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Some chemical and biological parameters were analysed at sixteen stations in the mangrove ecosystem, of the neighbouring Gautami–Godavari (GG) river estuary and Kakinada (KKD) bay to
understand the present status of water quality and the impact of external terrigenous inputs during southwest (SW) monsoon in the study areas. High concentrations of nutrients in the mangrove
ecosystem compared to the bay and estuarine ecosystems reveal the importance of this zone as
a source of nutrients to the adjacent coastal ecosystems. Low Si : N : P (29 : 4 : 1) ratios in these
ecosystems are due to the enrichment of these nutrients through external anthropogenic inputs
even after the utilization by phytoplankton in the biological cycle. The mean Chl b/Chl a and
Chl c/Chl a ratios and high phaeopigments (Pp) concentrations compared to Chl b and high ratios
of Chl a/Pp suggests the possibility of the potential growth of phytoplankton populations in lower
light intensity and low turbulent areas of these mangrove ecosystems.

1. Introduction
Mangrove forests are considered to be highly productive tropical ecosystems (Clough 1992). Mangrove areas are ecologically sensitive and provide
physical protection for the communities, more
importantly they are believed to play a major
role in supporting tropical estuarine and coastal
food webs (Alongi and Christoffersen 1992). It is a
fact that the mangrove forests represent an important carbon and nutrient source to the adjacent
lagoonal and coastal systems (Odum and Heald
1972, 1975; Twilley 1988; Wattayakorn et al 1990;
Robertson et al 1992). The Coringa river mangrove
ecosystem is the second largest coastal ecosystem
in the east coast of India, connected to Kakinada
bay on its north and to the Gautami–Godavari
on its south. The presence of numerous canals,
river tributaries along with dense mangrove vegetation makes it a unique habitat. However, it
is noticed that the increasing pressure on mangrove forests due to urbanization, industrialization

and intensive aquaculture poses a menace to this
ecosystem.
Even though some biological and oceanographic
studies in Godavari estuarine mangrove ecosystems were carried out earlier (Bouillon et al 2000;
Dehairs et al 2000; Ranga Rao et al 2003; Bouillon
et al 2003), detailed assessments of chemical characteristics were not reported till date. The present
study was undertaken to understand the prevailing situation of the water quality and the impact
of the anthropogenic input on this mangrove estuarine ecosystem during southwest monsoon.
2. Materials and methods
The study area (figure 1) comprises of sixteen stations covering the KKD bay (station K1 –K5 ), GG
estuarine region (station G1 –G4 ) and the Gaderu
river (station M1 –M7 ) and Coringa river mangrove
environment (station M3 –M7 ). The Gaderu and
Coringa are the branches of river Godavari, the
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Figure 1.

Station location map of the study area along Bay of Bengal.

second largest river in India with a mean annual
discharge of 1.1 × 1011 m3 , of which 93–96% occurs
during summer monsoon season. The extensive
estuarine areas to the north of Gautami–Godavari
(82◦ 150 and 82◦ 220 E; 16◦ 430 and 17◦ 000 N; area =
132 km2 ) open into Kakinada bay via the main
branches Gaderu (length = 11 km) and Coringa
(length = 26 km). The area between Gautami–
Godavari and Kakinada bay has dense vegetation

of mangrove forests and mudflats, which are an
extension of Coringa Wildlife Sanctuary. The shallow Kakinada bay (area = 150 km2 ) opens into the
sea on its northern side and is bordered along most
of its eastern stretch by a narrow sand bar. Tides
are semidiurnal and tidal amplitude in the bay
varies between 2.3 and 4.5 m, but in the mangrove
covered area the tidal amplitude is comparatively
low (Sreenivas 1998).
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Table 1. Range (in parenthesis) and mean values (±SD) of water parameters in the three regions.
Parameters
NO2 –N (µM)
NO3 –N (µM)
NH4 –N (µM)
PO4 –P (µM)
SiO4 –Si (µM)
TN (µM)
TP (µM)
pH
Salinity (PSU)
DO (mg l−1 )
BOD (mg l−1 )
Chl a (µg l−1 )
Chl b (µg l−1 )
Chl c (µg l−1 )
Pp (µg l−1 )

KKD bay region

GG estuary region

(0.50 – 2.24)
1.33 ± 056
(0.86 – 12.5)
6.03 ± 3.55
(0.82 – 2.49)
1.51 ± 0.60
(0.92 – 6.9)
2.54 ± 1.68
(9.26 – 57.7)
33.93 ± 17.37
(13.7 – 120.0)
59.95 ± 40.79
(2.01 – 15.5)
7.46 ± 3.85
(7.10 – 7.93)
7.55 ± 0.28
(11.9 – 31.4)
21.06 ± 6.76
(5.85 – 8.65)
7.03 ± 0.93
(2.88 – 5.85)
4.88 ± 1.13
(0.68 – 25.9)
12.49 ± 9.55
(0.04 – 4.08)
1.1 ± 1.21
(0.15 – 7.17)
1.83 ± 2.03
(0.44 – 21.1)
7.92 ± 7.22

(0.68 – 1.72)
1.23 ± 0.39
(13.9 – 21.4)
17.18 ± 2.64
(0.33 – 2.25)
1.13 ± 0.54
(1.76 – 4.53)
3.05 ± 1.09
(42.5 – 142.0)
90.38 ± 35.39
(15.8 – 42.6)
26.44 ± 8.65
(3.69 – 16.2)
8.4 ± 3.99
(7.2 – 7.8)
7.52 ± 0.22
(0.27 – 9.65)
3.87 ± 3.9
(5.49 – 6.38)
5.87 ± 0.33
(1.52 – 2.8)
2.32 ± 0.5
(0.86 – 15.9)
5.23 ± 4.84
(ND – 2.41)
0.61 ± 0.85
(ND – 2.6)
0.87 ± 0.94
(ND – 7.05)
2.2 ± 2.28

Seawater samples were collected (once) over a
period of three successive days at all the 16 stations
in the mangrove environment (figure 1) during
September 2001. The samples were collected from
surface and near bottom with the help of Niskin
water samplers. The depth of the water column
in the study area varied from 2–3 m. Salinity, dissolved oxygen (DO), biochemical oxygen demand
(BOD), pH, nitrate–nitrogen (NO3 –N), nitrite–
nitrogen (NO2 –N), ammonia–nitrogen (NH4 –N),
silicate–silicon (SiO4 –Si), phosphate–phosphorous
(PO4 –P), total nitrogen (TN) and total phosphorus (TP) were determined following standard
methods (Grasshoff 1976). Chlorophyll a (Chl a),
Chl b, Chl c and Pp were extracted in 90% acetone
and measured spectrophotometrically (Parsons
et al 1984).
3. Results and discussion
The environmental parameters showed wide variations at different stations in the study region
depending on the topography. Salinity showed

Mangrove region
(1.21 – 6.49)
3.41 ± 1.6
(7.47 – 16.2)
11.15 ± 2.42
(0.79 – 14.2)
4.83 ± 3.4
(1.89 – 5.85)
3.17 ± 0.99
(68.6 – 139.0)
102.35 ± 25.73
(21.3 – 196.0)
43.02 ± 45.94
(2.46 – 21.7)
10.52 ± 5.01
(7.19 – 7.58)
7.42 ± 0.13
(0.27 – 9.48)
3.29 ± 3.88
(1.39 – 5.45)
2.88 ± 1.55
(3.68 – 6.12)
4.79 ± 0.74
(2.36 – 16.2)
5.42 ± 4.74
(ND – 4.53)
1.48 ± 1.44
(0.05 – 12.9)
2.88 ± 3.14
(0.88 – 6.25)
3.16 ± 1.72

highest values (31.4 psu) at K5 nearer to the coastal
environment associated with low SiO4 (9.26 µM)
and PO4 (0.92 µM) concentrations. Lowest value
of salinity (0.27 psu) was noticed in Coringa mangrove environment (M5 –M7 ), accompanying high
SiO4 (139.0 µM) concentration due to the freshwater zone of this aquatic environment. Low DO
(1.39 mg l−1 ) values in station M6 –M7 may be
due to the stagnant and non-flushing conditions
of the water with increasing waste load in the
mangrove environment. This in turn enhances
the concentrations of ammonia (14.2 µM) and
nitrite (6.49 µM) at these (M6 –M7 ) stations. High
NO3 (21.4 µM) and SiO4 (142.0 µM) concentration
observed in the estuarine station (G4 ) indicates
the impact of terrestrial runoff. The mean values
and ranges of physico–chemical and biological
parameters of the study area are given in table 1.
The waters in KKD bay and GG estuarine environment are well oxygenated with the
DO value ranging from 5.98 to 8.65 and 5.49
and 6.38 mg l−1 respectively. However, in the
mangrove environment oxygen concentrations varied between 1.39 and 5.45 mg l−1 . Low DO values
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(1.39–2.26 mg l−1 ) were observed especially in
Coringa river mangrove areas. However, the stations in Gaderu (M1 –M2 ) river mangrove systems experience high oxygen conditions (mean
5.45 mg l−1 ) since the river opens on one side
into KKD bay and the other side into the Bay
of Bengal at Bhairavpalem. High values of BOD
(2.88–5.85 mg l−1 ) in the KKD bay indicate the
influence of domestic and agricultural wastes carried through the Godavari canal passing through
the Kakinada township (K1 : Jagannathpuram
canal) adjoining the Kakinada bay. High BOD with
low DO values in Coringa river (M3 –M7 ) mangrove
systems may be due to contamination, either by
the inflow of wastes from terrestrial runoff or of
anthropogenic in origin, and is a cause for concern.
In general, high concentrations of nutrients were
noticed in the mangrove environment compared
to KKD bay and GG estuarine system (table 1).
The average concentrations of NO2 , NH4 , PO4 , and
SiO4 were in the increasing order from KKD bay,
GG estuary and mangrove environment. More or
less of the same concentrations of NO3 have been
noticed both in the GG estuary and in the mangrove environment. From the values of total nitrogen and inorganic nitrogen (NO2 , NO3 and NH4 )
in the study area, the percentage of organic nitrogen was estimated. The percentage composition of
inorganic nitrogen in the GG estuarine was 73.93%
of the total nitrogen whereas it was 45.06% in
the mangrove environment which, clearly indicates
that the mangrove ecosystems are better enriched
with organic nitrogen (54.94%) compounds compared to the estuarine environment (26.07%). The
percentage of inorganic phosphorous (33%) of the
total phosphorous was more or less same in all
the three regions.
Estuarine mangrove waters in general have relatively low stocks of dissolved inorganic phosphorus
and nitrogen (Alongi et al 1992). In some cases,
the degree of human impact seems to control nutrient profiles (Nedwell 1975; Nixon et al 1984), while
in others the degree of upland influence and the
hydrology of the system appear to be of greater
importance (Boto and Wellington 1988; Ovalle et al
1990). In the present study, the ecosystem was
found to be nutrient rich, and the ratios of N : P
(4 : 1) as well as TN : TP (3 : 1) were low. Linear
regression analyses were carried out to find out
the relationships between salinity, DO and nutrients; and among the nutrients themselves (table 2).
Significant positive correlations with high R2 values especially for salinity vs. SiO4 (R2 = 0.66) and
DO (R2 = 0.49) indicate the influence of freshwater discharge in these ecosystems. Less significant
correlations were noticed in case of salinity vs.
PO4 (R2 = 0.18) and NO3 (R2 = 0.32) and among

Table 2. Regression analyses (R2 ) values among
different parameters.
Parameters
Salinity vs. nitrite
Salinity vs. DO
Salinity vs. ammonium
Salinity vs. nitrate
Salinity vs. phosphate
Salinity vs. silicate
Nitrate vs. phosphate
Nitrate vs. silicate

R2 values
(n = 32)
0.28
0.49
0.22
0.32
0.18
0.66
0.0004
0.19

the nutrients themselves (NO3 /PO4 : R2 = 0.0004;
NO3 /SiO4 : R2 = 0.19). This lack of significant correlations indicates the influx of anthropogenic
inputs and waste discharges containing nitrogen
and phosphorous compounds from river runoff into
these environments. Further, from this analysis,
the Si : N : P ratios for the KKD bay (18 : 4 : 1),
GG estuarine region (32 : 6 : 1) and mangrove environment (34 : 4 : 1) were obtained and the average
Si : N : P ratio in the entire study area was found to
be 29 : 4 : 1 which is comparatively lower than the
normal Redfield ratios, and could be attributed to
enrichment of these nutrients (NO3 and PO4 compared to SiO4 ) through external inputs (Redfield
et al 1963). The low N : P ratio in these aquatic
environments may be due to the slow regeneration of NO3 compared to PO4 . The deficiency in
the ratio of nitrogen to phosphate in many inshore
areas (Steffansson and Richards 1963; Pratt 1965;
Naqvi et al 1978; De Souza et al 1981; Sarma et al
1988; Justice et al 1995) may suggest that nitrogen
is the limiting nutrient for photosynthesis.
Chlorophyll is considered as the most reliable
index of phytoplankton biomass. Also, Chl a : Pp
ratio provides the first hand information on the
physiological status of phytoplankton. Hence, these
pigments were studied simultaneously along with
the phytoplankton composition and density. The
high concentration of Chl a observed in all the
three regions may be due to the monsoonal
runoff wherein high concentrations of nutrients
are brought into these environments stimulating a
rich phytoplankton growth (Subrahmanyan 1959,
1960). Average values of Chl a and Pp (12.49 and
7.92 µg l−1 ) are higher in KKD bay compared to
GG estuarine regions (5.23 and 2.2 µg l−1 ) and
mangrove environment (5.42 and 3.16 µg l−1 ). Low
Pp values in GG estuary and mangrove regions
compared to KKD bay, show less degradation of
Chl a in these two regions. Higher fractions (mean)
of Pp (3.16 µg l−1 ) compared to Chl a (5.42 µg l−1 )
in the Coringa river region indicate the presence of
more detrital matter in these nonturbulent conditions which could be attributed to decomposition
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of organic matter, from the sediment and community structure, harbouring in the surrounding
water.
The mean values of Chl b/Chl a and Chl c/Chl a
ratios were 0.30 and 0.45, and agrees fairly well
with the earlier reported results from other marine
environments (Neveux and Billy 1979; Lorenzen 1981), suggesting the possibility of potential
growth of phytoplankton biomass in lower light
intensity and low turbulent areas. The mean concentrations of Chl b were 1.1, 0.61 and 1.48 µg l−1 in
KKD bay, GG estuary region and mangrove area,
respectively. The presence of Chl b in the estuarine
mangrove systems suggests that green algae also
contributed significantly to primary production.
Higher Pp concentrations (7.92, 2.2, 3.16 µg l−1 )
compared to Chl b (1.1, 0.61, 1.48 µg l−1 ) and high
ratios of Chl a/Pp (2.0, 2.21, 2.45 µg l−1 ) in the
three regions indicate the growth of phytoplankton in the low light intensity and low turbulent
waters of mangrove ecosystems (Saijo et al 1969;
Takahashi and Nakamoti 1972).

4. Summary and conclusion
The hydrological parameters exhibited distinct
variation in the three categorized study zones. High
concentrations of nutrients in the mangrove environment compared to KKD bay and GG estuarine region reveal the importance of this zone as
a source of nutrients to the adjacent ambience.
Average salinity values (3.28 and 3.86 psu) of the
mangrove and estuarine systems respectively, were
noticed to be comparatively lower to the high values (21.1 psu) in KKD bay, which is adjoining
the coastal environment. Low salinity conditions
(0.27–9.48 psu) in the Coringa river region clearly
indicate the influence of freshwater discharge from
Coringa and Matlapalem channels into this region.
The mean Chl b/Chl a and Chl c/Chl a ratios are
<1 suggesting the possibility of healthy phytoplankton populations in lower light intensity and
low turbulent areas also.
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