No. 195
ISSN 0254-380 X January-March, 2008

Central Marine Fisheries Research Institute
(Indian Council of Agricultural Research)
Post Box No. 1603, Cochin - 682 018

www.cmfri.org.in




Marine Fisheries Information Service

No. 195

January-March, 2008

Abbreviation - Mar. Fish. Infor. Serv., T & E Ser.

PUBLISHED BY

DR. G. SYDA RAO
Director, CMFRI, Cochin

EDITORS

GRACE MATHEW
N. VENUGOPAL

TRANSLATION

P.J. SHEELA
E. SASIKALA

CONTENTS
Article Title Pages
Use of Size-based Indicators for evaluating long-term trends in Indian oil sardine
(Sardinella longiceps) fishery 1
Prevalence of non toxic and harmful algal blooms along Kerala coast 3
A brief report on the marine fisheries of Puri, Orissa 6
Chattonella marina blooms and its impact on the coastal fishery resources
along north Kerala coast 10
A report on the mass mortality of farmed shrimp due to the blooming of
Chattonella marina along Vypin coast 12
Unusual landings of shrimps, trichiurids, ballistids and
ornamental fishes along Vizhinjam coast 14
Coastal sand dune and its importance in near shore marine ecosystem 16
Unusual heavy landings of Indian scad Decapterus russelli
(Ruppell 1830) by trawlers at Chennai 19
On the rare landing of the deep water band fish Acanthocephala abbriciata
(Bleeker) at Chennai Fisheries Harbour 20
Report on the Risso’s dolphin caught by gillnet at Chennai 20
Grading of sacred chanks along Ramanathapuram coast 20
Publication Review 22

The Marine Fisheries Information Service : Technical and Extension Series envisages
dissemination of information on marine fishery resources based on research results to the

planners, industry and fish farmers, and transfer of technology from laboratory to field.

Indian oil sardine Sardinella longiceps



Marine Fisheries
Information Service

Use of Size-based Indicators for evaluating long-term trends in Indian oil

sardine (Sardinella longiceps) fishery

K.S. Mohamed, T.V. Sathianandan, P.K. Asokan, P.K. Krishnakumar, P.U. Zacharia,
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Introduction

Size-based indicators (SBIs) are being currently
used to evaluate the response of fish populations to
exploitation, and may also lead to the development
of an ecosystem based fisheries management
(EBFM) approach. Ata population level, the selective
removal of larger or smaller fish will be reflected in
changes in mean length (L ) or mean weight
(W ...)» maximum length (L __)and minimum length
(L ;) of the population. For example, decrease in
the mean size of a population may either point to
overexploitation or to enhanced recruitment. Besides,
influence of environmental factors will also play a vital
role in determining the success of recruitment, growth
rate and condition factor (K ) of the population. Thus
SBiIs are a cost effective tool to evaluate the effects
of fishing on a population of fish, and have been used
for several temperate water species such as cod and
plaice.

Database creation

The Indian oil sardine (Sardinella longiceps) is
the mainstay of Indian marine fisheries forming as
much as 30% of the total production in some years.

However, the fisheries is subject to very high
fluctuation from a peak exceeding 3,00,000 tonnes
to as low as 3000 t in some years (as much as 100
times difference). Because of the high magnitude of
the fisheries, it plays an important role in the local
economy wherever it is caught, and consequently,
historical statistics of its landings are available from
government records. Therefore, oil sardine catch
statistics for the southwest coast of India (Kerala,
Karnataka and Goa) was collated as a time-series
for the period 1926 to 2005 (80 years). More
importantly, through the BIOBASE database held by
CMFRI and from records and publications of the
erstwhile Madras Presidency, length frequency data
pertaining to oil sardine was assembled for the period
1934 to 2005 (70 years) with some data gaps (Jul
1944 to Feb 1956). The L/F in BIOBASE mostly
pertains to data collected from Mangalore, Kozhikode
and Kochi, and that in Madras Presidency records to
Mangalore and Kozhikode. The L L andL
were calculated on monthly and annual basis and
plotted for delineating trends. The trends in SBIs were
related to the catch trends using regression
techniques.
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Catch trends

The catch trends (Fig.1) shows that until 1956
the catches were below 100,000 t and it is only after
this that catches were on an uptrend, and for the first
time in 1968 production touched 3,00,000 t.
Production reached a low of 3000 t in 1994 similar to
the nineteen thirties and forties. The 6-point moving
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Fig.1. Time-series data (1926-2005) of Sardinella
longiceps landings from southwest coast of India
(Kerala, Karnataka and Goa)

average line also shows that the abundance of oil
sardine was remarkably low until the nineteen fifties
and only from the sixties an upward trend in the
production was noticed, notwithstanding its
remarkable failure during the early nineties.

Change in SBIs
The lengthy time-series of L L andL

mean, max min

shows fluctuation without a definite pattern (Fig.2).
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Fig.2. Annual time-series of maximum, minimum and
mean lengths of oil sardine.

In general, annual mean lengths are lower when
catches were higher. When the fishery was a failure,
as in the late nineteen thirties and 1994, mean lengths
were above 15.5 cm. In years in which the fishery
exceeded 1.5 lakh tonnes, the L was lower than
15.5 cm. The size range (min-max) was also wider in
years in which the fishery was a success. The monthly
mean lengths did not show any definite trend with
variation in catch (Fig.3). In most of the years the

recruitment to the fishery took place in September-
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Fig.3. Monthly time-series of maximum, minimum and
mean lengths of oil sardine.

October, as evident from the occurrence of smaller
individuals (below 7.5 cm). The relationships between
theSBIs (L L ,andL =L _-L .)andcatch
was subjected to regression analysis and the results
are shown in Table 1. The mean length, maximum
length and length range did not show any relationship,
however, the minimum length showed moderately
good negative relationship with catch. Whenthe L
was less, the catch showed an increasing trend (Fig.
4 and 5). This indicates that L _ is reasonably good
predictor of any given years catch. Intense recruitment
leads to an increase in the abundance of oil sardine.
It can be clearly seen from Fig.4 that in years in which
the fishery failed, such as 1994, the minimum length
was comparatively high (16 cm). In years in which
the fishery was a good success, the L is close to
10 cm. The L __ did not show any relationship with
catch. However, the long-term trend shows that the
L ., is increasing and it has presently crossed 21
cm. Theoretically this augurs well for the fishery,
though high L __ are also seen in years in which the
fishery failed like 1994, 1936 and 1939.
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Table 1 Regression coefficients and goodness of fit for relationships between SBI and catch
S.No  Relationship Regression coefficients Goodness of fit (R?) Remarks
1 L .., and catch y = -13663x + 384834 0.1738 Poor fit — no relationship
2 L ange @nd catch y = 1E-05x + 5.6383 0.2129 Poor fit — no relationship
3 L .., and catch y = -1E-05x + 13.634 0.4596 Moderately good relationship
4 L ... and catch y = 6E-07x + 19.108 0.0033 Poor fit — no relationship
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Fig.4. Striking inverse relationship between L
and catch of oil sardine

These results are in contrast to what has been
observed for temperate water stocks, where a
decrease in mean length and maximum length can
signify adverse fishing effects on the population. In
the case of oil sardine, L . was not a good predictor
of stock health, probably because of the fast growth
rate and the presence of multiple broods in the
population. The L . was however a reasonably good
predictor of recruitment success and eventually a
good fishery. The use of SBI in tropical fish stocks
needs to be evaluated for more number of species
before definite conclusions can be drawn. A recent

Fig.5. Scatter plot showing inverse relationship
between L . and catch

study on demersal fish stocks of northwest Africa also
shows that changes in size structure is not a suitable
indicator for the effects of fishing in areas
characterized by faster growth rates, small sizes, high
species diversity and complex interrelationships, such
as the tropics.

This work was carried out under an AP Cess
Fund project on ‘Assessing the impact of fisheries
on the biodiversity of marine fish resources of
southwest coast of India’ and one of the targets of
the projects was to evaluate the usefulness of SBI
for assessing the impact of fishing on fish populations.

Prevalence of non toxic and harmful algal blooms along Kerala coast

Jugnu R and V.Kripa

Central Marine Fisheries Research Institute, Kochi

he oceans are home to thousands of microscopic
algae which constitute the base of the marine
food web. These phytoplankton are essential for the

production of biomass at all levels of the food web
and thus play an important role in ocean’s ecology.
Beneficial phytoplankton blooms defined as —‘a
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significant population increase during which the bloom
and the subordinate species within the community
have equivalent ecological and physiological valence’,
are thus intrinsically beneficial to food web processes
as they channel carbon or energy into the marine food
web. There are, however a few dozen of algal species
whose blooms are associated with some adverse
impacts. According to International Council For the
Exploration of Seas (1984), exceptional blooms have
been defined as ‘those which are noticeable,
particularly to the general public, directly or indirectly
through their effects such as visible discolouration of
the water, foam production, fish or invertebrate
mortality or toxicity to humans’. Species abundance
data is considered crucial, as it gives valuable
information on quantitative and qualitative changes
in the relative frequency of occurrence of exceptional/
harmful algal species.

Study Site

A continuous study is thus essential for
understanding the bloom dynamics of a region. A
continuous and regular phytoplankton monitoring was
done at two sites, one each along the north and south
coasts of Kerala. Sites were selected on the basis of
previous records of harmful algal bloom occurrences.
Vizhinjam in Trivandrum district, situated in the
extreme southwest coast of India (Lat 8° 22" N, Long
76° 56' E) was selected as sampling station along
south Kerala. A natural bay (Vizhinjam bay) is present
in the region formed by two rock promontories,
Mathalipuram on the west and Kottapuram in the east,
which makes the area an enclosed water body
facilitating fishing and mariculture operations.
Samples were collected from two sites at Vizhinjam,
one from within the bay and the other from the
adjacent sea. Chombala in Calicut district (Lat 11°
43'N, Long 75° 33' E) was selected as the sampling
site in the north coast of Kerala. Samples were
collected from a depth of 8 meters at a distance of
about 3 kilometers from the shore, at Chombala and
Vizhinjam sea. In the bay, the depth was 6 meters.
Sampling was done at a monthly frequency at both
these stations for a period of two years, Chombala
from October 2001 to September 2003 and at
Vizhinjam from October 2001 to August 20083.
Sampling could not be done during September 2003
at Vizhinjam, as the sea was very rough due to
northeast monsoon winds.

Harmful algae in the community

Twelve species with known records of toxicity-
Noctiluca scintillans, Gymnodinium mikimotoi,
Prorocentrum lima, Prorocentrum micans, Dinophysis
caudate, Dinophysis acuminata, Dinophysis miles,
Pseudo-nitzschia sp, Pseudo-nitzschia pungens,
Chattonella marina, Ceratium fusus and
Trichodesmium sp. were identified to occur along the
Kerala coast. Of these Prorocentrum lima and
Chattonella marina were unique to Chombala and
Ceratium fusus and Dinophysis miles to Vizhinjam.

Pseudo- nitzschia spp., a major causative agent
in Amnesic Shellfish Poisoning (ASP) was also noted
at both the sites. Mouse bioassay showed the
presence of a water soluble toxin in the month in which
the species was present in the community.

Occurrence of algal blooms

Seventeen algal blooms were recorded along the
Kerala coast during the study period. At Chombala,
there were 9 algal blooms of which 7 were diatom
blooms. Two of them were caused by the species
Coscinodiscus asteromphalus (53,000 and 4,10,000
cells I'), and one each by C.janischii (35,000 cells I'"),
Thalassiothrix frauenfeldii (88,500 cells 1),
Thalassionema nitzchioides (3,75,600 cells I'') and
Pleurosigma normanii (26,40,000 cells I'') and 2 due
to the harmful alga Chattonella marina (17 x10* and
13.5x108 cells I'").

In the coastal waters of Vizhinjam, 7 blooms were
recorded, of which 6 were diatom blooms. Three of
the blooms were caused by Chaetoceros curvisetus
(1x10% —1.82x107 cells I'') and one each by C. eibinii
(82 to 85x10° cells I'"), Fragilaria oceanica (46,000
and 498000 cells I'') and Coscinodiscus sublineatus
(82,850 and 128500 cells I'') and one harmful bloom
caused by the dinoflagellate Noctiluca scintillans
(102000 and 55000 cells I'Y). The harmful
dinoflagellate D. caudata formed 23 % of the
phytoplankton community at Vizhinjam in December
2001, but no casualties were reported.

A massive bloom of Chattonella marina with high
density of 4.68 x 10 5cells I'' was recorded for the
first time from Narakkal region along Vypin island,
central Kerala. Bloom of Noctiluca scintillans (98,000
cells I'") and associated mortality, especially of
bivalves was recorded at Thankassery bay, a
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semienclosed man made bay along south Kerala in
October 2002. At both the stations, it was noticed that
the dominant members of the phytoplankton
community of the region, the diatoms, bloomed first
utilizing the favourable conditions. The diatom
Coscinodiscus asteromphalus blooms at lower
temperatures, <31°C and salinity, <33 ppt. Rather than
a definite range, the bloom was found to be stimulated
by a sudden lowering of both the parameters
associated with rainfall. Cell densities were highest
when the temperatures was the lowest, 27°C. Nitrate
and phosphate were higher, with dissolved inorganic
phosphate between 0.4 to 3 umol I and dissolved
inorganic nitrate between 2.8 and 23.02 umol I-'.
Associated with the bloom, an increase in TSS levels
(10.4-50.2mg I'") and a decrease in dissolved oxygen
levels (3.26- 4.83 mg I') were observed.

Pennate diatoms Thalassiothrix frauenfeldi,
Asterionella japonoica, Thalassionema nitzschoides,
Pleurosigma normanii were found to bloom at lower
temperatures (<30°C), but at higher salinities (30 to
36 ppt) and had an absolute requirement for
phosphate (>1.25 umol |') as indicated by the
triggering of the bloom when there was an addition
of phosphate to the system. An increase in nitrogen
source was not found essential. Fragilaria oceanica
bloomed when phosphate was higher than. 2.5 and
nitrate between 10.16 to 19 umol I' respectively.

Chaetoceros, the most frequent bloomer at
Vizhinjam was found to prefer lower temperatures
(27-28°C), but higher salinities (34-35 ppt), had a
lower requirement for nutrients but bloomed whenever
there was a slight increase in nutrients, in either nitrate
or phosphate. At Vizhinjam, the species bloomed
when the dissolved inorganic nitrogen was between
0.06 to 11.68 umol I'" and dissolved inorganic
phosphate between 0 to 1.41 umol I'. Decrease in
surface temperature, increase in surface salinity and
an increase in nutrients especially that of phosphate
following monsoon and upwelling led to the blooming
of Chaetoceros curvisetus. A lesser temperature led
to the replacement of this species and blooming of
another, C.eibinii. A further increase in nutrient
concentration was followed by the bloom of the diatom
Fragilaria oceanica succeeded by Coscinodiscus and
then when the nutrient levels were low, C. curvisetus
bloomed. Noctiluca scintillans was recorded at

Chombala, Vizhinjam and Thankassery bay. It was
present in low densities at Chombala (100 to 142
cells I'') but reached bloom densities at Vizhinjam and
Thankassery bay (1,02,000 and 98,000 cells I').
Abundance of diatoms, its main food and stable
weather with high temperatures led to its bloom. At
Vizhinjam and Thankassery, the species bloomed
when the concentration of nitrate was high>15
umol I''. Along the Calicut coast, the bloom of
Chattonella marina was observed in the transition
period between SW and NE monsoon indicating a
well-defined periodicity and annual rhythm in
appearance. The annual cycle of occurrence of the
alga is controlled by the formation of cyst and its
germination. The excystement of cysts showed a
strong correlation with temperatures and the
vegetative cells remained in bloom condition as long
as a higher temperature was maintained, perishing
with the lowering of temperature associated with the
onset of NE monsoon.

The phytoplankton blooms in the study sites were
found to have two definite pattern, a restricted
seasonal occurrence as exemplified by marine
diatoms that dominate spring blooms and a non
seasonal increase in densities of dinoflagellates in
response to short term events such as sunny calm
weather that establishes thin upper layer within which
motile species accumulate. Noctiluca blooms always
followed diatom maxima and stable weather.
Chattonella marina illustrated a different seasonal
pattern similar to that of dinoflagellates but the bloom
occurs by the excystment of cysts which is triggered
by an increase in water temperature and is known to
be genetically controlled.

Mass mortality of fishes was observed in the
region between Puthiyappa and Kappad during the
bloom of Chattonella marina in September 2002.
Major fishes which were killed include Epinephelus
spp, Otolithes sp, Cynoglossus sp and Johnius sp.
Subsequent to this, mass mortality of green mussels
of the region was also observed. Besides fishes and
mussels, the mole crab Emerita spp and the bivalve
Mactra violacea also suffered severe mortality. Low
dissolved oxygen (0.22 mg/l), low pH (7.05) and the
production of a lipid soluble toxin were the major
reasons for the large scale mortality during the
Chattonella marina blooms.
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A brief report on the marine fisheries of Puri, Orissa

P.L. Ammini, Lata L. Khambadkar, Sindhu K. Augustine

Central Marine Fisheries Research Institute, Cochin

Sukhdev Bar

Puri Field centre of Central Marine Fisheries Research Institute, Puri

Puri, one of the southern districts of Orissa has
155 kms of coast line with 35 fishing villages and
12 landing centres. Nuagarh (Astarang), Pentakota,
Konark (Chandrabhaga), Kaliakona, Arkhakuda are
the major landing centres. Nuagarh is the only fishing
harbour in Puri district. The present report highlights
the marine fish landings for 20 years from 1987-2006
from Puri district.

According to the latest Marine Fisheries Census
conducted by the Department of Animal Husbandry,
Dairying & Fisheries, Govt. of India and CMFRI
(ICAR) in 2005, there are 9,972 fishermen families in
Puri with 45,575 fisher population. Among the 13,854
adult males, 9,765 are engaged in full time active
fishing, while 2,199 are parttime fishermen and 663
are occassionals. Most of the full time active
fishermen are from Pentakota and Chandrabhaga
villages. 5,007 males and 5,360 females are involved
in allied activities like marketing of fish, net making
and repair, fish curing and processing, peeling and
as labourers.

Peak marine fish landings of 23,101 tonnes were
recorded in Puri district during 2006. The first sale
value of this landings amounts to rupees 91 crores.
Nearly 26% of the marine fish landings in Orissa is
from Puri district.

Crafts

As per the Marine Fisheries Census 2005 Report
of Orissa, there are 3,112 crafts in Puri district out of
which 72 are trawlers, 223 gill netters, 2 liners, 11
others in the mechanized sector; 1,162 in the
motorized sector constituting one fourth of Orissa
state’s motorized crafts, and 1,642 in the non-
motorized sector. About 88% of the trawlers are
owned by fisher folk. These trawlers are mainly
operating from Nuagarh (Astarang) Fishing Harbour.
They are engaged in multi-day fishing and single day
fishing. The multi-day trawlers have 100-120 meter
length with 100 hp engines. They operate mostly in

the depth zone of 20-50 m at a distance of 18-40
kms from the shore. These trawlers have 8-9 persons
as crew. Duration of fishing trips range from 53-152
hours and actual fishing hours range between 25 and
90. The number of hauls per trip range between 9
and 32. The multi-day trawlers have a trawling speed
of 2-5 km/h. Single day trawlers have 90-100 meters
length with engine power in the range 62-72 hp. They
operate at a distance of 10-22 kms from the shore in
the 12-30 meters depth zone. The actual fishing hours
is between 3-9 h. The number of crew is 5-6 and they
take 2-3 hauls/trip.

Most of the gill netters (beach landing crafts) are
concentrated at Pentakota and Konark landing
centres. Pentakota, Kaliakona, Konark, Arkhakuda
and Astarang are the major centres of motorized
crafts. In all the other centres, non-mechanised crafts
are in use. The motorized crafts have 6-20 hp Yamaha
or Suzuki engines. Catamarans (teppas) are
employed in the artisanal sector. The craft used for
shore seine operation is Padava.

Gears

The major gears in operation are trawl nets, gill
nets, drift nets, bottomset gill nets, hooks & lines and
shore seines.

The only operating station of trawl nets is
Nuagarh (Astarang) fishing harbour. Codend mesh
size of the trawl nets is 20-25 mm. Katla vala operates
during November-May period mainly for sardine
fisheries whose mesh size is 2-3 cms. Shore seine
operation is limited to Pentakota, Arkhakuda, Puri and
Sanopatna (Manikpatna). During 2006, trawl nets
contributed 26% of Puri’s marine fish landings,
followed by gill nets (26%), drift nets (15%), bottom
set gill nets (7%), hooks & lines (24%) and shore
seines (2%). The mechanized sector contributed
about 27%, motorized sector about 68% and the
remaining 5% of the landings was from the non-
motorized sector.
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Seasons

Ban on fishing from 15" April to 31t May, was
imposed by the Government of Orissa since 2006.
Trawlers from Nuagarh did not operate during the
ban period. Katla vala were also not operated during
third quarter.

The fishing season in Puri starts from July and
ends in February. Hence this period is the most
productive one. 40% of the average Puri landings
during 2001-2006 was during the fourth quarter
followed by first quarter (37%), third quarter (15%)
and the lean period was the second quarter with an
average of 8%. Trawlers were in operation throughout
the year except during the ban period. Beach landing
crafts were in operation during the first and second
quarters. Shore seine operation using Padavas were
restricted to the fourth and first quarters only.

From 1992 onwards the total annual landings of
Puri were diminishing. The periods 1992-1996 and
1997-2001 coincided with an overall drop in the
annual landings. Further, during that period the
Astarang fishing harbour was damaged due to floods
leading to crippled trawl oprations. This is reflected
in the poor trawl landings though the efficiency was
more buoyant. The trawlers used the private jetty at
Nuagarh which is 10 km away from Astarang. This
jetty was later reconstructed as the new fisheries
harbour during 1986-92 period. During 2002-2006,
trawl landings substantially improved and reached
6077 tonnes in 2006.

Figure(1) depicts the relation between catch and
catch/hour of trawl nets. During 1987-91 period, the
catch/ hour was relatively high (about 92kg). The
average landing was maximum (4,065 tonnes) during
2002-06 period even though the same level of
exploitation was not possible due to lesser number
of operations of the trawl units. During 2002-06
multiday operation was observed. The catch/hour for
single day (105kg) operating trawlers was higher than
that of multi-day trawlers (68kg).

Another regular fishery was by gill nets. In the
mechanized and non-mechanized sectors, gill net
landings took place during the entire period. Even
though motorization of country crafts took place during
1986-87 period in Orissa, the same was reflected in
Puri district landings only in 1989. From 1991 onwards
an increasing trend was observed in fishing by
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Fig 1. Trawlnet landings in Puri district
motorized crafts using gill nets and hooks & lines.

Catch/hour of gillnets was showing an increasing
trend during 2002-06 (Fig-2). Even though the catch
doubled from that of 1987-91 period, a similar hike
was not seen in the case of catch/hour due to a slight
fall in the average fishing hours in the same period.
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Fig 2. Gillnet landings in Puri district

In the hooks & line fishery (Fig. 3), while the
average catch showed unsteady trends, catch/hour
showed increase except during 1992-96 period.
During later period catch and units showed a
decrease with an increased rate of exploitation per
hour.

Seine fishing was a regular phenomenon of the
artisanal sector by boat seines and shore seines.

Resources

Cat fishes, croakers, carangids, clupeids, ribbon
fishes, sardines, prawns, seer fishes, eels and
pomfrets are the main resources available along Puri
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coast in the order of abundance. 75% of the total cost
5000 70 realised from prawn fishery was by Penaeus
4500 penicillatus during 2006 whose contribution was 50%
g 4000 80 E’ of the total prawn landings of Puri district.
T 3500 05 There are 14 species of penaeid prawns in Puri
o 3000 40 .E waters. Out of the 1,444 tonnes, 716 tonnes was
£ 2500 0 & contributed by P. penicillatus, 176 tonnes by
g 200 5 Metapenaeopsis stridulans, 126 tonnes of
s 1500 20 = . o
= 000 S Parapenaeopsis hardwickii and 102 tonnes by
500 m——— Catch  —&— CPH 10 Metapenaeus affinis. A table (Table 1) showing the
o ‘ ‘ 0 different fin fishes and shell fishes with their landing
198791 199296 199701  2002-06 centre prices during the year 2006 is given.
Fig 3. Hooks and lines landings in Puri district
Table 1
Resources Species name Price range (Rs/kg) during seasons
Jan-Mar Apr-dJun  Jul-Sep Oct-Dec
ELASMOBRANCHS
Sharks Carcharhinus sorrah 15-40 20-40 20-40 15-30
Sphyrna lewini 15-20
Rays Himantura bleekeri 10-20
H.uarnak 10-30 15-25 5-25 10-30
EELS Anguilla bicolor bicolor 10-20 10-15 10-15 6-15
Muraenesox cinereus 20-40 15-40 20-40 20-40
CATFISHES Arius tenuispinis 10 -30 10-40 15-30 10-40
CLUPEIDS
Wolf herring Chirocentrus nudus 15-50 20-40 8-40 15-60
Oil sardine Sardinella longiceps 15-25
Other sardines S. fimbriata 10-25 20-40 30-40 15-40
S.gibbosa 10-25 20-40
Hilsa shad Tenualosa ilisha 150-300 60-250 70-200
Other shads Tenualosa toli 30-40 25-40
Anchovies
Setipinna Setipinna taty 10-30 6-40 5-30 8-30
Stolephorus Stolephorus devisi 8-30 10-30
Thryssa Thryssa mystax 6-40 20-40 20-30
Other clupeids llisha elongata 20-70 30-70 20-60 20-60
I. melastoma 30-50 30-80
Raconda russeliana 10-40 30-40 15-40 15-40
Anodontostoma chacunda 15-20
BOMBAYDUCK Harpadon nehereus 5-10
HALF BEAKS & FULL BEAKS Strongylura strongylura 10-40 30-40 30-45 30-40
Hyporhamphus limbatus 30-35
PERCHES
Rock cods Epinephelus chlorostigma 20-60 15-40
Snappers Lutjanus johni 40-70 30-60 30-60 20-40
Threadfin breams Nemipterus japonicus 10-20 10-20
Other perches Pomadasys hasta 40-80 60-80 30-60
P. maculatum 20-30
Pricanthus hamrur 10-20
Drepane punctata 5-10 6-10 5-15 6-12
Kurtus indicus 20-30 15-30
Sillago sihama 20-40 20-30 25-30
Terapon jarbua 15-35 25-40 20-30
GOATFISHES Upeneus vittatus 10-35 8-30 10-30 10-30
THREADFINS Eleutheronema tetradactylum 25-50 20-40 30-60 20-60
Polynemus indicus 20-40 20-30 20-40
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Resources Species name Price range (Rs/kg) during seasons
Jan-Mar Apr-Jun  Jul-Sep Oct-Dec
CROAKERS Johnius carutta 10-40 10-40 20-35 10-30
J.dussumieri 10-40 10-40 10-40 10-40
Kathala axillaris 20-40 20-35
Nibea maculata 20-40
Otolithes ruber 20-50 20-50 20-50 20-50
RIBBON FISHES Trichiurus lepturus 8-20 8-20 10-20 10-18
CARANGIDS
Horse mackerel Megalaspis cordyla 10-40 10-50 10-40 10-40
Scads Decapterus russelli 20-50 30-40 30-40 20-30
Leather-jackets Scomberoides commersonianus  10-40 10-50 15-50 10-40
Other carangids Rachycentron canadum 10-25 15-20 10-20
Carangoides armatus 25-35
Caranx ignobilis 10-40 10-40 10-40 10-40
Selar crumenophthalmus 10-40 10-40
Coryphaena hippurus 10-15
SILVERBELLIES Leiognathus bindus 10-30 10-40 10-30
Secutor insidiator 15-25 10-20
BIG-JAWED JUMPER Lactarius lactarius 10-40 10-40 10-40 10-30
POMFRETS
Black pomfret Parastromateus niger 40-70 30-80
Silver pomfret Pampus argenteus 60-200 100-250 40-200 50-200
Chinese pomfret Pampus chinensis 50-200 50-150
MACKERELS
Indian mackerel Rastrelliger kanagurta 10-40 20-40
SEERFISHES
Narrow-barred Spanish
mackerel Scomberomorus commerson 70-120 70-110 80-130
Indo-Pacific Spanish mackerel Scomberomorus guttatus 25-80 30-70 25-70 30-70
TUNNIES
Little tunas Euthynnus affinis 20-40 20-30 10-20
BILLFISHES Istiophorus platypterus 10-15 10-15
BARRACUDAS Sphyraena barracuda 10-40
MULLETS Mugil cephalus 40-120 40-100 60-70
FLATFISHES
Soles Cynoglossus bilineatus 3-15 6-15 5-15 5-12
CRUSTACEANS
Penaeid prawns Solenocera crassicornis 20-40 40-80 30-60
Metapenaeus affinis 60-200 100-200 80-160 70-300
M.dobsoni 60-100 60-100 60-100 60-100
M. monoceros 100-200 80-200
M. lysianassa 40-80
Metapenaeopsis stridulans 15-30 20-30 30-50 10-40
Parapenaeopsis hardwickii 30-50 30-50 40-60 30-60
P. stylifera 30-50 30-50 40-60 40-60
Parapenaeus longipes 15-20 20-25 10-30 10-30
Penaeus indicus 200-300 100-250 100-250
P.japonicus 150-250 150-250 150-200 150-250
P.penicillatus 200-400 150-200 150-400
P.merguiensis 180-300 200-350
P.monodon 250-750 250-600 250-550 300-600
Non-penaeid prawns Acetes indicus 10-15
Nematopalaemon tenuipes 10-20 10-15 10-20
Crabs Portunus sanguinolentus 8-30 10-30 10-40 10-30
Stomatopods Oratosquilla nepa 4-10 4-10 5-10 6-10
MOLLUSCS
Cephalopods Sepia aculeata 20-40 15-35 20-30 20-35
Loligo duvaucelii 10-20 10-15 10-15 10-20

MISCELLANEOUS

Antennarius hispidus
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More than 60 fin fish species and nearly 20
crustaceans including 15 prawns were found in Puri
landings during 2006.

The first sale value of P. monodon was in the
range Rs. 400-500/- per kg., and during 2006 the
amount realized from this particular species was more
than 64 lakh rupees (Table 2). The landing centre

Table 2

Landings of prawns during 2006

Name of Landings (kg) Bottom Price

Species Trawl set  Gillnet (Rs. In
net gillnet lakhs)

Metapenaeus

affinis 88,772 9,223 3,929 149.1

M.dobsoni 87,111 0 491 701

M. lysianassa 280 0 0 0.2

M. monoceros 41,593 0 0 60.3

Metapenaeopsis

stridulans 175,857 0 0 495

Parapenaeopsis

hardwickii 126,348 0 0 5538

Penaeus indicus 9,015 0 0 18.0

P.japonicus 23,362 0 0 453

Parapenaeus

longipes 37,532 0 0 7.5

P.merguiensis 424 5516 1,586 19.4

P.monodon 12,378 2,170 0 646

P.penicillatus 16,299 700,136 0 1791.1

P. stylifera 31,505 0 0 14.2

Solenocera

crassicornis 66,794 0 0 30.1

Others 285 4,014 0

Total 717,555 721,059 6,006 2374.4

price of M. dobsoni was consistent throughout the
year with an average Rs. 80/-per kg. Prices of Johnius
dussumieri, Otolithes ruber and Caranx ignobilis were
also consistent throughout the year.

P. merguiensis and P. penicillatus were mainly
caught by bottom set gill nets whereas all the other
varieties were the main stay of trawl nets.

Catfishes, eels, sharks, perches, carangids, seer
fishes and tunnies were the main resources found in
the hooks & lines catches. Prawns, big jawed jumper,
ribbon fishes, croakers, clupeids and cat fishes were
found in good quantities in trawl catches. Wolf herring,
anchovies, other sardines, other clupeids, horse
mackerel, pomfrets, seerfishes, mullets and crabs are
maximum in drift/gill net catches.

Scomberomorus commerson, S. guttatus, llisha
elongata, |. melanostoma, Lutjanus johni, Formio
niger, Pomadasys hasta, Epinephelus chlorostigma,
Pampus argentus, P. chinensis, Mugil cephalus,
Tenualosa ilisha, Eleutheronema tetradactylum,
Chirocentrus nudus are the commercially important
fish species. Arius tenuispinis is the only cat fish
available in Puri district.

Fishing was interrupted by heavy rains and
cyclonic weather conditions every year. In almost all
months, juveniles of penaeid prawns like
Parapenaeus longipes, Metapenaeopsis stridulans,
non-penaeid prawns like Nemato-palaemon tenuipes
and pomfrets were found in trawl catches at Nuagarh
landing centre.

Chattonellamarina blooms and its impact on the coastal fishery resources

along north Kerala coast

Jugnu, R.and V. Kripa
Central Marine Fisheries Research Institute, Kochi

n north Kerala region, a widespread and high density
bloom of Chattonella marina occurred in the first
week of September 2002. The bloom showed a
discontinuous distribution and extended over a
distance of about 50 kilometers along the coast, from

Konadu near Calicut to Mahe near Thalassery. The
muddy green coloured bloom was very noticeable at
Kappad, where it extended from the shoreline to about
a distance of about 3 kilometers towards the sea. It
was visible as streaks and patches in other areas.
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Analysis of phytoplankton in the bloom region
showed a very high density of C. marina, 28x107
cells I'' at Kappad on the first day of the bloom. High
densities of few other phytoplankton were also
observed and these included Coscinodiscus
asteromphalus at a density of 8x10* cells I,
Pleurosigma normanii at 2x10* cells I'' and Noctiluca
sigma at a density of 4x10* cells I"'. By eighth day,
density of C.marina had decreased considerably to
4234 cells I". C.asteromphalus (1312 cells I'"),
P.normani (22 cells I") and N. sigma (552 cells I")
were the other species of phytoplankton present. The
density of the harmful algae had reduced to 2200
cells I'" after three weeks, while the density of
C.asteromphalus had increased to 38,400 cells I,
P.normanii to 164 cells I'' and Noctiluca sigma to 235
cells I,

The density of C. marina was very low at Konadu
when compared to that of Kappad. On the first day
C.marina was present at a density of 40,000 cells I
along with the diatom C.asteromphalus at a density
of 8100 cells I'' and N.sigma at 120 cells I''. By the
eighth day the density of harmful algae had decreased
sharply to 2815 cells I'', while the diatom
C.asteromphalus increased to a density of 13,200
cells I''. P.normani at a density of 1350 cells I' and
N.sigma at 5500 cells I'' were the other diatoms
present. On the 22" day C.marina was present at
very low densities of 480 cells I'. The density of
C.asteromphalus had increased to 45600 cells I,
P.normani to 1730 cells I' and N.sigma to 12,500
cells I,

C. marina was not present at Chombala during
the first week. By the second week C.marina bloom
was noticed at this site and phytoplankton analysis
showed that it was present at a high density of
1,70,000 cells I''. The harmful alga Noctiluca
scintillans was also detected at a density of 100 cells
I'. C.asteromphalus at a density of 24700 cells I,
P.normani at a density of 2300 cells I'' and N.sigma
at a density of 8100 cells I'" were the other algae
present. Sampling on the 14" day showed that the
concentration of the harmful algae had decreased to
2990 cells I', N.scintillans to 60 cells I and that of
C.asteromphalus to 2800 cellsl” at the site. P.normanii
and N.sigma were also present in the sample, but at
very low densities. In September 2003 the bloom was
severe with maximum cell density of 135 x 10° cells I

" but was for a short period of 5 days.

A very low dissolved oxygen value of 0.22 mg I
was recorded on the 15t day at Kappad which slightly
increased to 1.66 and 1.86 mg I' on the 8" and 22
day.The dissolved oxygen content at Chombala
during the bloom period was low, of 1.92 mg I" which
increased to 3.52 mg.

The catch from the fishing crafts operating in the
Calicut region are landed in the two major harbours
namely Chombala and Puthiyappa and in the 3 major
landing centers ( Koyilandy, Thikkodi and Kuriyadi)
and 12 minor landing centers (Kappad, Edakkadavu,
Kavalad, Koloth, Moodadi, Muthaya Kadappuram,
Valavil Kadappuram, Payyoli, Kolavi, Badagara,
Madappaly and Mahe). The landing from all these
sites using gears viz. outboard trawl net (hand trawl)
(OBTN), outboard drift net (OBDN), outboard ring
seine (OBRS), outboard gill net (OBGN), and country
craft gill net(CCGN) were used for the study. These
gears generally operate within a distance of 55 km
from the shore.

Fishery was found to be affected during the
blooming of C. marina along the Calicut coast.
Reduction in catch from all the gears was observed.
During the prolonged bloom of C. marina along the
Calicut coast, a shift in the community structure with
a dominance of fishes belonging to higher trophic
levels was observed. Species which were mainly
zooplankton feeders were entirely absent and these
included Stolephorus spp, Thryssa and Leiognathus
which in turn resulted in the reduction in catch of the
groups which mainly fed on these zooplankton
feeders such as Caranx spp. and Johnius spp. A
significant change in fishery was an increase in catch
of the predatory fishes mainly, Euthynus, Trichurus,
Carcharinus, Saurida, Scoliodon, Scomberomorus,
and Sepia spp which occupies the topmost trophic
level. The catch per unit per day for Cynoglossus,
Johnius, Thryssa and P. stylifera in the outboard trawl
net showed significant variation (P<0.05), whereas
M.dobsoni, Penaues indicus did not show any
significant variation (P>0.05). The landing of
Euthynnus spp. in outboard drift net was high during
the bloom period from that of the nonbloom period
and the variation in CPUE was significant (P<0.05).
Demersal fishes Arius, Muraenosox, Priacanthus,
Pristipomoides spp and the ray Himantura spp
occurred in the fishery only during the bloom period.
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The clupeid Albula vulpes and the sailfish Istiophorus
occurred in the period prior to the bloom, the former
during the first instance of Chattonella marina bloom
and the latter during both the blooms.

Taxonomic diversity studies indicated a change
in the community structure of commercial finfishes,
crustaceans and molluscs due to the bloom of
C.marina. Though the species numbers did not vary
between the bloom and the non bloom period, the
taxonomic distinctness differed indicating a change
in the community structure. Funnel plots indicated the
deviation in taxonomic distinctness during the bloom
period from the theoretical mean for the region.
Significant variations were observed in the bloom
month of September 02 and more in the post bloom

month of October 02. The effect of the bloom on the
fishery appeared to be temporary reviving soon after
the subsidence of the bloom. However, the economic
losses were high in the year in which the bloom was
prolonged since the fishermen abstained from fishing
due to the absence of fish shoals and low fish
abundance.

Subsequent to this, mass mortality of green
mussels of the region was also observed. Besides
fishes and mussels, the mole crab Emerita sp. was
also found to be severely affected and these were
found washed ashore all along the Kappad beach on
4/9/02. At Chombala, the shells of the bivalve Mactra
violacea with decayed meat was found washed
ashore in large numbers on 13/9/02.

A report on the mass mortality of farmed shrimp due to the blooming of

Chattonella marina along Vypin coast

R. Jugnu and V. Kripa

Central Marine Fisheries Research Institute, Kochi

hattonella marina which blooms regularly along

the Calicut coast bloomed for the first time in
the coastal region along Vypin, Cochin in September
2003. The bloom extended to a distance of about 1Tkm
from the coastline covering a distance of 3km from
Puthuvypin to Malipuram. The greenish brown
coloured bloom was noticed in the second week of
August in the coastal waters and adjacent farms of
the area. Bloom subsided in the coastal waters on
the third day itself, but in nearby fish ponds it remained
in the bloom condition till the end of the month.
Sampling was done on alternate days, from the day
the bloom was observed at sea (19/9/03) till the end
of the following month until the normal flora was
restored.

The phytoplankton collected from the sea was
dominated by C.marina on the 1%t and 3 day after
which the diatom Coscinodiscus sp. became
dominant. Count of C.marina on 1stday was 2,40,000
cells I which decreased to 17000 cells I'' on the 3
day and was absent in the subsequent samplings.
Coscinodiscus sp. present at 98 cells I'' on the 1%

day, increased to a density of 137 cells I' by 23 day.
A higher density was noted in the farm when
compared to that of sea. The density which was
4,68,000 cells I, on the 1%t day decreased to 40,000
cells I by the 3 day. On the 5" day, it again increased
to 2,00,000 cells I" but there were isolated patches in
the ponds which received bright sunlight where C.
marina had concentrated in very high numbers. By
the 7" day, Peridinium sp. had become dominant
whose density increased to 1400 cells I'' by the 23
day of the bloom.

Temperature seems to play an important role in
retaining the bloom condition. The results of the
analysis of physicochemical and biological
parameters measured at the two sites is given in
Table. Chl a, b, c and carotenoids values were higher
at sea in the 1%, 3 and 5" day and varied between
55.9 and 73.7 mg m? for Chl a, 0 and 23.81 mg/m?
for Chl b and between 5.89 and 21.58 mg m™ for chl ¢
and between 0 and 1.244 mg m for carotenoids. On
the 7™, 9" and 23" day Chl a varied between 1.1 to
7.89 mg m?3. Chl b at the site varied between 0.61



A report on the mass mortality of Chattonella marina along Vypin coast 13

and 6.13, Chl ¢ between 0.36 and 0.381 and
carotenoids between 0.019 and 0.14 mg m=. In the
farm site pigment values were comparatively higher
throughout the bloom period. It varied between 14
and 48 for Chl a between 0 - 44.4 for Chl b, 3.6 - 16.5
for Chl ¢ and 0.07 - 1 mg.m™ for carotenoids.
Comparatively higher Chl a was recorded on the 3
and 23 day of the bloom. High Chl b and ¢ of 44.4
and 16.5 mg.m*® was obtained in the 9™ day of
sampling. Chl b and carotenoids were lower of
14.37and 1.01 mg.m* on this day.

steadily from a value of 2.06 during the bloom to 4.38
mg I when the algae was absent from the
phytoplankton community. In the farm, dissolved
oxygen value was low in the initial phase and varied
between 2.06 to 2.61 mg I" and between 3.36 t0 4.73
in the last phase.

The nutrient content was higher in the farm site
when compared to that of the sea. Nitrate and nitrite
values were high at sea on the 1% day with values of
4.48 and 0.101 pmol I-' respectively. Comparatively
lower values were obtained in the subsequent

Table. Environmental parameters, cell density and diversity indices during the bloom of Chattonella marina at Narakkal

Day 1 Day 3 Day 6 Day 8 Day 10 Day 23
Sea Farm Sea Farm Sea Farm Sea Farm Sea Farm Sea Farm
AT (°C) 27 34 29 30 30 312 312 302 282 29.3 32 26
SST (°C) 29 33 29 30 27.3 35 26.2 30.3 29 303 29 30
Salinity (ppt) 30 26 30 26 35 25 31 27 33 26 34 26
Dissolved oxygen (mg/l) 2.06 2.61 2.12 2.4 2.28 206 3.68 473 412 3.36 4.38 3.88
pH 8.3 8.3 7.96 7.9 7.7 7.5 7.7 7.7 7.8 7.5 8.1 7.6
Ammonia (umol | ") 0.05 1.56 0.00 1.42 2.57 0.50 0.51 0.78 0.32 1.38 0.24 0.65
Nitrate (umol | -) 4.48 71.84 0.05 0.15 0.45 0.08 0.84 274 037 224 048 245
Nitrite (umol | ) 0.10 0.16 0.08 0.06 0.08 0.09 0.08 0.07 0.11 0.07 0.09 0.11
Phosphate (umol | -*) 0.53 1.44 1.77 2.03 1.55 232 058 352 052 239 082 2.56
N:P 8.7 511 0.1 0.8 2.0 0.3 2.4 1.1 1.5 15 10 13
TSS 2.5 4 10.5 48.1 11.3 126 105 5.2 6.6 16.2 8.5 10.2
BOD 0.5 5.1 1.8 12.3 1.9 5.5 1.3 8.4 2.1 58 25 2.5
Chla (mg/m?) 55.94 24.67 64.8 5.4 73.7 13.98 1.1 17.38 273 14.34 7.89 40.4
Chl b (mg/m?3) 0 466 23.81 0 0 14 0613 188 6.13 444 136 0.82
Chl ¢ (mg/m?d) 9.33 498 21.58 4.33 5.89 488 0.358 3.62 3.81 16.55 1.41 13.1
Carotenoids (mg/m?) 0 0584 1244 0.99 1.065 0.069 0.0193 0.44 0.115 1.0130.142 0.92

Environmental variations

The air temperature showed a general increasing
trend from a low value of 27°C on the 15t day to 32°C
on the 23" day except a decrease from 31.2 to 28.2
°C on the 8" day of bloom. The SST stayed at a value
of 29°C except a lower value of 27.3 and 26.2 °C on
the 5" and 7" day of the bloom. Compared to sea,
the AT and SST in the adjacent farm was higher. The
temperature decreased steadily from a high value of
34°C in the initial to 26°C in the last phase and SST
decreased from 33 to 30 °C except a high value of
35°C on the 5" day. Salinity varied between 30 and
35 ppt in the sea and between 25 and 27 ppt in the
farm. Dissolved oxygen content was found to increase

sampling which varied between 0.05 to 0.84 for nitrate
and 0.09 to 0.1 ymol | ~*for nitrite. Ammonia values
showed a depletion in the first day and increased to
2.57 ymol | ' on the 5" day and thereafter again
started decreasing. Phosphate which was low initially
increased to values between 1.55, 1.77 and thereafter
decreased to values below 0.8 ymol | -'. In the farm,
the nitrate content of the water was very high, 71.84
pmol | ' on the 1%t day. It sharply declined to 0.15 and
0.082 pmol | ~'in the subsequent samplings and
slightly increased thereafter. Phosphate values
showed an increasing trend from 1.44 in the beginning
to values between 2.03 and 3.52 ymol | ~'in the
subsequent samplings. Ammonia values showed
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frequent fall and rise at the site. It was higher on the
1st and 3 day with values of 1.56 and 1.42 ymol | -
and varied between 0.5 and 1.38 in the subsequent
ones. Nitrite which was slighltly high with a value of
0.157 pymol | 7" in the first sampling showed lower
values in the subsequent samplings.

Impacts

Heavy mortality of shrimps and fishes were
noticed in the shrimp ponds at Narakkal and nearby
villages like Valappu, Elakkunnapuzha and
Nayarambalam where there was a direct intake of
water from the sea. Though C. marina remained in
the bloom condition only for a short period of about
three days in the sea, the algae that had entered the
coastal farms during tidal exchange and remained in
the ponds for a longer period which led to mass

mortality of fishes and prawns in these ponds. The
fishes which were killed were mainly Chanos chanos,
Mugil cephalus and Etroplus maculatus. Farmers
faced heavy financial losses as fishes of all size
groups from 100 to 600 mm were killed due to the
bloom. Heavy mortality (>90%) of peaneid shrimps
like Penaeus monodon and P. indicus and non
penaeid shrimps like Metapenaues dobsoni and M.
affinis were observed. An unusual catch of catfishes
were obtained by fishermen during the bloom period.
Catfishes which appeared in large numbers seemed
to be in a disoriented condition and so could be easily
caught. The fish and water samples were analysed
for paralytic and diarrhetic shell fish poisoning at CIFT.
The mouse bioassay showed the presence of a lipid
soluble toxin.

Unusual landings of shrimps, trichiurids, ballistids and
ornamental fishes along Vizhinjam coast

M.K. Anil, Jasmine S., Rani Mary George, Jose Kingsly, Raju B., Udayakumr A. and Suresh .K.K.

Vizhinjam Research Centre of Central Marine Fisheries Research Institute, Vizhinjam

Heavy landings of shrimps and fin fishes were
recorded from Vizhinjam, Trivandrum during 22
to 24™ June with peak landings on 24" June 2007. A
mud bank like phenomenon was observed in the area.
Water was very turbid and wave action was
considerably reduced in the near shore waters. Signs

of upwelling such as low surface water temperature
and dissolved oxygen were also observed. Surface
seawater temperature ranged from 23-24°C and the
surface dissolved oxygen was 3.02 ml/litre compared
to normal values of 27-27.5 °C and 3.8-4.5 ml/litre
respectively. Salinity of seawater was 31 ppt. About

A good catch of Fenneropenaeus indicus

Trichiurus lepturus landings
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Alutera monoceros catch

Brisk activities at Vizhinjam landing centre

1500 fishing units operated in the area which included
1200 boat seines and 300 Disco nets (trammel net).
The depth of operation ranged from 10 to 50 m. The
fishing ground extended up to 15 km from the shore.

Heavy landings of Fenneropenaeus indicus (200
t), Trichiurus lepturus (25 t) were recorded on 22
August and other fishes like flat fishes, sciaenids,
scads, goat fishes were landed in moderate quantities
which contributed about 5 t. The catches recorded
during this period were unusual from a traditional fish
landing centre such as Vizhinjam where trawlers and
purse-seiners are totally absent. On 23 catches
showed moderate trend.

Further on the 24", heavy landings of fin fishes
were observed, mainly by boat seines. Ribbon fish
Trichiurus lepturus (700 t), ballistids (20 t),

Iced fishes ready to be transported

nemipterids (5 t) and groupers (4 t) dominated the
catch. Ballistid landings were constituted by
Sufflamen fraenatus, Odonus niger and Alutera
monoceros. The groupers landed included
Epinephelus malabaricus, E. tauvina, Cephalopholis
sp. Other fishes (10 t) included sciaenids, Johnius
spp. Nibea maculata and Otolithes sp., flat fishes,
Cynoglossus spp., Psuedorhombus sp. and Bothus
sp. and bat fish Platax sp., Decapterus russelli,
Saurida sp., Lactarius lactarius, Sillago sihama,
Lutjanus lutjanus, L. favus, Mene maculata,
Stolephorous spp., squids, Loligo duvauceli,
Doryteuthis sinhalensis etc. and a variety of large
adult specimens of marine ornamental fishes.
However, only small quantities of shrimps F. indicus
and Parapenaeopsis stylifera were landed by
Konchuvala (bottom set gill net).
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Coastal sand dune and its importance in near shore marine ecosystem

Bindu Sulochanan, Laxman Shankar Korabu and J. R. Ramalingam

Central Marine Fisheries Research Institute, Mandapam

he coastal region along with sandy dunes, have

been used by man for different activities. The
dunes have been utilized without understanding the
dangerous effects, their disappearance can cause to
the surrounding environment. Indiscriminate cutting
of coastal vegetation and over—exploitation of beach
sand for developmental works have resulted in
erosion of vast coastal area. Sand dunes are very
important systems which require careful planning and
management.

The coastal vegetation is of specialized nature
which grows under different conditions. It mainly
consists of 4 different groups. (1) marine algae or
seaweeds (2) Seagrasses (3) Mangroves and (4)
Sand dune vegetation . Marine algae and seagrasses
are purely aquatic communities, while the mangroves
are partially aquatic plants which prefer intertidal areas
having tidal influence. The sand dune vegetation is
totally different plant community which grows on a
sandy shore beyond the highest high tide level.

Beaches vary in shape, appearance, slope and
their exposure to intertidal zones, the beach material
is commonly called ‘sand’. The colour of the beach
sand varies from dark brown, grey, black, light brown,
golden to silvery white on atolls and fringing coral
reefs. The forces acting on beaches are the waves,
tides, currents and winds. The moving water
spreading along the beach carries with it a layer of
sand, but the sand keeps returning along the shoreline
if it is a stable beach. However, if the wave action
becomes too intense, and if the beach is not stable it
gets eroded, there by destructing the down stream
aquatic communities. Fig. 1 shows the succession
of coastal vegetation in Rameswaram island on Palk
Bay.

Sources of sand, transport and deposition

Principal sources of near shore sediment for
coastal areas are streams and rivers which transport
sand directly to the ocean. Sand is also derived from
gradual weathering of rock formations and cliffs
exposed on the shore. Shell, coral and other

Fig. 1. Rameswaram island sand dune vegetation
Prosopis juliflora, sea weeds and seagrass
beds down stream

fragments provide sediment to some beaches as
seen in the Sangumal area of the island (Fig. 2).

Rameswaram island has got sand dunes from
Kundugal point to Arichumunai, near Adams Bridge,

Fig. 2. Dead and disintegring coral and shells in
Sangumal

which in turn has moving shoals. The region has
mainly sand on top of sand stone. Drilling of the
Adams Bridge southern side, showed 0- 5 m depth
of sand followed by sand stone for a depth of 18m.
Dune formation along the coast takes place as a result
of movement of sand particles from the inter-tidal to
the backshore region with the help of wind. The wind
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velocity in this region varies from 9-22 km/hr. Beach
sand is also moved on shore and offshore by the
action of waves, tides and currents. High-energy
storm waves erode sand from the beach. This sand
is often deposited off shore as submerged sandbars.
During periods of calm weather, low-energy waves
move sand from offshore sources and deposit it back
on the beach to form a berm parallel to the shoreline.
The berm, or ridge of sand is formed on the upper
part of the beach outside the reach of normal high
tides by the swash of incoming waves. Storm waves
can also deposit sand as berms at the peak of wave
run-up and outside the reach of normal waves and
tides.

Beach ridges consist of sand deposited by wave
action. They can form as successive beach berms
deposited on seaward- advancing shoreline. Grasses
and other obstacles (e.g. debris) on the beach ridge
trap sand blown up from the beach. The beach ridge
is increased in width and height by accumulation of
wind blown sand.

Dunes are composed of wind blown sand.
Foredunes are deposited immediately behind sandy
beaches. Strong onshore winds erode dry sand from
the steepening face of the beach. This windblown
sand is deposited towards the top of the beach and a
foredune gradually forms.

Foredunes also form where vegetation and other
obstacles on the upper part of the beach cause
deposition of wind blown sand. During periods of
shoreline advance, successive foredunes may
develop to form a series of parallel dunes.

The inter-tidal beds are an important host to a
number of benthic organisms. The fishermen of this
region dig up the polychaete (Fig. 3) and mix it with
the fine silt of the seagrass bed, makes small balls
and use as fish bait. They collect a minimum of 1
kilogram of bait for a day of fishing. This is also used
as a feed in marine culture tanks. The protection of
this area depends on how well the upstream land is
protected by the coastal sand dune vegetation.
Propogation in dune plants is both by vegetative
means and by seeds. Sprouting from the disintegrated
shoots is common. The fruits and seeds of dune
plants can remain viable in the high temperature sand
as well when occasionally exposed to seawater. The
entire inflorescence or the arrangement of fruits in

Fig. 3. Polychetae, dug for feed for fishes

Spinifix littoreus (Fig. 4) has been specially developed
to favour their dispersal in a wide area.

The down stream of the intertidal beds extending

Fig. 4. Spinifix littoreus inflorescence

up to 5 — 9 m depth in Rameswaram island on Palk
Bay and Pamban has seagrass beds which are highly
dynamic and productive ecosystem, host to a number
of marine organisms. The main land down stream of
Mandapam and the islands are rich in the diversity of
seagrasses.

Environmental factors

Climatological factors such as rainfall, air
temperature, humidity and wind speed as well as
edaphic factors like sand texture, pH, humus content,
soil temperature and the ground moisture play an
important role in the distribution and growth of dune
vegetation. Atmospheric temperature in the dune
regions directly affects the dune temperature. The
barren dune temperature is usually more than that in
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the vegetative area. The humus content and moisture
minimize the temperature in the vegetative zone.

The rate of precipitation and the duration of
rainfall are important factors for the dune community.
These help in the germination of seeds,
decomposition of organic matter, rapid growth of dune
plants and create favorable condition in the dune
region. The rainfall by itself binds the sand temporarily
and generally the dune plants complete their life
cycles during the monsoon and post monsoon
seasons. Cyclonic or stormy conditions usually result
in destruction of dunes by dispersing dune vegetation
and by changing the configuration of dunes. Dunes
without vegetation get easily eroded and cover the
seagrass beds down stream during intense rainfall
(Fig. 5). During summer the dunes are eroded by wind
action, causing dust storm there by increasing the

Fig. . Eroding sagdune coverin searass bed near
Pamban Bridge - low tide

turbidity of near shore coastal waters.

Dune vegetation has a tendency to develop
extensive rhizoidal root system which also helps in
binding the sand. The shoot portion of the plants
prevents or minimizes the movement of sand while
fibrous rhizoidal roots of these plants perform
important physiological and mechanical functions. To
face extreme low water availability these plants have
specialized inflorescence and seeds, as well as fleshy
leaves.

Dominant dune vegetation in the region

The sand dune has been classified into pioneer
zone, mid shore zone and back shore zone. The
pioneer zone is closest to the sea and back zone is

farthest. The pioneer zone in Thonithurai are covered
by herbaceous crawling plant species with dominant
flora of Ipomea pes-caprae (Fig. 6), Cyperus
arenarius and Spinifix littoreus.

5

Large scale plantation of Acacia planifrons,
Prosopis juliflora, Casurina equisetifolia on the sand
dunes were introduced species 15-20 years before
in Rameswaram and Mandapam. Thespesia
populnea, Azadiracta indica, Tamarindus indica and
Prosorus indicus were present earlier. Coconut and
cashew plants are also now planted in the sand dunes.

Seagrass species of the region

The habitat complexity within seagrass meadows
enhances the diversity and abundance of animals.
The high primary productivity rates of seagrasses are
closely linked to the high production rates of
associated fisheries. These plants support numerous
herbivore and detritivore based food chains. The
seagrass species located in and around
Rameswaram island and Mandapam are

Fig. 7. Casurina equisetifolia plantation in Dhanushkodi
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Potamogetonaceae - Cymodocea serrulata,
Cymodocea rotundata (Fig. 8), Syringodium
isoetifolium (Fig. 9), Halodule uninervis , and
Halodule pinifolia (Fig. 10).

Fig.10 Halodule pinifolia

Fig. 8. Cymodocea rotundata

Fig. 11 Halophila ovalis with flower

Conclusion

Anthropogenic interference (e.g. agriculture,
waste disposal, construction of buildings roads and
ports, stone fencing etc) accelerates the loss of dunes
and their habitats and interlinked marine ecosystem.
Dune destruction or alteration leads to loss of natural
landscape, dune dependent flora, fauna, microbes
and social/cultural or traditional heritage of coastal
dwellers. Systematic measures and stringent polices
need to be enforced to prevent destruction and sup-
port stabilization of coastal dune habitats.

Fig. 9 Syringodium isoetifolium with flower

Hydrocharitacea- Enhalus accoroides, Halophilla
ovalis (Fig. 11), Halophilla beccarii, Halophilla
decipiens and Thalassia hemprichii.

Unusual heavy landings of Indian scad Decapterus russelli (Ruppell 1830)
by trawlers at Chennai

U nusual heavy landings of medium sized 30" December 2006 by multiday (3-4 days) trawlers
Decapterus russelli ranging from 150-180 man at Chennai fisheries harbour. A total of 2.5 t, 40.8 t
and weighing 30-40 g were noticed on 28, 29 and and 4.0t respectively were landed.

S. Rajapackiam, S. Mohan, N. Rudramurthy and S. Rajan

Madras Research Centre of Central Marine Fisheries Research Institute, Chennai
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On the rare landing of the deep water band fish Acanthocephala
abbriciata (Bleeker) at Chennai Fisheries Harbour

D uring September — November 2006, the deep
water band fish Acanthocephala abbriciata was
landed in large quantities by multiday trawlers at
Chennai fisheries harbour. Multiday trawlers are
operated 80-100 km off Chennai at a depth of 40-60
m in the direction of northeast. A total of 620 kg, 350
kg, and 200 kg were landed on 7-9-2006, 7-10-2006
and 16-11-2006 respectively. There has been an
earlier report on the landings of the Acanthocephala
sp. in large quantities at Panayurkuppam, Chennai

from shallow waters in the month of August —
September 1987. Fishermen opined that on 7.9.2006,
the sea water turbidity increased and became black
in colour due to water current locally called
“Vandalthanni”. At that time deep water fish like red
bait and band fish were caught along with other fish.
About 80 kg of red baits also landed on the same
day. The size range of band fish was 140 - 330 mm
with dominant mode at 230 - 239 mm. The weight
range was 12 - 66 g with a mean weight of 35.4 g.

S.Rajapackiam, S. Mohan, P. Poovannan and G. Srinivasan
Madras Research Centre of Central Marine Fisheries Research Institute, Chennai

Report on the Risso’s dolphin caught by gillnet at Chennai

One Risso’s dolphin, Grampus griseus (G. Cuvier
1812) was accidentally caught by a mechanised
gillnet along with tunas and rays at Chennai fisheries

S. Rajapackiam, S. Mohan and P. Selvanithi

harbour on 9-6-2005. The gill net was operated off Chennai
at distance of about 30-40 km. It was a male dolphin
measuring 170 cm in total length and weighing 60 kg.

Madras Research Centre of Central Marine Fisheries Research Institute, Chennai

Grading of sacred chanks along Ramanathapuram coast

V.Venkatesan
Central Marine Fisheries Research Institute, Mandapam

Fishery of chanks along the Ramanathapuram
coast is formed by two varieties viz. Xancus
pyrum var acuta (Locally known as Jadhi) and Xancus
pyrum var abtusa (Locally known as Patti) under the
family Turbinellidae.

During 1980s, the chank fishery was under the
control of the Tamil Nadu state fisheries department.

The grading of chank was done by a gauge and the
maximum shell diameter of chank was taken as a
means of grading for chank. The gauges used were
wooden boards of 17.8 c.m. long, including handle
and 11.5 c.m. wide, surrounding a circular brass-
bound aperture. (Fig 1). Two sizes of gauge were
used. If it did not pass through the larger gauge (>75
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mm MSD), it was graded as a Class 1 Chank or Full
sized-1 chank. If it passed through that but not through
the smaller guage (64 mm MSD) it was graded as a
Class 2 chank or Full sized Il. Any shells which passed
through the second gauge were graded as
undersized chanks (>64 mm MSD) and confiscated
to discourage the divers from bringing immature
animals ashore, those still alive were returned to the
sea at the end of the day (Table 1). Any shells which
were badly worm eaten were also confiscated. The
Tamil Nadu chank fishery was a state monopoly the
price paid for FS-I and FS-II shells negotiated
annually. The Govt. sold the entire animal catch to
West Bengal Handicrafts Development Corporation
limited.

Table 1 Grading and price of chanks during 1980

Year : 1980
Price per piece
at landing centre
Class-I >85 mm MSD 3.50

Class-Il >75 mm to <85 mm 3.75

Class-llI >64 mm to 75 mm -

Grade Gauge size

During the 1994-95, Tamil Nadu Government
removed the entire control over the chank fisheries
except issuing licences to divers and boats for fishing
chanks as there was decline in catches from the
chank beds in previous years, the shell traders and
merchants of shell craft industry have introduced
several grades in addition to above.

At present, the grading is also being carried out
using gauge of wooden boards as described above
but without brass bound aperture and tripods stands.

Wooden boards are being held with left hand and
shells are allowed to pass through the gauge by right
hand. In some places, experienced merchants and
middle men are using their hand as a gauge for
grading the chanks. When the shells are brought to
shore, they are sorted again into several varieties
according to their size and quality, which largely
depends on the locality where they are caught, on
the gear in which they are caught and also the
thickness of outer lip. These are auctioned to
middlemen who supply the chank to the shell craft
industry or trader (Table 2).

Chanks are increasing caught in bottom trawler
and also in gear such as bottom set gillnets. The

Table 2 Details of grading and price of chanks caught by
Shingi valai / Shangu madi/ skin diving and trawl net during
2006.

Grade Gauge Price per Selling Price per
size piece price per  piece to
:MSD  at landing piece to finished
(mm)  centre Shell craft product at
(Rs) industry Ramnad/
(Rs) Rameswaram
(Rs)
‘00~  >110 600-650 800-700 1650 and
Class (450) (500) above
‘o 95-110 500-550 600-650  900-1300
Class (280) (350)
No.1 90-95 400 450 800-1000
(220) (300)
No. Il 85-90 350 400 400-600
(170) (200)
No. Il 80-85 200 300 300-600
(140) (150)
No. IV 75-80 150 200 200-400
(80) (100)
No.V 70-75 80 100 150-350
(30) (50)
No. VI 65-70 40 60 150-350
(20) (30)
Air 60-65 20 30 100-270
(5) (10)
Kula 50-60 5 10 60-200
) (4)
Suthai >50 1-1.50 75-125

Price of chanks caught by trawler is given in parenthesis

chanks are vulnerable to over fishing because they
spend entire life on the sea bed. In the present
system, all sizes from juveniles to adult ones are
caught through non selective nature of fishing. So
the earlier system of grading should be introduced
once again stringently in order to protect the
undersized chanks.

The author is thankful to Dr. K.S. Mohamed,
Head, Molluscan Fisheries Division, for critically going
through the manuscript and suggesting
improvements.
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Elasmobranchs in general are of vital ecological im-
portance in the oceans that fulfill the role of apex
predators in the food chain, helping the ecosystem
strike a balance. But too many of them would eat
away every other fish in the sea. To counter this, na-
ture has made sure that there aren't too many of them
in the world oceans by making them long lived, slow
growing and late to reproduce, ensuring their num-
bers never grow too fast. However, it is these life traits
that make elasmobranchs incredibly poor in with-
standing increasing fishing pressure which has come
about as a result of high demand for shark fins, liver,
cartilage etc. Many sharks are oceanic, moving
across oceans and across national boundaries. In
the event of the present day drastic decline in num-
bers of the elasmobranchs due to overexploitation,
the International Union for Conservation of Nature
(IUCN) has listed several species of sharks in the
Red list. Since many countries bordering the Atlantic
and the Pacific ocean are adopting strict regulatory
measures on trade of shark products, the
elasmobranch resources of India are being
overexploited. Biological information, size composi-
tion and resource characteristics of most of the ex-
ploited species of elasmobranches are scanty except
for a few species. It is in this context that the present

publication "An At-
las on the
elasmobranch
fishery resources
of India" gains
special relevance.
In this publication A '
which is very &8
much timely, the
authors  have
made concerted
efforts to bring out
all the information
available on the
fishery character-
istics, population characteristics as well as biological
characteristics of maximum possible number of
elasmobranchs in the Indian region from all possible
sources - "information on species profile, field identi-
fication characters, taxonomic position, global distri-
bution, depth of occurrence, biological parameters,
present utilization and endangered/banned status
were collected from past literature, from FAO
Fishbase.org and from present observations of the
authors" as the authors put it.

In this atlas a total of 84 species of elasmobranchs
representing 47 species of sharks, 29 species of rays
and 8 species of skates including 4 species of saw
fishes are illustrated with the help of photographs/
drawings. The field identification characters described
along with synonyms for each species will be of much
use for future researchers in this field. The resource
abundance in the nearshore regions as well as
beyond 200m depth along both the coasts of India
described with the help of maps gives by far a realistic
picture of the abundance by species along our coasts.
The information provided in this atlas on
elasmobranch fishery resources of India would be of
help not only to future researchers and students but
also to policy planners as a reference work.
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! SIR T G 4 x 10* HIIEME o 1| eeat 37
TR W &, BET i WEAT 4234 H v o | W gEniy
T 6 T | S T 3T UIRUedeh ST ot o 9, ORI
(1312 Frvmpmd ot ), . 7w (22 i 9ep ot ) 31X
o7, @7 (552 HIYHT o | A T F 9% SUSIsR
Sieet =i GEear 2200 i v o ! % g T e
Tt oeimETeT S EeT 38,400 Y vt ot L, o At
1 164 =1 vRTE &t ' 3R Fifaecer T 235 i v
o ! g 9% T

HOITE T qoIT H HIATG H &, FYT i T g
FY O YU S99 SR T TRIEpery, geAar 8100
IR off ' SR g7, g, FEAar 120 e o
e 40,000 i veRd 17! @i WERl W & AYET Suted
oT| eTEat 3T Fr 2815 HIIEM o | W IUZTHERT YT
H AT Tl g2, TP ST & TRXTHTT i FEa
13200 s 9mhrd off ' W &g T 1350 I o
HEAA R 9. TR AR 5500 i vt o | o, grEr
IR 31 TAeH &1 22 & & W T Fer 480 v
S ! ol S WEAT W U 97| & YT h gear 45600
FHywmd it ' W, 7. TREEr w1730 i v
& ' W iR o7 g @ 12,500 e o | W ag

AT § Tet TR H &, FE SUAd T o1l g
TR B B G FEAT BT Whoel S@T T SR Ueytesh

Fgeror 9 1,70,000 IR o ' W gqenl e WEAd
6 & T | SUSARRT VAT T H T o
100 et ot ' @ wEAar W FEr @ wi 24700
I A -1 W G e, 2300 v 17
FEFAT W . AREET 3R 8100 wivep 17 @ wEear W
U9, o7 3ufedd 31 STt 91 14 & 89 U U gveNo
SUFAHR] Vet i GEAAr 2990 H RN o W, @7
Gi=zer st 60 I & | R IR G TLVIEHTT
2800 =t 3reFTE T ' TR W Il g3 @R TSl | FHH FEAAm
H . 9REMAT SR o7, GrEr T o ufedd 91 2003 goeR
T Tpeer 3T e e T afosh gl AAF S5 A 7 95
I |

HOTE F YT W el sfifee w1 god 0.22 mg
S e WO o, ST 8 &t 3R 22 df 3 Wi wEen: 1.66
31X 1.86 mg & ' H 9 AT o1 A h IR e §
Tl Aiferas 1 ged 1.92 mg et 1 W w5 9 o1 S
3 98 #R 3.52 mg & T

TIPS &1 H AT I A T bl TS T 3107
TEAT R G TG AT 3 T WA H R A
AT F5l (A, THRRIE AR FIMED) § 3R 12
DI TTRT Hsl (IS, TEFHEY, FIAE, HIeAd, TSI,
Tewoell IR AEN H a1 Sl €1 33 S ™ STet
(FETT A R, STAE FHe A, STSATS ToTd T,
IS AT 3R M ST §RT T T STAROT i 3
3T & T AN AT 77 7 | T GUAR FEROTT a9 &
55 & T o % & H e e arf §1

Tl TRET % YEES % IR I AR A i HIfceh!
TS B g S US| T YURT H ushe H wr
TEqW g2 | G TRET % S A TS % SR I AR
T | 3I=9 %k WS Tl I THEA F W Ao i
T H U T T S T | WAE R ST S g
WU Wb o, qoaar Fud o, SFH @IaeRT
ST, oRAT IR TR S € S Uk H HRIRT 3R
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FTFG ST S W OTATS WA W 3T A HS oAl Bl
et § U0 gIT| oI A Wared WU TR H g 4,
T ST S R & B UhE H g F SooiEHd A
off| NS TS A SA B GEATCIGd, 799, T
3R 77, W78 o797 i WA ST U Ueheh i UhE 7 TaRUTT
TIUA (P<0.05) @R, S F GF. laqiHt AR 773
3~eT W 3T THR 1 (P<0.05) o ol et i |

NSNS gH ST H WA & SR F g7 Sl i
3TN TR AR W =T AT AR T T T Y H g o F&elm
(P<0.05) ¥ &ff | TR o SR ToHssi 7S ol § STHaret
TR, TRAIGIRT T, IRSTIHIEST STl SR ST
FHIQRT ST TEr o Hifowsh H Sured off | S Segen
FoTI AR ASH (FT ®) FREAHRT Fl TFA F
e g@rE UE ot

TR & TEIT 3T = T, e o Fhe = a1 vifooeh
T TS ORI, FEE I SR TIeREh THIE Hl A |
T TEA 6 AT TEFS % SR 3R ek Ueet S adl i
T § 9 Edr &l g W o Hifcegeh! TR S S §
g AT Yhe of | e @ T Tae, 2002 § Few Iy
FIUATE TG T 3R YEFSA & AR, IR TeH H TE
G THH A 37 g A | Aol H 3 TS FH TS
ST 3 T S TRe Hed W e Ry d Wi et o |
A HA SR T o I¥ § T Ul bl U T
3R 9 TRAT & HROT AIF T I 2T

T &9 T g YgeT i 3o g X oA @ T ot
TH A TTH TS oRT, I AR WA hehe THIST A
AR T AT @ T, S 4-9-02 F Froae go H
T Ul At | 13-9-02 1 AiaTet § §ohITel AT aict T3
H TS g AT § I W I T A |

AU A€ W FIeeiHoelT AvGT & USHe | UT old TerTel 1 e =9

S 3R, 3R of. Fur

argﬂﬁwmuw?—ﬁ‘cmww TAHT T AHH
2, SEH | TEel R argdie & qe weu ¥ gaer, 2003
T @1 TN 8 e AU H Iqasue § A GURE 7%
ST 3 % HY X Ah holl T AT | &-R T H I8 TEpe
T TR AR S I & TR H ST F TR TR H
@A TSl AT AR S A S F T AT g W
e o wod! dEl | WeH % 3T a9 ¥ Wgieord
e 5 T | e ° wepe 5@ T S (19-09-03) @
A FRH o 37 T THiTR ST H AT B T qadT Al
T

TE G TUH AR A I GUEd URTwES |
T e WE ot R THH A% AR FH G SR A
T 9 T | Teet o T H @7, 7er i g 2,40,000
IR ot ! o, S A g 17,000 i 9k oAt ! B
B T SR S WU Ed A § 98 qorpel ured ot |
1 G ST ST A S Ueet g 98 IR o oot 23 &
g & 137 H v off ' e § 9 W 9 a6
ToFT H ©d § gqhl goAar 39 ol Teot g9 4,68,000

FIIHETE o ' H W T G T H g 40,000
T IR & ' & | Ut 59 98 R 2,00,000 vt
o ' g 9 TN A denel § g9 9l 9 @UE gE
U2 o, A TR US WUSl § &1 WS T Ud T o
YR ot | Wal &9 d% 7Y TIH Sd WHE oF T,
STEeh! FEFAT Tgeer o 239 g #1400 i v
o ! W g T

YRS W ST SR WEH H AOHE W gERiy
YT & | AT T & I TH-THE TR 3R S I A=l 6
YT & TIOMH WROM H IC T €1 Y5 H g, AR
SR grerel ﬁﬁchla,b,cﬁwﬁ@%mﬁr@r
ST chla® & 55.9 #fix 73.7 mgm'3é?a;\?rchlb% @ 0
3R 23.8 mgm % &9 3R chic & @ 0 3R 1.244 mg
m % S99 T9Y B gY 3= T & 7 &, 9 df X 23 &
T Hchla 1.1 ¥ 7.89 mgma® o aa 71 chib 0.61
#R 6.13 % s 3R chi ¢ 0.36 3R 0.381 & = 3K
ﬁﬁ%@ 0.019 =ik 0.14 mg m?3 & d" gag 9|
TEFeA & IR BT § a0k T JoIeEe gt | 399 91



AU T | FI2eiHoen FRET o FEHeT § U FeTel Sl SAe AT 13

Tg chla % T 14 3% 48, chib % ©T 0 3R 44.4 3R
chlc T 3.6 3R 16.5 3R i zAzed & o 0.07 31X
1 mgm® H I3 o7 Y¥FeT o A 3R qeqar &1 7 chl
a & TR HIH SeT 1| Ta9aT & T4 59 chl b 3R ¢
444 3R 16.5 mgm® ¥ 3T 971 chla 3R F ARLH
1437 3R 1.01 mgm® & =7 91

beiciuicl ke

TR & IR AGHUSHAT AIEA FIH I % A
W 27°C © AT g 23 o &9 i 320C | & AT 9|
AT Ear g i 31.2 9 28.20C © U HEdl @@ ger
off | THRIT T AOHE dieat SR qraar 54§ 27.3 31
26.20C % &9 HH H SeRT ¥ T4 § 29C 7 feR @
AT T o B agHUSHd aiuEE SR WHRY Iae
AT TR Tl H 3o 47| TR 15 AHM FHHL HH
g 3T WM o 349C W 26°C & AT AR WHEI e
AIOHE 5 & & % 37 /i 35°C i ey, 33 9 300cH
T & T e T8 | 30 R 35 df dt & % & ek
T | 25 3R 27°CH /g I of | TEeA & IR T
ifas 2.06 T g 4.38 mg1 I T, S TRUTdS
TEE ¥ YA SFIRET o411 W@d H WOFeT Wl YR 6
T | FAN i &R 2.06 3K 2.61 mg1- o &
HA AE H <@ TS Ay sEen 7 3.36 3R 4.73 %
I e g¢ T@E 9eT

TS Il qoAT B Gd W USRI o9 471 WAH Fad

AT 4.48 3R 0.101umol | 136 HH § AEeT R e
TR YE H IoT o1 S AAS H B @ T SR
Treee &1 TR 0.05 § 0.84 & o 3R Argerze 0.08 ¥ 0.1
umol | 3 ST ST AT | o/ e 3T U o TR HH o
ST FgeRt et 5 2.57 wmol | S AT 41 3R g9 1%
W ¥ FY & TN IR H HH A W T BERS TEH
155 &R 1.77 % <9 % WR W 3@ T AR 0 95
gea 0.8 pmol | S TATI T % U § AR H S
TEARTIE AR W 3= o1, S 9em 57 71.84 pmol |1 911 T8
ST gaea # e ¥ W 0.15 3R 0.082 umol | -
I T AR Tk 1% A W g F I | SFSA T A=IA
H e 1 T 1.44 § Fedt i vaurar @ 2.03 @R
3.52 pmol | - o S @1 AT ST UET WO SR g
T H 1.56 3R 1.42 pmol | Tedl o T 3 9T 3R
et & § 0.5 3R 1.38 & | aay @ T v
T qaa § Aregree 1 7= 0.157 umol | | 5 3= o1 ST
et WaEE B A WRIH 3@ T

T

THZ STl 1 T JoRT B 16l IoTy, TeipAugeT R
TRRESH Tiiet o foe dretet | e iR w9 o i s aRy
TR @ T | THE H e Wt I et dF ST ah
& S W, AR SR g3aad % 3RH ded Tl |
79 I T STl deh STRT 8T ST 3 31k 7o ot i
TR | U0 & T TG TEN, J7 GEeT 3R

AR | FgeiHeen TRETT % TEESH o IR SR TSl THERONT TEet, i weRl FEAaT SR o aHar

g7 6 318 7 10 g1 23

T O T O O s O

30 31.2 31.2 30.2 28.2 29.3 32 26

9 1 13
i O i
gHEA T (© C) 27 34 29 30
FUEI TG AUEE (° C) 29 33 29 30
Agurar (df @t 2n) 30 26 30 26
TAN Sl 2.06 261 2.12 2.4
il 8.3 8.3 7.96 7.9
STATIRT (umol | ) 005 156  0.00 1.42
2L (umol | ) 448 7184 005  0.15
qrEeTRe (mol 1) 010 0.16 0.08  0.06
RS (umol | ) 0.53  1.44 177  2.03
T 87 511 0.1 0.8
Ealierslers 25 4 10.5 48.1
e &t 0.5 5.1 1.8 12.3
Chla (mg/m?) 55.94 2467  64.8 5.4
Chl b (mg/m?) 0 466 23.81 0
Chl ¢ (mg/m?) 9.33 498 2158  4.33
F ZARSH (mg/m?) 0 0584 1244  0.99

27.3 35 26.2 30.3 29 30.3 29 30
35 25 31 27 33 26 34 26
2.28 2.06 3.68 4.73 412 3.36 4.38 3.88
7.7 7.5 7.7 7.7 7.8 75 841 7.6
2.57 0.50 0.51 0.78 0.32 1.38 0.24 0.65
0.45 0.08 0.84 2.74 0.37 224 048 245
0.08 0.09 0.08 0.07 0.11 0.07 0.09 0.11
1.55 2.32 0.58 3.52 0.52 239 0.82 256
2.0 0.3 2.4 1.1 1.5 1.5 1.0 1.3
11.3 12.6 10.5 5.2 6.6 162 85 10.2
1.9 5.5 1.3 8.4 2.1 58 25 2.5
73.7 13.98 1.1 17.38 273 1434 7.89 404
0 1.4 0.613 1.88 6.13 444 136 0.82
5.89 4.88 0.358 3.62 3.81 16.55 1.41 13.1
1.065 0.069 0.0193 0.44 0.115 1.013 0.142 0.92
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T2Ir FIReTed 3T T TS Y 69 ot of | T 9
600 7 o dF & BRI Hl TS A & TR AL G HSA
FUH H A SAMH A T TS| TTFIHT A, T
gehw S TS el 3R e 73Ry g, U,
TG S AE-U F3TeE el s IR AT (>90%) S
T | 39 TRESA % SR 9T 2T i STHTHRYT Uehe W g8

off | o7 4o T | g gl T eat U et Rad |
off, T AT | TheT ST oAl | TS oAl 3R 6T AT
H RTATH IR SIR ZH Hadl Pl TSl IuRAT o o
Gt 3T U I H IYeI0T AT T | WY ISR A US
TAT AT o IURI T AT |

YT qe W [Te, TR TS, & AResH AR AAHRI 7D Al & FAAHI FTAR0T
TH.&. 3T, SRS TF., 0N TR SIS, S e, T, o, STAHAR. T 3R LT 6.5

a‘w——dwﬁ et & 2007 S 22-24 o gRE e
3R T TS ol T qRY RO IS H TN 3T &
Ueh T2 ST W AH J@M T A7 3R ST S5 & M aA 3R
AT & U & STASHT T TIT- SHAT HH AT| IS o A8,
Y T FRIA A R Tl S of 3 T 9
TG T AT 3R 39 3061 Fel iifeast 27-27.50C
3R 3.8-45 W /et & WHE Hod * T FHEI:
23-24 0C 31X 3.02 W&/ § T W T | K ST
worer 31 o 2 oty 1200 diq Hurer 3R 300 =@
STIeAT (ZMHe STeT) | & AT 1500 T Ushehi T St
TG & 9 AT T 47| e e 10 9 50 i | aay
off | He@ T et 15 & o o a&gd o1l

BT ForT ghea (200 ) IR ZRRRT AT

BT TG FEHT H IS TS

(25 27) 1 3= AT 22 IR FI THES H T AR
TS TS o, WU ASH, Whed, Tie IS ol 5 2 % AR
% WY TS H UM off | ST 3R HISHTIR Ui
IR IS S WRPTT 3TaeR0 6% ¥ 39 39y |
g AT kS df| 23 of. & ThE J WHRI YuT

T |

TR 24 1 TE TS AT 1 TR TR0 36T T4 | 39
T Uid | RT AR 39 AT | WIAHA ZERRET AR
(700 2), awfesy (20 2), ATt TEd (5 2) 3R FHorar
o &4t (4 2) e H U@ off | 3 iReg STaekon § g7
FHEH, ST AR 3R STFRT HiA TR U off |

AT TS A1 & AR | T G707 FoAaT (e, . 21 a7,
GHIAIE! o7 ST A 9 | SFeeron § 3ufeerd 3 79 ol




IS T W e, SEH Iy, JTReed HR SRRl 7D ia] Sl ST STaaR0T 15

AT o @l TR % oW daR

(10 2) § Wu-gq, 717997 Snadl, Faar G AR feare & o7 gatidonHt, BT e 9 G=Ie T ST & A
iz e S, | T ol 6 @rEreng S A, Qe % THR B YS! FARR HS @ & a¢ Wg T
T AR AT A AR T G A, SHEERT ST 2| TR T FHigeen 7 (T AT TF. FEHT
THeetl, GHYer A GeRT I el 79, oA WET, 3R GRTT T3 T2TE STHT T STFROT HH T H & gal
ST G, T, BIefd, 5 HIFGeAeT, RIAHRY ST, ol

AT ACEHE AR GC & ARSI UT 6 W FHA Heed

Fg Golra, TeHIT T RIS 3R .3, [T

e 7 % et S aoget 7% @0 6 H e § o T % R 9 @ E o S A
HFE ERT SYAM AT AT &1 Aefhe ST & S TYHT ST HAT ST € | TR BT o AT qHT I8 Tt
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T 37T AT FeTE AR YT 6] H 317 IsTe q2 &
% SRS | YU g3T ¥ | TH T SIofhe AN Aot
Te TEE 31T Hec ol JoTett ¢ |

Fug RATdl & A Al aeE ST ae
T T I Bl €1 T8 TgE: 4 TR i adt & (1) Gt et
7 R YEre (2) TR A (3) e iR (4) e
FAET | WK T AR TEE A P TeAd § 9 F
HUIT 371 97 T T STl 9 & S SR g J56 SasaR’a
&7 TUT FA O § | AR SIofhe I d Seadq 3ed
SR TR % W A T ST e T8

T F MHR, THd, e AR FREIART & §
SAGATT T 9 € €1 T UKt Rl RO ‘o]’ shed
T g a1 a9 T % B & S e 9, gy, e,
TR T IR T (VAT FT Terd) R FERR WA
T | W@ | TG 91 F e § | T, S9N, gRm AR
A GO T TSHaTe G TUI & | 0T H § o § herHaren
ST 6] TR Bl G 1 AR o ST & AR G T g ar
el T WS A &1 A FA T FHAA A S S Al
3R T T & & q STREH & S €, 99 SFHaTe &
% STl ST & T ugar ¢ 1 99-1 o =mret § R
TEYERT &9 3 T I T T STHHAY T@T & |

| asr 1R BT AeThe I T Fi T F TR,
TS VAT SR TR S

A A, TG AR TR0
TT &E ok W qei9e B ¢ 9@l 3R A 3Ar S

= 2-3gAA H A R AR T W SR e

T T TS H TR HA & | el 3R FZSH T uH
3T § W SI6] T T & S ¢ | FHad, A AR 3
TR % ST AT RS ff FP YOH | qorse F B9 H Ul
ST & ST IRgEST T § @ vl § (9 2) |
UG F19 § SR ol o U HgTel § 37 T T
TAFE & SEI Tl IVl St ol ¥1 AT 8 aef |
FTAAT TR F HW @A IS & | S I & § &0l
I § AJEIEH FAA kAT @] AR a6 0-5
TS T STe] 3R ek A 18 i, e | Ae] Uer 3@
T AT H T dTe] I U STRRSaRE ¥ Ivd e i
3R T UH W W SIefdhS H EUET BT §1 39 &
1 ol TEIRI T 5 9-22 Y. ¥ | o1, SR Ud URIE 9t
Te 3R TS &= | I16] T TR A &1 TS JHA J
T ¥ 9] 3RS BT ¢ | A ] IS & H AW
FITER o T H e U el ¢ | Vi WG 3 IR HH T
A T aIe] i IS &F F a0 AT H o A g A
e T &% THR T Y ade & & § AT & S & 5
T o FI 9T § 359 SOR & UG W BT &l Sl
T TEE a0 ¥ off 39 We & ade TN I & S §

T A H AT HAT FRT ae] T 0 e g1
IR T el & T H U1 Id & ST Gkl & | J o afeeat
R YR SHE J 3R 3 SEqU (S HorEm) T
SHETE aTe] T | T AT & | g H T 8 are] ¥ g
A H SR AR FAR € S 2
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T H I Ed a6] § IefEe AT & A ¢ | 3T
TS ITeTE § O o X U1 S8 U &1 ST § | 9k 37 yad
A | Yo TG W G F1e] 3R Id & S E | g o] AT
I 9T § A U e UK R ST IS S S § |

T & ST 9T § Ue-UIY SR 3 Sl §RT and
TS & 6] T AL TS & H off 3 Zem wur A
B S ¥ FeXE ded T % ORI wUT AT
T oA AT T T & ST Febell S

SRR &R 3T e Sl 1 3Ta e
¥ | U TET GETE ek UieAshie] i T B I € AR TR
TS I GER 6 e Gog ¥ HoATH DI BIC el IR
Al IRT & ¥ H ST #d € (T 3)1 Tk A H
AT & T A AN 7 F FHT TH FHeA™ =GR 6 3anT

= 3-9RT §9H TS T Gelishie

FIA €| TSI G Sl § W o ®Y T AT ST HAT
ST €1 TR AChe a T gRT el TSl aRE SU TR
TR Y GRET I AT &1 TH EF HI AT W 3T THER
2| Sofhe el 1 g5 HAk HAR SIS GRT e &l
FETT W W SFIOT AHROTTAT @1 A & | Teqehe. wel
% el 3R AT IoT A K S § UF TR WA § o
SEOTETHA o T & Tl ¢ | 17 7 BT gk (= 4)
H U0 TG &9 § SR & SH AT |

el W T TR 0 SR ure § 5-9 . @
TERTE T aRga STaRTed T TR | U SHaret SHg o
TER 3T TR AR II A B g0 3T Tt

T AT THRT G22I I

STat ST ST T8 § | Heuw & Y 9 H, ITHHR 3R F
&7 off TSt O ¥ 99 2

beicnuicioren

Tehe ST & TN SR el § o1, IR,
ST, BT <l THAR ST STorarg eiell geehl 3R ae] g2,
Ot U9, WK Hedl, TSl I SR {Rdet A9 S I gkl
T TEEUT T € | el #5 H eHaTel aHSerd arE
Y AcHe AU T T I & STl & | IMEe &7 i o
H SR STefhe & H AT |TERUTET 37 69 BT € | IEe
& T SR ST TW &7 % AW H FH H A T
AT & R ST F T Y Aofhe TIRE F 0
TEequl Tk 1 A SISl % 30T, e Ut ok e,
FeThe Tl i I Sedt ST JTeThe &7 § STt 1 I8 ot
T A & | ST AIHE & o SIe] AU ST SRR
¥ 3R aefe & o Ug il 1 e Wk HEgE 3R
HAGAYS HIGH § R & ST & | Thard a1 qEE g Tal
N TER-SW TERIF TIHS Hl 3 T H & TIadd HY
AT &1 O 91 % GUY SR eIl b1 AW 3RS B §
AR I &% TRl O &R I e oAar & (T 5)1
TR o HEH H a1 A FRT 1] $TREA 3R qgRT e
¥ e F AT & I S IeId 9 S 2 |

qeTe U U ST TeASe Hol OF & € S are] i
Y T | W BT §, I 9] RS Ush e &1 et

1 1 Fh 9T S| o oA ol Ukl € AT ¥ T Ial & STl
A TS T 98 & Hecd gl WRT T R Hew H
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aaiqu%wwgaﬁ - aa7-agaﬁéﬁ%g?ﬁra§a#2#w-”
TEIT T2 TEEEN TR

T &1 3T RIS FRR o TSTRH, ST 3R HTe It e

T ST BT G FA o TEEh Bl ¢ |

3 8 F TG SIhe e q

TR & 1 ST &7, T &7 3R TTeT e &
% ©T H T AT AT § | ST & TR % g e
3R USET AT FIH R AT 1 ARG H ST &
S AT UG- R Tl % W I Sqdt (9 6)

WY S GEI SRATII, 7T HRT G2 A | 3e
g €1 15-20 Tt veet IHERA SR Heuw W a7 I
A1, 9 TG ] STHeIRT, YRl SFHeiH! T
IS UHE § Y07 HAT T AT | GGG G THICTAIET, 375 ST
SI~5ehT, ZTAT 750 /5T SR TIGIR 2f~5eT Ueet Jel Sureard
& | AFS R ] T A AU BT H F@T wAT W

T 9 - GRITIT A TH T T F AT



T TeTEe 3R qC % AR WA U THHT Heed 19

=1 10 - grerieger g% T

| T AT q@at

TS ST T T Rl TS WIS 91O Rl o e
3R TR TeTdt € | WS T i ITAR U Heh ARl
T FE AR Akt o IS o |1 e ey &1 3 urd
TS JHET T SR SR T 1 W aen F1 TER
T 1 R Y AR HeUH % ART 3R grEl ST Al aust
I ST € W 2H1 9T - GEEiel 9T GeeeeT, WIEHE gu
Tiz=erer (=3 8) T ST e 2 e (T 9), Eeneeer
AT 3R groteger TAwtorr (7 10) grEgier @ @@ -
TTRIeT 3FFRIZEH, 8Tl oot arerd (=7 11), 877 woorr
FHR], &l ool ST A 3R AT 2t |

o 11 - qiST &7e7 Foorr e oy

TRy

T &8l (3T FT, 3T I TIeH, THRAT, TSH,
U, JERT 3T 1 AHN) Al SR 6 STamEi | e
T ol § ST FuRid TAe T IR T § g g1
FIeTE T FLNHOT I TG U TF 9T, Tefehe T
3T S¥T U T, ST OIS, Gewstial iR qed a1 Tt o | Sieh/
TG dh 319Gl URI T Igehdl 1 T F 3T & | TA Y
TG I SR W& A 7GR T2 Aefhe. Sarat &
31T AT 3R THRT AR AT AT 37 9o |

T W AFESRT FRT URAT SaTE SH1evd v@eat (Faa 1830)

T FAHTARTT WY AFA0T

a-aém%ma%qﬁmaﬁm% TgeR 28, 29 3R 30 =
TRIE! | Sg 3o (3-4 &1 %) R § 150-183 7 =
MR 3R 30-40 71 IR 1 3. 7@eei 1 STHTIROT I TRy

T, T HIE, TE. Hied, T, S5l SR T, I

STIEROT ST 7T | FeT STFeR0T ShAST: 2.5 2, 40.8 27 3R
4.0 2 @l
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UAE W TS § THR AR 5 %I TH-IIEHET Ual 4927

(SeliehT) T g AT
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