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Preface

India has a long coastline (~7500 km) and a large Exclusive Ecortonie (EEZ)
(~2 million sg. km.) that includes two major groups of islands, allvbich are
susceptible to different coastal hazards. Peninsular India cospfisgne populous
states, with a significant component of their economy in some elated to the sea.
This includes fishing, shipping, ports and harbours, tourism and allied riegust
Nearly 25% of the Indian population lives in the coastal zone. Tharsuhat hit
the south Asian countries on 26 December 2004 served as a rude retimatdmir
coastal areas are highly vulnerable to natural hazards. Thetdikashestimated to
be 15,000.

The impact of tsunami was severe on the S.E. coast and comparatoadyate on
the S.W. coast. The Department of Ocean Development (DOD) Research M&&sel
Sagar Purvi, managed by the National Institute of Ocean Techn{@MI@T) was
utilized to assess scientifically the impact on the coastal marine en@nbnm

The major scientific questions, which had to be answered, included the following

1. Are there any major changes in the marine environment as amatieof the

Killer waves?

2. If there are any major changes, has the sea the potentglivenate itself in

course of time?

3. How is it that certain coastal areas have been sparede \akesome adjacent

areas have been affected drastically?

The answers to these questions can come only by an intense morufdhegoastal

regions (coastal lands and seas), temporally as well spatially.
These are addressed in the present report
C.S.P. lyer

Centre for Marine Analytical Reference and Standards

Trivandrum



1. Introduction

On December 26, 2004, an unexpected and hitherto, unfamiliar phenomenon
“Tsunami” hit the coast of Indonesia, Andaman & Nicobar Islands,L8nka,
Maldives, and east coast of India. A part of it also struck the southwesiotdadia.
Though, from the records, seven tsunami have been reported in the riegian, for

the first time, one came to know the term “tsunami’- a sea wagh destruction
potential to any coastal area, where it strikes. The majesecof a tsunami is an

earthquake under the seabed.

The cause of earthquakes is now established. There are sevemmadagonumber of
smaller plates, 70—-250 km thick, which cover the surface of the eadleontinents
and the ocean floor. These lithospheric plates actually arenfijoati a viscous under
layer, called the asthenosphere and move relative to each other,10pcm/year.
The plates come into contact at the plate margin. At the piatrgins, called fault
zones, large vertical or horizontal movement of the earth camsbccur. Most of the
earthquakes are associated with this movement. Tsunami occurseavttequake of
large magnitudes, generally above 7.0 on the Richter scale occur lmnsthapths
(<70km) in the fault zones of the seabed. The recent tsunami, wheahrext on
December 26, 2004, was the result of the Indian Ocean plate slidicer the
Indonesian plate, near the Java Trench.

The epicentre of the earthquake was located in the shallow depthe séabed, at
160 km from the northern tip of Sumatra. Intensity was measurélOas the
Richter scale. This corresponds to an energy release of 2®xJdgles (logy
E=4.8+1.5x9), equivalent to an explosion of 500 million tons of TNT. Therwat
above the seafloor is thrown up and as it settles down, its eneliggndiup as
surface waves. In the case of the December earthquake, it haassessed that the
seafloor has risen upwards in a region 150 km wide. It can, therb®@ssumed
that the surface waves contain wavelengths up to a width of 150)knTke wave
amplitude should be much lower of the order of 1.5 m. Shallow watersvaove at
a speed equal tagd, where g is the acceleration due to gravity (9.8)rafsd d is the
depth. For Indian Ocean, d= 3000 m., hence velocity, €8x3000. Thus, the
speed of the wave would be ~170 m/s or ~600 km/h. With a waveleniih ofder

of 150 km and small elevation or depression of the seafloor, the wawikl Wwe



completely imperceptible in the sea. However, the colossal eitergrries, turns it
into a monster, when it hits the coast. At open beaches, baysidiaaits, the height
of the wave increases, even up to 30 m, due to shoaling effect. afteeréhe sea
penetrates the coast with great velocity, causing extensiveation, called run up.
The waves have high erosion potential stripping beaches of sartteataken years

to accumulate, up rooting trees and other vegetations.

As far as India was concerned, the impact of tsunami wastthsis for the Andaman
& Nicobar Islands, severe on the SE coast, and comparativelgdesse on the SW
coast. The reason why it hit the SW coast of India, which idmett line to the

propagated wave, was that the earth’s rotation steered it towards thi@gight

Fig. 1. Map of Indian Ocean showing epicentre of earthquake and tsunamii trave

directions.

2. Impacts of tsunami
1. Seepage of seawater into shallow aquifers, wells and other freshwater
resources.

2. Destruction of property, houses and fishing vessels.

3. Erosion of the beach in some areas, including disappearance of sand banks and

changes in the shape of estuaries.
4. Salination of agricultural land
5. Damage to fishery resources

6. Damage to mangrove, and other coastal vegetation



2.1 Kerala coast

The impact of tsunami, specifically for the Kerala coast is detailed below.

The satellite imageries taken before and after tsunami shoimgiaet on the Kerala
coast (Fig. 2 a & b). The tsunami-affected area includes thetscof Quilon and
Alleppey. Though the entire coastal area was affected, Azhikkarala had to bear

the maximum impact in turns of run up, inundation, and erosion.

Fig. 2 IRS imageries of the Kerala coast, captured before and after tsunami. (a
During January 2004 using IRS 1D (b) December 27, 2004.

The first tsunami hit the coastal 12.30 hours, followed by a sefieaves. Then the
sea receded up to 1 km revealing the seabed. This was folloveeddny large wave
of approximately 5 m in height, which had a devastating effdtdst of the houses,
property, fishing vessels were destroyed. In addition, boulders gotestrto protect
the coast were thrown up to a distance of 19@aximum inundation occurred along
Kayamkulam estuary, extending up to 1.5 km eastward. The wavelevag

approximately 5m



3. Tsunami disaster management

1) The most important one is the warning system. To forecast tsuoami
needs deep ocean measurements. This envisages a network of tsgnamete
Each of them has a pressure recorder anchored on the seafloor, wiciclswva
for pattern that could hint at an earthquake or underwater landsible of
generating a tsunami. The recorder readings are beameduoya then
relayed to a network of geostationary weather satellitess, hturn, beams
the information to land (Fig 3). Such a system is already ioepia the
Pacific region, named Deep-ocean Assessment and Reporting andisun
(DART). India has already taken up this challenge of measutearal
communication and planning for a DART system for the Indian Ocean.

Fig. 3. DART system with pressure detectors and boys



2) For tackling situations arising out of tsunami, it is necessargréov up

emergency plans, including evacuation of people, where necessary.

3) After witnessing the fury of the tsunami in destroying theveahand houses,
it would be prudent to leave a buffer zone from the shoreline andeatithiére
Coastal Regulation Zone (CRZ), which envisages 500m from the shdaline

the buffer zone.

4) The best advice to the people is— just head 100 feet above seaHseal if
you can'’t get above 100 ft, get a mile inland.

4. Hazard preparedness
1. Tsunami has taught us that we do not have as yet plans to meet such

emergencies.

2. Secondly, we are yet to build an ocean bed system to detect ‘iSananto
transmit the information to the general public. Even tidal gaugesyiag the
coast, at selected places, would have served to give a warning of the tsunami.

3. There is a need to prepare detailed maps on the run up and inundation of the

coasts, based on the present experience of tsunami.

4. More emphasis should be given on research related to prediction of

earthquakes and intensity.

5. Ecological impact studies

The first Cruise was undertaken just after the tsunami frmo717" of January
2005, which covered the coast from Muttam in the south to Thottappailhg inorth.
A second set of measurements was undertaken in April to spdlgificover

Vizhinjam transect. This was followed by a recent Cruise during May 13 to 22.

6. Choice of transects/stations

Along the southwest coast, based on the intensity of tsunami, sevsedis were
selected (Fig. 4). The transects chosen were Thottapallya¥haikkal, Vizhinjam,

Kolachel, and Muttam. At each transect, stations were chosewmairiiervals, up to

a distance of 25 km from shoreline.



Fig. 4. Selected transects and stations

7. Sampling and analysis

At each station, online measurements were taken for the pararoeteductivity,
temperature, and chlorophydl at 1 metre interval, from surface to bottom. The
depths of the stations were assessed using the echo sounder, availabked the
ship and the profiles scanned for any abnormalities in the ocean f®amples of
water were collected from surface, mid depth, and bottom, using tbeo HBios

water sampler and analysed for dissolved oxygen and nutrients.

Sediment samples were collected using a Van Veen grab samiileut 100gm of
the sample was taken after careful removal of large shelistzell fragments by hand
picking. The samples were treated with 100 ml eDH(6%) to remove organic
matter and thoroughly washed with distilled water after 48 houmsmove salts, and
decanted thoroughly with sufficient water till all silt andyclaere removed. Sub-
samples were taken after coning and quartering. Both sand amthyilkre weighed
separately and the former subjected to sieving using meshes of 1/2 phi iatethaé
weight percentages were computed. Graphic measures: meanstindard

deviation, skewness, and kurtosis were also computed.
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Separation of the phytoplankton was carried out by filtration oémsamples using
55 p net. For zooplanktons, oblique hauls for a fixed time period were usadga
Heron Transfer Net with attached flow meter. The sampfeplanktons, thus
collected, were analyzed for the composition and population counts. r{rima

productivity measurements were carried out using the carbon 14 method.

8. Results

The measured parameters are plotted as contour maps for effegeseatation of the
data. The contour maps for water temperature, salinity, pH, dissolygerofor the
immediate post tsunami period (Jan-2005) are shown in figures 5-8 arortNaY,",

NOs, PG, SiQ in Jan 2005 and May 2005 are shown in figures 9-14. Isolines
are prepared for biological measurements—primary productivitgragbthyll a, and
zooplankton— for the pre tsunami, immediate post tsunami (Jan-05), and May 2005
periods (fig. 15-23). Sediment texture and mineralogical analyses earried out in
order to determine any possible back wash along the ocean bottom.

9. Discussion

In order to assess the impact of tsunami; we have to compapeetbent data with
that of pre tsunami.

9.1. Thottapally

For comparison, we do not have any earlier data on the Thottapaligett.
However, data is available for Alleppey, 10 km north of Thottapallyerd@fore, as an
approximation, a comparison has been made of the present data atallycdtafp km
offshore, with that reported for Alleppey at the same distammee §hore. As can be
seen (Table 1), among the physico-chemical parameters, thecensderable
decrease in the concentrations of phosphate, nitrate, nitrite andnalier extent
silicate in the immediate post tsunami scenario. The morangldifference is in
biological parameters. At all the stations in the Thottapatiysect, primary
productivity, chlorophylla, phytoplankton cell counts, zooplankton biomass, and
zooplankton population have decreased just after Tsunami. Encourabmgbstlts

of the samples collected in May 2005 show that the primary prodyctias
increased, as also chlorophyll. The population of phytoplanktons and zooplankton

has also increased. It may be significant that the benthos popuiasonot fully
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recovered for the impact of tsunami, as evident from the valuesdgr2d05 (Table
8)

9.2. Valiyazhikkal

Looking at the chemical parameters of the water column, &es that the phosphate
concentration just after tsunami has decreased compared toltbedzda at the near

by Kayamkulam. Regarding the other nutrients, there is decreasthe
concentrations of nitrite and silicate (Table 2), where astaitnas not changed.
However the analysis of the samples collected in May 2005 inditaéshere is
improvement in the concentrations of nitrate and phosphate. Nitratknest the
same level as January 2005. The biological parameters of pripnadyctivity,
chlorophyll a, phytoplankton, zooplankton counts and biomass have come down just
after tsunami (Table 5). However, the subsequent samples edlliectMay 2005
indicate that the primary productivity has considerably improved aéso
phytoplankton population. There is some improvement in the case of zooplankton,
where as benthos population has still to improve to the levels of pre tsunami days

9.3. Karunagapally

In the case of this transect, a comparison has been made witlediserement taken

at the nearby transect, Neendakara. Though the phosphate leoelsassteep
decrease, there is only marginal decrease for other nutrietits samples collected

in January 2005. All the biological parameters, though perceptibly asectafter
tsunami shows signs of considerable improvement in May 2005. However, the

benthos population has still to recover from the effects of tsunami.

9.4. Vizhinjam

All the nutrients have shown considerable decrease in concentratitims samples
taken just after tsunami, compared to the earlier data takerelistorami (Table 3).

This is also reflected in the biological parameters of prirpaoguctivity, chlorophyll

a, phytoplankton and zooplankton cell counts, and zooplankton biomass (Table 4). In
May 2005, there is improvement in the nutrient concentration as aldudlogical
parameters. The pre tsunami data identifies 15 species, whéne psesent data
indicated only six species. The benthos population, around 1260 Nas/Me
samples before tsunami is of the order of 562 Ngséwen though five months have

elapsed since the impact
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9.5. Kolachel and Muttam

These transects have not been included under the COMAPS programnsesamt a
there is no earlier data available. Therefore no comparisons lbeuithde. For the

post tsunami period in January 2005, compared to Vizhinjam, the concentration of
nitrate is lower whereas nitrate and phosphate are higher. Ehe@nsiderable

improvement in the nutrient concentrations and biological productivity in May 2005.

9.6. Sediment distribution

The majority of samples collected in the area under discussionstsoms fine

sediments of silt and clay except a few samples, which aednwith sand and
gravelly sand. The mixed sediment samples are mainly recbfrera the area off
Vizhinjam and Muttam. The sediments off Vizhinjam and Muttam catexteirally

grouped into sand and gravelly sand (Table 22). Sand is generallyrmexcoarse
at Muttam and fine to medium off Vizhinjam. In general, the seabéte northern
part, off Karunagappally and Thottapally is predominantly covereddyand in the
southern part by sand. The sand comprises of shell fragments asel detitals like

quartz, feldspar, pyroxene, etc. Heavy minerals are also found in minor amounts.

9.7. Ocean bathymetry
Bathymetric studies just after tsunami showed a sudden drop isetieed of the
order 5m. off Muttam at latitude of 803 This has been confirmed during the

subsequent cruise in May 2005 (Fig. 24).

9.8. Comparison with earlier COMAPS data for four years

Under the COMAPS programme, the transects covered from AlldppEyvandrum
include Alleppey, Kayamkulam, Neendakara, Paravur, and Veli. Thewlaieh is
available from 2000 to 2003 for the nutrients— nitrite, nitrate, and phosphatdera
biological parameters— primary productivity, zooplankton counts, and benthos are
compiled in Table 13 to 21. For better presentation, a bar chart is1sboeach of
these parameters for the pre tsunami and post tsunami periods. harheslmows
clearly the perceptible decrease in concentrations, justtafteami. The figure also
reflects the considerable improvement in these parameters Y2005, It is also
noted that the benthos population, which was affected by tsunami, thougivéapr

has not reached the pre tsunami levels.
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10. Conclusions

The post Tsunami results indicate that the marine environmelm isouthwest coast

between Thottapally and Muttam has been affected as a resthie ampact of

Tsunami. This is reflected by the following assessments.

1)

2)

3)
4)

5)

6)

7)

8)

9)

The concentrations of nutrients had come down at all transectsfijest a
tsunami. However, these picked up in the period from January to May 2005
Primary productivity had drastically reduced in the wake of tsunaifriis
also has improved as evident from the samples collected in May 2005

There was a lowering of plankton species diversity just after tsunamdperio
The benthos population has still to recover from the impact of tsuteami
reach the pre tsunami levels.

The fish catch was affected subsequent to tsunami. This shows immgnave
now, as reported by the fishermen

The drop observed off Muttam indicates flow of water along with sewlisno
develop certain channels in the ocean bed. The presence of tamtdigive

to this channeling should be checked up with earlier bathymetric data

The sediment samples collected offshore, have more of coarse, sands
indicating their recent transportation from the coast

The presence of heavy minerals in the sediment samples abléectar as 25
km offshore indicate that along with coarse sands these have ed¢so b
transported due to high-energy backwash

The impact of Tsunami was maximum at Vizhinjam, Kolachel, and
Valiyazhikkal due to the geomorphic feature resembling inland baspacim
was least from Veli to Quilon and north of Thottappally due to loregcétes

of coastal plains

10)It is heartening to note that the marine environment is slowlyvexing from

the impact of tsunami. This is evident from the improvement in bicdbgi

productivity of this coastal stretch
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Fig. 5. Isolines of Temperaturé®)— Jan 2005

Fig. 6. Isolines of Salinity— Jan. 2005
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Fig. 7. Isolines of pH- Jan. 2005

Fig. 8. Isolines of Dissolved Oxygen— Jan. 2005
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Fig. 9. Nitrate (umol/L) — Jan. 2005

Fig. 10. Nitrate (umol/L)— May 2005
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Fig. 11. Nitrite (umol/L)- Jan 2005

Fig. 12. Nitrite (umol/L)- May 2005
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Fig. 13. Phosphate (umol/L)- Jan 2005

Fig. 14. Phosphate (umol/L)- May 2005
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Fig. 15.Primary productivity (mgC/fthr)— Pre tsunami

Fig. 16.Primary productivity (mgC/fthr)— Post tsunami (Jan-05)

Fig. 17.Primary productivity (mgC/fthr)— May 2005
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Fig. 18. Chlorophyll a (mg/r)- Pre tsunami

Fig. 19.Chlorophyll a (mg/m)- Jan.2005

Fig. 20.Chlorophyll a (mg/m)- May 2005
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Fig. 21.Zooplankton biomass (mlffj Pre tsunami

Fig. 22.Zooplankton biomass (mlffj Jan 2005

Fig. 23.Zooplankton biomass (ml/n
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Fig. 24. Latitudinal Depth profile along Muttam to Kolachel transect, ndte t

channelised flow at 8.03 latitude

Fig. 25.Textural variations in sediments off 25 km— Vizhinjam
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Table. 1. Comparison of Chemical parameters at Thotappally

Post tsunami
Parameters Pre tsunam Jan-05 May 2005
Water temperaturéq) 28.23 27.68 28.16
Salinity 33.63 33.55 33.22
pH 8.22 8.25 8.23
DO (mg/L) 5.72 5.85 5.45
NO, (1g/L) 0.61 0.13 0.27
NO;™ (Hg/L) 1.92 0.35 1.48
SiO (ug/L) 2.51 2.07 -
PO (ug/L) 1.78 0.6 1.04
Table. 2. Comparison of Chemical parameters at Valiyazhikkal
Post tsunami
Parameters Pre tsunami  jan-05 May 2005
Water temperaturéq) 28.26 28.16 27.94
Salinity 33.62 33.21 33.27
pH 8.21 8.29 8.24
DO (mg/L) 4.84 5.61 5.48
NO, (1g/L) 0.82 0.04 0.23
NO;s (1g/L) 3.25 3.06 3.18
SiO (ug/L) 2.34 1.70 -
PO (ng/L) 1.58 0.18 1.00
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Table. 3. Comparison of Chemical parameters at Karunagappally

Parameters Pre tsunami Post tsunami May 2005
Jan-05
Water temperaturéq) 28.42 28.00 28.62
Salinity 33.72 33.26 33.56
pH 8.16 8.26 8.06
DO (mg/L) 5.22 5.95 5.46
NO,™ (ug/L) 1.89 1.69 1.92
NOs™ (ug/L) 4.26 3.76 3.53
SiOs > (ng/L) 2.89 2.65 --
PO (ug/L) 1.16 0.3 0.36
Table. 4. Comparison of Chemical parameters at Vizhinjam
Parameters Pre tsunami Post tsunami May 2005
Jan-05
Water temperature (0C) 28.26 28.26 28.64
Salinity 33.82 33.24 33.50
pH 8.16 8.30 8.62
DO (mg/L) 4.69 3.16 4.12
NO,™ (ug/L) 1.21 0.04 0.44
NO;s (1g/L) 4.25 1.29 1.16
SiO > (ug/L) 2.52 1.30 -
PO, (Hg/L) 1.86 0.19 0.65
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Table. 5. Comparison of Chemical parameters at Kolachel

Parameters Poj;]s_%gami May 2005
Water temperaturéQ) 31.16 30.24
Salinity 33.34 33.62
pH 8.32 8.62
DO (mg/L) 4.85 4.85
NO, (ug/L) 0.18 0.21
NOs (ng/L) 0.16 0.29
SiO (ugl/L) 1.37 -
PO (ug/L) 1.08 1.22

Table. 6. Comparison of Chemical parameters at Muttam

Parameters Poj;]s_%gami May 2005
Water temperaturéq) 30.46 31.00
Salinity 33.12 33.42
pH 8.24 8.41
DO (mg/L) 4.55 4.74
NO, (1g/L) 0.01 0.23
NOs™ (1g/L) 0.21 0.31
SiOs > (ng/L) 1.51 -
PO (ug/L) 0.46 0.55
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Table. 7. Comparison of Biological parameters at Thottappally

Post tsunami

Parameters Pre tsunami Jan-05 May 2005
Primary productivy 11.36 730 20,5
Chlorophylla mg/n? 1.84 0.51 0.85

Phytoplankton (Nos/L) 4920 2125 11880
Zooplankton3 Biomass 0.13 0.12 0.13
(ml/m?)
Zooplar(lht:/rrln %opulation 501 196 156
Benthos 5854 - 1333
Table. 8. Comparison of Biological parameters at Valiyazhikkal
Parameters Pre tsunami Post tsunami May 2005
Jan-05
Prir’gﬁ}g&gﬁgﬁ"it}’ 1552 8.04 20.42
Chlorophylla mg/n? 1.19 0.43 1.13
Phytoplankton (Nos/L) 3862 1955 14918
Zooplankton3 Biomass 0.11 0.12 0.16
(ml/m?)
Zooplankton 3population 168 143 163
(No/m”)
Benthos 3231 - 1166
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Table. 9. Comparison of Biological parameters at Karunagappally

Parameters Pre tsunami Poj;f_légami May 2005
Pr"’gﬁ}g&%‘fﬁsﬂ‘"w 9.86 7.22 23.75
Chlorophylla mg/n? 1.19 0.97 1.21

Phytoplankton (Nos/L) 2952 2680 18652
Zooplankton3 Biomass 0.14 0.12 0.15
(ml/m?)
Zoopla?llsltg/r;nsp)opulation 189 166 158
Benthos 2043 - 1041
Table. 10. Comparison of Biological parameters at Vizhinjam
Parameters Pre tsunami Po\s];tns_tér;ami May 2005
P””r(‘r?]gg/mr‘]‘sﬁ"“y 12.13 0.85 10.16
Chlorophylla mg/n? 1.4 0.07 0.63
Phytoplankton (Nos/L) 2460 65 9346
Zooplankton3 Biomass 0.14 0.03 0.09

(ml/m?)

Zooplar(lht:/rrln %opulation 248 57 126

Benthos 1260 - 562
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Table. 11. Comparison of Biological parameters at Kolachel

Post tsunami

Parameters Jan-05 May 2005
P”r?r?]rgg/%‘;'ﬁgﬁ"“y 1.52 18.75
Chlorophylla mg/n? 0.14 0.96

Phytoplankton (Nos/L) 235 16428

Zooplankton3 Biomass 0.07 0.14
(ml/m?)

Zoopla?llsltg/r;n 3p)opulation 76 189

Table. 12. Comparison of Biological parameters at Muttam

Post tsunami

Parameters Jan-05 May 2005
Primary productivity
(mgC/n/h) 1.55 13.33
Chlorophylla mg/n? 0.12 0.77
Phytoplankton (Nos/L) 265 11546
Zooplankton3 Biomass 0.05 021
(ml/m?)
Zooplankton population
(No/m) 76 212
Benthos
No/n - 708
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Table. 13. Variation in Nitrite (umol/L) through years along Kerala Coast

Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 2005
Alleppey/ Thotappally 0.08 - 0.13 - 0.38 0.18 0.27
Kayamkulam/Valiyazhikkal 0.08 - 0.14 - 0.18 0.04 0.23
Neendakara/Karunagapally 0.16 0.24 = 0.45 0.24 1169 1.92
Vizhinjam 0.22 -- - -- -- 0.04 0.44
Table. 14. Variation in Nitrate (umol/L) through years along Kerala Coast
Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 2005
Alleppey/ Thotappally 5.21 -- 3.98 -- 3.88 0.3b 1.48
Kayamkulam/Valiyazhikkal 4.02 -- 4.01 -- 3.25 3.06 3.18
Neendakara/Karunagapally 7.28 4.1 = 3.46 4.5 3176 3.53
Vizhinjam 1.42 -- -- -- -- 1.29 1.16
Table. 15. Variation in Phosphate (umol/L) through years along Kerala Coast
Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 2005
Alleppey/ Thotappally 5.06 -- 1.78 -- 1.96 0.3b 1.48
Kayamkulam/Valiyazhikkal 4.69 -- 1.51 -- 1.58 3.06 3.18
Neendakara/Karunagapally 3.28 2.56 - 1.93 1.86 3176 3.53
Vizhinjam 2.08 -- -- -- -- 1.29 1.16
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Table. 16. Primary productivity (mgC/fthr) variation through years along Kerala Coast

Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 2005
Alleppey/ Thotappally 18.56 - 25.71 19.25 7.30 20.50
Kayamkulam/Valiyazhikkal 21.96 - 11.42 16.52 8.04 20.42
Neendakara/Karunagapally = 18.40 212 - 1825 - 7|22 23)75
Vizhinjam 18.4 - - - - 0.85 10.16

Table. 17. Chlorophylla (mg/nT) variation through years along Kerala Coast

Location Sept. Oct Feb. Sept Feb Jan Oct
2000 | 2001 | 2002 | 2002 | 2003 | 2005 | 2001
Alleppey/ Thotappally 0.77 - 1.32 - 0.97 0.51 0.85
Kayamkulam/Valiyazhikkal 0.60 - 0.72 - 0.87 0.43 1.13
Neendakara/Karunagapally 1.27 0.68 - 1.82 0.69 0{97 1.21
Vizhinjam 1.80 - - - - 0.07 0.63

Table. 18. Phytoplankton (Nos/L) variation through years along Kerala Coast

Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 | 2005
Alleppey/ Thotappally 1248 - 3345 - 4920 2125 11880
Kayamkulam/Valiyazhikkal 1727 - 1990 - 3155 1955 14918
Neendakara/Karunagapally 22438 1512 - 10980 2123 2680 18652
Vizhinjam 2128 - - - - 65 9346
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Table. 19. Zooplankton population (NosAnvariation through years along Kerala

Coast
Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 | 2005
Alleppey/ Thotappally 255 - 3514 - 136 196 156
Kayamkulam/Valiyazhikkal 672 - 1484 - 182 143 163
Neendakara/Karunagapally 171 1127 - 366 176 166 158
Vizhinjam 512 - - - - 52 126

Table. 20. Zooplankton biomass (mlfnvariation through years along Kerala Coast

Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 | 2005
Alleppey/ Thotappally 0.26 - 1.26 - 0.14 0.12 0.13
Kayamkulam/Valiyazhikkal 0.36 - 0.67 - 0.14 0.12 0.16
Neendakara/Karunagapally 0.14 0.56 - 0.16 0.12 0{12 0.15
Vizhinjam 0.80 - - - - 0.03 0.09

Table. 21. Variation in benthos community (Nos/hthrough years along Kerala

Coast
Location Sept. Oct Feb. Sept Feb Jan May
2000 | 2001 | 2002 | 2002 | 2003 | 2005 | 2005
Alleppey/ Thotappally 360 - 2353 -- 5854 -- 1333
Kayamkulam/Valiyazhikkal 820 - 2858 -- 3231 -- 1166
Neendakara/Karunagapally 600 813 - 1688 2043 - 1041
Vizhinjam 254 -- -- -- - -- 562
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Table. 22. Granulometric data on sediments

Sample . 0 0 o o, Name
No. Mean Std.Dev. Skewness Kurtosis  Granule % Sand % Silt % Clay (ghepherd) Name (Folk)
: Slightly
Vizh 15 1.8350 0.8570 -0.0400 0.8951 0.50 99.50 0.00 000 -
Gravelly Sand
Vizh 25 1.7588 1.0956 -0.0125 0.8733 0.00 100.00 0.00 0.00 Sand Sand
Slightly
Kan 25 1.4338 0.7995 -0.3424 1.1525 0.46 99.54 0.00 0.00 -
Gravelly Sand
Vizh 15

Moderately sorted, Near symmetrical, Platy kurtic

Vizh 25
Poorly sorted, Near symmetrical, Platy kurtic

Kan 25
Moderately sorted, Strongly coarse skewed, Leptokurtic
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