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ABSTRACT

The prawn fishery of Ambalapuzha is carried out by trawl nets from
October to May, and by the indigenous gear frorn June to September when the
extensive mud-bank formations occur in this region. The fishing ground extends
from 4 to 40 metres depth zone, the shallow water (4 to 10 metres) zone heing
fished by the noo-mechanised boats and the 10-40 metres depth zone by the

. mechanised vessels, The fishery is supported by three species of penaeid prawns,
namely, Metapenaeus dobsoni (Miers), Parapenaeopsis stylifera (H. Milpe
Edwards) and Penaeus indicus H. Milne Edwards, The population of all these
species is predominantly composed of females, although in M. dobsoni and P.
stylifera males are found in higher proportion than females in the lower size
groups. The preponderance of females in the population and the -disparity in
the sex ratios in different size groups have been attributed to the reproductive
activities and differential growth rate of the sexes. The males and females of
M. dobsoni, P. sivlifera and P. indicus respectively attain a length of 97|115;
91[98 and 158|138 mm at the end of first year of life and 122[138; 117]123 and
189{181 mm at the end of second year, amnd each of the species lives for about
2 years. Highest difference in the growth rate between the sexes is observed in
P. indicus and th: lowest in P. stylifera. The bulk of the commercial fishery
of M. dobsoni and P. stylifera is supported by the 7-12 month old prawns and
that of P. indicur by the 7-18 month old prawns. Majority of the spawning
population in the former two species is composed of O year old females and in
the latter species by the one-year old females, The estimated annual total morta-
lity rate in the males of M. dobsoni and P. stylifera is found to be about 4.
whike in the females of these species as well as in the males of P, indicus it is
about 3. The lowest mortality rate is obtained for the femals of P. indicus.

The monthly landings of the different species and the effort expended show
wide floctuations. However, the catch per unit of effort and the mean size of
the different species do not show a regular declining trend. It has been found
that the successful spawning by the surviving spawners and the subsequent re-
cruitment of younger prawng into the fishable stock greatly influence the fluctua-
tions in the Iandings. Ecological changes brought out by the physico-chemical
disturbances in the environment and their influence on prawn landings are
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INTRODUCTION

Ambalapuzha (Lat. 5°10N; Long. 75°80'E), situated in the central part
of the Kerala coast, is about 80 kilometres south of Cochin. This part of the
coast is well known for the lucrative inshore fishery as well as the mud-bank
(‘chakara’) prawn fishery which normally occurs every year during the south-
west monsoon period.- In recent years, trawling for prawns in the offshore
fishing grounds of Ambalapuzha has also been introduced, and consequently,
the area has developed into an important prawn fishing centre of the Kerala
coast. [Except for the contribution by George (1961) on the indigenous prawn
fishery of the adjoining Alleppey coast, no information is available on the prawn
fishery of the region. The present paper embodies the results of the studies
carried out from 1971 to 1973 on the population characteristics and exploita-
tion of the commercially important prawns of this area as a part of
the overall invéstigations under the All India Co-ordinated Rescarch Project for
‘Studies on marine prawn biology and resources’.

MATERIAL AND METHODS

From December 1971 to December .1973, the fish landing
centre was regularly visited twice a week to collect the fishery data
and catch samples. To estimate the monthly species-wise catch, the average
weight of catch per gear unit on an observation day was multiplied by the num-
ber of units. in operation on that day; the total for all the observation days was
then obtained and raised to the total number of actual fishing days in that
particular month to get the monthly weight. The total fishing effort (expressed
in terms of actual. fishing hours) for each gear was estimated similarly.

Prawn samples from each gear were analysed for sex, weight, number,
total length (measured from tip of rostrum to posterior end of telson), and
maturity stages of females, The number landed was estimated from the weight
of catch by the following method. The length measurements were grouped in
5 mm size intervals and the number of prawns in each size group estimated
by using sample weight and the estimated total catch of the species for the day
by the gear. These data were then raised to the monthly catch weight to get
the number of prawns landed during the particular month, The sex ratio was
estimated on the basis of the total monthly catch in numbers. The density of
prawns on the grounds was expressed either in terms of weight or number per
unit of effort.

The methods employed for age and growth studies and for estimating
the mortality rates are given in the concerned sections.

THE FISHERY

The prawn fishery of Ambalapuzha is carried out throughout the year.
Fishing by trawl net usually commences by October and extends till May. The
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main crafts used during this period are the shallow draught mechanised boats
powered by 10-40 h.p. engines; the number of boats is about 300. Most of -
the boats undertake daily cruises and fishing is conducted in the depth range
of 10 to 40 metres, where the bottom is muddy. Shrimp trawls of 18.5 metres
~ foot-rope length with mesh size of 20 mm at the cod end are the most com-
mon gears operated by these boats.

From June to September, fishing is confined to nearshore waters and
the indigenous plank-built boat and the boat-seine, locally called ‘Thangu vala’
are employed. ~ Although normally about 250 numbers of these units are opera-
ting from this area, during the peak mud-bank fishing season as many as 3,100
additional fishing urits brought in from the adjoining fishing villages are put in
for operation. -

_ When the trawl fishery commences after the rainy season, the fishing is

carried out for a brief period in the northwest grounds and then in the south-
southwest grounds at 14-30 metre depth zone. As the season advances, the
fishing is shifted again to the slightly deeper grounds (20-35 metres) in the
. north-northwest. Just before the commeéncement of the rainy season- (April-
- May) the trawlers generally operate at 10-25 metre depth zone.

The prawn fishery of the centre is mainly supported by three species of
penaeid prawns, namely, Metapenaeus dobsoni (Miers), Parapenaeopsis styli-
fera (H. Milne Edwards) and Penceus indicus (H. Milne Edwards). The for-
mer two species contribute to the bukk of the fishery. Stray catches of M.
affinis (H. Milne Edwards) and M. monoceros (Fabricius) are occasionally en-
countered during Fubruary-March period.

POPULATION CHARACTERISTICS
Sex ratio '

\ In M. dobsoni the overall male to female sex ratio was found to be
1:1.9; females predominating in the catches of all the months except in Decem-
ber 1971 and July 1972 (Table 1). The males were generally seen in higher
proportions than females in the lower size groups up to 71-75 mm. In the
higher size groups, the ratio of females increased and above 101-105 mm size,
the population was almost entirely composed of female prawns (Table 2).

In the population of P. stylifera, the sex ratio of male to female was
1:1.3. In the monthly sex ratio distribution, males were dominant in Decem-
ber 1971, March, May, November and December 1972, Size-wise distribution
of sex ratio showed preponderance of maies in the size group below 81-85 mm,
while in the larger size groups females were in far excess of males (Table 2).
In April-May and in September, the females were found to be dominating in
the lower size groups also.
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TaBLE 1. Monthly sex ratio distribution of three species of penaeid pra;vm at
Ambalapuzha for the period December, 1971 to June, 1973,

M, dobsoni P. stylifera L. indicus
Month
- Male Female Male Female Male Female
December 1971 69.7 30,3 78.1 21.9 - —_
Japuary 1972 343 65.7 48.9 51.1 154 846
February 209 79.1 37.9 62.1 378 . 622
March 17.2 82.2 . 641 . 359 455 . 54.5
April 33.8 66.2 21.2 788 312 638
May _ 343 65.7 58.8 412 49.0 51.0
June — —_— — — — . —
* July 71.8 28.2 —_ — 30.3 £9.7
* August 380 '62.0 — — 34.3 65.7
* September 376 62.4 34.1 65.9 — —_
October 36.0 64.0 46.0 540 29.0 710
November 270 . 730 676 . 324 20.3 79.7
December 19.6 80.4 67.6 32.4 26.3 1.7
January 1973 T 294 70.6 40.7 59.3 25.8 74.2
February 29.8 70.2 389 61.1 173 827
March : 43.3 567 36.8 63.2 27.8 722
April : 316 68.4 374 62.8 29.9 70.1
May 48.6 51.4 30.1 699 450 550
* June 46.3 53.7 423 57.7 - —_

* Non-mechanised boals with ‘Thanguvala’.

TABLE 2. Size-wise sex ratio distribution of three species of penaeid prawns
at Ambalapuzha during different periods,
(Sex ratio is given as number of females per unit male)

Size in 1st period ¢ 2nd period Tt 3rd period 1 4th period 1
mm December, 1971 June, 1972 10 October, 1972 June, 1973
to May, 1972 September, 1972 to May, 1973
o _ M. dobsoni '

46-50 - — —_— —

. 51-55 - 3.1 R — 0.1 *
56-60 0.1 0.3 0.3 . 1.5

. 61-65 0.7 0.2 - 07 0.8

. 6670 - 04 0.5 0.6 0.5
71-75 0.4 0.1 . .08 04
.t Trawl Fishery . * Female only = - — No ‘specimen

1 Non-mechanised boats with ‘Thanguvala' - t - Male only
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Sizein .  lstperiodt  2ndperiod 1 3rd period § 4th period 11

mm December, 1971 . June, 1972 to October, 1972 June, 1973
' ' to May, 1972 September, 1972 to May, 1973
76-80 N ) 0.5 04 0.4
B1-85 : L1 1.2 7.5 0.8
86-90 3.3 0.1 52 1.3
91.95 14.8 0.1 25 6.8
96-100 3.7 0.5 44.6 -
101-105 6.5 . 59 L *
106-110 11.5 1.8 * *
111-115 * * * —
116-120 : . * » C—
P. stylifera
46-50 —_ - ] —
51-55 0.6 19 11 -
"~ 5660 0.3 1.1 0.5 9.6
61-65 0.8 0.2 0.4 6.1
66-70 1.3 0.7 . ‘1.4 87
71-75 0.4 1.2 s ' 1.3
76-80 0.5 1.9 “24 0.7
81-85 07 - - 30 . 28 C 2.2
86-90 09 23 24 .07
91-95 6.1 ‘ A : 104 T 84
96-1)) i 4.5 : * ' 7.9 0.1
-101-105 17.% * “18.7 *
106-110 - : * 4.6 *
111-115 8.7 _— —_ —
116-120 » — . —
121-125 » —_ —_ —
) _ P, indicus )
91-95 — R t _—
96-100 03 : —_ : . —
101-105 157. — * —
106-110 . . 2.3 : = 0.6 —
111-115 . 0.5 ) 9.7 19 —_
116-120 4.5 * .23 —
121128 ' 33 - 456 ' 54 -
126-130 0.9 142.0 5.8 —_
131-135 0.7 106.4 i - 22 —_—
136-140 L 30.2 © 39 —n
141-145 2.8 8.0 53 -
146-150 1.6 4.7 26 _
151188 - 1.3 * 2.5 —
"156-160 23 4.0 3ig ¥ —
161-165 . 13.9. ] 50 06 —_—
156170 - . * he R 62 - —_—
171-175 : | — = L 249 i

176-180 — - 678
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In P. indicus the overall male to female sex ratio was 1:2.2. As in the
case of the preceding two species, females were predominant in the catches of
all the ‘months (Table 1). Up to the 141-145 mm size group, the sex ratio
distribution showed little consistency as the males and females were fourd in
varying proportions in different months. In the size group above 146-150 mm,

females were generally encountered in greater numbers than males, except in
March 1972,

Size composition

The size of M, dobsoni ranged from 52 mm to 110 mm in males and
from 51 mm to 121 mm in females, In the trawl fishery, the males were mainly
composed of the 66-95 mm size group (Table 3). Smaller prawns below 60
mm size were encountered from October to May, while the larger prawns above
95 mm size were abundant in the catches of April-May 1973, In females,
majority of prawns belonged to 66-100 mm size, but those above 100 mm size
were also caught in appreciable numbers from October to May. Small sized
females below 60 mm were represented in the catches landed in February, May,
October and December 1972 and again during February-May 1973,

In the mud-bank fishery of July, the principal size of the species was
found at 81-100 mm for males and at 91-115 mm for females.

The monthly mean size of the males of M. dobsoni varied between 64.5
mm and 91.5 mm and that of females between 73.6 mm and 98.5 mm. The
lowest mean size for males was recorded in November 1972, while for females
it was in January. The highest mean size for both the sexes was observed in
July. There was little consistency in the distribution and progression of mean
sizes in different months, indicating irregular pattern ‘of incursion of prawns be-

longing to different size groups into the fishery and their wide fluctuations in
abundance. '

- The size of P, stylifera ranged from 51 mm to 109 mm in males and
from-52 mm to 123 mm in females. In the commercial catches, majority of
males belonged to 61-90 mm length gronp (Table 4). In April 1973, appre-
ciablé quantities of smaller prawns below 60 mm size as well as those above
90 mm were also landed. In females, the dominant size group in the fishery
was found to vary between 66 mm and 100 mm size. However, in February
1972 and from Febmary to April 1973 large numbers of prawns belonging to

the lfma]ler as well as larger size groups were also seen to contribute to the
catches.

~ The mean size of P. stylifera (Table 4) varied between 70.3 mm and
90.9 mm in males and between 74.6 mm and 99.4 mm in females. The lowest
mean size for males was observed in April 1972 and for females in June 1973.
The highest mean size was recorded in April 1973 for both the sexes. As
in the case of M. dobsoni the distribution of mean size in different months
showed ro definite pattern,
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The catch of P. indicus was composed of individuals ranging in size
from 96 mm to 175 mm in males and from 97 mm to 180 mm in females.
The trawl fishery for the species in January 1972 was mainly contributed by the -
prawns belonging to the size group between 96-100 mm and 136-140 mm
(Table 5), but as the season advanced, a gradual incursion of larger prawns
. was noticed and in May the dominant size groups were found at 161-165 mm
in males and 151-155 mm in females. After the rainy season when the trawl
fishery commenced again in October 1972, the dominant size of males was at
146-150 mm. In the subsequent months till April, the modal size of the species
was seen varying between 131.135 mm and 146-150 mm, Howewver, in May
1973, large size males with the modal size at 161-165 mm were abundant.
The principal size of the females during the period was found between 136-140
mm and 150-160 mm,

_ During the beginning of the mud-bank fishery in July, males were poorly
represented in the catch, while the female population was consisted of relatively
smaller sized prawns (106-145 mm), but in August, both males and females

were more or less in the same size group at 121-165 mm. :

The mean size of P. indicus in the trawl fishery was varying from 113 0
mm to 154.6 mm in males and 117.6 mm to 169.3 mm in females, whereas,
* in the mud-bank fishery of July and August, it was 113.0 mm and 1454 mm
for males and 130.9 mm and 150.2 mm for females. In the case of males, a
gradual progression of mean size from 125.8 mm in Janvary 1972 to 145.7 mm
in May 1972 was observed, A similar progression of mean size from 141.8 mm
to 1457 mm during March-May 1973 period was also discernible. However,
in the case of females there was no regularity in the distribution of mean size
in different months,

Age and Growth

In order to study the age and growth, the main and the subsidiary size
modes found in the monthly length frequency distribution of M. dobsoni (Table
3), P. stylifera (Table 4) and P. indicus (Table 5) were plotted and their
progression in the subsequent months were traced (Fig. 1). The initial size
mode and the month in which it was recognised, the final size mode and the
month vp to which the initial mode was traced, duration and the growth incre-
ment, and the average rate of growth per month for each sex of the above
species are given in Table 6. Among the three species, relatively higher growth
rate is observed in P. indicus, the estimated average being at 9.8 mm and 7.2
- mm per month for males and females respectively. In the size range encoun-
tered in the fishecy, M. dobsoni grows at an average rate of 6.2 mm in males
and 7.3 mm in females, while in P. stylifera it is about 5 mm- in both the sexes.
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TasLe 3. Slze d:smbutwu of M dobsom during the

(Flgmu denol.e number of

Months

(mm)"- -

Size in 1971 1972 o _ o
(mm) Dec. Jan. Feb. Mar. Apr. May  June July Aug.  Sept.
Male
51-55 - — 1 — — — — — — —
56-60 9 —_ 6 2 N — - — 13
" 61465 9 2 0 4 1 11 — 1 ! 21
66-70 9 2 104 49 — 26 — 3 — 28
71-75 9 10 8 97 16 62 — 5 1 101
76-80 9 1 45 ) 8 59 — 22 1 61
B1-85 82 ‘9 57 58 12 82 - 249 2 68
86-90 63 7 19 12 4 26 — 751 — 13
91-95% 100 1 19 8 4 23 — 1067 — 7
96-100 73 — 6 6 —_ 2 — 262 - —
101108 27 — 2 - — — - 37 — —
106-110 9 — - _ — — — 93 - —_
Mean sizz 89.3  80.1 743 770 79.7 782 — %15 780 759
(rm)
Female
© 5185 - = [ - 2 - - — — —
$6-60 — — 5 —_ 30 - — — 7
61-65 — — 13 4 — 69 - — — 14
66-70 9  — 8 10 2 53 - 1 — 6
7175 27 2. 4 19 2 53 — 1 - 117
76-80 — 6 86 49 15 57 — 3 —_ 163
81-85 9 23 141 . 8 . 11 75 — 29 2 1S
| 86-90 . 9 32 . 84 111 25 134 — 45 2 46
9195 27 16 59 1255 9 . 94 - g7 219
"96-100 55 8 40 4 5. 3 —_ 139 —_ —
' 101-105 27 4 235 30 2 4 — 313 -
“106-110 9 1 - 5 - 17— 167 = -
111-115 — —_ — 4 — 3 = 30 - -
T116-1200  — - - - e L - 18 _ =
Mean sizé ~ 917 - 73.6° 797 916 868 890 - 985 830 838
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L)

Months

: 1973 _ _
Oct. --  Nows - - Dec. Jan. Feb. Mar; - Apr: - - ‘May- - - -Tune
Male -

133 89 66 - 22 - 7% 280 1897 —_

. 336 158 355 - 45 3617 . 603 3223 —
1789 311 284 2. 270 5026 5023 73258 -
1240 1265 680 13 446 14973 5647 6631 2
3399 1489 1674 9 887 15335 13164 10470 6
2242 1802 2338 10 1158 152755 8799 1836l 4
2262 2296 2674 20 1026 24613 6561 15585 7
636 566 779 4 224 9080 1715 6953 9
972 413 69 5 123 32557 1295 491 6
153 153 66 - 1 - - 323 280 4
- - - == - =Lk
74.8 64.5 77.8 785 768 79.2 74.8 754 752

= . Female

76 — 146 — 23 - 68 . -~ —
153 o~ 94 3 84 581 s16 . 1251 !
679. 705 86t . 2 30 2809 2739 3954 —
806 764 582 3 242 7253 2801 6708 3
1478, 1669 2276 7 898 7801 509 5233 5
3058 2363 5445 1S 1382 20018 10094 16886 2
5388 6003 7910 34 2197 268825 18636 28180 3
3704 3012 7294 371753 17720 17247 22370 3
6324 3882 5405 4 1753 16617 16164 - 23247 5
2546, 2640 3121 14 766 6239 8776 20792 . 6
863 759 2441 — 321 1049 5178 - 5795 7
155 871 . 941 - 77 20057 3079 2540 )
517 410 256 - — 9563 . — .0 1500 2

- — —_ . - — — 619 . 764 1
854 868 955 - 862 83.8 851 894 - 870 8.8
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Months
1973
Qct. Nov, Dec. Jan. Feb. Mar. Apr. May June
Male
—_— —_ -_— —_— — —_— 344 _— —_
—_— 55 3 -— 85 304 _— 262 —
— 697 2 P i83 584 2155 431 0.05
38 1878 13 2 209 1626 4174 1117 .37
132 1910 27 1 526 1973 3673 2364 0.46
441 3738 5 3 707 6511 13004 3999 2.6
- 488 2850 59 7 1078 4249 10798 4223 4
349 2615 b 4 1019 3872 5184 3588 1
i16 1114 15 3 322 2051 5185 1521 1
9 93 —_ —_ 39 —_ 2772 709 0.05
306 — 3 —_ —_ —_— 8044 —_ 0.4
—_ — — — —_ — 8044 —_ —_
—_— —_— —_— — —_ —_ 4022 _ —_—
81.1 74.8 80.8 17.4 76.0 753 920.9 76.3 78.7
Female
— i88 —_ —_ 25 128 1158 _— 0.05
—_ — _— 1 90 945 1378 367 0.5
17 95 — 2 118 927 1080 1227 2
82 332 11 2 608 2546 3679 i971 4
312 4596 18. 3 1009 2461 10561 2082 3
309 9975 36 8 1140 7298 11340 16939 3
90 1870 - 65 12 1450 9524 4092 8267 3
39t 1359 25 3 1058 3145 19443 5402 1
2313 796 2 3 727 4293 13254 2092 0.5
285 — 2 1 744 3384 49478 1728 0.05
65 — — 2 285 1632 4948 211 0.04
34 —_ — i 2% — 2746 379 0.07
— — — — 39 179 1249 —_ -
- — —_ — — —_ 186 —_— —_—
846 850 76.2 828 836 59.4 809 746
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TABLE 5. - Size distribution of P. indicus during - the
{Figures denote number of

Months
Size in 1971 1972 -
{mm) “Dec.  Jan. Feb. Mar. Apr. May June July Aug - Sept.
Male
© 96-100 — 008 0.1 2.4 1.3 — — — — —
101-105 = — 01 0.5 — — — — — —
106-110 - — 008 1.9 — 2.2 — — 0.01 — -
“111-115 — 005 16 1.2 7.7 — — — — —
. 116-120 C— 005 05 — 2.1 — —_ _— _ —
121-125 — 008 36 - Lé 4.1 -— — — 0.04 -
126-130 — 06 1.5 7.5 170 — — — 0.04 —
1311135 — 004 54 42 220 0.2 — — 0.07 —
136-140 — 004 6.8 80 340 0.2 — — 0.2 -
141-145 - = 63 139 270 0.6 — _— 0.4 —_
146-150 -~ — 31 183 343 0.6 -— — 0.4 —
151-155 - - 009 20 31 12 — — —_ —
. 156-160 —_ = —_ 28 133 0.7 — — 0.2 —
. 161-165 - - —_ 24 321 1.5 — — 0.2 —_
166-170 - - —_ — — . 02 B —
171-175 - - — —_ - — —_ — — —
Mean size — 1258 126.6 1401 1420 1457 — 1130 1454 —
(mm) ' :
n . Female ] B
S 96-100 . — 0.3 — 0.9 — —_ — — — —
101-105 .  — @ — 0.1 0.6 43 — — — — —
106-110 — 85 0.6 14 08 . — - — 02 —_— —
111-115 - 52 0.3 — 09  — — 1 J— —
116-120 — 03 1 0.9 982 o~ — 0.2 S —
121-125 — 06 51 25 210 — — 0.6 — —
126-130 — L1 23 35 200 — — 0.7 007 —
131-135 T — 05 1.8 - 125 57 - — —_— 0.2 — —
136-140 — 05 1.9 50 441 @ — — 02 01 —
141-145 - — 18 66 214 916 0.4 — 02 0.2 —
146-150 S — 9.1 208 600 0.2 — — 0.9 —
. 151-18% — 002 60 0.6 344 1.7 — _— 07 -
156-160 - = — 1.4 350 1.5 —_ — 0.7 —
" 161-165 —_ = — 3.1 749 1.3 — — 0.3 —
166-170 — = —_ 28 156 0.4 — — 0.1 —
- 171178 - - - — —_ — — — — —_ —
Mean size - — 1176 1390 1413 1401 1212 —  130.9 - 150.2 —

{mm)
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period December 1971 to June 1973 ar Ambalapuzha.
‘prawns per unit effort)

Months .
. 1973 . . :
Oct. . Nov. Dec,  Jan. . Feb. Mar.. - Apr. -  May June -
Male - .

— _ — — 33 — " — — -—
— 6.6 — — 2.3 0.1 o1 7 — —
- — — 0.09 11 — — — -
— — — — 22 — 0.1 1.7 —
— —_ - - — — 0.1 0.4 —
.24 — — T 009 — 0.05 0.2 2.7 —
42 22 0.08 — 6.3 —_ 2.1 5.9 -
21 .88 1.2 02 " 247 0.3 0.7 1.8 —
2.1 - 2.0 — 327 03 2.6 54 —
14.1 15.0 L7 ° 009 . 14 T 04 4.6 09 —
61 <100 21~ 009 . 14 - 3.9 63 - —
13.1 6.1 04 - 02 - 14 0.2 1.9 10.5 R
74 —_ 0.9 02 e “004 . 03 117.9 -
34 3.9 0.5 — = == 67 - —
S — - - = = 0.1 29 —_
152.5 1442 1546 ~ 138.% 128.4 1418 | 1422 1457 —

Female
. 066~ 7.8 —_ —_ - — - — —_
© 0.3 6.9 — — — — — — —_
- 0.3 24 0.8 « — 27 - 0.1 20 —
B — — - 21 . —_ L — —
e 78 ~ — 14 — 02 0.5 -
- —. 0.08 — T 24. 14 0.9 —_ —
2.9 0.4 0.5 - 2.1 14, — 4.1 -—
58 205 05 — 2.7 Ly 0.1 3.9 o
. 203 330 0.8 ‘0.09 24 _ ‘1.7 5.1 —
. 89 250 30 0:09 17.9 0.3 34 116 —
152 29.3 70" 03 26.9 11 58 17.3 —
23.6 27.0 11.7 0.7 43.1 1.8 4.5 13.1 —
236 327 3.0 03 115 09 1.3 153 —
185 184 1.9 - 0.6 24 0.4 18 11,5 —
15.0 12,4 13 0.5 1.3 0.2 1.0 9.5 -
_— 19.2 LY - 3.5 0.1 — 3.4 —_

146.9° '169.3 153.1 152.3 147.5 147.5 135.5 121.2

.
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To find out the pattern of growth of these species, the monthly mode

chains presented in Table 6 were analysed further, following the methods des-
: L -1

cribed by Gulland (1969). The average rate of growth tj — tl was plotted

1

-1 1 i ot t

L-h 1 ,oq 2 1,452
where = and “ are the lengths at times ° and < respec-

.againstl

tively. This gave & linear relationship and could be taken as an approximation
to the straight line,
dl (L-1),

& K«

where z-c is the maximum expected length and Ka, growth coefficient. The

slope of the line gives an estimate of K and the intercept on X-axis, an esti-
mate of ;‘ . The growth in length of these species could then be expressed

by the well-known von Bertalanffy equation (Beverton, 1954),
~K(t—t_) .
L =L{l-e °)
o

where t o the theoretical age at which 1 = o,

‘to’ was estimated by fitting a regression line of loge (Loc — 'lt) on ‘.
The intercept on the Y-axis of this straight line is

a = loge Lc + Kto
giving
ty = a—loge La
T K

The calculated values for L , K and to for each species are given in
Table 7. Substituting these figures in the above equation, the size of each of
‘the species at different ages was estimated and shown in Fig. 2. The sex-wise
length of each species at the age 6, 12, 18 and 24 months is given in Table 8.

The growth rates obtained from the actual observation of the progres-
sion of modal sizes in the monthly length frequency distribution of M. dobsoni
(Table 6) and from the Von Bertalanffy’s equation indicate that the females
of the species grow faster than males throughout their life, Although a similar
differential growth between the sexes is evident in P. stylifera also, it is inter-.
esting to note that the males during their earlier life (for about 4 months)
grow at a much faster rate than the females and thereafter, their growth rate
is reduced considerably. Unlike the above two species, the males of P. indicus
grow throughout their life at a faster rate than the females. Based on the
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TABLB 6 Progress of size mades and rate of growth in three species
SRS . of penaeid. prawns -at Ambalapuzha.

Progression of modes Growth Duration Average
IV . SN . - meee——-. * fncre- © inmonth  rate of
Initial Month Final Month ment growth|
mode : - mode -+ (mm) : + month
- (mm) o S (mm) . o e _(mm)
: M. dobsoni Male
68 February, 1972 93 . July,- . 1972 25 b 50
58 May, 1972 93 October, 1972 3s. . .70
63 October, 1972 93 March, 1973 30 5 6.0
58 December, 1972 78 March, 1973 | 20 3 6.6
73 Aprit, 1973 88 June, 1973 15 2 7.5
125 20 . 6.2
. : ' ' ©- - Female S o
73 December, 1971 103 May, 1972 30 5 &0
68 February, 1972 © 103 July, 1972 35 5. 7.0
63 May. - 1972 - 108 November, 1972 . 45 6" 7.5
63 September, 1972 108 March, 1973 45 6 1.5
53 December, 1972 103 - June, 1973 .~ - 80~ 6 8.3
. o 205 28 7.3
P. stylifera  Male : :
53 Janvary, 1972 98 October, 1972- - 45 9 50
73 February, 1972 88 . April, 1972 15 2 1.5
78 September, 1972 83 October, 1972 5 1 5.0
73 . November, 1972 .. 98 April, 1572 25 5 5.0
53 December, 1972 78 May, 1572 2§ 5 5.0
' ' 115 22 52
Female L
63 Janvary, 1972 88 April, 1972 25 3 . 8.3
63 March, 1972 113 - .February, 1973 48 11 44
58 September, 1972 103 "May, 1973 - 45 8 5.6
53 November, 1972 83 April, 1973 30 5 6.0
©§8 . Aprl; . 1973 68  June 1973 10 2 5.0
T s '29 5.4
- .+ P indicus Male . .
123 . Ja.nuary, 1972 153  May, 1972 - 30 4 7.5
103 Janua.ry, 1972 138 April, 1972 35 3 1.7
98  March, 1972 158 October, 1972 60 7 8.6
103 November, 19727~ 163 ©  May, 1973 60 6 10.0
108 *- February, 1972 143 . May, 1973 . 3s. 3 11.7
133 - - October, - 1972 :.--.158'-_ - Janvary, 1973 25 .3 83
. L C - 245 26 9.8
: - T HEREP R .Female . :
1282 . Japoary, 1972 153  May, 1972 25 4 | 62
108 _February, 1972 158  October, 1972 50 8 6.25
93 - April, 1972 173 February, 1973 ' 75 10 7.5

98 October, 1972 148  Aprl; 1973 - 50 6 8.3
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TABLE 7." Growth parameters [OF the Thrée” specres “of peéhaeid prawns
- ealenlated from Von Bertalanﬁy growth equarmn B

- a
——

R Growth parameters

Species Sex o
" CLee - K ot
(mni) o
M. dobsoni Male 128.9 . 0.1268 . 0.9660
: ~ Female 144.6 0.1280 " 70.3946
P. stylifera Male 125.7 0.1227 | 1.5996
Female 130.1 0.1395 . 1.4533
P. indicus Male 193.9 0.1551 - .- 0.6632 -
- o = Pemele - . - 197.7 S o0.092 0 - 12864

TapLE 8. ...The estimated size of the three species of penaeid
o “prawns at various age.

Age 'in months and the size (mem) attained

Species Sex - I

: 6 .12 1877 24
M. dobsoni Male 58.1 97.1. 1131 °7 1228
) Female 72.8 1154 - 1315  "138.1
P. stylifera Male 63.3 914 . 1087,  .1172
_ Female 65.5 98,0 142 0 1229
P, -indicus: ~, -~ Mae: = - - &~ —: 1585 o -180:8 1886

" ... Femele ... 892 138.1 153.1_" 1818

above observations on lhe age. and - growth and the maximum size obta.lned in
the fishery, the life span of all thesc specws can be cons:dered ‘to be about
2 years:

Age composition ' L

On the basis of estimated size at dlﬁerent es, the age- composition of
male and female population of each of the species is given in Table 9. In M.
dobsoni, 7-12 month old prawns formed the butk “of the catch in all the
months. Males 1-6 month old were abundant in the catches only. during
March-May 1973 and the females of that age from October to May. The
males belonging to 13-18 months age group were found ‘in appreaable numbers
only in December 1971 and July 1972. The females of. thls age group were
generally scarce in the fishery except in April-May 1973. ’

In P. stylifera also, the buik-of-the -catch-'was'composctif of 7-12 month
old prawns! Males, 146 month™ old, were tompletely absent in the fishery
during May-August 1972 and fn Jund 1973, but they were well represented
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in November 1972 and March-May 1973. In -April 1973 13-18 month old
prawns were also caught in appreciable numbers. In females, the highest num-
ber of 1-6 month old prawns were caught in March-May 1973; 13-18 month
old prawns in Apn] 1973. 19-24 month old prawns did not contribute to the
fishery except in February 1972 and Apnl 1973,

P. indicus ﬁshery wag chiefly supported by the prawns bdongmg to
7-12 month age group in the case of males and 13-18 month old prawns in
females. In most of the months, males 1-6 month old were poorly represented
in the fishery, while 13-18 month old prawns were abundant in April 1972
and May 1973. In the latter month they contributed to the bulk of the catch.
Females, 1-6 month old, were completely absent in the fishery. Although the
prawns belonging to 7-12 month age group were well represented in the catches,
they contributed to the major portion of the landings only in January and
July 1972, Prawns, 19-24 month old, were caught in November and Decem-
ber 1972 and February, March and May 1973,

Spawning

M. dobsoni spawns throughout the year as m¢cated by the occurrence
of mature females in all the months. The peak spawning is observed during
April-June and October-December. Females spawning for the first time are
encountered in appreciable numbers in the above periods. Although the spaw-
ners occur in all the size groups above 51 mm, majority of them are found
between 76 mm and 100 mm size (Table 10), and they belong to O-year class,

The occurrence of mature females of P. stylifera in all the months con-
firms the earlier observations (George et al., 1963; Rao, 1968) that the spaw-
ning in the population takes place throughout the year. During the period of
present observation, intensive breeding of the species was recorded in October-
December, Size-wise distribution of spawning females (Table 10) shows that
greater number of spawners were gemeraily’ encountered in the size group bet-
ween 76 mm and 100 mm and they belong to O-year class. Females spawning
for the first time and those belonging to the first year class are generally
observed from October to June.

As in the case of the preceding two species, mature females of P,
indicus were found in all the months, indicating a protracted spawning in the
population. Peak spawning during the period of observation was rccorded
in April-June and October-December. Females spawning for the first time
were encountered only in January and April 1972. Majority of the spawning
population was found between 141-145 mm and 181-185 mm size group and
they belonging to first yea.r class. :

Recruitment .
Since all the species breed throughout the year, the recruitment of
younger prawns into the fishery is also considered to be continuous. But the
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 TABLE 9. ‘Age'compositio:; of the three

(Figures denote catch in

171-185

Months
Age Size :
group range ) -
(month) (mm} Dec. - Jan. Feb. Mar. Apr. May June July = Aug
o 1971 . 1972 L _
M. dobsoni
7 Male
1-6 160 9 = T2 = M e e
7-12 61-100 345 32 298 326 45 291 — 2360 5
13-18 101-115 109 — 2 — == — 130 —
Female
16 175 3 2 116 33 6 205 @ — 2 —
7-12  76-115 136 90 435 1583 67 463 — 970 6
1318 116130 — @ — -~ = = = 18
"P. stylifera
_ _ " Male
1-6 1-65 4 8 37 13 y J— - - —_
7-12 6695 - 215 188 500 165 - 4 B — —_ —
13-18  96-110 am g 14 —_ e - —_ —_ e
o . Female .
16 . 165  —. 14 9 9 —. 4 = =
712 66100 44 170 674 8 17 18 o~ — e
13-18 101115 M M 8B 10 1, - - - —
1924 116125 — - 15 1 = = = = -
P, indicus
: S Male. . .
16 1118 - — . 03 .25 24 35 — — 0:1 —
7-12 111-160 . -~ = 0% 289 595 . 1926 . 3§ = — —_ 16
1318 1614180 © — e = 24 321 1] — . .- 02
_ Female
1-6 1 3 R — - = - - — — SR ——
712 91-140 — 172 131 273 106 — —_ 23 02
1318 ,141-170 — 19 217 501 3175 55 - 02 29
19-24 - - - —_ - — — -
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species of prawns at Ambalapuzha.

number per unit of effort) - -

203

Months
Seﬁt. Oct. Nov.  Dec. Fan, Feb. Mar. Apr. May fune
. 1973
M. dobsoni
N . Male
13 469 247 421 — 87 4413 883 5120 —
299 12693 8295 8364 64 4135 254339 42527 66096 38
L. ., Femals L _ ,
‘144 3192 3138 39%9 15 1327 18444 11620 17146 9
. 343 29860 19940 32813 104 - 8249 360088  79174.. 121310 30
- — —_ — —_ —_ - 619 764 1
P. stylifera
Male
315 8 4530 18 2 477 2514 6673 1810 —_
1890 1617 12320 215 18 3691 18656 40616 16404 9
—_ 306 —_ 3 e — — 201107 — —
Female -
112 17 283 — 3233 2000 3616 1594 3
4931 1702 18928 159 32 6736 33051 111847 40281 15
109 9. - — 3346 1811 8943 590 . 1
— - - - ~— - —_ 186 - -
Male
P. indicus _
— — 6.6 -— —_ 5.6 0.1 0.1 — -
— 441 - 421 785 08 - 194 1.2 162 396 -
— 108 3.9 14 02  — —_ 04 1218 —
Female '
— 342 788 1% 009 234 2.8 30 156 -
— 1048 1448 279 249 1031 92 " 178 783 —
— —_ 192 11 — 33 0.1 34 —
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TaBLE 10, Size-wise distribution of mature females of three species of
penaeid prawns during January 1972 to June 1973,

(Numbers are given in thousands)

April ~— June

Period Size range (mm)
; 51-75 76-100 101-125  Total (%)
M, dobsoni
1972 January — March 147.4 21352 176.6 2459.2
(31.5)
April — June 80.5 50937 1607.1 6181.7
_ _ (64.0)
July — September 6.7 2549.9 8557.3 11113.9
- (43.5)
October — December 11391.4 2986184 39545.1 349554.9
(46.2)
1973 Jaouary — March 6488.8 146497.7 9016.4 162002.9
' S , (43.1)
Aptil — June 173359 1182567 — 1355926
- _ (21.6)
P. stvlifera
1972 January — March 67.9 10859 i52e 1506.4
, (32.8)
April .~ Juns - 28 64.5 —_ 673
S - (23.6)
July — September 262.6 3171.5 229.8 3663.9
. (34.7)
October — December 573.9 . 154023 2450.1 18426.3
o o _ _ _ 37.9)
1973 January — March 6256 321677 | 85059.7 37853.0
_ E : S ‘ (352)
April — June ' 626.8 -45611,0 8314.1° 545519
b : : (18.3)
P. indicus ‘
101128 126-150 151-175  Total (%)
1972 Jamwary — March 42 14622 35.5 1501.9
' ' - - (317
April — Jure 20 1390.7 - 1075.5 25382
o = - (68.7)
July — September —_ 2.7 1.6 4.3
: o . (458)
October —= December — 271.0 608.4 8794
_ _ : . (47.3)
1973 Januwary — March - 317 95,1 126.8
_ (36.3)
_— 8.5 153.8 1623

{52.7)
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smaller prawns below 50 mm size in the case of M, dobsoni and P. stylifera
and below 95 mm size in P. indicus are not caught by the gears operated dur-
ing the period, and hence. the present data do not show a. clear picture of the
recruitment of younger prawns into the fishery. However, the length frequency
. distribution of M. dobsoni (Table 3} shows the recruitment of juveniles of both -
males and females into the fishery in February 1972 and from October 1972
to May 1973, the peak being April-May 1973, In P, stylifera, 3 peaks of re-
cruitment — January-March 1972, November 1972 and March-April 1973 —
are recorded during the period of observation. These recruits probably belong
to the prawns spawned during October-Decembbr 1971; May 1972 and Octo-
- ber-December 1972. .

The recruitment of small sized P. indicus into the ﬁshery was recorded
during January-April of both the years. In the cass of femsles, a secondary
-period of recruitment was also seen in Ociober-November 1972,

Mortality
. .1t is well known that the capture ﬁshery for all these species except
P. stylifera is carried out in two ‘distinct environment namely, in the estuaries
as well as backwatsrs, and in the marine region. In the marine fishery, M.
dobsoni and P. stylifera appear in the catches when they attain a length of
50-60 mm and P, indicus at a size of 96-100 mm a.nd are above 6 months old.
Thus all these species are available for capture. for the. remaining 14 years of
their life.
The annual total mortahty rate of these specws for the year 1972 is
estlmated by using the. foilcmng ‘equation (Ssentongo and La.rkm, 1973):

e (2) ()

where Z = estimated anmual total mormilty rate,

n= the sample s:ze, _ o '

y = the meaa of the y’s calculated for each month by the formula

y -—-ln(l- ) where ‘It’ is the mean size of the populamon in a

. given month _’ .

L ye ""-—ln(!- ) where I’ is the lengthofthe prawnatﬁrst

capture, and

K = the growth coeﬁicxwt obtam.ed fmm Von Bcrtalanﬂfy growth
. equation, _ .

" The annual total mortahty rate obtamed for each sex. of the species is
giyen in Table 11. Higher inortality rate of about 4 was found in the males
of M. dobsoil and P. stylifers. In the case of the females of these species
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as well as in the males of P. indicus it was slightly lower, being about 3. The
lowest mortahty rate (2.1) was obtained for the' females of P. indicus.

 TasLE 11. The total mortdlity rates of three speciés of penaeui
AR praWns for the ye&r 1972 at Ambafapuzha .

o K k ¥y ye 4
Species . Sex : C - (mm) ¢ : :

| M. dobsoni Male 15216 32428 520 09264 05165 38

. Female . 15360 = 6028.1 510 0933 04349 3.1

P swylifera Male | 14724 11557 480 08493 04811 39

- Female 16740 21790 520 10940 05101 ~ 2.9

P, indicus - Male 1.8612 84  98.0 12856 ., 0.6846 3.1

. . Female - 13104 = 227 97.0 12855 . 0.6745. 21
* estimated number of prawns in lakhs, ' ’

EXPLOITATION

The estimated total ‘catch ‘of prawns. during the period December 1971
to December 1973 amounted to 8454.9 tonnes, of which 35.3% was contributed
by the ‘mechanised boats wlth trawl nets and the rest by the non-mechamsed
boats” with ‘Thangu 'vala’. ~ Better prawn catches by the trawl net fishery were
generally realised in April-Ma}' and November-December In ‘the indigenous
fishery, however, the highest catch was observed in Tuly (Table 12).

. M, dobsoni, contubutmg o 54.4% of the overall prawn landings by
trawl nets, dommates in the. catches in May and October to December. In
the indigenous fishery, maximum exploitation of the species is obsetved in July,
when vast shoals congregate very near; the shore. The peak fishing season for
P. stylifera extends from February to April, although, appreciable quantities
were also landed in November. The highest catch rate for. the species was
recorded in February 1972, In the indigenous fishery, the species is scarce and
is .generally absent from July to August. Maximum abundance of P. indicus
is fcrund in Apnl-May
' DiscussioN :

The catch of penaeld prawns at Ambalapuzha is predominantly oom-
posed of. females, although in ‘M. dobsoni and P. stlyifera, males are found ‘in
higher proportion in the lower size groups. This observation differs from that
of Menon (1957) for the inshore fishery of these spdcles at Narakkal during
'1952-55, when he recorded ‘the preponderance of males in the population as
well as among those measuring up to 100 mm size. George et al. (1963)
found that the females of a]l these. species except P, indicus, generally dominate
in the oﬁshore prawn catches off Cochin, while George and Rao (1967). study-
ing the sex ratio distribution of these specles in the same ground, showed that



. TaBLE 12. Estimated total ﬁshiug. effort, estimated total catch and catch per unit of effort for prawns at
. Ambalapuzha during December 1971 to December 1973.
{Data given mthebox perlamtotheﬁshu‘yby non-mechamsed boats with 'Thanguvala}

Total catch (tonnes) . Catchimm of effort (kgs) . % of prawns

: Total fishing ' - in total
Month effort (hrs) . .
M. dobsoni P. stylifere  P. indicus M dobsoni - P, styt:fem P indicus  fish catch -
1972 . December 18600 542 238 S - 29 18 ¢ — . 684
1972  January- T 20646 - - 1937 - 267 ‘2.9 093 - 137 . 14 . 438
~ Febrvary - T 17947 . 589 97.6 .23 .33 . .54 LS 70.6
March -~ 34560 1213 1007 1250 3.5, 29 - 36 - 813
Aprit 3o 309 11.6. = . 3848 081 . 31 . 101 84
May. . Y . 30587 463.8 99 243 152 03 08 918
June : — — —— T — — - - . —
July 62961 11695 = 0.5 18.6 — 0007 - 496
August . © 5554 L 04 —_ 0.6 _ 0.07 - - 0.1 52
September 6990 - 3.3 126 e 65 18 — . 325
. October : 17484 941 119 89 54 . . 088 o5t - 791
November =~ 26982 1536 97.7 S 18 . 56 136 - 03 . - 897
‘December 27582 . 22200 64 - - 149 . - - 80 - 02 005 . - 831
1973 January T 3210 . 33 08 . .04 e - 03 . 01 5037
. February - . 13803 . 304 . 10.8 .23 07 22 o8- 0.2 ;586 . -
" March 10435 "26.8 . 88 . 05 - . 286 . 0% 0.09 723
April o .o.3210 33 - 09 - 33 _ Lo . .. 03 162 . 504
May 15176 516 T4 7L 34 09 . 2F - 698
" June - _ 9096 42 a2t - — 25 02 —_ 119
Juy 13821 - 42306 —_ — o306 0 = — 696
CAugust - 16205 323" L e el ‘1.9 T 5
- October : 5887 s 13 23 - 2 -02- . 008 - 45
‘November S 18413 1412 - 28 . 24 - . 76 015 003 | 558
Total December . 34800 1490 - 75 - 19 .42 02 005 . 672
For mechanised boats 331406 1623.8 723 6393 4.9 22 19 69.9

For son-mechanised boats 120514 54522 13.9 34 - 452 01 — 259

VHZNJYIVERY d0 SNMVYd INDIVI
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the two sexes were distributed in greater patchiness in different months than
expected by binomial theory (1:1 ratio) and that the ratio of males was high
in the fishing ground during October-December. These authors attributed this
different sex ratio to the movements of prawns associated with the breeding.
While the preponderance of females in the population can be linked with the
reproductive activities of these species, it is evident that the disparity in the sex
ratio found in the different size groups is also influenced by the dlﬁerentlal
growth between the sexes.

Several workers have studied the age and growth of thesc species. Based
on the rearing experiments carried out in the Jaboratory on juvenile prawns and
on the length frequency studies of the commercial catches of M. dobsoni Menon
(1951, 1954, 1955) recorded one-year old prawns measuring about 70 mm
in males and 75-80 mm in females; two-year olds, 90-95 mm in males and
100-105 mm in females and three-year olds, above 100 mm in males and 120
mm in females. Later, George ef al. (1963) and Banerji and George (1967)
recorded a faster rate of growth and found that the species attains a size of
about 90-95 mm in the first year of life, and 115 mm in the 2nd year. In the
case of P. stylifera Menon (1953) observed that one-year old prawns attain a
length of 90-100 mm, while Mohamed (1967) opined that this size is reached
when the prawns are about 9 months old. According to George et al. (1963),
" P. indicus measuring 126-130 mm in males and 141-145 mm in females re-
present the one-year old group, those at 161-165 mm in males and 171-175 mm
in females the two-year old group and those above 195 mm the three-year old
group, In all these species differential growth rate for sexes, the females show-
ing faster rate of growth than the males in M. dobsoni and P. stylifera and males
growing faster than females in P. indicus, has been well established. In the
present study, based on the progression of modal sizes in the monthly length
frequency distribution and applying Von Bertalanfly growth equation, it has
been shown that all the species grow at a much faster rate at Ambalapuzha
- than hitherto recorded. The present study shows that males and females of
M. dobsori, P. stylifera and P. indicus respectively attain a length of 97(115
mm; 91|98 mm and 158{138 mm at the end of first year and 122|138 mm;
117-123 mm and 189|181 mm at the end of second year of life and thus all
these species have a life span of about 2 years, The results presented here have
also revealed that among the three species, the highest difference in the growth
rate between the sexes is found in P. indicus and the lowest in P. stylifera.

The bulk of the commercial fishery of M. debsoni and P. stylifera is
mainly supported by the 7-12 month old prawns and that of P. indicus by the
7-18 month old prawns. Similarly, the major portion of the spawning popula-
tion of the females of the former two species is composed of O-year old prawns
and of the latter species by the one-year old groups. It has also been shown
that the mortality rates of these species are relatively high, These indicate
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that the fishable lifc span of these species is only about one or one and half
years and that the fishery of a particular year largely depends on the prawns
recruited during that year,

Although, variations in the monthly prawn landings and in the catch
per unit of effort of prawns are apparent (Table 12), these data do not show
a regular declining trend indicating that the fluctnation in the landmgs cannot
be attributed to the effect of fishing. The distribution of mean size of all the
species in different months also supports this view. However, since the quality
and the quantity of the fishery, as discussed earlier, depend on the population:
which is replenished every year by surviving spawners and the subsequent re-
cruitment of O-year old prawns into the fishable stock, it is apparent that these
biological features greatly cause the fluctuations in the landings.

Ecological changes brought out by the physico-chemical disturbances in
the environmert also influence the prawn landings in the area. This is more
apparent in the southwest monsoon period when large numbers of prawns, parti-
cularly M. dobsoni and P. indicus, are seen to congregate very near the shore
in the mud-bank arzas. Although, the hydrological and ecological factors res-
ponsible for bringing out this lucrative fishery in the mud-bank region have
been discussed by Banse (195%), George (1961) and George e al. (1968),
the reasons for the wide fluctuations in the landings observed in different years
and for the occurrence of large shosls of P. indicus only in certain years are not
fully understood.

The effect of intensive trawling which disturbs the habitat by stirring up
the fine sediment of the ground, on the availability of prawns has been pointed
out by Slack-Smith (1969). To discuss the problem in the ¢ase of the trawl
fishery of Ambalapuzha further data are necessary, although, it is known that
similar disturbances of the grounds do occur during the mud-bank formation
and the prawns during this period are not encountered in their usual bottom
habitat, but in the columnar pelagic zone.
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