flux
and correspondingly the low (p-r) in Sawi Bay
(-0.07 mmol m-2 d-r) suggest that this box is nearly
in balance metabolically. This means that waste
materials delivered to Sawi Bay are broken down
within the bay, an indication of its efficiency in
recycling organic material in the dry season.

Figures 8 and 12 illustrate the dissolved N
budgets. Dissolved inorganic nitrogen (DIN) is

so,=o
S.,: o
So,=o

Srr=o

I
V*rSo = -6,716

Srr=o

1

S"r=o

I
Sr, =0 Sr,:0II

sor: o

Sor= o
Sor=o

V-2(S,-S2) = 6,716

V*r:513

V*,S*, : -5,935

S*, : 18.9

V.,(Sr-S,) = 5,935

V",:371

K. Sawi Estuary
(l)

S.r",: 10.9 psu

t,:4 d

S"n",:26.9 psu

If66d

Chumphon
(2)

S : 13.8 osu

Tr:8 d

Figure 10 Salt budget in the dry season (fluxes in 103 kg d-').
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Table 5 Summary of non-conservative phosphorus and nitrogen fluxes per unit area (mmol m-' d-t ).

October 1998 April1999

K.Sawi
Estuary

K.Chumphon
Estuary

K.Sawi
Estuary

Sawi
Bay

K.Chumphon Sawi
Estuary Bay

ADIP
ADOP
AINH4

aN03
ADIN
ADON

-0.24
-0.52
-5.18

-1 1.8

-17.0
19.2

-0.02
2.79

-8.17
3.80

-4.37
-43.9

0.05
-0.0s
9.1I

14.8
23.9

114.4

-0.0s
-0.06
-4.80
7.00
2.20
0.96

-0.05
-0.04
-1.61
1.96
0.35

-6.25

0.00r
-0.002
-0.11

-0.36
-0.47
-0.31

*Note: (-): fixed/removed; (+): produced

VorDIPo, :0.02
VorDOPo, = 0.07

VoDIPo: -9.52
VruDOP*,: -0.002

DIP*. = 6.7

DIP* = 6.7

v",(DIP,-DIP,) = 0
v*,(DoPr-DOP,): 0

V"r(DIP*"-DIP.) = o

\,(DOP*-DOP,) = o

<.+

Vo,DIPo, = 0.29
vo,DIPo,:0
V.,DIP., :0.03

Vo,DOPo, = 0.06
Vo,DOPo,= 0

V.,DOP., = 0.ll

VorDIPor: 0.26
VorDIPor:0
VopIPo, - 0.01

VorDoPo, - 0.03
vorDoPor= 0
VorDOPo, = 0.07

V'DIP", : -9.22

\'DOP*, = -0.06

DIP* : 9.7
DOt*, = 6.2

VoDIP*r: -0.23
V*rDOPo = -0.07

DIP* : 0.7

DOP" = 6.2

V_(DIP,-DIPr) = 0

V-r(DOP'-DOP') = 0

K. Sawi Estuary
(1)

DIP,.* : 0.7
DOP-",= 0.2

mmbl/mt

ADIP': -9.19
ADOP,: -9.11

DIP = 0.7
DOP' :0.2

mniol/m3

ADIP,= +6.96

ADOP'= -9.19

K. Chumphon Estuary
(2\

DIP = 0;1
DOP*;0.2

mmbl/m3

ADIP'= -9.64

ADOPr: +9.64

F'igure ll Dissolved phosphorus budgets in the dry season (fluxes in kmol d-t).
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VorD\r:6.0
VorDONo, = 1.6 V.TDIN*, = -9.4

VoDON*r: -6.2

VoDINo = -1.3
V*DON* = -13.3

DIN*, = 29.9
DON*, = 19.8

\,(DIN,-DIN,): -20.3
v,r(DoN3-DON ): -3.7

Vd@IN*,-DINJ: -6.0
V -(DON -DON-): +30.2 V-(DIN,-DINr): -6.9

V,(DON3-DONr): +5.9

Figure 12 Dissolved nitrogen budgets in the dry season (fluxes in kmol d-t).

Vo,DINo, = 15.6

vo,DINo,:0

defined as ENO3-+ NOr-+ NHo* In general, river
input of DIN and DON is higher than waste load,
however in the dry seznon waste load input of
dissolved N is higher than the river input for the as

both DIN and DON into Sawi Bay (Table 4) and

this DON could fuel denitrification in Sawi Bay
Budgeting results show that in the wet season, the

K. Sawi and K. Chumphon estuary boxes are net

sinks of DIN (ADIN is negative) while the Sawi
Bay box is net source of DIN (ADIN is positive).
On the other hand, the estuary boxes are net
sources of DIN and the Sawi Bay box is net sink
of DIN in the dry season. Sawi Bay is also a net

source of DON to the Gulf of Thailand in the wet
season, and a net sink of DON in the dry season.

'o,DINo, = 10.0

Vo,DoNo,:5.5
Vo,DONo,=0
Vo,DONo, = 2.7

vorDlNor:3.8
vorDlNor= 0

orDINo, = 5.8

The DIN fixed inK. Sawi estuary is exported
as both DIN and DON into Sawi Bay (Tables 4
and 5) and this DON could fuel denitrification in
Sawi Bay. However, in the Chumphon estuary, an

extemal source oforganic material is imported from
the Bay to support decomposition in this box. In
the K. Sawi estuary box, (nfix-denit) is estimated
to be +14 and +5 mmol m-2 d-r in excess of
denitrification in the wet and the dry season,
respectively (Table 7). On the other hand,
denitrification is found to be higher than nitrogen
fixation in the K. Chumphon estuary box, with
(nfix-denit) of -93 and -4 mmol m-2d-rin the wet
and dry season, respectively.

In Sawi Bay, (nfix-denit) is estimated to be

K. Sawi Estuary
(l)

DIN",",: 18.2
DON",";97

mm<illm3

ADINT: a4'g
ADON,: +1.7

DIN :2.5
DON**: 14.7

mriol/m3

ADINr= -33.2

ADONr: -25.6

K. Chumphon
(2)

DIN = 15.9
DON.,";3.1

mm6l/mt

ADIN'= +9.34

ADON,: -6.6

DIN*, : 9.2
DON* = 3.9

VorDONo, = 1.45

VorDONor=0
VorDONor: 1.54



75

Phuket marine biological Center Special Publication 22: 63-77 (2000)

Table 6 Net export fluxes of phosphorus and nitrogen (kmol/day).

October 1998 April1999

K.Sawi
Estuary

K.Chumphon
Estuary

K.Sawi
Estuary

K.Chumphon
Estuary

Sawi
Bay

Sawi
Bay

DIP
DOP
NH4

NO,
DIN
DON

0.05
0.61
9.5

10.7

20.2
109.2

0.24
3.3
2.9

14.9

17.8
(1s.0)

4.2
0.002

760.3
1,232.4
1,992,7
9,409.0

0.22
0.06
1.4

28.3
29.7
9.9

0.23
0.66
4.6
5.3

9.9
(3.0)

0.52
0.002
2.8
4.5
7.3

(16.4)

*Note: ( ): import

Table 7 Stoichiometric analysis (nfix-denit) for Sawi Bay system (mmol m' d-t).

October 1998

K.Sawi K.Chumphon Sawi
Estuary Estuary Bay

K.Sawi K.Chumphon
Estuary Estuary

April1999

Sawi
Bay

Nfix-denit 14.2 -92.6 138.4 -4.5 0.205.0

Table 8 Net ecosystem metabolism (p-r) for Sawi Bay system (mmol m' d't ).

October 1998 April1999

K.Sawi K.Chumphon Sawi
Estuary Estuary Bay

K.Sawi K.Chumphon
Estuary Estuary

Sawi
Bay

p-r 2s.3 2.38 -5.03 5.74 4.90 -0.07

+138 mmol m-2d-t inthe wet season and +O.2 mmol
m-2d-tinthe dry season. Nitrogen fixation is known
to provide most ofthe nitrogen requirement in coral
reefand seagrass beds (Capone, 1983). In addition,
mangroves around the Bay may also enhance the

nitrogen fixation in the Sawi Bay. In the dry season,

the bay is importingDON fromthe GulfofThailand
to support organic decomposition in Sawi Bay
(Table 6).

In summary, based on the nutrient budgets,

both the K. Sawi and the K. Chumphon estuaries

are apparently net producers of organic material
in both wet and dry seasons (autotrophy).
However, Sawi Bay waters are net heterotrophic
in both seasons. This implies that the bay is able to
breakdown organic material and exports most of

this as N and P with some amount retained,
perhaps in the sediments. Since the average nutrient
concentrations of N and P have not varied much
over the years, this is an indication of the bay's
current assimilative capacity. The N and P trapped
in the sediments do not appear to have reached

levels where benthic flux ofthese materials would
be a highly signifi cant contribution to the inventory
of N and P in the water column. Assuming that
organic regeneration is dominated by plankton, the

difference between measured ADIN flux and that
expected from decomposition of organic matter
yielded net nitrogen fixation in the bay. Mangroves
and other autotrophs around the bay may account

for the predominance of nitrogen fixation over
denitrification.
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