






































































































































3.0  MATERIAL AND METHODS 

3.1 SAMPLING 

3.1.1 STUDY AREA 

The Thalassery and Valapattanam river basins have been selected for the present 

study. Both the Thalassery and Valapattanam river basins are located in Kannur district of 

Kerala State. The Thalassery River basin lying between 75 O 18' - 75 O 33' E longitude 

and between 1 lo  45' and 1 lo  46' N latitude has a basin area of 132 krn2 and a length of 28 

krn (Fig. 3. 1). The Valapattanam river basin lying between 75' 18' - 75' 30' E longitude 

and between 1 lo 57' and 12 O 0' N latitude has a basin area of 1867 krn2 and a length of 

1 10 krn (Fig. 3. 2). Both of them originate from the Kannoth elevation of the Western 

Ghats and drains into the Arabian Sea. 

3.1.2 SAMPLING SITES 

Detailed survey was conducted along the Thalassery and Valapattanam river 

basins, right from the upstream freshwater zone down to the estuary. Based on variations 

in salinity, tidal action, sources of pollution, diversity and distribution of mangroves, six 

sampling sites were selected in Valapattanam River and four in Thalassery River. The 

different sites were selected in such a manner that at each sampling station, both 

mangrove as well as non-mangrove areas were located, in order to have a clear 

comparison of the impact of mangroves on the ecosystem and vice-versa. As there is no 

tidal action and salinity upstream, such a separation was not made in the upstream region. 

The details of the sampling sites in the Thalassery and Valapattanam river basins are 

given in Figures 3. 3 & 3. 4 respectively. The descriptions of the sampling sites are as 

follows: 











3. 1.2. 1 Thalassery River 

Site- I (TIM &TINM) (Plate 3. 1) 

This is the downstream estuarine area of Thalassery River. The bar mouth is 

common for both the Thalassery and Dharrnadam rivers. This site is \%re11 influenced by 

the tidal rhythms. Dense mangrove vegetation was noticed in this site. Fishing is 

intensively carried out in this region. Another important feature noticed in the site was 

the culture and capture of the bivalve, hferetrix nzeretrix. A portion of the mangrove area 

was partly destroyed and reclaimed for the construction of a hospital. Department of 

Forests and Wildlife, Govt. of Kerala has done mangrove afforestation trials at this site. 

A non-mangrove area was also selected at the site (TI NM). 

Site - 11 (T2M &T2NM) (Plate 3.2) 

This is the second downstream point located approximately 2.5 km off the estuary 

with dense mangrove vegetation, which is near to the Kujyali Bridge (T2M). A non- 

mangrove area (T2 NM) at a distance of 0.5 km from T2M was also selected on the 

opposite side of the bridge. Even though dense mangrove vegetation was present at this 

site, a major portion of this has been destroyed for the doubling of the Shoranur- 

Mangalore railway line. The non-mangrove area is also under the stress of reclamation 

and construction activities. This site is famous for the culture and capture of the edible 

bivalve Crassostrea madrasensis. The local people use this area for waste disposa!. 

Site - 111 (T3) 

This site is located 4.5 km off the estuary, having tidal action and salinity ingress. 

Only sparse mangrove vegetation occurs here (T3). Slackening of lime was practiced 

long in this site. Coconut husk retting was also practiced till 2001 at this site. Timber 

industry is situated along the bank of this river at this site. 





Site - IV (T4) 

This is the last site selected for study in the Thalassery River (T4), which lies 8 

km off the estuary, where there is no tidal action and salinity ingress. This is a freshwater 

site predominating with typical freshwater vegetation. Domestic sewage and detergents 

used for washing, contributes to the pollution in this part of the river. 

3.1.2.2 Valapattanam River 

Site - I (V 1) 

This site known as Azhikkal, represents the bar mouth, showing typical estuarine 

habit. This is an estuarine non-mangrove area. In this region, there is circulation and 

mixing of saline and fresh water due to tidal action. There is a plywood industry located 

on the bank of the river. Intensive fishing is practiced in this site. This site is located 2 

km away from Western India Plywood Factory. 

Site - II (v2M &V2NM) (Plate 3.3) 

This site is located 5 km upstream off from the estuary, which is also susceptible 

to tidal action. This site is located near the Valapattanam Bridge. This area is well 

known for its luxuriant mangrove vegetation. The saline water of this area is utilized for 

wood seasoning. The major pollutants of this site are slaughterhouse wastes, domestic 

sewage and waste from restaurants. Coconut husk retting and separation of coir fibre 

from retted husk is practiced here (Plate 3.4). The non-mangrove area (V2 NM) was also 

fixed opposite to this bridge at a distance of 0.5 km from V2M. Sand mining is a major 

activity noticed in this site. 

Site - I11 (V3M & V3NM) (Plate 3. 5) 

The site is located 9 km upstream off the estuary. This portion of the.river is 

known as Kattampally. Both mangrove and non-mangrove areas were selected on either 





side of the Kattampally Bridge cum regulator. The V3 NM site is fixed 0.5 km from the 

V3M. This area is also influenced by tidal action and consequent salinity ingress. 

Moderately dense mangrove vegetation was noticed here. 

Site - IV (V4) (Plate 3.6) 

This site is also located in Kattampally at a distance of half kilometer away from 

the third site (ie, 9.5 kilometer off estuary). Due to the presence of a regulator in 

Kattarnpally Bridge, this site is less influenced by tidal action and salinity ingress. This 

area is polluted due to deposition of slaughterhouse wastes. Fishing is also practiced in 

this site. Till the end of 2001, the shutter had a leakage, which contributed to the inflow 

of saline water from the other side of the regulator. This shutter was repaired in 2002 and 

the problem of salinity intrusion is solved. A small mixing of saline water occurs through 

the channel created for the service of boats. Only semi-mangroves were noticed here. 

Site - V (V5 M &V5 NM) 

The site known as Karnbil is located 13.5 krn off the estuary having tidal action 

and salinity intrusion. Both mangrove and non-mangrove areas were selected. VSNM site 

is fixed at a distance of 0.5 km from V5M. Dense mangrove vegetation is noted in this 

site. The area is also polluted due to the deposition of slaughter wastes and domestic 

sewage. In the non-mangrove area, intense sand mining is practiced. 

Site - VI (V6) 

This upstream freshwater site with no noticeable tidal action located 28.25 km off 

the estuary is known as Pavannur, the last location of study. Sand mining is the major 

activity in this area. 

3.1.3 SAMPLING SEASONS 

Sampling was carried out seasonally i. e., the pre-monsoon (April- May), the 





monsoon (July-August) and the post-monsoon (November- December) seasons during 

1999 - 2001. Since the work was initiated only during April 1999, only pre-monsoon and 

monsoon samples were taken for study during the year. 

3.1.4 SAMPLE COLLECTION AND PRESERVATION 

Water and sediment samples were collected during the high tide. Water samples 

for physicochemical and biological analysis were collected in acid washed, dried, 

polyethylene bottles. The samples for bacteriological analysis were collected in pre- 

sterilized (aseptic) bottles and preserved by freezing in situ in an icebox at 4 ' ~ .  

Temperature and dissolved oxygen were measured in situ. The samples were preserved 

as per APHA (1995) (Table3. 2). For dissolved oxygen measurements, water was 

collected directly in 300 ml BOD bottles. The samples for testing ammonia were 

acidified with 0.8 ml conc. sulphuric acid~litre. For the analysis of sodium, potassium, 

iron and sulphate, the samples were acidified with 1 ml of conc. nitric acidflitre. The 

samples for phosphate analysis were fieezed and preserved. Filtered raw samples were 

collected in 100 ml acid washed polyethylene bottles and preserved by acidifLing with 0.5 

ml conc: HN03, for heavy metal analysis. Sediment samples for physicochemical and 

biological analysis were collected in acid washed polyethylene bottles using the Van 

Veen Grab. A portion of the sediment was sieved through metal sieves of 0.5-0.6 mm 

and 0.2 rnrn mesh size and preserved as given in Table 3. 1 and stored separately for 

analysis of benthos, after preservation in 10% formalin. (Trivedy & Goel, 1986). Fish 

specimens for identification were collected and preserved in 5% formalin. A small 

portion of the wet sediment sample was used for the estimation of moisture content. The 

remaining samples were air-dried, pulverized and sieved through 2 mm and 0.5 rnm 

sieves and stored separately. The soil sieved through the 2 mm sieve was analyzed for 

















































































white; calyx tube very small, smooth, 8-10 lobed, completely refluxed in fruits; h i t s  are 

long, cylindrical with enlarged calyx and viviparous; radicle 10-1 5 cm long. 

Flowering season: January - April and July - October. 

The plant is used for firewood, fkel, charcoal, poles, house posts, tannin, food etc. 

The occurrence of this species has been reported earlier from Malabar Coast by 

Beddome (1866), Kerala coast (Unni, 2002) and fiom Kannur district (Khaleel, 2002; 

Nalini Nayak et al. 2000). 

2. Sonneratia alba J.  Smith. (Ver. Name: Appakkad or Chakkara Kandal) 

(Plate 4. 2) 

This true mangrove is a moderate sized tree, bearing negatively geotropic, stout, 

conical pneumatophores, which are characteristic of the genus. Bark orange brown; 

leaves leathery, glabrous, opposite, elliptic with obtuse apex; flowers terminal, usually 

solitary or in threes, calyx tube angular with six lobes, leathery, reddish inside and 

whitish outside; petals and stamens caducous; style persistent; h i t s  globose. 

Flowering takes place during November and April (Muhamed Jafar Palot & 

Radhakrishnan, 2002). 

The species is used for paper pulp, fodder, matches, poles, tannin, food and 

fodder. 

Sonneratia alba J. Smith has been reported from the estuaries of Thalassery river 

and Valapattanam rivers (Muharned Jafar Palot & Radhakrishnan, 2002) and fiom 

Kannur (Nalini Nayak et al. 2000; Khaleel, 2002). The species is easily distinguished 

from the closely related species Sonneratia caseoluris, by its ribbed calyx with obconical 

base and white flower. 





3. Sonneratia caseolaris (L.) Engl. (Ver. Name: Thirala, Blathi) (Plate 4. 3) 

This is an evergreen true mangrove tree with dark brown rough bark, bearing 

usually stout, conical pneumatophores on radiating cable roots; leaves broadly ovate, 

long, with obtuseapex; flowers terminal, solitary, dark rose coloured; calyx six, narrow, 

oblong, purplish inside; stamens numerous and thread like; fruit large, depressed, 

globose. 

Flowering season: April. 

The plant is used as hel, tannin, fodder and food. 

Chand Basha (1992) reported this species to be abundant in the Travancore coast 

and rare in the Malabar Coast. Ramachandran ef a!. (1986) reported this species to be 

abundant along the Thalassery River. The present study also supports the earlier 

observations. 

4. Aegiceras corniculatum (L.) Blanco. (Ver. Name: Pookandal) (Plate 4.4) 

This is a large evergreen shrub with smooth stem. Leaves alternate, elliptic with 

rounded tip, obtuse apex, coriaceous and glabrous; flowers in terminal or axillary umbels, 

white, fragrant; petals five, white, pointed; stamens five opposite to corolla; fruits pinkish, 

cylindrical, horn shaped with persistent calyx; germination viviparous. 

Flowering season: March, May and November. 

The flower is used as a source of high quality honey, bees wax and the bark as fish 

poison. 

5. Avicennia marina (Forsk) Vierh. (Ver. Name: Uppetti) 

This is a large shrub with small yellow flowers, and shining leaves. It is known as 

"white mangrove" because of its distinctive smooth white bark. It bears pencil like 

pnuematophores, which arise from the radial cable roots. Leaves opposite, shortly 





petiolate, glossy green on the upper side and dull gray or silvery white with very close 

tomentose hairs; flowers yellow or white; h i t  is a compressed capsule with solitary seed; 

germination viviparous. 

Flowering season: June to July. 

The species is used for fuel, fodder, fish food, honey, bee wax, and charcoal 

extraction. 

When compared to Avicennia officinalis L., this species is not very common 

along the estuarine areas of both river basins. This species is present in mangrove sites of 

Eranholi and Kuyyali of Thalassery River and near Valapattanarn Bridge and Kambil of 

Valapattanarn River. In these areas, the species occurs in low density when compared to 

Avicennia officinalis L. 

6. Avicennia officinalis L. (Ver. Name: Oori or Uppetti) (Plate 4. 5) 

This is a true mangrove tree branching low, with smooth yellowish-gray bark. 

Leaves obovate to elliptic, rounded, coriaceous with a very fine silvery- white tomentose 

beneath; flowers yellow, sessile in small clusters with fetid smell; fruit is a compressed, 

ovate and pointed capsule. 

Flowering season: June-July. 

This is the most luxuriant true mangrove species found throughout the areas of 

both the rivers. 

7. Rhizophora apiculata B1. (Ver. Name: Pee Kandal) 

This is a moderate sized evergreen tree, with aerial and stilt roots; leaves elliptic 

to lanceolate, acute, dark green above with tapering base; flowers in strict two-flowered 

axillary cymes, sessile; petals white; stamens 11-12; fruit conical or obovate with 

persistent calyx, viviparous. 





Flowering season: March - July and August - December. 

This species was less dense in distribution compared to Rhizophora mucronata 

Lamk. in the mangrove areas of both the river basins. 

8. Rhizophora mucronata Lamk. (Ver. Name: Pranthan Kandal) (Plate 4.6) 

This true mangrove is a moderate sized tree with large number of stilt roots and 

aerial roots. Leaves simple, elliptic, mucronate, glabrous, pale beneath with black dots; 

flowers yellowish-white in axillary cymes with four petals; stamens usually eight or 

more; fruit is conical ovoid and viviparous. 

Flowering season: May - August. 

It is used for fuel, charcoal extraction, tannin, fodder and food. 

This is the most common mangrove species recorded from the study area, as has 

been reported earlier from Malabar Coast (Chand Basha, 1992). 

9. Kandelia candel (L.) Druce. (Ver. Name: Cheru Kandal) (Plate 4. 7) 

This is a small tree with reddish brown bark; leaves simple, opposite, elliptic 

oblong, obtuse and glabrous; inflorescence axillary cymes with long peduncles; flowers 

white, sepals and petals 5-6; stamens numerous, fruits cylindrical and viviparous. 

Flowering season: July. 

The species is mainly used as fbel, charcoal and tannin. 

Chand Basha, (1992) reported this species have a good representation in Malabar 

Coast. Ramachandran et al. (1986) reported this species is at home along the 

Valapattanam Bridge. This is another most common true mangrove species in the river 

basins studied with maximum density being in Valapattanam River (Khaleel, 2002). This 

is always found to grow in association with Rhizophora mucronata Larnk. These two 





species are the most abundant true mangroves along the Thalassery and Valapattanarn 

river basins. 

10. Excoecaria agallocha L. (Ver. Name: Kammatti) (Plate 4. 8) 

This is a true mangrove tree with poisonous acrid milky juice. Bark gray; leaves 

simple, long, elliptic acurninate, margins inconspicuously notched, spirally arranged; 

inflorescence axillary, in catkin-like spike; flowers dioecious, yellowish-green, trimerous; 

fruit is three lobed capsule. 

Flowering season: July - October. The milky latex is used as fish poison. 

In the present study, in estuarine areas from where this species was identified, its 

density was also found to be very high, though earlier reports (Khaleel, 2002) show rarity 

of its distribution. 

11. Acanthus ilicifolius L. (Ver. Name: Chulli) (Plate 4. 9) 

This is a true mangrove shrub, up to 2 m tall, with stout, stiff, cylindrical 

spinescent branches; aeriaI roots at the base; leaves elliptical to oblong, nearly sessile, 

glabrous, spinous along the margins and ending in a sharp spine; flowers large, blue in 

spikes; stamens four; fruit is a capsule. 

Flowering season: March - August. 

The fruit pulp is medicinal valuable as a blood purifier and leaf paste is used in the 

treatment of rheumatism. 

This plant is gregarious along the tidal swamps in the sheltered mangrove areas in 

the landward zones. This is one among the most commonly noticed mangrove shrub in 

all mangrove areas along the two river basins. The species is also seen in the partially 

degraded mangrove wetlands along with Acrostichum aureum L. (Plate 4 .  10). 





4.1.3 ECOLOGICAL STATUS OF MANGROVES 

Thalassery Estuary (Site TIM) 

Thalassery estuary harbors a rich mangrove community. A diverse group of 

mangrove vegetation was observed in this site, the principal species being: Sonneratia 

caceolaris, S. alba, Avicennia oflcinalis, A. marina, Rhizophora mucronata, R. apiculata, 

Kandelia candel and Excoecaria agallocha. This is the only site where few members of 

Sonneratia alba were reported during the present study. The status of occurrence of 

different species is given in Table 4. 1. 

Kuyyali (Site T2M) 

During the present study, this was found to be the thickest mangrove area along 

the Thalassery River. The area was observed to be rich both in density and diversity of 

mangrove species. Out of the 11 species reported during the present study, 10 species 

were reported from this site. Pure stand of species of Avicennia oflcinalis, Rhizophora 

rnucronata and Kandelia was observed along the banks. Kuyyali area was rich both in 

terms of density and diversity of mangroves, till 1999. Avicennia ofjicinalis was recorded 

to be in higher density compared to A. marina. Sonneratia caseolaris was also observed 

in pure stands. Very few members represented Bruguiera cylindrica. For the doubling of 

the railway line (Mangalapurarn-Shoranur), a long stretch of this mangrove area has been 

cleared, which has led to a decline in the density of mangrove species, especially 

Brugueira cylindrica. 

Eranholi (Site T3 M) 

The area was comparatively poor in terms of density and diversity of mangroves. 

The area was mainly occupied by true mangroves such as species of Avicennia oflcinalis, 

Rhizophora mucronata, Rhizophora apiculata, Kandelia candel, Aegiceras corniculatum 
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Introduction 

ABSTRACT 

Baseline study of the aquatic environment of the mangrove ecosystem of Valapattanam river basin, Keala was 
studied. The physicochemical and biological quality of water and sediments of mangrove and non-mangrove areas 
were assessed. The presence of high amounts of nutrients especially sodium, potassium and organic carbon was a 
salient feature of the mangrove sites. Seasonal variations in the nutrient content in water and sediments are presented. 
Benthic fauna of mangrove sites was dominatd by Polychaetes. Bacillaryophyceae and Protozoan dominated the 
phyto and zooplankton respectively. Estirnatim of chlorophyll a, b, c and total chlorophyll done during the seasons 
studied indicated the mangrove sltes to be highly productive. Faecal contamination was observed in the sampling 
sites. The dominant fish species observed were Mughil cephalus, Etroplu suretensis, Lutiganus sp, etc. Prawns and 
crabs were also abundant in mangrove sites. The dominant mangrove genera are Rhizophora, Avicennia, Sonneratr'a, 
Acanthus and Acrostichum. Medicinally important plants were also recorded among mangrove associates. Very high 
nutrient content, optimum salinity, pH and tidal action in the mangrove enviranment favours their development 
and distribution in the river basin. 

Mangrove ecosystem is a complex, intertidal, 
halophilous, wetland ecosystem, which is a natural 
reservoir of biodiversity constituting a bridge 
between the tedt r ia l  and aquatic ecosyster+ The 
mangrove-associated fauna and microorganisms 
are interdependent ecosystem and would not 
survive in isolation if'any one component 'of the 
ecosystem is disturbed. The micro-flora and fauna 
associated with the system serve in controlling pV, 
leaching of metals and nutrient cycling 
(Ananthakrishnan, 1982). The mangr'oves harbour 
a rich community of plankton, which form the 
sourci of food for crabs, prawns and fishes. They 
also form the feeding, breeding and nursery 

grounds for many marine and freshwater fishes. 
They clean polluted water, prevent floods and bank 
erosion, reduce the fury of waves and wind, 
recharge groundwater and provide unique habitat 
for a wide variety of fauna and flora associated with 
them. Mangroves are rated as one of the highly 
productive ecosystems of the world (Vannucci, 1991; 
Mohanan, 1999) and play a key role in boosting 
productivity in coastal aquaculture (Kathiresan, 
1991). The withered mangrove litter are colonized 
by microorganisms which enrich water with 
particulate organic matter which form the food for 
several marine organisms like carbs, worms, 

. shrimps and fishes (Kathiresan, 1991). Mangroves 
adjacent to large cities and habitations receive a 
considerable amount of industrial and urban 



Fig. 1. Sampling Sites in Valapattanarn River Basin 

pollutants apart from pesticides and fertilizers from 
surrounding cult i~.ated fields. The mangrove 
sediments bind toxic contaminants and prevent 
them from entering into aquatic organisms. They, 
in fact, act as bioindicators of pollutants and 
biofilters of toxicchemicals without inflicting much 
damage to the vegetation (Mohanan, 1999). 

Kerala, which once had a luxuriant mangrove 
vegetation occupying 70,000 ha supports only about 
1700 ha. of mangroves at present (Chand Basha, 
1991,1992). A review of the data on the distribution 
of mangroves of Kerala shows that more area under 
mangroves exist in the northern districts 
particularly Kozhikode and Kannur (Unni and 
Jayakumar, 1997; Umi, 1998; Mohanan, 1999). So 
far no detailed systematic studies have been done 
on the water, sediment and biological quality of 
Valapattanam river basin. In this paper, 
environmental status of the mangrove ecosystem of 
Valapattanam river basin is reported. 

between 11" 57' and 12* 0' E longitude) (Fig. 1) with 
a basin area of 1867 km2, originate from the \Vestem 
Ghats and drain into the Arabian sea af ter  
traversing a distance of 110 km. Baseline data on the 
environmental status of the ecosystem was ccdlt.~,ted 
from 5 randomly selected sampling sites, J C ~ ~ ~ t ~ i t u ~ g  
upon the variation in salinity, sources of poilut~c!~~ 
diversity of mangroLres, eti- Stntior; T at the bal. 
mouth (BM) is a non-mangrot e sltt., mri station5 11, 
111, IV are saline situated at a distance of 6 lull, 0.45 
km, 9.5 km from the BM respect iyl~. ,  showing 
dense mangrove vegetation. Station V is a fresh 
water zone without mangroves. The sampling 
points are demarcated in Fig. 1. Water and sediment 
samples were collected for physicochemical and 
biological analysis from the sampling sites. The 
sampling was done in pre-monsoon and monsoon 
seasons. 

Materials and Methods 

Study Area lJhysicochemical, biological and bacteriologic 1 
The Valapattanam river basin of Kanllur &strict, analysis of water samples were done as per the 
Kerala State (between 75" 18' - 75" 30' latitude and Standard Methods for the Examination of Water 
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and Wastewater (APHA, 1995). Sediment analysis 
was done following the methods of Trivedy et al. 
(1987) and Walkley and Black (1934). Samples were 
analyzed for pH, EC, salinity, inorganic 
constituents, plankton, chlorophyll, etc. Bacterio- 
logical samples were collected in pre-sterilized 
bottles and kept in an icebox, freezed at 4% and 
transported to the laboratory. Water temperature 
was measured in situ. Dissolved oxygen was fixed 
using manganous sulphate and alkali azide. 
Identification and enumeration of plankton was 
done following Kotpal (1972), Biswas (1980), 
Presscott (1982), Uhlrnann (1975), Davis (1955) and 
APHA (1995). The fishes were identified comparing 
the specimens with Jhingran (1982). 

For assessing the bacterial population samples 
collected in pre-sterilized bottles were analysed for, 
MPN, total coliforms, and faecal coliforms following 

APHA methods (APHA, 1995) were analyzed. For 
studying the mangroves and associated flora, plant 
materials were collected periodically during the 
flowering season and identified referring to 
Tomlinson (1986) and the Calicut University 
Herbarium. 

Results and Discussion 

The principal abiotic factors favoring Kerala's 
mangrove include topography, tidal amplitude, pH, 
temperature, salinity, DO, organic and inorganic 
matter (Mohanan, 1999). All of them in isolation or 
together influence and determine the formation and 
distribution of mangroves and their productivity. 
The biotic components include plankton, nekton, 
benthos and various terrestrial and aquatic forms. 
Physicochemical quality of the Valapattanam river 

Table 1. Physicochemical Characteristics of Valapattanam River River Basin 

Parameters Premonsoon Monsoon 

v-1 v-2 v-3 v-4 v-5 v-1 v-2 v-3 v-4 v-5 

Chemical 
Temperature ('C) 22 24 24 23.5 23 18.5 20 20 21 16.5 

P H 7.87 7.71 7.65 7.63 7.53 6.76 6.90 6.58 6.42 6.5 
EC (pS/cm2) 46,975 40,750 32692.2 23315 109.37 2550 270 250 140 36.7 

Salinity (ppt) 32.7 28.7 24.9 18.2 0.1 1.3 0.1 0.1 0.1 

Total dissolved solids 30064 26080 20923 14921.6 70.0 1632 172.8 160 89.6 23.18 
(PP") 
Dissolved oxvgen 5.93 6.53 7.2 7.53 6.93 7.73 8.66 7.66 8.26 8.86 
(mg/L) 

Biological oxygen 1 U.b 1.6 2 1.4 3.27 3.06 4.83 4.86 3.86 
demand (mg/L) 

1-otal hardness (mg/L) 5920 4460 3570 2140 77 244 36 28 20 12 

Phosphate (mg/L) 0.005 0.003 0.012 0.015 0.041 0.011 0.015 0.007 0.011 0.022 

Sulphate (mg/L) 1200 1100 990 840 40 105 15 12 7.2 1.6 

Chloride (mg/L) 19,510 17,250 13,800 9800 4 1200 120 115 44 8 

Sodium (mg/L) 7600 6250 4990 3500 3 260 34.4 32.2 23.2 2.4 

Potassium (mg/ L) 170 200 186 168 0.4 11.6 1.2 1.2 1.2 0.4 

Calcium (mg/L) 360 48U 190 220 ND 9.6 4.8 3.2 3.2 3.2 

Magnesium (mg/L) 1220.2 792 752 386 18.7 53.46 5.83 4.86 2.92 0.97 

Bacteriological 
MPN , 2400 460 240 240 240 2 2400 22400 2 2400 2 2400 2 2400 - 
E. coli + y  +ve +ve +ve +ve +ve +ve +ve +ve 
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basin was assessed by studying the seasonal 
variation in temperature, pH, EC, DO, BOD, 
salinity, total hardness, total dissolved solids, 
chlorides, nitrate, phosphate, sulphate, sodium, 
potassium, calcium and magnesium during the pre- 
monsoon and monsoon seasons of 1999. 

Temperature and pH are important parameters 
controlling fish life. The maximum temperature of 
24 "C and minimum of 16.5 "C was recorded dur- 
ing the period of study. pH of the river water var- 
ied from 6.4-7.87 which is congenial for the fishes, 
especially at the mangrove sites, where high fish 
population was noticed. A pH range of 6.5-9.0 has 
been reported to be most ideal for fish culture (Jh- 
ingran, 1982). Maximum EC and TDS were ob- 
served at the bar mouth (46,975 pS and 30,064 ppm) 
and minimum at station V (36.7 pS & 23.48 ppm) 
where the water is fresh and unpolluted. Dissolved 
oxygen is an important factor for the aquatic life and 
reflects the physical and biological processes pre- 
vailing in water (Trivedi and Goel, 1984). DO was 
high during the monsoon when compared to pre- 
monsoon season. This may be due to the intrusion 
of fresh DO rich water from bie river into the coastal 
waters and the resultant mixing and circulation of 
water. DO values varied from 6.53-7.53 pprn dur- 
ing the pre-monsoon and 7.66-8.86 pprn in monsoon 

season. DO below 5 pprn may be unfavourable for 
a productive water body, where as above 7 pprn is 
optimum for a productive water bod (Jhingran, 
1982). Mangrove rich sites 11,111 & IV recorded high 
DO values which are an indication of productive 
water body. The BOD of the tidal waters and estu- 
aries is affected by salinity resulting in very low 
values (Jhirtgran, 1982). The BOD values were low 
in Valapattanam river basin. High salinity was no- 
ticed near the bar mouth, except during the mon- 
soon season. The high values during the pre-mon- 
soon period were found to be related to the lean 
summer flows and increase in evaporation (Prab- 
hadevi et al., 1996). Salinity as high as 32.7 ppt was 
recorded in the lower reaches of Valapattanam riv- 
er due to salinity intrusion from the estuary. With 
the onset of monsoon during May, salinity declined 
to below 2 ppt in all sampling sites. High values 
were recorded for total hardness was recorded dur- 
ing the pre-monsoon season. Nitrate-nitrogen and 
phosphate contents were also low in both seasons. 
Nitrate content varied from 0.07-0.3 pprn in pre- 
monsoon and 0.22-0.5 pprn during monsoon season. 
Station IV showed high values for nitrate-nitrogen, 
which is the most mangrove-rich area. Maximum 
concentration of phosphate recorded was 0.015 pprn 
and minimum was 0,003 ppm. Very high sulfate 

Table 2. Seasonal Changes in Physicochemical Characteristics of Sediments of Valapattanam River Basin 

Parameters Premonsoon Monsoon 

v-1 v-2 v-3 v-4 v-5 v-1 v-2 v-3 v-4 v-5 

PH 8.18 6.83- 6.62 6.52 6.43 9.29 '4 .62  3.56 4.52 6.84 

EC (pS/cm2) 4780 7690 3670 2940 41.8 137.8 1546 2120 1370 19.1 

Organic carbon (%) 0.878 4.009 0.798 0.837 0.937 0.169 3.37 3.17 1.75 0.38 

Nitrate (mg/lOOg) 1.3 0.24 0.56 0.92 0.12 0.56 0.25 0.72 0.32 0.2 

Sulfate (mg/100g) 125 750 140 125 50 15 410 750 400 3 

Chloride (mg/lOOg) 720 1200 560 440 12 36 32 28 56 12 

Exchangeable Na 96 176 48 48 1 8 68 44 80 8 
(mg/100g) 

Exchangeable K 528 64 48 32 . 1  2.6 32 2.7 48 0.88 
(mg/lOog) 

Exchangeable Ca 93 86 28 25 6 48 80 82 80 36 
(mg/lC'%) 

Exchangeable Mg 39 93 29 45 8 2.9 144.8 120 137 23 
(mg/100g) 

Available P (mg/l00g) 11 6 2 1 1 1.1 1.2 1.4 1 1.8 
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content was also noticed during pre-monsoon with 
a maximum of 1200 ppm at Station I and minimum 
of 40 ppm at station V with seasonal variations. So- 
dium and chlorides being the major constituents of 
seawater imparting salinity, high concentration of 
sodium and chloride were recorded at the bar 
mouth (Site.1) and mangrove sites (11, 111, IV) dur- 
ing the pre-monsoon with corresponding reduction 
during monsoon season. Corresponding to the to- 
tal hardness, calcium and magnesium concentra- 

tions were also found to be high. Stations I1 and IV 
showed a slightly high concentration of calcium. 
This may be due to the collection and deposition of 
lime shell by the local people. Mangrove sites 11,111, 
IV showed high potassium concentration during 
pre-monsoon. L i e  sodium, potassium also does not 
undergo precipitation. Hence, during monsoon de- 
crease in concentration of sodium and potassium 
was recorded, probably due to dilution by the mon- 
soon flows. 

Table 3. Seasonal variation of Phytoplankton and zooplankton in valapattanam river basin 

Sampling Phytoplankton Zooplankton 
Sites 

Pre-monsoon Monsoon Pre-monsoon Monsoon 

V-1 Class - Chlorophyceae 
Scenedesmus 

Class - Bacillariophyceae 
Navicula 
Eunotia 

V-2 Class - Bacillariophyceae 
Eunotia 
Nitzschia 
Cyclotella 
Coscinod iscus 

V-3 Class - Chlorophyceae 
. Ankistrodesmus 

Pedias tru m 
Class- Bacillariophyceae 

Pinnularia 
Pleurosigma 
Diatoms 
Eunotia 
Coscinodiscus 

V-4 Class - Chlorophyceae 
Ulothrix 
Triploceras 

V-5 Class - Chlorophyceae 
Ulothrir 
Pediastrum 

Class - Baciflariophyceae 
Diafoms 

Class - Chlorophyceae Phylum - Protozoa Phylum - Aschelminthes 
Clasterium Class - Ciliata Class - Rotifera 

Euplotes Rotfer 
Class - Bacillariophyceae Phylum - Protozoa 

Coscinodiscus Class - Ciliata 
Diatom Paramecilim 

Class - Chlorophyceae Phylum - Protozoa Phylum - Protozoa 
Netrium Class - Ciliata Class - Rhizopoda 

Class - Bacillariophyceae Euplotes Euglypha 
Pleurosigma Phylum - Aschelminthes 
Surirella Class - Rotifera 
Coscinodiscus Rotifer 
Pinnularia Class - Nematoda 

S trongyloidrs 

Class - Bacillariophyceae Phylum - Protozoa Phylum - Aschelminthes 
Navicula Class - Rhizopoda Class - Nema toda 

E u g l ~ ~ h a  Worms . 
Diflugia 

Class - Ciliata 
Euplotes 

Class - Chlorophyceae Phylum - Aschelminthes 
Cosmarium Class - Rotifera - 
Scenedesmus Keratella 
Staurastrum 
Coelastru m 

Class - Bacillariophyceae Phylum - Aschelminthes 
Synedra Class - Rotifera 
Cyclotella Rot@ 

Phylum - Protozoa 
Class - Ciliata 

Stylonchia 
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Pl~ysicochen~ical  and  biological status of 
sediments of Valapattanam river basin during the 
pre-monsoon and monsoon seasons is presented in 
Table 2. During the pre-monsoon season, pH of 
scdimenta of all sites was almost neutral except at 
the bar mouth where it was alkaline. During the 
monsoon season, sediment was acidic except at the 
bar mouth where alkalinity was noticed. The 
mangrove sediments were found to be acidic. 
Mangroves prefer low pH i.e., the sediments may 
bccomc acidic due to the reduction of sulphides to 
sulphate with consequent formation of sulfuric acid 
in annoxic conditions resulting from the compaction 
of material deposited by tidal waters. (Vamucci, 
1989). Organic carbon content in Valapattanam river 
sediments was found to be high in the mangrove 
sites during monsoon season, the main source being 

Table 4. Benthic Fauna of Valapattanam River Basin 

Nurnhcr Pre-monsoon Monsoon 

V- 1 Nil Nil 

V-2 Nil Phylum- Arthropoda 
Crab 

Phylum- Annelida 
Leech 
Slylnrin 

V-3 I'hylum- Mollusca Phylum- Annelida 
Vcllorifn sp. Pol ychea te 

the plant and animal matter brought in through the 
run off. Abundance of particulate organic matter is 
a characteristic of mangrove sites. (Vanucci, 1989) 
and the nature of sediments has been reported to 
influence the abundance of organic matter 
(Badarudheen e l  al., 1997). Comparatively low 
organic carbon was observed at site I (bar-mouth), 
where the sediment was mainly composed of sand. 
Generally higher concentrations were observed in 
all other stations, especially the mangrove sites 11, 
111 & IV, where the sediment was clayey silt or silty 
clay. This may be due to the decay and deposition 
of mangrove litter and organic matter brought in 
from land to these sites. A similar situation has been 
reported from Pitchavaram mangroves. The 
Valapattanam river sediments recorded organic 
carbon values ranging from 4.01% - 0.38%, with a 
maximum of 4.01%) at site 11. The concentration of 
organic matter in sediments were of the order 
Mangroves > Freshwater > Estuary, with highest at 
the mangrove sites (4.011%,). Exchangeable sodium, 
potassium, calcium and magnesium values were 
also found to be high during the pre-monsoon 
season, in sites I, 11,111 and 1V. The enhanced values 
of sodium and potassium in the mangrove sites may 
be due to the presence of these ions in aqueous 
solution which fill the pore spmes of sediments and 
fixed with lattices of clay minerals, as has been 
reported for Veli mangroves (Uadarudhcen and 
Sakkir, 1998). A major portion of the sodium in 
mangrove environment is fixed in clay niincrals and V-4 Phylum- Mollusca Phylum- Annelida 

Gastropod Polychea te the higher values of sodium over potassium may be 
Phylum- Arthropoda due to this tendency. The potassium content in the . 

Insect larva mangrove sediments may be from the decayed 

V-5 Phylum- Annelida mangrove litter (Uadarudhecn and Sakkir 1998). 

Polycheate Nil Chloride content in the mangrove sediments was 
also noticeably high. Nitrate-nitrogen recorded low 

Table 5. Seasonal Variation in Chlorophyll Content o f  Valapattanam River Basin (mg/L) 

Sampling Pre-monsoon Monsoon . . 

Sites 
Chl. a Chl. b Chl. c Total Chl. a Chl. b Chl. c ,l'otal 



Table 6 .  \'c.gctation i1t Vdlapattanani liiver Basin 

M ~ T I I , < ~ I I ~ ~ L . s  

1 . Ai~i~c.irilin q!fi'ciirnlis L. 

2. Ai*iit.ii~ril~ rlir~rirrn (Forsk.) Vierh. 

3. At;\.ic-c,rrr:: ~-o~~rrii-riIr~lr~ (L.) Blasco 

4. Dcr.ris t r+~l;t?la L ~ R I F  

5. Erct~c-cnrilr i ~ ~ r ~ l l i ~ ~ l ~ r r  L. 

6 .  K I I I I I ~ ~ . / ; I I  I I I I I I ~ I ~  (L.) Druce 

7. ~ / l i ~ l l \ ~ / l l l ~ l l  l l l l l ~ ~ ~ i ~ l l i l ~ i l  h l l lk  

8. RI~i:c~/~ltor~~ 1 1 / ~ ~ i ~ l i / 1 1 ~ 1 1  Bl. 

Y .  Sc~rrrrl~nrtirr o~sc~clli~ris ( L . )  Engl. 

10. ,~~'-rosl;l~llllllr llllrl~lllll L. 

11. ~\cillll/llis ;l;c~;/i~lills L. 

hlrz~r,~rtir~c. Asst~cir~lcs 

1, Cr1jln111ril1 slr1111n 

2. Et1~11zlw"rrrr  tdc~r.rtrrr 

3 .  Dirllrrrl slrarl~orri~lrrr 

4 .  Bo~~r~lrn~~z~i~r cr i sp  

5. l)~jr/zolzin ir1~i;t.n 

6 .  l[~c)r~r~lc*tr iii/oi~rl 

7 .  l'rcrrrrrn st~ri~alfili~r 

8 .  Cnlotrcyiis ~ ! q a i ~ t i a  

9. Dizrgclr r~olril~ilis 

10. Clcot11c zlisct~sl? 

1 1  . Trcrri~~ c~ric~rrlnli.: 

12. H!/,qrtylrylln sj11 lrosn 

13. S~ihncrirrrtlrrrs iirdico 

14. Morirrda citrifoilin 

15. 1chi1ocaipu.c fnctesce~is 

16. Por~xnnrin pii~rmta 

17. Plly .~~l is  lllillilllllttl 

18. Cic~rclih~rrdrcwi irlcrri~c 

19. Cc~idc.ru i i l ~ ~ t ~ ~ l m s  

20. Tlr~:zflt,sicl I J I ~ J I ~  lt~t.r? 

21. Pas~ign~ts SF. 

'12. Zi~yplrlis o~~llopIl~11 

23. Cnrdiosperr~ruii~ helic~~cirb~iit~ 

24. Conrrtrcli~~o I~ci~~~~a\crrsis 

25. Tcrri~ii~nlin cnf fnpp  L. 

values in the sediments (0.12-1.3 mg/lOOg). 
Available phospl~orus was in t11c range of 1-11 mg/ 
lOOg and 1-1.8 mg/100g during the pre-monsoon 
and monsool~ seasons respe~ti\~ely, with notable 
reduction during monsoon season, especially at 
station I, which may be due to the leaching of 
phosphorus from the sandy sediments to o\.erlyuig 
water. Sulphate coiltent in the mangrove sedin~cnts 
was high due to the rcductiol~ of suIp11ides to 
sulphates with consequent formation of sulphuric 
acid under the a~uioxic conditions. 

Biological studies Included the plankton, bcnthos, 
chloroyl~yll content and bacteri~logic~~l quality of 
water. Phytoplankton belonging to Bacillaryo- 
phyceae, especially the genera P l ~ r c r o s i ~ i r ~ n ,  
Cosciitodisclrs, Nitzsclli i? which were abundant, 
follo~ved by Cl~lorophyceae (Table 3). Mangrove 
swamps are considercd to be rich in phytoplankton 
don~inatcd by diatoms (Vannucci, 1989). The 
zooplankto11 \\?AS represented by the Protozoa, 
~scl~el rninth~s ,  Arthropods and Annelids (Table 3). 
Benthic fauna was represented by the mcmtrcrs of 
Annelida, Mollusca and Artl~ropoda. Benthos wcrc 
mainly dominated by the Polychaetes (Table 4). 

The watercourses nleandering the mangrove 
swamps are rich in plankton, prawns, reptiles, 
fishes, etc (Ananthakrishnan, 1982). T l~c  important 
gencra of fishes living in maxigro\.e sites were h.l~rgil ,  
Wall~lgo, .Etr.oylus, L u t ] ~ ~ r ~ u s ,  I ' L ~ I I I ~ ~ I ~ ~ ,  Scrnc~rtids, etc., 
abundance of Holothuria, Vellorita and the fiddler 
crab were also noticecl which form tlie major source 
of food and livelihood of the local people. 

Chlorophyll content was higher during the pre- 
monsoon than the monsoon season. The values for 
chloropl~yll a, b, c and total cl~loropl~yll are given 
in Table 5. Mangrove sites deserve to be looked 
upon as cauldron where a highly nutritious broth 
is effectively brewed by a very active microbial 
flora. Bacteriological studies revealed faecal 
contamination in $1 the sites, which may be due to 
the unhygienic practices of the people living on the 
banks of the river. 

Mangroves being one of the most productive 
ecosystem and a renewable resource, detailed 
er~umeration of the mangroves and their associates 
was undertaken. Ailicer~nia indrina, which is one of 
the most salt-tolerant mangrove (Downton, 1982) 
was noticed in the study area. Mangroves were 
found colonized depending on their salinity 
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Table 7.. Medicinally improtant managrove associated Flora 

Plant Family Part Uses 

Achyranthes aspera L. Amaranthaceae Root, fruit, whole Oedema, snake venom treatment, 
Plant stomach ache 

Aerva lanata L. Amaranthaceae Leaf, whole plant Diabetes 

Calotropis gigantea R. Brown Asclepiadiaceae . Root, latex, leaf, Asthma, cough, leprosy, acute 
Flower reheumatism, skin allergy, eczema 

Elephantopus scaber L. Compositae Whole plant Poisonous wounds, piles, hair loss 

Vernonia cineria (L.) Les. Compositae Whole plant Fever, scorpion poison, malaria, 
conjuctivities 

Eclipta alba Husk Compositae Whole plant Easy digestion, jaundice, night 
blindness, head ache, hair fall, 
defective eyesight, worms. 

Spheranthus indicus L. Compositae Whole plant Syphilis, skin diseases, constipation 

Tragea involucrata L. Euphorbiaceae Whole plant Cough, constipation, piles 

Sida sp. Malvaceae Whole plant, root Piles, gonorrhoea, normal delivery, 
fever 

Mimosa pudica L. Mimoseae Whole plant Bronchial asthma, itching 

Boernhdvia diffusa L. Nictaginaceae Whole plant Rhematism, oedema, cough 

Oldenlandia co ymbosa L. Rubiaceae Whole plant Fever, jaundice, measeles 

Cardiospermum helicacabum L. Sapindaceae Whole plant, leaf, Constipation, stomach pain, 
seeds, root hydrocoele, arthritis 

Datura stramoniunz L. Solanaceae Fruit, leaf, root, Bronchial asthma, acute 
Flower rheumatism, preventing spasm 

Centella asiatica. L. Umbelliferae Whole plant Intelligence, fits, skin diseases 

Ctircuma longa L. Zingiberaceae Whole plant Syphilis, skin deseases, constipation 

tolerance. Hence, stations I1 & I11 with high 
mangrove density were colonized mainly by 
Avicennia marina followed by Rhizuphora mucronata. 
The dominant mangrove species observed in the 
river basin were Acrostichum aureum. L., Acanthus 
ilicifolius L., Avicennia oficinalis, L., Avicennia marina 
(Forsk) Vierh., Kandelia candel (L.) Druce and 
Rhizophora mucronata Lamk (Table 6) .  A number of 
medicinally important mangrove associates were 
also recorded (Table 7). 

Conclusions 

present in this ecosystem. Nutrients were also dis- 
tributed as inorganic mineral compounds from 
within and outside the ecosystem by tidal action. 
The phytoplanktons form the basis of primary pro- 
ductivity. The zooplanktons, which are primary 
consumers, contribute to secondary production. The 
microorganisms found in this ecosystem are mainly 
responsible for the mineralisation and biogeochemi- 
cal cycling of nutrient &d contribute sigruficantly 
to the transfer of energy among various trophic lev- 
els. Higher chlorophyfi content is an indication of 
productive ecosvstem with the existence of a com- * J 

Results of the present study indicate the high pro- plex food web. The organic matter in the sediments 
ductivity of mangrove sites. The mangroves contrib- forms the food for benthos. The mangroves being a 
ute to this mainly by litter fall and the conversion fragde wetland ecosystem, they depend on water to 
of this to organic carbon by the microorganisms disseminate their propaguleg. The large, buoyant 
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propagules are dispersed through the water by the 
tidal action. Hence, the distribution of mangroves 
is dependent on the frequency of tidal flooding, soil 
salinity and water logging. The overall productiv- 
ity in the mangrove ecosystem is therefore con- 
trolled by salinity, pH, nutrient substances, phy- 
toplanktonic biomass and their relationship and in- 
teraction with the physical and biotic components, 
resulting in a high biological productivity. The ebb 
and flow of the tidal cycle provide the necessary 
'energy subsidies'. The mangroves are considered 
potential fish production sites providing congenial 
feeding, breeding and nursery grounds for fishes 
and prawns, which provide livelihood for the local 
people. Through adoption and implementation of 
proper consemation/management strategies these 
mangrove areas could be effectively utilized for 
aquaculture. Since the mangroves have innate po- 
tential to bind toxic chemicals and pollutants, the 
pollution of water can be reduced considerably 
minimizing adverse effect of pollutants on the 
fauna. The pH, salinity, dissolved oxygen, tidal ac-. 
tion, high organic/inorganic nutrients together with 
biotic factors provide a congenial environment for 
the survival of mangrove ecosystem of Vala- 
pattanam river basin. 
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IN WETIAIDS OF E R A L A  

P. N. Unni & K Lakshni 
Centre for LVater Resources Del-eloprnenr and Alanayerncnt 

I<OZHII.LODE - 613 371 

S r a h  state, a i d  a coastfine of590 @$qtftzduith the enhy  oftiifalaiulllter regu- 
hrlyfrorn - the Ara6ian Sea and enricfud 6y - jich unterjrom t h  41 u ) e . s t j L u i n ~  
rivers onjirratinzfrorn the lVu t r rn  Ghats, crate  a wryenial envirorlrnent f j r  t h  

dez)ehprnent of mngrove vegetahon ~zlonj tliz frin9e.s o j  estuaries urtd u r t [ a n h .  
Keruh, oncegifiedwitfi l u ~ r i a n t  rnungrove ilfptation u f'u6out 70,000 ha, h u  noal 
d~$rrdhd to an urza oJa6out 1670h under t h  w n t m l u j t f k  State jovrmrnent und 
l j W f m  underpri2ate ownership. Anthropopoyenic uctirtitiessudi as lurrdreclnrnution 
/or ronctruction, agriculture and aynaculturi. - both in private and prrtilic sectors - 
have reru[tt* J in rnr ]~-~ i~e  dectnn:tion o f  / h i  unique, j r g i k ,  in tertidizl scost/sterrl - and  
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the area under -tnangroves in the state ir fact dmWIndli'ning. %5k warrants immediate 
action for t h i r  conservation/rrmnagemant, rhough virtua$ a dr fficuCt endeavor. 

Seventeen mayroves ind~rl  m r g r o e  associntes o f  the urethnlk ofxeralh fiavc 
6een enumerated, m'th their d M u t i o n  in southern and northrn dirtricts o f  & 
State. ?lie seventeen mangrove species romprise of three sfiruh, one c fimber, nine 
smaltrees, three dium-sizedtrees a d o n e  h g e  t r a  %&j are ~ixkenrzzk o f i i nah  
L., A m n h  (Yorsk) Vkrh., gmBUkra cy&d& (L.) BL, 2 l p a m n f  W &A q 
~ n f i f i  % .w+uwl/l;l ( ~ U K  r . ,  @$&aphra aphihta  B ~ u ~ . ~  mmucmzta 
Lurnk, X'andrlih r a d e f  (l.) Dnu, Sunneraiiz caswhni (L.) ~ r g l ,  Am& 
i L. ., '7~-n~5&m aureum L. Lmznhtzera ratem05a 'WiU., flerni tnzuhta  
Lour., .?yict~a~ c~~rnricuhtum (L.) Blhflco, ~ c o a n b  gu&& L., E indca (9 I %U.) 
.MueuelL Arg.., unJ r i.ni,ps tagf(Terr) C. B. K06. Out ofthe seventeen speciec hted 
a60veJ : ~ Z ~ ~ I V I ~ I ~ O  r ~~ic imh. ,  ~q&nnLz m n h  and Sonneraha cueofanj a re domi- - 
nant in tfb pdjfLfinr regions. 9 . k r a  pam/bru/ ~ a n a 2 f i  can&( &ar&u 
ihfoGcc~/ ,474; ~n f z ia  oJiiinah anda.  mnira  in the mesohline regions and K a d e h  
r a n d i ~ u n ~ z c r u ~  m e o h n i  and&ros& aaIz?um 0% in the ofiBoh(ine ?ywm. 
'71ie wmmon mayruve associater embrace 3 species mpni irg  ofseven hr6s,four 
sfiru6s, t ~ o  c/imbers,,/ive s d t r e e s ,  two mdium-siwi  treer and tfiree large trees. 

G mayroz~uprovi& a wyen ia lh6 i ta t for  a rider ofnatiive/m~ratonj 6 irh  
irz~hdrg watefoouC (nie  dad-Kolwetlbnrk are one o f &  &t avifaunal 
h6itat.s on t h  west wact o f  india, WU ir cot~sideredto 6e the th7rdhIgest wethnd 
in i n d i ~  wnsiderirg Ilic total n u d e r  o f  birdr. One hundred a d f o r t y  nine speck 
i dud i rg  99 species oJ resident/lbraOj %rat0 y and SO species of rtu>ratory 6 i rh  
6elongiy to 1 0 j a r n i h  p i t J  ~na t idae ,  ~lialacrowmcidae, ~rde idae ,  Laridbe, 
~ h r a d r i d z ,  Ciconidae, Qrfidae, Ampitridhe, ~ a u n i d a e  andTodicipididhe hive 6 a n  
reportedfmrn t h  %khanad wethndc a Jpectrum of163 species of6irdc h v e  6een 
reportedfrom the Ko:ollbnrlj, of WM 30% are rngrantr. Seventy species of water 
6irdr andfour mymtopj raptors have 6een recordedfrom the ~ 0 l l b n . h .  Out o/ t h  
16-3 species reportedfrom To;ollbndr, twenty species are r r ~ w  recordrfor xeralh, incrud- 
in8 thefour enda rgeredwa te fowl&., th ~ p o  t - 6 i U i d ~ h n  (.e~kznccFpLiLppenr~, . 
0rientalDarter (3l?hh%ya mhtlOy..tedf Water ~oc((~aflkriqcitl~r~.'q) a n d t h  Bh& / 
6ihd %rn (sterna mhmgacte$ 
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In roattalzone m q e m e n t ,  due consideration shuLi6egiuenfor tfie wnrerva- 
tion of mangrove- avifauna biodiversity in & estuarine andintertdalzom. In this 
/r@k ecosystem, plhnt/anirnalimicro6ial interactibnr are /;Bh&j comphy and Gttk 
&wn, but 13 wnsiderede;ytreme$ importantfor theirmcasfi~,narqgmnt to main- 
lain sustaina6hprodiution. needandstratgk for wnren,ation/ mnyement of 
tfiisfragik ecosystem are discussed: 
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1 SPATIAL AND TEMPORAL VARIATION IN ORGANIC CARBON, 

NITROGEN AND PHOSPHORUS IN MANGROVE SEDIMENTS 
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Abstract-This paper describes the seasonal distribution of organic carbon, NO,-N and available phosphorus 
in the sediments of 3 biotopes., i.e., mangrove, estuary and fresh water in the Thalassery and Valapattanam 
riverine ecosystems of Kerala State, South India. Clear and distinct spatial and temporal variations were 
observed for the above parameters in the two river basins. In the light of available information, the various 
factors which contribute to / influence the distribution of organic carbon, NO,-N and available phosphorus 
in the ecosystems are discussed. 

INTRODUCTION 

Mangroves, the characteristic coastal vegetation of 
the tropics and subtropics, forming the essential 
components of intertidal ecosystem, are considered 
the most producti\fe, self-maintaining estuarine 
components of the biosphere. They are useful in a 
wide range of economic and ecological aspects. The 
ecological values are nutrient enrichment, feeding, 
breeding and nursery grounds for a number of 
marine organisms, shoreline protection, natural 
land reclamation and a pollution sink (Mohanan, 
2000). The economic values include, the use of 
mangroves as timber/fuel wood, forest products, 
aquaculture, fry source, shore protection, 
agriculture, recreation and as human settlements. 
Kerala, which was once bestowed with ,=I luxuriant 
mangrove vegetation of more than 70,000 ha, has 
now dwindled to an area of about 1,671 ha of which 
88% are under private ownership (Chand Basha 
1991, 1992). These are at present limited to isolated 
patches in Thiruvananthapuram, Kollam, 
Kottayam, Alappuzha,  Ernakulam, Thrissur, 
Malappuram, Kozhikode, Kannur and Kasargode 
districts. Available data on their distribution reveals 
that more area under  mangroves exists in the  
northern districts, particularly Kozhikode a n d  
Kannur. The Thalassery and Valapattanam rivers of 
Kannur are having the maximum area u n d e r  
mangroves (4Soh of the total area under mangroves 
in the State) (Unni gF Jayakumar, 1997; Umi,  1998; 

Mohanan, 1999). Studies have been initiated earlier 
on the physicochemical characteristics of major 
abiotic components such as water and sediments of 
sonte mangrove ecosystems (Delacered, 1983; 
Lafond, 1984; Badarudheen et al., 1996). The role of 
different forms of C, N, a n d  P in aquatic 
productivity has been investigated earlier (Aston & 
Hewitt, 1977; Bowmann, 1977; Brenzonik, 1972; 
Dugdale, 1967; Rhoads et al., 1975; Roman & Tanore, 
1978; Shanrnukhappa, 1981). Seasonal variations in 
C, N and P in sediments of Vellar (Sivakumar et nl., 
1983) and Cochin (Sankaranarayanan & 
Panampunnayil, 1979) estuaries and the nitrogen 
dynamics of mangroves of Ratnagiri, Maharashtra 
(Waghmode, 1987) estuaries have been studied in 
detail. Except a baseline s tudy  of the aquatic 
environment of the mangrove ecosystem of 
Valapattanam river basin, KeraIa made earlier 
(Lakshmi et al., 2000), no detailed systematic studies 
have been undertaken on water and sediment 
quality of mangroves of Thalassery and 
Valapattnam rivers. This paper deals with the 
distribution of C, N and P the three biotopes viz., 
estuary, mangroves and fresh water of Thalassery 
and Valapattanam riverine ecosystems. . - 

The accumulation of organic carbon enhances the 
production and associated capture and captive 
fishery. Organic carbon forms the basis of a 
dependent trophic chain of bacteria, fungi, cellular 
algae and other detritus feeding organisms. The 
main source of organic carbon in the sediments is 
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the runoff from the land. Abundance of particulate 
organic malt ter is characteristic of mangrove area 
(Vannwci, 1989). Similarly, nitrogen is an important 
nutrient for the growth of plants. The fecal matter of 
mangrove fauna, which is a source of nitrate, 
phosphate and other nutrients, contribute to the 
surface layer of sediments. The population of 
nitrogen fixing bacteria viz. Azotobacter spp., isolated 
from sediments have been reported to be very high 
in mangrove habitat than in marine backwaters and 
estuarine systems (Lakshmanaperumalsamy, 1987). 
Halotolerant nitrogen fixing Rhizobiunt strains have 
been isolated from root nodules of Derris scandetls 
and Sesbania spp. associated with the mangrove 
swamps of Sunderbans (Sengupta & Chaudary, 
1990). These bacteria in the mangrove sediments 
convert nitrogen into nitrates, which may get 
trapped in the f i e  sediments. It has been reported 
that in coastal waters, humic acids in water and 
sediments predominate due to the decay of plant 
and animal matter (Shanmukhappa, 1987). 
Generally higher organic carbon and nitrate- 
nitrogen in the mangrove sites is due to high 
concentration of humic acids in sediments, which is 
known to have a high C/N ratio. High levels of 
phosphorous and nitrogen has been reported in 
sediments due to the decay of mangrove foliage 
(Sahoo et nl., 1991). Significant amount of nutrients 
carried into coastal zone by floodwaters may be 
trapped by mangrove sediments and the marine 
environment. Ninety per cent of nutrients in marine 
sediments are believed to have come from the 
mangrove area and the remaining 10% only from 
non-mangrove sites (Aksornkoae & Paphavasit, 
1996). Presumably, inorganic and organic matter in 
the mangrove ecosystem may be remineralized 
microbially and bound organically in the 
mangroves by primary and secondary producers, 
thus becoming sedimented in the mangroves. 

STUDY AREA 

The Valapattanam and Thalassery estuaries located 
in Kannur district of Kerala State, India were 
selected for the present study. The Valapattanam 
river having a basin area of 1867 krn2 and a length of 
110 km and the Thalassery river basin, having a 
basin area of 132 km2 and a length of 28 km 
originate from the Kannoth elevation of the Western 
Ghats. Sampling points were selected depending 
upon the variations in salinity, sources of pollution, 
diversity of mangroves, etc (Fig. 1). 

MATERIALS AND METHODS 

Fig. 1. Sampling Sites in Thalassery and Valapattanam 
River Basins 

Sediment samples from the mangrove and non- 
mangrove sites of Valapattanam and Thalassery 
rivers were collected during the pre-monsoon, 
monsoon and post-monsoon seasons of 2000 and 
analyzed to compare the distribution of organic 
carbon, nitrate-nitrogen and available phosphorus 
contents. The sediment samples were collected from 
the sampling sites with a Van Veen Grab, air dried, 
pulverized, sieved through 0.5 mm mesh and 
analyzed for organic carbon'following the method 
of Walkley and Balck (1934). The samples sieved 
through 2 mm mesh were analyzed for nitrate- 
nitrogen following the method of Grewling and 
Peech (1965). The available phosphorus was 
analyzed following the method of Trivedi et al., 
(1987). 

RESULTS AND DISCUSSION 

The distribution of organic carbon and nitrate- 
nitrogen and available phosphorus in the sediments 
of Valapattanam and Thalassery rivers during post- 
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monsoon, monsoon and pre-monsoon seasons are 
presented in (Figs. 2 and 3) respectively. 

The Thalassery river sediments recorded an 
average organic carbon content ranging from 0.64- 
1.156 mg/100 g in pre-monsoon, 0.11 - 2.43 mg/100 
g in monsoon and 0.22-2.37 mg/100 g in post- 
nlonsoon seasons. In the Valapattanam river, 
average organic carbon content ranged from 0.789 - 
3.323 mg/100 g in pre-monsoon, 0.046 - 2.78 mg/ 
100 g in monsoon and 0.079 - 3.12 mg/100 g in post- 
monsoon seasons. 

The average nitrate-nitrogen content in the 

Pn-meruan Wanroum F ~ I - M W O ~  

Fig. 2. Seasonal Variations in Organic C, N and P in 
Valapattanam River 

Fig. 3. Seasonal Variations in Organic C, N and P in 
Thalassery River 

Thalassery river ranged from 0.62 - 1.26 mg/100 g 
in pre-n~onsoon, 0.051 - 0.14 mg/lOO g in monsoon 
and 0.79 - 1.91 mg/100 g in post-monsoon seasons. 
In the Valapattanam river, it ranged from 0.4 - 0.54 
mg/lOO g in pre-monsoon, 0.06 - 0.15 mg/100 g in 
monsoon and 0.212 - 0.77 mg/100 g in post- 
monsoon seasons. 

The Thalassery river sediments recorded the 
average values of available phosphorus ranging 
from 10-17.8 mg/100 g in pre-monsoon ,0.14 - 5 
mg/100 g in monscion and 4.4-9 mg/100 g in post- 
monsoon respectively. In the Valapattanam river, it 
ranged from 1.02 - 4.8 mg./100 g in pre-monsoon, 2 
- 4 mg/100 g in monsoon and 16.2 - 20.33 mg/100 
g in post-monsoon seasons. 

Statistical analysis revealed no significant 
correlation among/between the parameters, 
seasons and sites studied. 

In all the seasons studied, the mangrove sites 
showed high values for organic carbon in both the 
riverine ecosystems. The general trend of 
distribution of organic carbon in the Thalassery 
river was mangrove > estuary > freshwater and 
mangrove > freshwater > estuary in the 
Valapattanam river. Increase in organic carbon in 
the mangrove sediments may be attributed to the 
microbial biodegradation of the mangrove litter and 
also the contribution from run off from the 
catchments upstream, i.e., autocthonous in the 
mangrove area and allocthonous in the other two 
biotopes. Poor circulation in the mangrove biotope 
may be another reason for its high contents in the 
two river basins studied, as has been reported 
earlier (Shmukhappa, 1987). In the Valapattanam 
river, slightly high values for organic carbon 
recorded in freshwater compared to the estuary may 
be due to the decomposition of solid organic wastes 
dumped there. High organic C values were noticed 
in pre/post-monsoon than in monsoon seasons. 
Relatively lower values for organic C during the 
monsoon season in these two river basins may be 
attributed to high dilution and circulation. 

Nitrate-nitrogen was found to be high in 
mangrove sites of both the river basins. In the 
Thalassery river, the trend was mangrove > estuary 
> freshwater except in monsoon season where a 
slight increase was shown in freshwater compared 
to the estuary. This may be due to leaching off of 
nitrates from agricultural microwatersheds/elas 
upstream, while Valapattanam river basin showed a 
trend similar to that of organic C. In the mangrove 
and non mangrove areas of both the river basins, 
high values were reported during the pre-/post- 
monsoon and low in monsoon seasons, as has been 
reported earlier (Sivakumar et al., 1983; & 
Shanmukhappa, 1987). High values were reported 
for organic C content in mangrove areas in all the 
three seasons studied. The mangrove sites have high 
humic acid content in their sediments. Hence, 
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nitrate-nitrogen in the  mangrove sediments is 
biogenic i.e., derived from the decayed mangrove 
litter. In the monsoon season, no  significant 
difference could be noticed in the Thalassery river 
basin. In the Valapattanam river basin, nitrate- 
nitrogen values remained almost uniform during 
the pre-monsoon season in both mangrove and non- 
mangrove sites. 

Available phosphorus was found to be high in 
estuary, followed by mangrove and fresh water 
sites. This may be due to the fact that concentration 
of phosphorus in sea water is usually higher than in 
freshwater (Garcia-soto et al., 1990). But when 
mangrove and non-mangrove areas in the same site 
were considered, higher values were noticed in the 
mangrove than in the non-mangrove area. But it 
Thalassery river basin, non-mangrove area reported 
high values for P during monsoon season. The 
higher concentration of phosphorus in pre-/post- 
monsoon seasons m a y  b e  d u e  to the higher 
concentration of nutrients in the overlying waters 
which may ultimately ge t  deposited over the 
sediments due to poor turbulence of water. In the 
monsoon season, low phosphorus content was 
recorded which may be attributed to the leaching off 
of phosphorus to the overlying water due to the 
fresh water influx and  wave  action leading to 
resuspension of sediments in the water column, as 
has been reported earlier (Sivakumar et nl., 1983; 
Satyanarayanan et al., 1993; Sankaranarayanan & 
Panampunnayil, 1979). Another reason for decrease 
in phosphorus during monsoon season may be due 
to its higher uptake by the phytoplankton which are 
usually abundakt in the monsoon season. 

CONCLUSIONS 

The study revealed distinct spatial and temporal 
variations in organic carbon, nitrate-nitrogen and 
phosphorus in. both Thalassery and Valapattanam 
riverine ecosystems. High values of organic C, ni- 
trate N and available P recorded in the mangrove 
area in comparison with the estuary and freshwater 
biotopes indicate that this area is more productive in 
both the riverine ecosystems. 
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Spatial and temporal variations in organic and inorganic nutrients in the 
mangrove sediments of Thalassery and Valapattanam river basins 
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Abstract 

This study presents the spatial and temporal variations in the distribution of organic 
carbon, NO,-nitrogen, available phosphorus, exchangeable sodium, potassium, 
calcium and magnesium in the mangrove sediments of the three biotopes i.e., 
mangrove, estuary and fresh water, of Thalassery and Valapattanam river basins of 
Kerala. In both the river basins, except calcium, concentrations of other elements 
were high in the mangrove sediments in comparison with non-mangrove sediments. 
Clear and distinct spatial and temporal variations were observed in all the 
abovementioned parameters in the mangrove sediments. Based on the available 
~nforrnation, various factors that contribute to and influence the distribution of organ~c 
carbon, NO,-nitrogen, available phosphorus, exchangeable sodium, potassium, 
calcium and magnesium are discussed. The significance of variations in the 
distribution of these elements in the mangrove ecosystem is discussed. 

Introduction 

Mangroves, the characteristic halophilous, 
estuarine ecosystems of coastal areas of the 
lropics and subtropics, forming essential 
iomponents of intertidal ecosystem, are 
considered themost productive, self-maintaining 
estuarine components of the biosphere. They 
are open ecosystems coupled to both upstream 
riverine freshwater and downstream saline 
estuarine systems. The nutrient input for their 
continuing productivity are brought in fiom the 
Upstream terrestrial and downstream estuarine 
resources. The primary nutrients are utilized in 
Q formation oforgwic matter and are released 
4 to the ecosystem as litter fall. These nutrients 
'C removed by the living organisms and micro 
Organisms associated with the sediments. 
*uhition in the levels of any one of the nutrients 
Ufects the ovep~ll productivity of this ecasystem* 

The organic matter in the sediments are 
remineralized into their constituent primary 
nutrients in a form suitable for uptake by their 
root system, thereby, acting as primary source 
of nutrients for productivity (Ananthakrishnan 
1982). 

Kerala, which was once bestowed with luxuriant 
mangrove vegetation of more than 70,000 ha, 
have now dwindled to an area of about 1650 ha, 
of which 45% are under private ownership 
(Chand Basha 1991, 1992). These are 
distributed in isolated patches in 
Thiruvananthapuram, Kollam, Kottayam, 
Alappuzha, Eranakulam, Thrissur, Malappuram, 
Kozhikode, Kannw and Kasaragod districts. 
Available data on their distribution reveals that 
mom area under mangroves exists in the northern 
districts, particularly, Kozhikode and Kannur. 



'I'he Thalassery and Valapattanam rivers of  
Kannur  a re  having maximum area  under 
mangroves, which accounts to 45% o f  the total 
area under mangroves in the State. Studies 
initiated earlier have been centered on  the 
physicochelnical characteristics of major abiotic 
components such as water and sediments of some 
mangrove ecosystems (Delacered 1983; Lafond 
1984; Badarudheen et al. 1996). The roles of 
dift'erent forms of C, N, and P and their seasonal 
\.ariations in the sediments productivity have been 
~rlw.estigated by many workers (Aston & He\iritt 
1977; Bowmann 1977; Brenzonik 1972; Dugdale 
1977; Rhoads et al. 1975; Roman & Tanore 
1978; Sha'nmukhappa 198 1 ; Sivakumar et al. 
1083; Sankaranarayanan & P a n a n ~ p u n n a y ~ l  
1079; LVag mode, 1957). Though 
seasonal vanations in nutrients In the 
n1an~roi.e sed~nients and the~r  role in l - r  
a q i ~ a r ~ c  p r ~ d i ~ c t ~ \ . ~ t y  In I'halassery 
; i t l r l  \ 'a lal)at tanam es tua r ine  
c.cos)~stcnis ha\,e been in\.cstigated 
c ~ r l t c r  (Lakshl111 ct  31. 2000). no  
clctsrled systematic studtcs ha\.e been 
i~ndcr taken so far on n.ater and 
hvd~nlent q u a l ~ t y ,  d is t r ibut~on of 
a n  c a r b o n ,  nitrogen, 

;~hosphorus. exchangeable sod~um.  
por;iss~u~n,calcium and magnesium 
In  the mangrove  sed iments  o f  
r ~ ~ a n g r o v e s  o f  the two  r iver ine  
systems. Hence, detailed studies on 
the  va r i a t ions  in the  a b o v e  
pa ramete r s  in the  m a n g r o v e  
sed iments  o f  Tha lasse ry  and  
Valapattanam river systems were 
carried out during the pre-monsoon, 
monsoon and post-monsoon seasons. 

Study area 

The Thalassery and Valapattanam 
river basins are located in Kannur 
d is t r ic t  o f  K e r a l a  S ta te .  T h e  

Thalassery river basin with a basin area of' 132 
km2 and a length of 28 krn lying bctwcen 7 j 0  18' 
- 75O 33' E lo~lgitude and betwcet~ 1 1'45' and 
1 l o  46 '  N latitude (Fig. lA),  a s  wcll as the 
Valapattanam river basin having a basin area of 
1867 km2 and a length of  1 10 km lying between 
75O 18' - 75O 30' E longitude and betwvcen 1 1 0  

57' and 12O 0' N latitude, originate frorn the 
Kannoth elevation o f  Western Ghats and drains 
into the Arabian Sea (Fig. 1 B). Sampling points 
were selected depending upon the variat~ons Irl 

salinity, sources o f  pollution, d~vers t ry  of 
mangroves, etc. 

3Intcrial and metl~ods 

Sediment samples from mangrove anti non- 
mangro1.e areas o f  both the Thalassery and the 

Flg.1 Sampling Sites In Thalassery (A) and Vrlaprttrnrm (8) 
Rlver Baslns 



Valapattanam rivers were collected during pre- 
Inonsoon. monsoon and post-monsoon seasons 
of thc year. Four sediment samples, two each 
iiolil mangrove and non-mangrove sites of the 
'Thalnssery River, six sediment samples, three 
cach from mangrove and non-mangrove sites of 
the Valapattanam River, were collected using a 
Van Veen Grab. The samples were air dried, 
pulverized, sieved through 0.5 mnl mesh and 
:~nalpzcd for organic carbon folloiving the method 
of Walkley and Black (1934), and the samples 
s~eved through 2.0 mm mesh were analyzed for 
nitrate-ni trogen following t l ~ c  n i e t h ~ d  of 
Grcwling and Peech (1965). The available 
phosphorus in the sediment samples  was 
an;ilyzed following the method ofTrivedy et al. 
( 1 9 7 ) .  Exchangeable sodium, potassium, 
,,alclum and niagncsiurn cor~tents ivere analyzcd 
L ~ I I C ' ~  extraction w ~ t h  l r\i arnrnorilum acetate 
,olut~on follow~ng the nlclllod of'frivedy et al 
t 1987). 

I<csults and discussion 

I'hc drstrlbution of organlc carbon, nitrate- 
nitrogen and available phosphorus in the 
hedinients of 7halasser-y and Valapa ttarlarr; rivers 
Jur~ng post-monsoon, monsoon and ?re-monsoon 
heasons are  presented in flgures 2 a n d  3 
respectively. Thalassery River sed iments  
recorded an average organic carbon content 
rrlllglng from 0.064-1.156 mg/100 g in pre- 
monsoon, 0.1 1-2.43 mg! 100 g in monsoon and 
0.22-2.37 mg/100 g in post-mor?soon seasons 
(Fig. 2 A). In the Valapattanam River, average 
organic carbon content ranged fion10.789-3.184 
mg/ 100 g in pre-monsoon, 0.046-2.78 mg/ 100 g 
in monsoon and 0.079-3.12 mg/100 g in post- 
monsoon seasons (Fig. 2 B). 

'The accumulation of organic carbon enhances 
the production and associated capture and captive 
fishery. Organic carbon forms the basis of a 
dependent trophic chain of  bacteria, fungi, 

cellular algae and  other  detritus feed ing  
organisms. Similarly, nitrogen is an irnpol.lallt 
nutrient for the growth of  plants. 1 . 1 1 ~  11l;iin 
source oforganic carbon in the sed~nlcnts is the 
runoff from the land. Abundance of par-tici1!atc 
organic matter is characteristic of mangrove 
areas (Vannucci 1989). The fecal lnattcr of  
mangroire fauna, which is a source of nitrate, 
pl~osphate and other nut~.icr~ts, corlrr-ibutc to tlie 
surface layer of sdil. The nitrogc~~ fixing bactcrin 
viz., Azo!oba;tcl. spp. Ilavc bce11 ~solarcd 1i.olii 
sedinlc~lts of mangroves and tt,cir counts \t crc 
hlgh in mangrove habitat tlla!l In marine 
backwaters a n d  estuarine systems 
( I , ~ k s l ~ n ~ a n a p c r u n ~ ~ l s a n ~ y  1987). Ilrl!o tolc~.ant 
nitrogen fising Rliizobi[~ni strni~:s 1:3\.c: b s ~ n  
isolated from root nodules ofDerr!j scr?r?dcns & 
Scsbania sp .  growing along tiic I:;::r,gro\.c 
sitamps ot'SunJt.rban5 (Scngupta ,\;: ( ' i ~ , i u d ~ r > .  
1990). Thtqe bactrna in the n;?ngrut r. r~.d~ni..n;, 
1n3y co:lt.crt nitrogcil I I ~ ~ O  n i t r i i ~ c ~ ~ .  \\ hl. h SL'I 
trapped In the fine scd~metlts. The tic-cay ol'i~lan t 
~ n d  animal material ult~lnstely proJucr hum~c 
suhs!ances, \vhich arc part of o r g a ~ ~ c  matter In 
aquntic syslems. I t  has also been reported [hat 
in coastal waters, humic acids in water and 
sediments predominate (Shanmukhappa 19S7). 
Generally, hlgher concentration oforganic carbon 
and nitrate-nitrogen at the mangrove ~ i tes  I S  due 
to high concentration of humic acids in the 
sediments, which is known to have a high C/N 
ratio. The phosphorus in the mangrove sediment: 
is mainly contributed by the decay of thc 
mangrove foliage. High levels of phosphorous 
and nitrogen have been reported in the sediments 
of Talapady lagoon, Dakshin Kannada, due to 
the decay of mangrove foliage (Sahoo et a1 
1991). Mangrove sediments and the marine 
environment trap significant amount ofnutrients 
carried into coastal zone by the floodwaters. 
Ninety percent o f  the  nutrients in marine 
sediments are believed to have come from the 
mangrove area (Aksomkoae & Papharasit 1996) 
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;~ndtheremainingiO%fromnon-mangrovcsites. which may be the contribution from !he 
i'rcsumably, inorganic and organic matter in the decomposed mangrove litter. 
illangrove ecosystenl a r e  remineralized nitrale-nitrogen i n  
*lcrobia"y and bound organically in  the Thalassery River, it ranged from 0.62 - 1.26 lll!~) 
"'angroves by the primary and 100 g in pre-monsoon, 0.05 1-0.14 mg/]00 g in 
Ixoducers, thus becoming incorporated into the monsoon and 0.79- .9 mgl OO i n  post 
nlangrove sediments. Calciuln and magnesium moI~soon seasons pig. 2 A). In the Valap3ttsllanl 

in  the mangrove ecosYstcm are primary River it ranged frbm 0.4- 0.54 mg/100 g ill ,,re- 
nllnients conhibuting to the productivity. The monsoon, 0.06-0.15 mg/lOO g in monsoon and 
silt brought in by high tides from the sea carries 0.2 -0.77 mgllOO in post-monsoon seasons 
substantial quantity of calcareous material from (Fig, B), 
~ora~nini fer, mollusks and other she1 Is. 

The Thalassery River sediments recorded rl~c 
it was observed from the study that in all the a v e ~ g e  values of available phosphorus ranging 
seasons, mangrove site showed high values of from 10- 17.8 mg/lOO g in pre-monsooll, 0.1.4-5 
organic carbon content in both the rivers. The mg,lOO in monsoon and 4.4-9 mgilOO 
penera] distribution trend in the Thalassery river post-monsoon respectively (Fig. 2 A). In t l , s  
a'ns Mangrove'Estuar~>Freshwater- But in Valapattanam River it ranged from 1.02-4,s nld  
Valapattanam river the trend was hlangrove> 100 in pre-monsoon, 2-4 mg/lOO in  monsoo;l 
I:rrshwater>Estuary. The increase in organic and 16.2-20.33 mg/l0o i n  post-monsoon 
nlattcr in the mangrove sediments may be due to seasons ( F , ~ .  2 B). 
:!:c microbial biodegrzdation of mangrove litter 
. ~ d  also from run off from the catchments I t  was observed from the present study thLtt  

.ipbtrearn i.e., autochthonous in the mangrove avdilable phosphorus was found to be high 111 

:ma and allocthonous in other two biotopes. the estuary, followed by the n~angroi-e area ariJ 

i'uor ctrculation in the mangrove biotope is the fresh Narer zone. Thls may be due tu 

,&nother reason for its high contents as has been seawater intrus~on, because the concentration of 

it-pol-ted earlier (Shanrnukhappa, 1987). Similar phosphorus in seawater is usually higher ths:l 

\I[uatlon was observed in these two river basins. freshwater. But when mangro\-e and nor;- 

];at, in Valapattanam River, the slight.1~ high mangrove areas in the same sites were considered 

organic carbon content in freshwater than estuary high values were noticed in mangrove area t h a : ~  

may be due to the decomposition of animal in non-mangrove area. But in Thalassery river 

%tes dumped there. High values for organic basin, non-mangrove area reported high values 

:arbon were noticed in pre/post monsoon than during monsoon season.  The  higher 

:n monsoon. seasons.  Earlier  studies by  concentration of phosphorus in pre-ipost- 

Shanmukhappa (1 98 1) showed an increase in seasons i s  d u e  t o  the higher 

Organic carbon in  t he  monsoon season. concentration of nutrients in the overlying watel-s, 

kelatively lower values for organic carbon in which ultimately get deposited over the sediments 

Bese two river basips dujng the monsoon season due to poor turbulence of water column. In 

may be attributed to high dilution by rainwater. monsoon low values of phosphorus is reported 

h e n  mangrove and no{-mangrove tinas in &e wh/ch is due to the leaching of p h o s p h o ~ s  to 

Nme sites were considered, high orga~ic ce~bon. the dVer1ying water becabse of k s h  water influx 

values were reported in the n&groyq  dine^@, and severe agitation due to wave action leading 



to re suspension of sediments in the water 
column. Similar trends have been reported earlier 
in the Vellar estuary, Vishakhapattanam shelf and 
Cochin backwaters respectively (Sivakumar et 
al.  1983; Satyanarayanan e t  a l .  1993; 
Sankaranarayanan & Panampunnayil 1979). 
Another reason for decrease in phosphorus 
during monsooli may be the high uptake of this 
element by phytoplankton, which is usually 
abundant during the monsoon season. 

sodium in the mangrove environment may lx the 
weathered product of plagioclase feldspars and 
the source o f  potassium may be from weathering 
ofrocks rich in ortl~oclase, microcline and Lii>lite, 
as has been reported earlier (Badarudccn & 
Sakkir 1998). The decomposed vegetative parts 
of mangroves may also contribute potassium. 
Compared to sodium, lower concentration of 
potassium may be attributed to the removal of 
this ion by the mangrove flora. 

Variations in the mean concentrations of The lower values of calcium in the mangrove 
exchangeable sodium, potassium, calcium and environment recorded in the present study n-lay 
magnesium in the mangrove and non-mangrove be attributed to the breakdown of this mineral 
sites of Thalassery and Valapattanam rivers by the sulphur bacteria present in the mangrove 
during thz pre-monsoon, monsoon and post- sediments, which may ultimately be made to other 
monsoon are presented in Figure 3 A and B organism. Magnesium being an importan[ 
respectively. constituent of chlorophyll, the increased 

concentration of magnesium in the mangro\.s The study revealed considerable variations in the 
sediments may be attributed to the decomposition nutrient concentration of the two river sediments. 
of the mangrove litter, thereby releasing the In all the three seasons studred, the post-monsoon 

samples recorded hlgher values and the monsoon element into the ecosystem. 

season recorded lo\ver \lalues, which may be due 
to high dilution. circulation and mixing in the 
estuarine systems. Sodium, potassium, calcium 
and magnesium showed higher concentration in 
the mangrove sediments in comparison with the 
non-mangrove sediments, while calcium showed 
an inverse relationship with higher concentration 
in the nin-mangrove si te.  Increased 
concentration ofsodium, potassium, calcium and 
magnesium in the mangrove s i te  may be 
attributed either to the cation exchange or 
adsorption of these nutrients on to the clayey 
mangrove sediments, as has been reported earlier 
(Badarudeen & Sakkir,' 1998). These 
unprecipitated elements may be present in the 
aqueous solution, filling the pore spaces of the 
sediments. The higher concentration of  sodium 
and potassium in the mangmve site may also be 
due to the seawater intrusion and consequent 
adsorption of these nutrients on to the clayey 
sediment particles. The  primary source of 

The study revealed sharp seasonal and site-wise 
variations in exchangeable sodium, potassium, 
calcium and magnesium ions in the sediments of 
the Thalassery and Valapattanam rivers. The 
sediment acts as a sink ofthese elements, which 
are released, into overlying waters for utilizatiorl 
by the phytoplankton, which form the basic 
components of primary productivity. The 
zooplanktons, which are the primary consumerg, 
contribute to the secondary productivity. The 
microorganisms in this ecosystem help i n  
mineralization and biogeochemical cyclitig of 
nutrients and contribute significantly to the 
transfer of energy between various trophic levels 
resulting in the existence of a complex food web. 
The mangrove flora directly takes up the 
rematerialized nutrients. Hence,  higher 
concentration of  these elements in the mangrove 
area' supports the high productivity o f  this 
ecosystem. 
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Fie. 3 Distribution of Exchangeable Sodium, Potassium, Calcium and Magnesium in V a l a p a ~ m  (A) 
and Thalassery (B) River Sediments 
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I)istinct spatial and temporal variations in 
4,rganic carbon, nitrate-nitrogen, phosphorus, 
exchangeable sodium, potassium, calcium and 
magnesium were observed. The study revealed 
a strong correlation of nitrate-nitrogen and 
pl~osphorus with organic carbon content in the 
mangrove s i t e s  in both Thalassery and 
Valapattanam river basins. As high values of 
the above nutrients were observed i n  the  
mangrove area when compared to estuary and 
freshwater biotopes, it can be concluded that the 
Inangrove ecosystem is more productive. 
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