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ON CIRRIPED CRUSTACEANS (BARNACLES), AN IMPORTANI
FOULING GROUP IN BOMBAY WATERS

ASHOK A, KARANDE
Naval Chemical and Metallurgical Laboratory, Naval Dockyard, Bombay, India

ABSTRACT

The paper deals with three different aspects of cirripedes, an important group of crustaceans incident
-in Bombay walers, whose biology is not adequately described: (a) the taxonomic status of the different
barnacks, (4) the Breeding pattern in the more important intertidal species, and (¢} the associates of these
barnacles. The importance of information obtained under these three heads in relation to the development
of a suitable biclogical assay procedure js discussed.

CiRRIPED crustaceans constitute a major group of fouling organisms in the sea. On account of the
great reproductive capacity, gregarious habit and nature of settlement they are of greater consequence
than the other fouling groups, Therefore, cirripedes attracted the attention of biologists and paint
technologists. For the ultimate control of these organisms studies on their biology are necessary.

The object of the present study is to collect as much information as possible on this group of
fouling organisms so that the same could be employed usefully for obtaining a regular supply of ferti-
lized egg masses and larval stages at all the seasons of the year for conducting experimental work.
In the present communication, three different aspects of cirriped biology, namely, (i) taxonomy,
(ii) breeding pattern, and (iii) their associates, are dealt with, The importance of information

obtained under all these in relation to the development of a suitable biological assay procedure is
also discussed. ' -

MATERIAL AND METHODS

For taxonomic study, the usual method of cleaning the valves, mouth-parts and other

agpendages of the specimens with caustic potash was employed. The diagrams were made with
the' help of a camera lucida.

. For the observations on breeding, specimens of B.a. communis and B.a. hawaiiensis were cole
lected from the intertidal rocks at Chaupati seaface and those of Ch. withersi and Chi-malayensis
were collected at the boat shed at the Naval Dockyard, Bombay. Collections were generally made
thrice 2 month and 25 specimens of each species were examined at a time.

The condition of the ovary was determined by microscopic examination. On the basis of the
development of the ova, five stages were identified and points assigned s shown in Table I. A mean
ovary index was obtained for the individuals collected at the end of every month.

With a view to determining the intensity of breeding, the growth of the above ovarian stages
in all the specimens examined (excluding specimens with Stages 1V and V) was visually deteimined,
On the basis of growth, five categories were identified «nd points sasigned as shown in Table I1,
A mean growth index was determined for the specimens collected at the end of every month,
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TaBLE |
Slege Condition of ovary/egg Ovary {(maturity)
index gcore
I Owary not scen 0
1II  Ovary with devcloping ova 1
111 Fertilized eges 2
IV Eggs with embryos (nauplii) inside 3
¥ Free pauplii in the mantle cavity 4
TasLE [1
Categoty Growth of the ovary Owvary (growth)
index score
1 No ovarian mass observed 0
1I Poor ovary with a few cgg lamellae 1
11 Moderately developed ovary 2
v well-developed ovary filling mantle space 3
v Fertilized egg masses 4

This investigation was carried out during 1961-62 and 1962-63, The observations on one of
the four barnacles, viz., Ch. malayensis were carried out during 1961-62 and the same have been
published earlier (Karande and Palekar, 1963 b). The data on atmospheric temperature and sun-
shine was obtained from the meteorological station, Colaba Observatory, Bombay.

RESULTS

Observations on systematics of barnacles.—In the course of studies on the incidence and nature
of fouling at different places along the Bombay coast, a large collection of barnacles was made and
it has been possible to add eleven more specics, subspecies, varieties and forms to the four previously
recorded along the Bombay shores (Bhatt and Bal, 1960; Nilsson-Cantell, 1938; Karande and
Palekar, 1963 ¢). The following is a classified list of the barancles encountered in Bombay harbour.

Sub-order BALANOMORPHA Pilsbry, 1916.
Family BALANIDAE Grey, 1825,
Sub-family Balaninae Darwin, 1854,

Genus: Balanus Da Costa, 1778,
Suk-genus: Megabalanus Hotk, 1913.

t. Balanus tintinngbulum var. rintinnabulumm Linne, 1758,
2. Balanus tintinnabulum var. zebra Darwin, 1854,
Sub-genus Balanus Da Costa, 1778,
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Balanus amphitrite var. variegatus Darwin, 1854,

Balanus amphitrite var. comtmunis Darwin, 1854,

Balanus amphitrite var, hawaiiensis Broch, 1922,

Balanus amphitrite var. denticulata Broch, 1927,

Balanus amphitrite var. cochinensis Nilsson-Cantell, 1938,
8, Balanus amphitrite var, insignis Nilsson-Cantell, 1938.
9. Balanus amphitrite var. venustus Darwin, 1854,

10. Balanus calidus Pilsbry, 1916.
Sub-genus .. Chirona Gray, 1833.

11. Balanus amaryllis forma euamaryilis Broch, 1922,

R i

12. Balanus amaryliis forma nivea Gruvel, 1903.

Sub-family « Tetraclitinge Nilsson-Cantell, 1921,
Genus .. Tetraclita Schumacher, 1817.

13. Tetraclita purpurascens Wood, 1818.
Family w  CHTHAMALIDAE Darwin, 1854,
Genus . Chthamalus Ranzani, 1817.

14. Chthamalus malayensis Pilsbry, 1916,
15. Chthamalus withersi Pilsbry, 1916.

‘Barnacle species such as B.a. variegatus, B.a. communis, B. amaryllis euamaryllis and B. tintin-
nabulum tintinnabulum largely contribute to the fouling community on ships® hulls jn Bombay hat-
bour. B.a. euamaryllis and B.t. tintinnabulum besides being present on the ships’ hulls are also
found plentifully on surf washed rocky shores at various localities around Bombay.

'A detailed account of the taxonomic study of cirripedes is published elsewhere (Karande
and’ Palekar, 1966). Comments on interrelationships amongst varieties of Amphitrite are

offered in the present paper.

Amongst fifteen barnacles noted in Bombay waters seven are varieties of B. amphitrite. Of
these, B.a. variegatus, B.a. insignis, B.a. venustus and B.a. denticulata are essentially off-shore species.
On the other hand, B.a. communis, B.a. hawaiiensis and B.a. cochinensis are intertidal barnacles.
B.4. communis besides being an intertidal variety is also found on the hulls of ships, chains, buoys
and other structural material. It would be interesting to recall that in Japanese waters this variety
together with B.a. hawaiiensis does not seitle on the intertidal rocks but is found only on ships’ hulls.
Hiro (1939) has suggested the possibility of classifying the barnacles according to their habits. The
varieties of Amphitrire series found at Bombay can be conveniently divided into two groups, inter-
tidal and off-shore, as indicated earlier in this paragraph.

Separation of one variety from the other amongst barnacles in general and amphitrite series in
particular has been always a difficuli problem. Whereas off-shore varieties can be easily separated
from one another on the basis of their colour, shape, size and the opercular valves, identification of
thé intertidal varieties needs careful study of both the hard and the soft parts of the animal, In this
papet figures of the adult specimens (Plate I, Figs, 1-7), opercular valves (Plate 11, Figs. 8-14) and
the labrum {Figs. 15, a to 15, /) are preseptcd, which it is hoped may be found useful in identifying
various Amphitrite varieties occurring in Bombay harbour, _
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As regards B.a. denticulata, Utinomi (1960) has reported that this variety is a synonym of
B.a hawaiiensis. Hisobservation is supported by Costlow and Bookhout. In Bombay
waters, however, these two varieties are clearly separable from one another. Besides the variations
in the opercular valves (Figs. 10, 12) the number of teeth on the labrum also shows difference. In
var. hawailensis, there are up to 36 teeth whereas in var. denticulata, the number does not exceed 8

Y
x
—N\
N

Fi1G. 15 (a<f ). Labrums of barnacles, (@) Balanus amphitrite variegatus; (b) B. a. communis;
() B. a. denticulata; (d) B. a. hawllenm; (e} B, a, insignis and (f) B. a. venustus,

Stubbings (1961) has rightly pointed out the difficulty in distinguishing var. denticulata from
var, communis. A careful study will show that the opercular valves in var, denticilata are weaker
than those of var. communjs. The drawn-out carinal margin (Fig. 12) at the apex of the tergum of
vat. denticulata distinguishes this barnacle from the other varieties of Amphitrite series. A similar
feature has been noted by Broch (1927) and Stubbings (1961) in W. African specimens of denticulata.
The specimens of var. communis at Bombay have about 25 teeth on the labrum (Fig. 15, b), as has
been also observed in many parts of the world (Stubbings, 1961), Var. denticulata shows only 8
teeth on the labrum, Var, communis is further characterised by the presence of a white strip along
the tergal margin of the scutum, this feature is absent in var. denticulata.

Difficulties in separating var, hawaiilensis from var, communis have been mentioned by many
workers, These two varieties in Bombay waters are easily distinguishable from one another. The
description and figures of the opercular valves of B.a. hawailensis given by Hiro (1937) closely
resemble those observed in Bombay specimens, The specimens of var. hawaiiensis are easily dis-
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tinguishable from others by virtue of a deep sinuous suture between the opercular valves (Fig, 4)
and the horizontal disposition of the latter in contrast to the inclined position noted in other varietics,

Observations on breeding of barnacles.—The results on the observations of the development of
gonads and breeding activity of four intertidal barnacles are presented in Table ITI. The breeding
activity may be judged from the percentage of individuals fertilized at the end of every month (Patel
and Crisp, 1960). For the convenience of explaining the results, monthwise observations starting
with March (instead of January) have been given in this table.

TasLk 111
S{_raw!ng mean ovary (growth) index, mean maturity and percentage of fertilized individuals in fonr species of barnacles

B.a. communis B.a, hawailensis Ch. malayensis Ch. withersi

Period Mean Mean % Mean Mean 9% Mean Mean % Mean Mean %
ovary ovary ferti- ovary ovary ferti- ovary ovary ferti- ovary ovary ferti-
growth maturity lized growth maturity lized growth maturity lized growth maturity lized

mdex  index index  index index  index index  index
1. March 33 2 66 3-0 224 63 316 2:0 56 125 1-89 38
2, April 30 21 64 33 208 68 30 24 4 1.4 0-84
3. May 288 141 13 10 0-96 6 2-7 30 64 2:22 1-02
4, June 241 1-8 44 3-0 2-22 66 2-058 2-5 60 1-16 0-85 o
1. July 2 1-3 20 20 1-24 18 0'74 065 -2 046 0-69 1
2. August 28 1-0 13 1.6  1-12 3o 0-81 0-60 o 072 054 1
3. September 1-8 1-65 k1 H 1-8 11 3 2:02 1:28 10 1415 1-35 21
4, October 3-0 222 64 30 2-65 0 2:21 1-26 38 232 1-08 16
1. November 1-22 0-98 16 2:2 1-28 25 0-78 0-56 5 0-98 1-04 6
2, December 1-73 0-94 19 . .. . ﬁ°79 080 6 0-92 0-92 0
3. January 2-41 i-48 32 .o . . 073 064 0 107 0% 1
4, February 2-44 1-2 23 . . . 2-46 1-2 13 1-07 141 18

- It is very clearly seen from Table III that except for Ch. withersi which shows an irregular
pattern of breeding, all the other barnacles, viz., B.a. communis, B.a, hawaiiensis and Ch. malayensis
breed during the warmer months of March to June and again during October. Itis, however,
interesting to observe that both the varieties of Amphitrite do not breed during the month of May.

is has been observed during the fast two years and has been also confirmed by the examination of
the test panels exposed in the sea at Trombay (Bombay) which did not show any settlement during

this period,

During monsoon months, viz., July to Sepiember and again during winter (November fo
December) the maturity index falls considerably and the number of individuals with fertilized egg
masses dwindles. In Ch. malayensis this condition prersists till the end of Januvary, During
February, the rebuilding of the ovarian tissue commences and by the beginning of March, many
individuals show compact ovarian lamellae in various stages of development with a high maturity
index. With reference to breeding therefore, four distinct phascs as fgl_lows are rec_ogmseg in
three of the four species studied,
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(i) Active maturation and breeding during March to June.

(i) Lack of breeding during July to September.
(iii) Recurrence of maturation during late September and October.
(iv) Lack of breeding during November to February.

It has been held by Orton (1920), Thorson {1946) and Riinnstrom {1928) that the breeding in
majority of marine organisms is controlled by the temperature of sea. Recently, Crisp (1954) con-
sidered this view with respect to barnacles and explained how in tropical species breeding activities
are controlled by temperature, Barnes (1959) obscrves that gameto genesis, fertilization, incubation
and liberation of the fully developed nauplii from the mantle cavity are well-defined phases and any
or all of them may be dependent on temperature.

Figure 16 shows the salinity data and temperature of the sea-water in Bombay Harbour for the
period 1953-56 and for 1963-64, The data on the atmospheric temperature and total hours of
sunshine as collected at Meteorological Station, Colaba, Bombay, has been presented in Table 1V,

TabLE 1V

Showing monthwise mean sea-water temperature, mean armospheric temperature and total hours of
sunshine during 1963-64

S, Period Mean seaswater Mean atimospheric  Range maximum Mean
Na, wemperature temperature temperature (° C,) sunshine (hrs.)
1 March 27-0 30-7 27:6-35:0 93
2 April 314 3241 29-6-35-4 10-1
3 May 330 334 32-6-34-1 10-4
4  June 306 32-0 27-7-35-0 575
5 July 29-0 3040 26-7-31+7 3-0
6 August 26+9 2940 26+4-31-3 2:2
7 September 2§-1 30-5 26-5-32-8 5-4
8  October 29-1 32:1 29-6-34-7 84
9 November 28+0 32-9 27-2-35-5 79
10  December 26+4 285 27-4-35:6 7-4
11  Jannary 24-4 277 23-8-34-6 9.0
12 Febroary 244 28-5 25-4-34-2 93

It is evident from Table IV and Fig, 16 that during March to June, the water t
is generally high. During November to February which are colder months in Bombayfr?ll:ee r\i:::;g
temperature remains at its lowest. As regards salinity, only during July to September low values
are noted, as a result of very heavy monsoon showers. In the midst of monsoon period, salinity
as low as 10%, has been recorded in Bombay waters. During other periods, salinity values remain
uniformly at 34-35%.

As has been mentioned earlier, alternation of the breeding and non-breeding phases i
may be attributed to specific environmen_tal conditions, including the temperat%:l% var?;:}o]z:asr?s c‘ll;t:
atmosphere (Barnes, 1959). The breeding pattern amongst the intertidal barnacles at Bombay
appears to be governed by these factors, During March to June when the sea-water temperature
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is high and the salinity is normal, development of the ovary leading to the subsequent emergence
of the Jarvae progresses rapidly. A similar condition prevails during the month of October also,
Lack of breeding during May in both the amphitrite varieties may be due to very high water tem-
perature {33°C.}. It may be mentioned here that Patel and Crisp (1960) have noted that variety
demticulata does not breed if the water temperature exceeds 32° C.  The effect of atmospheric tem-
perature on the breeding of the barnacles has been suggested by Barnes (1959). In Bombay, the
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' atmospheric temperature during May is maximum (33:4° C.). Incidentally the total hour of sun-
shine was also found to be maximum during this period (see Table 1V),

Lack of breeding observed during the monsoon (July to September) can easily be attributed
_to the Jow salinity noted during this period. [tis known that most of the fouiing organisms do not
survive under low salinity conditions, though some of them do tolerate very low salinities at certain
stations (Hutchins, 1952). Iyengar and others (1957) while rgporting on fouling in Bombay Har-
bour noted stunted growth during periods of low salinity, This author has also noted on various
occasions large-scale mortality amongst the barnacles examined at Chaupati and on the test panels
at Trombay. Under these severe conditions, cessation of gametogenesis and fertilization leading to
the failure of breeding activities can easily be understood.

Whereas during the monsoon, salinity becomes a controlling factor for breeding, during
" November to January it is the low temperature that affects the breeding., The poor growth index
and particularly poor maturity index (Table 1) noted in B.a. communis and Ch. malayensis suggest
that the low water temperature affects the maturation phase of the ovary. Increase in the tempe-
rature from the latter half of February promotes the maturation of the eggs and their subsequent
fertilization,

Observations on associates of Ch, malayensis,—Many workers have reported that amongst cer-
tain barnacles, parasitic castration is caused by the association of gregarfan protozoans and an iso-
pod Hemioniscus balani Bate (Crisp, 1960 ; Henry, 1938 ; Barnes, 1953). During the present investi-
gation in one of the barnacles, viz., Ch. malayensis two regular associates were encountered. These
were (i) Peritrichidan ciliate and (ii) Echiniscoides sp. (Tardigrada, Arachnida). Of these, former
was always found on the respiratory organ of the host and the latter was noted anchored on the
ovarian mass. Echiniscoides sp. is characterised by the presence of four pairs of stumpy legs pro-
vided with spini claws (8-9 in number) with oral stylets and a suctorial pharynx, It is thus well
equipped to suck and feed on the sap from the ovarian lamcllae ofits host. Echiniscoides are
interesting in their capacity for resisting desiccation during the low tides. They shrivel up with loss
of water, absorbing it again during the high tides, Judging from the-morphological and physiologi-
cal characters of Echiniscoides, it appears that this arachnid is a parasitic associate of Ch, m elayensis,

DiscussioN

Whereas there has been a phenomenal progress in the development of suitable bioassay pro-
cedures for testing the toxins against the terrestrial pest, a standardised bioassay for the marine
organisms is seriously lacking. A prerequisite for such work is adequate knowledge of the biology
of the organisms concerned. With this end in view, the present study was undertaken.

The cirriped fauna incident in Bombay waters is rich and varied. Of Ampbhirrite series alone,
there are seven varieties. Great care therefore must be taken in establishing the correct identity
of the barnacles before they are used as test organisms. Itis a well-known fact that closely related
species-may have different life-history patterns, different anatomical features, and different reactions
even though superficially they appear quite similar (see Turner, 1959), The observations on
systematics incorporated in this paper may prove useful in identifying the barnacles incident in

ombay-waters.

One of the most important preréquisites for rearing larval stages of barnacles under laboratory
conditions is adequate knowledge of the breeding habits and time and duration of their reproductive
phase. Such knowledge is also useful for assessing the results of the field toxicity tests. It has been
emphasised by Crisp (1956), Crisp and Spencer (1958), Becker (1959}, Bookhout and Crisp (1959)
anf Patel and Crisp (1960) that the liberation of the. larvae in the laboratory would be possible if
the breeding cycle of the animal is very well understood. In many western countries, this has been
bréught about by stimulating mature individuals with a hatching substance which is a metabolic
proguct of the barnacle tissue (Crisp and Spencer, 1958), Studies on the breeding of the foyy
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barnacles reported in this paper have indicated that it is possible to get a regular supply of larvae, -
not only during the natural phase of their breeding but during the non-breeding phase as well. This
can be accomplished under controlled laboratory conditions by suitably adjusting the temperature
and salinity conditions,
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SEASONAL SETTLEMENT OF MARINE FOULING AND WOOD BORING
CRUSTACEANS AT COCHIN HARBOUR, SOUTH.WEST COAST OF INDIA

N. BALAKRISHNAN NAIR
Oceanographic Laboratory, University of Kerala, Ernakwlam, India

ABSTRACT

The distribution and seasonal setilement of Balanus amphitrite communis Darwin, and Sphaeroma tere-
brans Bate were studied at Cochin harbour with the help of a system of short-term and long-term test panels.
The vertical distribution of these organisms was noted on experimental poles. The occurrence and relative
abundance of these organisms in the area have been examined during the pre-monscon, monsoon and post-
monsoon petiods, The influence of hydrographic conditions on 1he settlement and growth of these crusta-
ceans living in this estuarine habitat is discussed.

INTRODUCTION

A XNOWLEDGE of the composition, seasonal cycles in reproduction and settlement, growth rates and
ecology of sedentary organisms is an essential prerequisite for an understanding and interpretation
of the problem of marine fouling. This information must be supplemented by data on regional
differences in the occurrence and relative abundance of fouling organisms. In India the different
members of the fouling community have been identified and studied in some detail at Krusadai
(Kuriyan, 1950), Madras (Paul, 1942; Daniel, 1954; Antony Raja, 1958) and Visakhapatnam
(Ganapati ez a/., 1958). Practically very little information is available on the nature, periods of
settlement, and characteristics of growth and other ecological factors of the major fouling and wood
boring organisms of the west coast. Erlanson (1936) in her preliminary study of the marine wood
borers of Cochin Harbour gave brief references to the ‘surface growths’ on the wooden panels
installed at the north-east shore of the Willingdon Island and near the harbour entrance but her
findings were confined only to the low salinity period of this area, namely May to November, The
present paper presents part of the results of a detailed study based on the observations on a system
of testpanels on the settlement and distribution of two species of crustaceans, namely Balanus amphi-
trite communis (Darwin), a major component of the fouling community and Sphaeroma terebrans
Bate, a destructive isopod borer in the Cochin Harbour.

THE ENVIRONMENT

Cochin Port (Lat. 9° 58’ N., Long, 76° 15’ E} is a natural harbour (Fig. 2) on the south-west
coast of India and is part of a long chain of backwaters connected with the Arabian Sea on the west
by a gut about 450.m wide. To the north and south the harbour is continuous with extensive,
shallow brackish water lagoons which receive the waters of several large rivers, The Cochin Back-
waters form the northward extension of the Vembanad Lake (Fig. 1). Depth of the backwaters in
the vicinity of the harbour varies from one to five meters except in the three dredged shipping
channels, namely the Cochin Approach Channel, the Mattancherry Channel and the Ernakulam
Channel where the depth is maintained at about twelve meters for navigation,

This area receives the full benefit of the south-west Monsoon as well as some precipitation from
the north-east Monsoon. Of the total rainfall of t{us region more than half falls from May to
August, This causes a large inflow of {reshwater into the backwaters affecting the life of the
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organisms in this habitat, The hydrographical conditions are typically estvarine, being influenced

both by the sea and freshwater.
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Fig, 1. Map of Vembanad Lake and Cochin backwaters,

Based on the influence of the south-west monsoon and associated meteorological conditions
the year can be conveniently split into three well-defined periods having characteristic hydrographic
conditions. According to the trend of surface salinity of the Ernakulam Channel George and
Krishna Kartha (1963) recognised three seasons in any year, Nair (1964) has also recognised three
such periods based on the influence of the south-west Monsoon in this area in his studies of marine
fouling and wood boring organisms, The pre-monsoon (February to May) is comparatively 2 dry
period with very little rainfall and is characterised by a fairly uniform and high salinity and high
temperature for the surface water. The monsoon period (June to September) is characterised by
a very heavy rainfall and a consequent Jowering of the salinity of the surface waters which become
practicelly fresh, The surface temperature also falls during this season, The post-mopsoop
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(October to January) is a period showing an upward trend in surface salinity values with character-
istic fluctuations. An increasc in temperature is also evident,

Fic. 2. Map of Cochin Harbour showing the location of the test site. (1) Vypeen istand, (2) Fort Cochin,
(3) Wellingdon Istand, (4) Ernakulam, (5) Wallarpat Island, (6} Candle Island, (7) Bolghatty,
(8) Bar mouth, {9) Approach channel, (10) Mattancherry chamnel, {11} Frnakulam channel,
(12) Oceanographic Laboratory.

MATERIAL AND METHODS

Settlement of the foulers and borers was determined by exposing at the quay of the Oceano-
graphic Laboratory on the Ernakulam Channel a system of wooden test blocks 15% 10 X5 cm. cut
out from the soft tibmer Mangifera indica and conditioned for a period of 15 days by soaking in
fitteked sea-water, The blocks were suspended and kept in position at three levels (inter-tidal, below
‘_tbivl-‘w_ater and above mud-line), in two series (short-term and long-term) as shown in Tables 11 and
.LII. " With a view to getting a more detailed picture of the settlement of* barnacles and other fouling
wrganisms during the course of each month two series (A and B, see Table 1V) each consisting of ten
¢lear glass plates 12 X 10 cm. were exposed. These were secured endwise in a8 wooden rack which
- was suspended to lie at a depth of 15 cm. below the low tide level. The short-term panels (A series)
&v_pf_c_- put out and changed every three dai\;s while the ten units of the long-term series (B series) were

¢xposed together af the beginning of each month and examined one by one at the end of every three
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days. Thus Al and Bl were examined on the 4th of every month, Al was replaced by A2 which
was exposed along with B2 on the 7thand so on. These panels furnished a more accurate picture
of the settlement of barnacles for the different periods of each month as well as for the different
months of the year. The long-term panels of this series also provided data regarding the influence
if any exerted by those which have already settied, on the settling forms. The vertical distribution
was examined on old fender piles pulled out from the harbour as well as on experimental bamboo
poles installed for this purpose. Temperature and salinity were measured regularly during the
period of observation and the data presented represent the monthly averages of weekly samples.

RESULTS anD DiscussioN

. The results of the examination of the short-term and long-term test blocks (wood) are presented
in Tables Il and [1T. These give information regarding the settlement of Balanus amphitrite com-
munis and the invasion of the migrating crustacean, Sphaeroma terebrans during the different months
of 1963-64 at the three levels. The twelve sets of the long-term B series exposed in three bunches
of four each for each period as shown in Table 111 and removed one by one at intervals of thirty
days give an idea of the settlement of this barnacle for the respective period of immersion from one
.Eonih to four months and show how the monthly set is modified by animals already present on the
ocks.

It may be seen from Table I that out of a total of 1,276 barnacles that settled on the short-term
blocks during the pre-monsoon period 837 were on the intertidal blocks, 284 on the top blocks and
154 on the bottom blocks, the maximum settlement being on A4 exposed during the period 14 May
t0 14 June. The least settlement was recorded on Al exposed during 14 February and 14 March.
During the pre-monsoon period the blocks did not give any evidence of attack by the isopod borer.

TabLe 1

Monthly average of maximum and mininum temperature (atmospheric), relative humidity, monthiy rainfall, remperature
and safinity of the surface water at the Ernakulam Channel and at the fourth buoy beyord the barmouth
in the Arabian Sea for the period January 1963 to famary 1964

Atmospheric temp. *C Relative Ernakulam channel Fourth buoy
Month Rainfall  humidity
Maxjmum Minimom inmm. percentage Temp&rature Sal%Tity Temperature  Salinity

°C : °C,

January .. 315 22:4 25-0 66 28-10 32:56 2193 32-92
February .. 32-1 22:6 5-3 73 28-50 32-97 2800 3332
Maich 328 25-0 45-8 73 30-92 3323 31-25 33-76
April .o 330 245 | 634 72 32:33 33-47 3235 3377
“May o329 2547 120-8 79 32-35 33-48 31:50 32-50
June .o 305 240 440-9 80 28-70 1130 28:60 15:96
July 294 237 5255 87 28:40 246 27-55 11-94
. August .. 259 23-8 5398 86 28-85 1-43 27:50 15-2
September .. 301 238 4053 82 29-70 333 2832 14:38
‘October .. 304 239 2693 76 30-60 5.58 2900 22-97
MNovember .. 317 24-3 1531 73 29-23 ° 16:97 29-33 22-88
‘December .. 314 22-4 533 73 29-85 12:75 29-50 2047

Jasary .. 317 21-0  Trace 64 2800 31412 27-95 32-00
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sal. ./u

Fig. 3. Temperature, salinity and rainfall (IN.S. Garuda) data for the period of investigation.
¢1) Average maximum atmospheric temperature (LIN.S. Garuda), (2) Average water temperature
(surface), Ernakulam channel, {3) Average salinity (surface), beyond the
barmouth in the sea, (4) Average salinity (surface), Ernakulam channel, (5) Average
minimum atmospheric temperature (IL.N.8, Garuda},

The monsoon period characterised by important changes in the hydrographic conditions
(Table I, Fig. 3) infiuenced the nature of settlement of these crustaceans. The barnacle settiement
showed a steep fall the total settlement for the period being only 265, An examination of the figures
for the three levels, namely the intertidal block, the top block placed below low water mark and the
bottom block placed above the mud-line during this period seems to show a shift in the nature of
settlement from intertidal, through the top block to the bottom block. During June there is greater
settlement over the intertidal block than the other two blocks but this trend seems to have been
reversed by the close of the season when the intertidal block registered practicafly no attack. The
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TapLE 1T

Short-term blocks, A-series showing the monthly settlement of Balanus amphilrite communis and Sphacroma terchrans
at the three levels

Balanus amphitrite co iy Sphaeroma ferebruns
Period of Block Position of block Total Position of block Total
immersion No. —
Intertidal Top Botiom Intertidal Top Bottom

Pre-Monscon :
14 Feb. to 14 March .. Al 2 15 34 i 0 0 0 0
14 March to 14 April .. Az 19 17 kY 73 0 0 0 0
14 April to 14 May .. Al 207 47 28 282 0 0 0 o
14 May to 14 June oo Ad 589 205 53 847 0 0 0 o
Total for pre-monsoon . 837 284 154 1,275 0 0 0 0
Mottsoon:

1 June to 1 July . Al 40 22 16 78 0 0 0 0

1 July to 1 August .. Az 1] 0 1] Q 0 4 0 4

1 August to 1 Sept. .. A3 It 34 0 34 7 5 0 12

1 Sept. to 1 Oct. .. Ad 0 1 152 153 0 o 0 0
Total for Monsoon 40 57 168 265 7 9 0 16
Post-Monsoon: .

1 Ogct, to | Nov. .. Al 8 114 7 129 { 0 0 1

1 Nov. 10 1 Dec, .o A2 626 370 483 1,479 14 0 0 14

1 Dec. to 1 Jan. .. A3 46 44 4 94 15 0 0 15

1Jan. to 1 Feb. . Al 0 8 44 52 2 0 0 2
Total for post-monsoon .. 680 536 538 1,754 32 0 0 32
Total for the year . 1,557 877 860 3,295 39 9 0 48

Tamr I[A

Analysis of variance based on data presented in Table 11, A-sevies

Source of variation .. df 5.8, ms. F,

Between months . 11 116555-67 6514142 _ 6:98 +
Between levels .. 2 26347-17 [3173-59 1-41 N.S.
Error .. 22 205172-16 9326-01

Total .. s 948075-00
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overall picture indicates a reversal of settiement during this season. Another feature of this period
is the settlement of Sphaeroma terebrans which was conspicuously absent from the test blocks during
the pre-monsoon period. Though the record of their settlement over the short-tetm bloc!(s is not
very steady the data from the long-term blocks (Table ITI) show a fairly steady increase in settle-
ment over the blocks. More numbers of Sphaeroma settled over the intertidal blocks than either
the top or the bottom blocks.

During the post-monsoon period the overall paitern of settlement of the barnacles shows a
resumption of the trend noted during the pre-monsoon period. It is clear from Table II that while
over the blocks A2 and A3 more barnacles settled in the intertidal zone, over Al the maximum settle-
ment is over the top block and A4 has none in the intertidal region. The total for each level gives
the impression of a fairly uniform settlement at all the three levels with a small increase for the inter-
tidal blocks. In the case of Sphaeroma all the thirty-two specimens collected during the period
settied over the intertidal blocks. Sphaeroma settlement continued and reached a peak during
December as may be seen from both the short-term and long-term blocks.

TanLE 11

Long-term blocks, B-series showing the segsfentent of Balanus amphitrite communis and Sphaeroma
terebrans at the three levels during the respective periods of immersion

. Balanns amphisrite communis Sphacroma terebrans
Period of Block Position of the block Total Position of the block Total
immersion
Intertidal Top Bottom Intertidal Top Bottom

Pre-monsoon :

14 Feb, to 14 March .. Bl 22 15 34 71 0 0 1] a

14 Feb. to 14 April o B2 3 12 39 54 0 Q o 0

14 Feb. to 14 May .. B3 184 34 30 268 0 0 ] 0

14 Feb. to 14 June .. B4 22 29 59 110 0 0 0 0
Total for pre-monsoon .. 231 % 182 503 0 0 0 0
Monsoon

1 June to 1 July .. Bl 40 22 16 78 0 0 0 0

1 June to 1 August .. B2 0 0 0 0 1] 4 2 6

1 June to 1 Sept, .. B3 1] 0 g 8 ! 6 1 14

1 June to 1 Oxt, .. B4 0 9 287 296 32 5 0 57
Total for monsoon . 40 3 31t 382 59 is 3 77
Post-monsoon :

1 0ct. to 1 Nov. .. B 8 114 7 129 i 0 0 1

1 Oct. to 1 Dec. . B 80 50 76 206 2 0 0 2

1 Oct. to } Jan, .. B3 866 i5 81 962 166 18 3 187

1 Oxt. to 1 Feb, .. B4 27 6 4 37 16 1 0 17
Total for post-monsgon . 981 185 168 1,334 |85 19 3 207
Total for the year .. 1,252 306 661 2,219 244 3 6 284
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The data obtained from blocks of the B series ( Table 1) serve to confirm the observations from
the blocks of the A series. The number of barnacles remaining over the blocks at the time of exa mi-
nation after prolonged periods of exposure ranging from one month to four months need not give
a correct indication of the number that actuaily settled over the blocks. Owing to the interaction and
inftuence of several ecological factors, both physico-chemical and biological,there is the possibility
of the number of originally settied individauls undergoing changes leading to the survival and domi»
nance of entirely new forms in course of time. The very heavy settlement of generations of fouling
and boring organisms during the later part of the post-monsoon and the whole of the pre-monsoon
periods and the resulting competition of barnacles with oysters, encrusting bryozoans, and rapidly
growing mats of compound ascidians also will have to be taken into consideration while examining
the data of the long-term blocks. The slight disparities in the occurrence of barnacles over the
different test paneis can be explained in the light of this observation. However, it may be noted that
the overall picture confirms the general trend noted from the shori-term blocks.

A statistical analysis of the data based on Table Il regarding barnacle settlement as presented
in Table Hl A shows that the monthly variations are highly significant, This data, however, does
not indicate any significant difference in the nature of settlement between the levles. A more elabo-
rate experiment with replications during each month at the various levels might have brought out the
trend of barnacle settlement more clearly than has been noted from the analysis of the present data.

Table IV presents the details of the nature of settlement of B. amphitrite during the different
months from November 1963 to October 1964 on shori-term and long-term glass panels. This
series was devised with a view to following more closely the patiern of settlement of the fouler
during the different 3-day time intervals for each month and to find out the progress of settlement
during the course of each month, In spite of the fact that the period of exposure of the glass
panels and wooden blocks was not the same there is agreement with regard to pattern of settlement
during the two years, the maximum settlement being during the same period for both the serjes,
though the time of least settlement during the pre-monsoon showed a slight shift to April.

Table IV A presents the number of barnacles that settled during the ten 3-day intervals for each
month. There is some amount of variation between the numbers that settled in the ten intervals,
This may be called the *within-month’ variation. 1t is possible that there is a ‘between-month’
variation as well. To tesi if the varjation between the months is significantly different the data of
Table IV A was analysed by the usual method of analysis of variance. The results of the analysis
of variance are presented in Table ¥ A. It will be seen that the ‘between-month’ variation is highly
significant. Looking into the mean value of the number of barnacles that settled within a 3-day
interval for each month it was found that it varied from 0 in August to 169-2 in November. If the
month of November is exciuded the variation is from 0 to 17+6. So itis likely that the ‘between-

_month’ vatiation was found highly significant because of the high amount of settlement for the
month of November, An analysis of variance of the same data but excluding the data for November
is presented in Table V B. This shows that in this case the monthly variations are not significant,
The highest settlement obviously takes place for the month of November at a rate of 169 -2 per 3-day

-interval and though there is no statistically significant difference in the rate of settlement during

" the other months, the period July to September and January appear to be the months of least
barnacle settlement. :

Apart from taking 3.day-interval samples, samples of glass plates were also taken for the deter»
mination of barnacle settlement at the end of 3, 6, 9, etc,, days-intervals, These figures are given
for each month in Table 1V B, figures within brackets are the corresponding figures for the 3-day
intervals. This experiment was done with a view to finding out the effect of settied barnacies on
further settlement of barnacles. The relevant analysis of variance are presented in Table VC. It
" shows that the variations between months are as obtained from the short-term panels, highly si gnifi-
cant but no significant differences are seen between the different settlement showing that " already
settled barnacles have apparently no significant influence on the further settlement of barnacles.
‘The analysis with the exclusion of November shows the same types of results as obtained in Series A,

SM-Iv-3



TabLE IV

Details of the nature of settlement of Balanus amphitrite communis on short-term and long-term glass panels

g?)ie:r February March April May - June 3uly August September October November December January
panel A B A B A B A B A B A B A B A B A B A B A B A B
1 b ) 2 7 7 9 9 5 5 13 13 22 2 90 o 15 15 40 40 40 40 0 1] 0

2 15 19 3 2 6 4 5 7 12 i 0 0 O 0 13 65 73 104 427 387 ¢ 4
3 2t 61 3 117 1 47 2 55 4 45 0 0 0 4 ¢ 33 & 56 B8l 1,576 O 0 19
4 3 71 5 133 0 87 4 M8 17 48 0 0 0 0 o 39 0 38 320 145 O 9 0 13
5 73 347 4 83 1 58 0 118 35 185 0 0 0 e a 20 0 0 45 1,311 0 110 ¢ 30
6 3 295 2 195 6 538 O 55 0 220 o 0 O 0 1] 0 1] 20 8B40 0 168 13 123
7 o 226 1 48 0 34 3 233 0 210 0 0 O 1] 0 0 0 1] 973 0 91 O 10t
8 T 157 0 159 o 8Y 31 160 2 240 0 5 O Qo 0 0 a 4 1,188 5 97 0 137
9 34. 260 33 134 10 9 23 320 17 X0 0 O 0 0 0 1 0 'o0 0 1316 10 110 O 88
10 0 0 0 170 ¢ 255 19 317 0 345 o0 0 0O 7 16 35 0 o 20 1410 18 102 0O 2V
Total .. 176 1,457 58 1,172 33 738 92 1418 100 1,522 22 27 O 7 44 217 113 238 1,692 10492 33 776 13 789

Total settlement for pre-monsoon period—>3,144
Total settlement for monsoon period-—1,939 .
Total settlement for post-monscon period—14,146. A = short-termt panel, B = long-term panel.

9zl
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TABLE

VA

The settlement of barnacles during the 3-day intervals for each month during 1963-64

1263

A-series 1 2 3 4 5 6 7 8 9 i0 Mean
February . 20 15 21 3 73 3 0 7 34 . 17-6
March . 7 3 3 5 4 2 ! 0 33 0 5-8
April ‘e 9 6 1 0 i 6 0 0 10 0 3-3

¥ . 5 5 2 4 0 0 3 31 23 19 9.2
June .o 13 12 4 17 33 0 0 2 17 0 10-0
July . 22 0 0 0 0 0 0 0 0 0 2.2
August .. 0 0 0 0 0 0 0 0 0 0 0
September .. 15 13 0 0 0 0 0 0 0 16 44
October .. 40 73 0 0 0 0 0 0 0 0 11-3
November . 40 427 8i6 320 45 20 0 4 0 20 169-2
December 0 0 0 0 0 0 0 5 10 13 33
January . 0 1] 0 1] 0 13 0 )] (] 0 13

TotaL .. 171 554 847 349 158 44 4 49 127 73 2376
TARLE IV B

The settlement of barnacles at the end of 3, 6, 9-day intervals. Figures within brackets are the corresponding figures
or the 3-day intervals

Begeries 1 1 2 l 3 4 5 l 6 l 7 ’ 8 9 10 Total
February ..| 20 1% 6l 7 347 296 226 157 260 - 267.11
(20) | (9-5) | (20+33)| (17-75)] (69+4) | (4033) | (32.29)| (19+625)| (26+88) | (=)

Mach  ..| 7 26 17 133 83 195 148 156 134 170 21425

(1) (13; (39) (33+25)) (16+6) | (32:5) | (21+14)] (19:88) | (14+88} | (17+0)
Apri! R 4 47 87 i B8 58 34 87 o 2558 121-41
(9) (2) | (16-66)| (21-76); (11-6) | (9-88) | (4-86) (10-875)| (11:0) | (25-8)
May N 7 55 |ws s | s 233 | 160 320 a7 | ;178
(5) | (3-5) | (18-33)| (87-0) | (23+6) | (9+17) | (83+28)] (20+0) | (35-55) | (31:7)
June oo 16 45 48 |18 920 |20 |240 200 345 236+38
(18-0) [ (8-0) | (16+0) | (12+0) | (37+0) | (36466} | /30-0) | (30-0) | (22.29) | (34:6) |
July ] 22 0 0| o 0 0 0 5 0 0 22-68
(22:0) | (0) {0}_ b () ) () (0} (0-625} (0) (0)
Aggust .| 0 0 0 0 0 0 0 0 0 7 0:70
| f0) (0) {0) 0) (0) (0} (0) ©; {0) (0:7)
September «.| 16 b 33 39 20 5 0 4 1 as 77-19
(15+0) | (82-5) { (11-0) | (9-78) | {4-0) { (0-833)| (0) 6+50) | (0+11) | (8+5)
Octoler .| 40 104 5é 38 2 0 12 5 3 5 121+73
(40:0) | (52.0) | (18+86)| (95} | (0-4) | (0) (L71) (0+625)| (0-38) | (0+5)
Novemler ..| 40 387 1576|1460 (1311 840 978 (1189 1318 1410 |2098+37
(40) | (193-6)|(525-33)|(362.5) 1(262-2) l(140-0) [r139-0) |(148+62) |(146-22) [(141:0)
December ..[ 0 0 3 95 110 168 pl 97 110 102 12230
(0) ) (1.0) | (23-78)| (220} | (28:0) | (13+0) | (12:125)| (12-22) | (10+2)
Janawy .| 0 7 19 13 30 123 101 137 8 271 108-01
' {0) (3+6) | 633) | (3+25)| (6°0) | (20+6) | (14+48}| (17-225)| (9+77) | {27°1)
Mean .| 17100 | 31750 | 870-64 | 530-50 | 46280 | 326-85 | 289-71 | 280.03 | 281-18 | 201-20| .
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TasLE V A
Analysis of variance (taking all 12 monihs)

Source of variation .o dt LXN m.s, F
Between months - .e 11 24627560 22388-69 3-538%
Within months .. 108 683521-60 6328-90
Total L. 19 929797-20

TABLE VB

Analysis of variance (|1 months) excluding the data for November

Source of variation PR I 8.5 ms, F
Between months . 10 2780-76 278-08 1-862 N.5.
Within months .. 99 14782-00 149-31
Total .o 109 17562-76

Tapte VC

Analysis of variance of the data in Table IV B

Source of variation .. 4l 8.8, m.s, F
Between months .o 11 36007853 | 32734-41 18-563%
Between types e 9 16257-34 180637 1-024 N S,
Error .. 99 17457153 - 1763-41 .
Total .o 18 55091340

In Table VI is presented the details of the examination of old fender piles pulled out from the
harbour and the result of observation of a representative bamboo pole installed at the experimental
site to study the pattern of vertical distribution of the two crustaceans. It will be seen that the zone
of maximum settlement of these two species is almost the same, The noteworthy feature here is
the fact that these two species manage to share the same zone without serious competition. During
the monsoon period the region between the tide marks of piles is almost bare except for the growth
of a thin mat of Freen algae and is free from any serious obstruction by major fouling organisms.
"The major part of the barnacle populations of the pre-monsoon period has been killed and sloughed
off the substrata by freshwater. This secems to be advantageous for the settiement, without any
hindrance, of Sphaeroma which gets free access to the wood to begin its excavation, If the empty
shells of barnacles of the pre-monsoon still remain, the borers get an effective hiding place and partial
protection during the initial stages of burrowing. During the present study this borer was coltected
many times while taking shelter in the empty barnacle shells, Fresh Sphaeroma settlement in this
locality takes place before the great wave of barnacle cyprids that settle during the November-
December period, The sharing of this limited substratum by these two species lead to both intra
and interspecific competition in this Zone resulting in a spread of population upwards and down-
watds over the surface of a pile.

In any consideration of the patterns of the fouling process many factors will have to be taken
into careful consideration before drawing even tentative conclusions, Of these the intrinsic features
of the particular life-cycles, seasonal responses to the physico-chemical changes in the environment,
the availability of suitable substratum for settlement and competitive factors operating within estab-
lished communities are of great importance,

Animportant feature of the results obtained from the studies based on experimental test panels
is the influence of the seasons on the settlement of these crustaceans. Almost throughout the year
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TABRLE YI

Vertical distribution of Balanus and Sphacroma on old fender piles pulled out from the Cochin Harbour
and on a representative experimental bamboo pole installed ar the pier of the Qceanographic Laboratory

Height in cm. Old fender pile Old fender pile Oid fender pile Experimental
from 1 I I bamboo pole
i Tud-line

_ ’ Balanus Sphaeroma Balanus Sphaeroma Balanus  Sphaeroma  Balumus  Sphaeromo
- 240-270 0 0 0 0 12 0 0
© 210-240 2 10 10 n 0 0
180-210 600 12 430 41 1200 58 1580 3
150-180 94 9 60 8 180 40 550 1
120-150 30 1 45 2 43 12 113 1
90120 24 0 30 1 a8 13 340 0
60- 90 13 0 35 0 17 2 210 0
- 60 24 ¢ 40 ¢ k| 7 80 o
0- 30 100 1 78 5 94 0 129 0

- the larvae of B. amphitrite settled on newly s_ub_mcgged panels but the settlement showed significant
' monthly variations in its intensity. This variation in settlement may either be the result of seasonal
“rhythms in reproduction or the peculiarities of the prevailing hydrographic conditions characteristic

“of this locality or both.

At Madras and Visakhapatnam B. amphitrite communis is reported as a continuous breeder
(Paul, 1942; Ganapati ef al,, 1958). The settlement based on weekly attachment on test panels
- shows {see Daniel, 1954) variations during the different months of the year. According to Pillay
(1958) this barnacle breeds throughout the year along the Kerala Coast. During the high salinity
period (December to April) the number of larvae in the plankton and the number of settled stages

_ on test panels show maximum intensity. However, during the rainy months (May to August) when
- the salinity is tow (6 or 7%,) their number is also very low indicating relationship between the two.
Pitlay (Joc. cit.) also noted the presence of large numbers of larvae in the brood pouch even during
the rainy months which indicates that they are capable of reproduction if conditions are favourable.
_Therefore, the comparative freedom from the settlement of barnacles on surfaces in this area during
the major part of the monsoon period is attributable to the seasonal changes in salinity which acts
_as a limiting factor. At this stage it will be interesting to analyse the hydrographic conditions of
" this area during the different seasons and their possible effects on barnacle and Sphaeroma settlement,

A dominant feature of this region is the influence of the south-west monsoon which brings about
important changes in the hydrographic conditions of this area (Table I). The pre-monsoon
(February to May) is characterised by very little rainfall and the salinity of the harbour area js
uniformly high almost equal to that of the inshore water. This condition remains till about the end

_of May depending on the onset of the south-west monsoon rains, During the pre-monsoon the
surface temperature also shows a high value. According to Ramamirtham and Yayaraman (1963) the
important features of the bottom water during this period are a gradual warming up with very little

- difference between surface and bottom temperatures owing to vertical mixing, fairly uniform salinity

" conditions and an intrusion of more saline water from the sea to the estuary. The conditions pre-
vailing during the pre-monsoon closely approximates to those in the inshore waters allowing the

- pormal settlement of barnacles in this estuarine aren and the pattern of settlement during this period

- can, therefore, be considered that which is normal for the species, According to this assumption
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this species seems to settle in greater numbers inthe intertidal region and capable of spreading
downwards when conditions become unsatisfactory.

The monsoon period (June to September) is characterised by very heavy rainfall. By about
the end of May orearly June there is a sudden drop in the salinity of the surface waters owing to the
commencement of the rains. During this period the surface layer consists practically of freshwater
as a result of the heavy rains, land drainage and the inflow of great quantities of freshwater into the
Vembanad Lake and the Cochin Backwaters through the large rivers. The tidal influence during
this season is slight due to the high water level in the backwaters and the consequent powerful sea-
ward flow of freshwater on the surface leaving the cold, dense layer of sea-water at the bottom,
This causes a sharp gradient of salinity between the surface and the boitom. By the onset of the
monsoon the surface temperature falls and then remains almost steady at that level till about the end
of the season. Though the bottom temperatures during June are not very much different from that
of the surface, two rapid falls have been noticed in succession one in July and another just after
August-due to the intrusion of low temperature water from the sea causing steep vertical thermal
gradients between surface and bottom temperatures (Ramamirtham and Jayaraman, 1963).

The great reduction of the salinity especially at the surface and the consequent salinity gradient
between the surface and the bottom may be responsible for the slight reversal of the pattern of settle-
ment of the barnactes noticed during this season (Table [1). The barnacles colonising the intertidal
zone are found to be dead during the monsoon period. The conditions prevailing during the later
part of the season and the early half of the post-monsoon seem to be suitable for the settlement of
Sphaeroma. No information is available regarding the migratory habits and period of attack on
fresh surface by Sphaeroma though the allied Isopod borer Limnoria has been studied in great detail
(Kramp, 1927; Johnson, 1935; Somme, 1940; Menzies, 1957; Nair, 1962; Nair and Leivestad,
1958; Eltringham and Hockley, 1961). In India Limnoria is not a serious pest in spite of the fact
that nine species have so far been reported from the Indian waters, Literature concerning the biology
of S. terebrans contains no observations on seasonal variations in the attack. To elucidate the
question whether invasion of Sphaeroma takes place in a restricted season in this habitat or does it
occur evenly throughout the year, the system of test blocks gives a direct answer. 1n Cochin Har-
bour the first evidence of migration based on their settlement on fresh surfacesis from A2 and
B2 monsocn blocks. The B series give the impression of a seasonal migration by these crustaceans
during the monsoon and post-monsoon periods while the pre-monsoon period characterised by high
temperature and high salinity registering no fresh attack either on the short-term or on the long-
term blocks. Apart from the reproductive rhythm many other factors also serve to influence heavy
settlement of barnacles. Skerman (1956) noted in Auckland Harbour that silt or other suspended
detritus in sheltered regions can get incorporated in the slime films that develop on panels and these
granular films can promote barnacle settlement on these surfaces. However, he observed that con-
tinued deposition of this material may affect the survival of these pioneer populations. By the on-
set of monsoon rains in June, the silt-laden waters drained into the Jake and backwaters by the rivers
raises the turbidity in the area and a fine silt readily settles on the panels. The greater settlement
noticed on the short-term wooden panels and both the short-term and long-term glass panels in
May-June period may be attributed to this silt factor also.

During the post-monsoon (October to January) an upward trend in surface salinity values is
evident owing to a general decrease in rainfall and increased evaporation and tidal influence.
A progressive mixing of sea-water with the freshwater leading to a general increase in salinity is also
evident. This period, however, does not show a steady increase in salinity values but shows fluctua-
tions due to precipitation under the influence of the north-east monsoon. The increase in tem-
perature of the surface water initiated in September is maintained about that level until almost
December and the bottom water also shows evidence of warming up. .

It is interesting io note that during this period with characteristic salinity fluctuations the
barnacle settlement also shows variations in its pattern at the three levels,
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From these observations some tentative conclusions can be drawn regarding the period and
pattern of settlement of these two species of crustaceans and their practical applications, Balanus
amphitrite settles most abundantly during the post-monsoon period with a distinct peak of seftle-
ment during November-December period. Balanus settlement is heavy during the pre-monsocon
period. Their settlement is least during the monsoon period, July and August being months with
very sparce settlement. This information has important practical value, The period of comparative
freedom from barnacle fouling can be effectively exploited by mooring the ships in areas with fresh-
water influence in the harbour, This procedure will aid in preventing fresh settlement of these
organisms, It will also have an added advantage of a partial cleaning effect on the hulls especially
at the upper zones where a sloughing action can be expected as a result of freshwater influence.
However, caution needs to be exercised in relying too much on these results. Variations in hydro-
graphic conditions can upset and alter the settling periods and therefore, due allowances must be
given for such changes while considering the time of settlement of this species,

A precise knowledge of the period of swarming and the time and region of maximum seftlement
of marine crustacean borers will be of value for protecting wooden structures from their ravages,

From the data available at present it seems that the best period for dry-docking and repainting
of the hulls of boats and ships of this area is during the November-December period. By this pro-
cedure the vessels can avoid the peak settling period of both foulers and borers. The fresh anti-
fouling paint on the hulls with its full properties will be most effective during the rest of the post-
monsoon and pre-monsoon periods. The few that may settle will get sloughed off during the
monsoon period. This schedule will help to keep the hulls of vessels almost completely free from the
attachment of barnacles. Thus by a planned procedure heavy barnacle settlement on the huils of
ships can be controlled to a very considerable extent,
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BIOLOGICAL ANALYSES OF SPHAEROMA ATTACK ON TIMBER TRFATFD WITH
CONVENTIONAL WOOD PRESERVATIVES

P. A. JoHN
Marine Biological Laboratory, University of Kerala, Trivandrum, India

ABSTRACT

A study was made of specimene of Sphaeroma terebrans that had attacked test pieces of timber treated
with pure creosote, copper-resinate, creosote-coal tar 70: 30, and creosote-coal tar 60: 40, Data are given
to show the relationship of the four types of presérvatives with regard to the intensity of attack, interval
before first attack, depths of the burrows, size of animal and reproduction capabilitics. The data give the
clues about the relative efficacy of the four preservatives,

INTRODUCTION

NEARLY twenty-five species of Sphaeroma have so far been recorded.  Of these only about ten species
are known to burrow into wood or stone (Barrows, 1919; Richardson, 1910; McNeill, 1932;
Calman, 1936; Pillai, 1955 and Shino, 1957). Detailed information on the destructive activity of
Sphaeroma, when compared with that of its nearest ally Limnoria and that of the teredenids is rather
meagre, This appears to be mainly because Sphaeroma is very active only in typical estuarine
habitats. '

Cochin Harbour, 76° 14’ E. and 9° 57' N., offers such a habitat and S. rerebrans Spence Bate
is vary abundant here. The present paper presents data together with certain conclusions about
the relative efficacy of four preservatives, based on the attack of §, terebrans on treated wood.

PROCEDURE

Test pieces of Pinus longifolia with dimensions of 18" X 13" x 13", treated under pressure, with
pure creosote, creosote-coal-tar mixtures 70: 30 and 60:40 and copper resinate were exposed in
the Cochin Harbour to the attack of Sphaeroma from February to December 1963, The test pieces
under a particular treatment consisted of a set of nine samples. Counts of the number of individuals
of S. terebrans on each test piece were made once in every thirty days. The data presented on the
intensity of attack under a given treatment is the average of the number of individuals present on the
nine test pieces which formed one set under a particular treatment. For determining the size
groups and reproductive capabilities, a single representative_ test piece each of a treatment was split
open and the animals measured individually from their anterior to the hind ends of the telson. They
were then dissected out to count the intra-ovarian and brood pouch stages within them.

RESULTS

Imtensity of attack under the different treatments and the interval before the first attack
occurred.—The preservatives used showed total resistance to Sphaeroma for varying periods and
Table I shows the number of days under each treatment, before signs of any attack was evident, ang
also the intensity of occurrence of the animal after three hundred days’ exposure, '
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TasLE [

Interval before the first attack occurred and the intensity of occurrence of the animal (average of the intensity of
nine test pieces each)

Pure  Creosote |- coal-tar Creasote 4- coal-tar Copper
70: 30 60: 40

creosote resinate
Number of days before (he first attack occurred .. 210 210 150 135
Number of individuals after 300 days - 16 24 56 . o4

It will be seen that test pieces treated with pure creosote and 70%, mixture of creosote with coal-
tar resisted the attack of Sphgeroma for a longer period than the others and that those treated with
copper resinate showed resistance for the minimum period. It will also be seen that after three
hundred days, the maximum number of individuals was present on test picces treated with copper
resinate and the minimum on those treated with pure creosote. In the case of the mixtures with
coal-tar, the intensity of Sphaeroma increased with the percentage of coal-tar in the mixture.

The rate of increase of population of Sphaeroma under each treatment —Table 11 gives the num-
ber of individuals of Sphaeroma found on a single test piece of each treatment for successive months
after the first attack was noticed. The data will work out to a 135%, increase of population in the
case of creasote, 167%, for the 70%, mixture with coal-tar, 520%, for the 60%, mixture and 603%, for
the copper resinate. This again shows that pure creosote and a higher content of creosote in the
mixture with coal-tar showed substantial resistance to the increase of population while copper-resi-
nate and 60% mixture of creosote with coal-tar failed to have exerted little influence against the
increase of population,

TapLe 11
Counts of Sphaeroma on a single rest piece during successive months

Pusre Creosote + coal-tar Creosole -+ coal-tar  Copper
70: 30 60: 40

creosoie résinate

After 4 months . Nil Nil Nil 3
After 5 months . Nil Nil

After 6 months i Nil Nil 2 13
After 7 months - 6 13 3 44
After 8 months o 8 45 15 75
After9months] .. 17 56 25 94
After 10 months . 10 7l 52 94

Extent of burrowing activity.—The depth of the burrows occupied by each individual at the end
of the experiment was measured from a single test piece under each treatment and Table 111 gives
the depth classes of the burrows on the test pieces.

. It shows that the average depth of a burrow in creosoted samples was 0-5 mm., in samples with
creosote mixture of 709, with coal-tar it was 10.mm., in those with 609, mixture it was 9 jm, and in
those with copper resinate it was 18 mm. o .
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Tanve II0
The number of burrows in each depth class

Pure  Creosote - coal-tar Creosote +- coal-tar  Copper
creosote 704 30 60: 40 cesinate

mm.
1-3
3-5
5-6
6- 9
9-11
11-13
13-15
15-19
19-20

14 1 6 CONi
Nil 6 10 Nil
3 Nil 19 6
Nil Nil 6 Nil
2 Nil 5 1
1 Nil 10 2
Nil 4 6
Nit Nil 40
1 1 2

Size of the animals,—The number of animals that occurred in the different length groups, at
the end of the experiment from the representative test pieces is given in Table IV, The data will

wotrk out to the following:

TaBLE IV

Nauamber of animals thar occarred in different length groups (from a single test piece each)

Pure Creosote 4- coal-tar Creosote 4 coal-tar  Copper
¢reosote 70: 30 60: 40 Tésinate

12
n

wWoh W h 0 D

2 1 1 4

Nil 2 Nil 5

Nil Nil 3 -
21 Nil Nil 7

Nil Nil ’ Nil Nil
Nil Nil 20 Nit
Nit Nil " Nil 8

Nil Nil Nil Nil

12 15 ] Nil

5 5 37 109

The average length of an individual from creosoted samples was 5-4 mm., that from samples
with 70% mixtures of creosote it was 5-2 mm., in those with 60% mixture of ¢reosote it was 49 mm,
and in copper resinate-treated pieces it was 4-4 mm, i
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Reproductive capabilities.—The realised reproductive performance of a population may be
measured in the number of surviving young ones at a given time (Beckman ef a/., 1957}, Table V
shows the number of young ones, intraovarian and brood pouch and just hatched ones found on the
representative test piece of each treatment. The data show that there were 505 young onés per
gravid female in the creosoted sample, 46 in the test piece treated with creosote mixture of 70%, con-
tent, 29 -2 in that trzated with 609 mixture of creosote and 42 5 in that treated with copper resinate,

TapLe V

Number of individuals as per their state of maturity

Pure Creosote -+ coal-tar Creosote + coaltar  Copper
70: 30 60: 40

Creosote resinate
Females . 2 2 20 20
Males ‘e 1 Nil 4 4
Intraovarian stages . 2 28 272 206
Brood pouch stages . 52 45 263 367
Juveniles ve 17 19 50 117
Discussion

Unlike the boring molluscs which are incapable of discarding their burrows once they have
made one, adult Sphaeroma are capable of migrating to new surfaces if the conditions at a particular
place is found unsuitable. The young ones of Sphaeroma possess all the structural features of the
adult except the seventh pair of pereiopods. They cluster around their parents for two or three days
after hatching and then make independent burrows. Thus, while in the case of molluscs, initial
settlement is effected by the larval stages which are practically defenceless, in the case of Sphaeroma
it is made by the aduits and juveniles which are also equally hardy as the adults. So, if in the case
of boring molluscs the preservatives can be aimed at taking advantage of the larval stages which
may be vulnerable to even small doses of toxic substances, inthe case of Sphaeromait hasto be
" sufficiently toxic to kill the hardy adulis and the juveniles.

In evolving a successful preservative against Sphaeroma its feeding habit has also to be taken
into consideration. Whether the wood is bzing actually digested or not, the molluscan borers as
well as the other isopod wood borer Limnonia (Lane, 1959) pass the particles of wood through their
gut to the outside of the burrow. But Sphaerema while burrowing, merely wafts out the particles

" of wood by the fanning movements of the pleopods (John, 1962). In view of this, 2 preservative,

- gven if it is toxic and impregnated in wood, has little chance of coming into contact with the inner
“tissues of the animal, This makes it imperative that instead of trying to kill the animals with the
preservative, it should have chemical or physical properties which will render them a strong
repellant, preventing the settlement of the animals,

From the data it was seen that among the four preservatives used, the rate of increase of popu-
lation and the intensity of occurrence of the animal was minimum in pure creosote-treated pieces.
A higher content of creosote, in mixture with coal-tar, also seems to have fairly withstood the fresh
settling of Sphaeroma, In both the cases the interval before the first attack occurred was also the

“maximum. This shows that pure creosote can act as a repellant to the attachment of Sphaeroma.

It was seen that the incidence of Sphaeroma is increased in proportion to the content of ¢oal-tar in
the mixture with creosote and that it was maximum in copper resinate-treated pieces. This shows
that copper-resinate and coal-tar has little effect as repeﬁants against Sphaeroma,
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|After once settled, creosote seems to have had little inhibitory effect on the normal activities
of Sphaeroma because it was seen that the growth rate and reproductive capabilities were maximum
in the animals occupying the creosoted samples. This shows that even though creosote may be
a better repellant than coal-tar and copper resinate against Sphaeroma, it has little effect on its meta-
bolic activities. It may therefore bz not wrong to presume that none among the four preservatives
tried can be claimed as totally efficient against the attack of S. terebrans on wood.
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THE ROLE OF CRUSTACEA IN THE DESTRUCTION OF SUBMERGED TIMBER

N. KrisHNA PILLAL
Marine Biological Laboratory, University of Kerala, Trivandrum, India

ABSTRACT

During the last fifty years considerable atiention has been paid to the study of the marine animals, which
directly or indirectly bring about the deterioration of submerged timber, They belong 1o two groups,
molluscs and crustaceans. A lot of work has been done on the molluscan wood-borers but even now infor-
mation on the crustacean wood-borers is scanty. The present paper gives a classified list of the crustaceans
which are known to bore into timber and a resume of the published information on their biology.

INTRODUCTION

DuURING the last fifty years marine animals which directly or indirectly cause deterioration of sub-
merged timber attracted the attention of biologists and harbour engineers. These animals mainly
belong to two groups, Mollusca and Crustacea. The molluscs have been fairly extensively studied,
but no comparable work has been done on the crustaceans.

The crustacean wood-borers belong to three families, Chsluridae, Limnoriidae and Sphaero-
midae; the first belongs to the order Amphipoda and the other two to Jsopoda. From the waters
around the Indian mainland Chelura has not so far been recorded. Six species of Limnoria have
been recorded but none of them is abundant enough to cause any appreciable damage. Four species
of Sphaeroma have so far been recorded. Of these three are very abundant, Underwater wooden
structures, especially those standing in estuarine waters, are heavily attacked by Sphaeroma.

Limnoria, particularly L. lignorum, has a world-wide distribution and hence attracted the atten-
tion of biologists very early, Consequently the biology of Limnoria is fairly well known. On the
other hand, Sphaeroma has a rather restricted distribution and causes serious damage only in
estuarine waters. Hence the biology of Sphaeroma is little known. In the present report I have
summarised the available information on marine crustacean borers with the hope that it may prove
of some value to those engaged in the study of these animals, especially in Indja,

TAXONOMY
Order .. AMPHIPODA
Sub-Qrder .. GAMMAROIDEA
Family .+ CHELURIDAE
Genus .+ Chelyra Philippi

Chelura terebrans Philippi (Barnard, J. L., 1950, p. 90, pls. 32-33; 1959, p. 4, figs. 1, 4, F~G).

Genus Trapichelura J. L. Barnard
Tropichelura insulge (Calman) (Barvard, J. L., 1939, p. 6, figs. 2, 4, C-E).
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Genus Nippochelura J. L. Barnard

Nippochelura brevicauda (Shiino) (Shiino, 1957, p. 186, figs. 13-15, Chelura; Barnard, J. L., 1959,
p. 6, figs. 3, 4, A-B).

Order .. ISOPODA.
Sub-Order .. FLABELLIFERA,
Family .. LIMNORHDAE,
Genus .. Limnoria Leach,
Sub-genus .. Limnoria Menzies.

Limnoria lignorum (Rathke) (Shiino, 1950, p. 334, figs. 1-3; Menzies, 1957, p. 123, fig. 9).
Limnoria pfefferi Stebbing (Stcbbing, 1905, p. 714, pl. 53 a; Menzies, 1957, p. 135; fig. 15).
Limnoria japonica Richardson (Richardson, 1909, p. 95, fig. 21 ; Menzies, 1957, p. 165, figs. 27-28),

Limnoria septima K. H. Barnard (Barnard, K. H., 1936, p. 174, figs. 11-12; Menzies, 1957,
.p. 168, fig. 29).

: Limporia quadripunctata Holthuis (Holthuis, 1949, p. 16?,'ﬁg. 2; Menzies, 1957, p. 127, figs. 10-14).
Limnoria tripunctata Menzies (Menzies, 1951, p. 86, pl. 36; 1957, p. 137, fig, 16).

Limnoria platycauda Menzies (Menzies, 1957, p. 139, fig. 17).

Limnoria saseboensis Menzies (Menzies, 1957, p. 141, fig. 18).

Limnoria simulata Menzies (Menzies, 1957, p. 144, fig. 19).

Limnoria multipunctata Menzies (Menzies, 1957, p. 170, figs. 30~31),

Limnoria unicornis Menzies (Menzies, 1957, p. 173, fig. 32).

Limnoria faveolata Menzies (Menzies, 1957, p. 175, fig. 33).

Limmoria sublittorale Menzies (Menzies, 1957, p. 175, fig. 34).

Limnoria inswlae Menziss (Menzies, 1957, p. 178, fig, 35).

Limnoria indica Becker and Kampf (Becker and Kampf, 1958, pl 1, figs. 2-3; Pillai, 1961, p. 23,
pl. 2, figs. 4-5, t.-figs, 11-12),

Limnoria carinata Menzies and Becker (Menzies and Becker, 1957, p. 88, ﬁ.gs, 1-3).
Linmoria bombayensis Pillai (Pillai, 1961, p. 29, pl. 2, fig. 6, t.-fig. 16).

Limnoria magadanensis Jesakova (Jesakova, 1961, p. 180, figs, 1, 2, 5; Kussakin, 1963, p, 287, figs.
1C, 4.

" Limnoria borealis Kussakin (Kussakin, 1963, p. 287, figs. 1, d-f, 5, 6).

Sub-genus Phycolimnoria Menzies

Limnoria segnis (Chilton) (Chilton, 1883, p. 76, pl. 2, fig. 1; Menzies, 1957, p. 182, fig. 37)

Limnoria anfriarctma (Pfeffer) (Pfeffer, 1887, p. 96, pl. 2, figs. 12-13, pl. 5, figs, 2-22; Menzies, 1957,
p. 180, fig. 36)

Limnoria algarum Menzies (Menzies, 1957, p. 146, figs. 20-21).
Limnoria segnoides Menzies (Menzies, 1957, p. 184, fig. 38),
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Limnoria nonsegnis Menzies (Manzies, 1957, p. 186, fig. 39).

Limnoria rugosissima Menzies (Menzies, 1957, p. 189, fig. 40).

Limnoria stephenseni Menzizs (Menzics, 1957, p. 189, figs. 41-42).

Limnoria bituberculata Pillai (Pillai, 1957, p. 151, figs. 1-2; 1961, p, 31, pl. 2, fig. 7, t.-figs. 17-18),
Limnoria sinovae Xussakin (Kussakin, 1963, p. 281, figs. la, 2).

Genus Paralimroria Menzies

Paralimnoria andrewsi (Calman) [Calman, 1916, p. 184, pl. 5, figs. 7-14 (Limnoria); Menzies,
1957, p. 148, figs. 22-24). j

Family SeHAEROMIDAE

Genus Sphaeroma Bosc

Sphaeroma terebrans Spence Bate (Spence Bate, 1866, p. 28, pl. 2, fig. 5; Stebbing, 1904, p. 16, pl. 4;
Pillai, 1961, p. 2, pl. 1, fig. 1, t.-figs, 2-3}.

Sphaeroma walkeri Stebbing (Stebbing, 1905, p. 31, pl. 7; Pillai, 1961, p. 8, pl. 1, figs. 2-3, t.-figs.
4-5). }

Sphaeroma annandalei Stebbing (Stebbing, 1911, p. 181, pl. 10; Pillai, 1961, p. 13, pl. 1, fig. 4, t.-figs.
6-7).

Sphaeroma triste Heller (Heller, 1868, p. 142, pl. 12; Barnard, K. H., 1936, p. 177, fig. 13 a; Pillai,
1961, p. 17, pl. 2, figs. 2-3, t.-fig. 9).

~ Sphaeroma sieboldii Dolifus (Dolifus, 1889, p. 93, pl. 5, fig. 3; Shiino, 1957, p. 161, figs. 1-3, 12).
Sphaeroma retrolaevis Richardson (Richardson, 1904, p. 47, fig. 23; Shiino, 1957, p. 167, fig. 4-6, 12).

Sphaeroma quoyana Milne Edwards (Paradice, 1926, p. 319; Chilton, 1911, p. 134; Nierstrasz, 1917,
p. 106).

Sphaeroma pentodon Richardson (Richardson, 1905, p. 286).

Sphaeroma peruvianum Richardson (Richardsen, 1910, p. 83).

Sphaeroma laeviusculum Heller (Heller, 1868, pl. 138).

Sphaeroma exosphaeroma Boone (Boone, 1918, p, 599; Nierstrasz, 1930, p. 8.

Sph“fﬁ%’-}m oble'gg;n Dana (Dana, 1853, p. 779; Kossmann, 1880, p. 112; Thompson and Chilton,
s P .

Sphaeroma granti Walker and Scott (Walker and Scott, 1903, p. 218).
Sphaeroma---sermmm Fabricius (Stebbing, 1910, p. 220; Torelli, 1930, p. 303).
Sphaeroma bigranulatum Budde-Lund (Budde-Lund, 1908, p. 304),

Sphaeroma tuberculato-crinitum Hildendorf (Hildendorf, 1878, p. 846).
Sphaeroma propinguum Nicolet (Gerstaecker and Ortmann, 1901, p, 264).
Sphaeroma laevigatum Philippi (Gerstaecker and Ortmann, 1901, p. 264).
Sphaeromd gayi Nicolet (Gerstaecker and Ortmann, 1901, p. 264).

" Note: The above list may probably include species of doubtful validily. It is also not sure that all are
wood-borers.
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DISTRIBUTION '

Chelurids have a comparatively restricted geographical distribution. . terebrans is the most
widely distributed and has been -recorded from several localities in thé Western and Northern
Atlantic, Mediterranean, Black Sea, South-Eastern Atlantic and South-Western and Eastern Pacific,
J. L. Barnard (1959) has given a list of the actual localities. T. insulae has been recorded from
the Hawaiian, Caroline and Mariana islands in the Pacific, Costa Rica, Trinidad and Puerto Rico
inthe Caribbean Sea and Christmas island in the Indian Ocean. N, brevicauda has so far been
recorded only from Misaki, Japan, ‘ 3

‘Because of the large number of species involved and the absence of precise information, it is
rather difficult to summarise the data on the geographical distribution of Limnoria. Menzies (1957)
observed that no species of Limnoria has been found living in truly arctic water though L. lignorum
is found to occupy the fringe of the Arctic, Only L. lignorum among the known species has a truly
boreal distribution, Likewise only one species, L. quadripunctata, is known as a typical temperate
water species. L. tripunciatq has adistribution extending from the temperate to the tropical waters.
A vast majority of the known species inhabit tropical waters and, therefore, limnoriids can be
congidered as an essentially warm water group of animals. '

The distribution of Sphaeroma is still less nnderstood. Members of the family Sphaerocmidae
attain maximum development in tropical waters and are poorly rapresented elsewhere. Among
the species recorded from the Indian waters only three have a wide distribution. S. annandalei has
been recorded from South Africa and India, §. walkeri from South Africa, Suez Canal, Egypt, India,
Ceylon and New South Wales. S. terebrans, the most destructive of all the species, has a truly
ciroumtropical distribution and is kuown from the Mediterranean, North Africa, South Africa,
Congo, Mosambique, Zanzibar, India, Ceylon, Queensland, Florida and Brazil. Thedistributional
pattern appears to indicate that uniformly high temperature is essential for their maximum develop-

ment.

FacTORS INFLUENCING THE DISTRIBUTION OF THE CRUSTACEAN BORERS

Among the factors which directly or indirectly affect the distribution of the crustacean borers
the most important are salinity, temperature and the availability of food,

Salinity

Limnoria and Chelura are truly marine animals and have so far been known to inhabit only the
open sea or harbours directly connected with the sea. It has been reported (Menzies, 1957) that
they cannot survive a day in freshwater. So also areas having uniformly low salinity below 10
or those having widely fluctnating salinity (0-00— to 35-00%,) are unfavourable for the establishment
and growth of Limnoria. Menzies (1957) concluded that field data on the salinity tolerance of
Limnoria is conflicting and in several cases erroneous and that the animal appears to be moderately

euryhaline,

Sphaeroma is extremely curyhaline. All the sphaeromids are inhabitants of littoral waters and
slow acclimatisation to gradual variation in salinity inherent in the littoral, appears to have helped
them to invade and colonise estuaries and brackish water localities. At least one species, S, rere-
brans, can tolerate even absolutely freshwater for polonged periods. According to McNeil (1932)
this species is 2 most adaptable one and has been recorded from freshwater in the Brisbane river.
The distribution of ths Indian species is very significant in this context. S. rriste has so far been
tollected only from the open sea. S. walkeri is predominently marine but stray individuals wander
into the bar mouth of the lakes. S. amnandalei is present in the sea but is more abundant in typi-
cally estuarine localities, On the other hand, S. ferebrans has become an exclusively brackish or
freshwater form. In the backwaters of Kerala (West coast of India) it is extremely abundant byt

SMulV-3
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during my szveral collection trips I have not seen it in any typically marine localities. What we find
here is the progressive evolution of a group of typically marine animals into brackish and freshwater
forms (Pillai, 1961, p. 35).

Temperature

According to J. L. Barnard (1959) the winter isotherm of 22 °C. in boith hemispheres provides
an effective isolation between C. terebrans and T. insulae. The former is restricted to waters colder
than 22° and the latter to waters warmer than 22°, Chelurids have not been recorded from the
immediate vicinity of India but 7. insuiae can be expected to inhabit these waters.

In the case of Limnoria much morz field data is necessary for arriving at any definite conclusion
about the effect of temperature on their distribution. Menzies (1957, p. 156) observed that tempe-
rature above or below an optimal range might adversely affeci a species by killing the adults,
causing a cessation of the breeding activity or slowing the rate of egg production. But the informa-
tion so far gathered from laboratory experiments and fizld observations has shown that the critical
range of temperature, both optimal and minimal, varies for different species. Depending on tem-
perature Menzies broadly grouped Limnoria populations into five categories, arctic, boreal, temperate,
temperate-tropical and tropical. It may, however, be remarked that there is considerable
overlapping in the known distribution of many species. This is quite natural since the borders of
two zoogeographical realms can always be inhabited by the representatives of both the realms.

As stated above the wood-boring species of Sphaeroma are more or less confined to the tropical
waters where uniformly high temperature prevails, In the backwaters of Kerala shallow bodies
of water get isolated during low tide. In such temporary pools the temperature sometimes goes
up to nearly 40 or 50°C. Yet Sphaeroma living there is apparently unaffected. Specimens of
S. terebrans can be easily transported over long distances in a4 piece of wet cloth, The widely
fluctuating temperature of the estuarine waters has conditioned at least the wood-boring species
of Sphaeroma to such an extent that they are at present extremely eurythermic.

Food

Because all the records of C. ferebrans have been from wood it has always been considered
& true wood-borer. But experimental evidence showing that Chelura subsists on wood was lacking
till recently, From detailed experiments conducted in the laboratory, J. L. Barnard (1955) pro-
duced evidence to show that C, terebrans is a trus wood-borer. However, whether it eats and digests
wood is not yet definitely known. J. L. Barnard (1955, p. 94) observed that chelurids might be
browsing on microscopic organisms which grow on the wood and that the ingestion of woody matier
is a consequence of the scraping off of this other food material. In this connection it may be
observed that Melira zeylanica, an amphipod, was observed to scrape the surface of submerged
timber in the Kerala backwaters (John, 1955), This browsingaction results in the formation of
shallow furrews on the surface of the wood.

Younge(1927) found that cellulase is absent in the digestive tract of Limnoria and he also failed
to find the presence of wood digesting protozoa. He, therefore, concluded that Limnoria feeds on
the microscopic fauna and flora within the burrow. Ray and Julian (1952) disputed this contention
on the basis of experiments and observed that the cells of the intestinal diverticula of Limnoria
produce cellulase.

Based on the feeding habits Menzies (1957) divided limnorias into two groups, Phycolimnoria
(algal borers) and Limnoria (wood-borers). Menzies (1957, p. 153) succeeded in keeping both in the
laboratory on a diet of particulate celiulose which shows that the dist requirements of both are the
same. Yetin nature wood-borershave never beenfoundto bore into algae or algal borers into
wood. According to Chilton (1914) the scarcity or nonavailability of timber necessitated the deve-
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Iopment of the wead-boring habit. This has resulted in certain changes in the feeding and masticat-
ing apparatus with the resuit that the two groups of animals are unable to change their feeding
habits. Wood-boring species have a rasp and file-like series of grooves on the incisor process of
the mandibles while this is lacking in sea-weed borers. Wood is rather scarce in the sea except in
harbours, But sea weeds of some kind are available practically everywhere in the littoral region,
This practice of boring into sea-weeds obviously helped Limnoria to enjoy a very wide distribution.

Sphaeroma apparently does not eat wood. At any rate there is no conclusive evidence that
they digest wood. Working on S. ferebrans John (personal communication) demonstrated the pre-
sence of cellulose digesting enzymes in the alimentary tract., It appears that Sphaerama subsists
on plant or animal matter which grow or settle on the surface of the wood.

Majority of the known species of Sphaeroma are freeliving. The few that are true wood-borers
have a restricted distribution and are predominantly brackish-water inhabitants. Food appears to
have exerted considerable influence in this distribution, As already stated wood is rather scarce in
the open sea. Unlike Limnoria, Sphaeroma cannot bore into algae because of their comparatively
Yarge size. Hence they were forced to go in search of wood. Wood is always present in sufficient
quantities in the estuaries, Itis, therefore, likely that Sphgeroma braved the hazards of the estuaries
in their search for wood. [Itissignificant that they bore eveninto the stem of trezs growing in water,
Whether they subsist on wood or bore only for the sake of protection, wood of some sortis
absolutely essential for the existence of the truly wood-boring members, This appears to explain
why Limnoria is not found in the estuaries while Sphaeroma thrives there, in spite of the fact that
both are essentially inhabitants of the littoral waters of the sea.

REPRODUCTION

All the known wood-boring crustaceans belong to Peracarida, in which the development of the
young takes place in a brood pouchand the young Ieave the brood pouch of the female in an
advanced stage of development when they are quite capable of taking care of themselves, This
obviously is one of the reasons for the crustacean borers becoming a2 very successful group of
animals.

Chelurids have undergone very little morphological change consequent on taking up a wood-
boring habit. As in free-living amphipods pairing probably takes place outside the burrows while
the adults migrate from one wood to another. The eggs are very few (according to Shiino, 1958,
only 3 in N. brevicauda), and are shed into a brood pouch formed of four pairs of small oostegites.

Limnoriids generally live in pairs but the members of a pair are not always of different sexes.
How pairing takes place is hence not clearly known. Probably the sexes make contact by entering
the burrow through the external openings or through the openings on the side walls. The eggs num-
ber 10-15 but the number varies from region to region. As in Chelura the eggs are incubated in a
brood pouch formed of four pairs of overlapping oostegites, The brood pouch projects on the
ventral side of the peraeon. _

Sphaeroma generally lives singly though there are reports that more than one specimen are
occasionally found in the same burrow. Even if this is true it must be very rare since generally each
burrow is only just sufficient to accommodate one individual, Therefore, pairing must obviously
take place outside the burrow. Unlike Limnoria, Sphaeroma has no true brood pouch formed by
the usual costegites, The eggs are, therefore, incubated in an internal brood pouch which occupies
a large part of the available space within, The eggs number up to fifty. Breeding is apparently
coniinuous at least in the Kerala waters, According to McNeil (1932) breeding is continuous in
all the crustacean borers in the Australian waters,

The newly hatched young in alt the three groups are very much similar to the adult except in
colour and in the absence of the seventh pair oflegs. Within a short period after emerging from the
brood pouch the young are capable of burrowing into wood.
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BURROWING

J. L. Barnard has given a detailed account of the burrowing activity of C. ferebrans. In the
laboratory he found evidence of attack after two weeks, consisting of a surface futrowing in the soft
layers of the wood., The furrowing always started on the darker side. The concave surface of the
furrows was smooth. The furrows made by chelurids are the result of collective rather than
individual effort.

In nature chelurids attack only wood previously attacked by Limnoria. They settle in the un-
covered and abandoned limnoriid tunnels and the large furrows created by the combinzd activity of
several limnorias, Chslurids do not bore distinct furrows but bysome sort of browsing action creates
hemicylindrical furrows which are unroofed. Attack of fresh timber is always started by the adults
and in nature adults are always found in the outer tiers and the young ones deeper. Available data
show that though Chelura is able to make its own furrows, in nature it fails to survive on smooth
fresh wood, Invariably it settles on wood previously attacked by limnoriids. It is concluded
that as its burrowing capacity is rather low it js subject to attack by predators. Hence chelu-
rids prefer a previously constructed protective niche, The attack of Chelura, therefore, supplements
that of Limnoria. Nevertheless McNeil (1932) observad that in favourable localities Chelura soon
becomes more abundant than Limnoria particularly on soft wood.

Unlike chelurids limnoriids are efficient butrowers. Here also aitack of fresh timber is started
by the adults, In the early stages of attack they produce burrows which run parallel to the surface
one to two millimetres below it. The entrance is oval or rounded and at first penetrates the wood
obliquely. Thz burrow is circular in cross-section and so narrow that the animal within cannot turn
back. Hence the animals within always face the blind end of the burrow. Occasionally more than
one individual may enter thI'OUﬁh the same entrance, in which case there wiil be 2 number of inter-
connected burrows, each branch excavated by a separate individual. An unbranched burrow may
sometimes lodge more than one individual (Shiino, 1950),

The burrows communicaie with the exterior by a series of holes at short intervals in addition to
the original hole, This facilitates proper aeration of the burrows. Nazcessity for a large supply
of oxygen appears to be the reason why the burrows are always located parallel to the surface.
When there is heavy infestation the nature of the burrows shows change. The latecomers are forced
to burrow deep to reach a supply of wood and hence the initial part of their burrows is vertical.
Limnoria produces innumerable holes on the surface of the wood giving it a sponge-like texture and
a lace-like appearance. Up to 300-400 individuals can be taken from one cubic inch of wood
(McNeil, 1932).

The newly liberated young always remain at the end of the burrow. Though a few may leave
the burrow, most of them begin tunnelling from the original burrow ijtself. Therefore, an attack
once begun is continued by successive generations.

In the case of Sphaeroma both the adults and the young attack fresh timber. Given the chance
the softer parts are attacked first but the texture of the wood is not of much consequence. Even the
wood of cocoanut and palmyra palms, whose vascular bundles are perhaps the hardest, are cut
across. In all field and laboratory observations I have found that Sphaeroma has a tendency to
attack the vertical surfaces first. The burrows are generally straight, a centimetre deep and perfectly
circular in cross-section, the end of the burrow is hemispherical. In each burrow the animal just
fits in and the head is turned to the blind end and the tip of the telson is just visible from outside,
When the attack is heavy, as is the case in estuaring waters, the burrows are so close to each other
that only a thin film of wood séparates the adjacent burrows. The timber then presents a typical
honeycomb appearance,
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EconNoMiC CONSEQUENCE OF THE ACTIVITY OF THE CRUSTACEAN BORERS

More than the purely scientific interest, it is the economic consequence of the activity of these
boring animals that focussed the attention on them. It is rather difficult to assess the destructive
potential of any one of these groups separately since the crustaceans combine their effort with that
of the molluscs. The seaalsoplays a very dominent role in the destruction of timber, Precise data
ilsglg_?king ﬂ} q;c)e the sudden and dramatic collapse of marine structures alon2 gets publicity (Menzies,

s P .

Though it has bzen reported that Limnoria attacks wood from the mud line right up to the high
watermark, the attack is heaviest in the intertidal level, The attack of Sphaeroma is concentrated
atthislevsl. The same is true of the molluscs, particularly Martesia. 'When the attack js heavy the
holes of Limnoria become vertical and verIv close to each other making the wood spongy. Sphaeroma

“bores mainly for shelter and in all cases of heavy attack the adjacent holes are saparated
by only a thin film of wood. This renders the wood fragile, Natural agencies like the waves will
easily make the wood crumble exposing the animals, The animals would then burrow deeper,
Limnoria for eating fresh wood and Sphaerdma for further shelter. The action of water and that
of the animals regularly aiternate with the resuli that the pilings get considerably thmned at the inter-
tidal level and evantually breaks.

The loss due to the attack of the borers is rather heavy, According to Menzies (1957) the ioss
in the United States alone comes to about 50 million dollars a year,

- A lot of money and effort have been spent in devising methods to protect marine pilings from
the pttack of marine borers. The usual practices areto pressure creosote or impregnate the wood with
oigonous compounds under pressure. These have to some extent succeeded in protecting the piles
lf)om the attack of molluscs which begin the attack as larvae. The preservatives are nearly always
highly toxic to these delicate larvae. But in the case of the crustaceans the attack is always started
by the adults which are comparatively resistant. Even if a treated wood resists the attack for some
time sooner or later slow leaching of the preservatives will make the wood susceptible to attack.
Pressure creosoting has succeeded to some extent in reducing the attack of limnoriids since they eat
wood. But Sphaeroma bores into wood only for protection and they are extremely euryhaline and
eurythermic, Therefors, Sphaeroma is likely to pose a more serious problem wherever they are
present in large numbers, like the backwaters of Kerala.
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MARK-RECOVERY EXPERIMENTS IN CRUSTACEANS*
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ABSTRACT

Mark recovery experiments employing different techniques in marking, like tagging and staining is an
important tool in the study of migration and movements in the economically important crustaceans such as
shrimps, lobsters and crabs. The various methods used in these marking studies in the case of the penaeid

rawns, spiny lobaters, craw fishes and crabs along the Gulf of Mexico, the Atlantic coasts and the Indo-
ific region are described.. The typical movements elucidated so far are also described.

INTRODUCTION

THE mark-recovery technique has proved a very valuable tool in many areas of fishery research.
Deviszd just prior to the turn of the century, it was initially used to determine movements of ana-
dromous fishgs and to assist in estimating abundance of marine bottomfishes. Today its utility s2ems
limitless. ¢ of the major implements of the inland fishery rescarcher for measuring population
siz2, the mark-recovery experiment is also being widzly employed by marine biologisis to determine
migration, dispersal and growth patterns of a varisty of ocean fishes and invertebrates,

Properly designed and implemented, mark-recovery experiments can provide information on:
(1) migration and dispersal, (2) growth, (3) rate of exploitation in fish and shelifish populations
and (4) estimation of population sizes. Such information, often suppiementd by that obtained
by other techniques, represents the foundation upon which resource management programmes are
erected. Thesa are of interest to commercial fishermen since any management programme’s aim is
to protect their interests by ensuring on a continuing basis, the availability of the greatest quantity
of a specified resource supportable under any combination of natural and artificial factors.

In essence, the mark-recovery technigue consists of capturing, marking for future identification,
releasing and recapturing samples of fish or shellfish populations. Such samples are, in effect,
experimental populations whose characteristics are known, and which are expected io behave like
the parent populations from which they are drawn and into which they are reintroduced. In fact
the over-all usefulness of information gained through this method hinges entirely upon how well
the experimental or sample population reflects the whole population whose maintenance is of con-
cern. The success of any mark-recovery experiment also depends critically upon the number of
marked spzcimans subsequently recaptured or recovered. 1t is appropriate to point out here that
marking and recapturing phases of such experiments go hand in hand. Unless equal, if not added,
effort is extended towards the latter phase any mark-recovery experiment can be counted a failure,

Many kinds of devices each having its advantages and disadvantages havs been used in mark-
recapture experiments in fishes as well as Crustaceans. In the case of the latter the frequent ecdysis
iaking place in the animals render it all the more difficult to device a suitable tag or mark to stay
through these moultings. Numbered tags of corrosion-resistant metal and plastic have proved
useful, being widely used in a variety of freshwater and marine fishes and shellfishes. The tags may

* Published with permission of the Director, Central Marine Fisheries Research Instityte, Mandapam Camp,
¢ Present Addpess; CMF.R, Sub-station, Ernakulam, India,
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be regular ot irregular in shape and attached directly to the body with non-corrosive wire or nylon.
Another method of marking is by mutilating body parts like fins and appendages. Although quite
suited for determining migration patterns this method does not lend itself to growth studies because
once released each individual involvad loses its identity. To be useful for the latter purpose indi-
viduals making up population marked in this manner must be reasonably uniform in size, a require-
ment not easily met. The same can be said for the third means of marking, i.e., injection with bio-
logical dyes. One other dscided disadvantage in both the mutilation and staining methods is the
facility with which specimens so marked go undetected in commercial landings. This is particularly
serious in the case of Crustaceans where stained specimens must be recovired through close scrutiny
of voluminous landings, a tedious and difficult task. The best that persons responsible for carrying
out these mark-recovery experiments can do is widely publicise such experimants, encourage and
reward the alertness and co-operation of fishermen, processors and other interested parties, and if
in fact marked specimens are present hope for their detection.

‘Despite the many shortcomings of the methods, the recapture of commercial shrimps, crabs
and lobsters marked with various tags and dyes has resulted in acquiring information about tha
shrimps of the Gulf of Mexico and South Atlantic, Kingcrabs of Alaskan waters, the swimming
crabs of the Scottish coast as well as both Atlantic and Pacific American coasts, and lobsters and
crayfishes of the Japanese, North Sea, Australian, South African and American waters, which could
be abtained in no other way. Among the various authors who contributed substantially to these
studies may be mentioned Lindner and Andzrson (1956), Dawson (1957), Recek (1959), Costello
and Allen (1960), Iversen and Jones (1961), Kutkuhn (1962}, Allen and Costello (1963) and Costsllo
{1964) in penaeid prawns, Cronin (1949), Mason (1962), Weber et al, (1962), Fischler #nd Walburg
(1962), Hayes and Montgomery (1963) and Powell (1964) in the case of crabs, and Allen (1916),
Templeman (1935 and 1947), Wilder (1947), Von Bonde (1935), Sheard (1949 and 1962), Dawson

nd [dyll (1951}, Thomas (1955) and Smith (1958) in spiny lobsters and crayfishes, Though limited
these studies have provided important clues as to which coastal estuaries are utilised by maturing
shrimps spawned from parent stocks inhabiting off-shore fishing grounds and frequency of moulis
and inshore off-shore movements of crabs and lobsters, Such information is valuable in that it per-
mits, with reservation, to define ranges of populations or stocks, an obvious first step in setting up
an effective management programme.

PENAEID PRAWNS

Tags and Tagging Methods

In the study of the migration pattern of penaeid prawns the only method used extensively since
1934 and before 1957 was tagging with numbered plastic or celluloid discs known as Petersen discs.
The method of this tagging is guite simple. The materials needed are two small celluloid discs, pre-
ferably of different colours and with perforations in the centre, and one sharp nickel pin of about
2 inches in length (Fig. 3). One of the discs is numbered consecutively and the other bore instruc-
tions for returning the shrimp. The discs are of opaque celluloid or plastic, usvally about ten-one-
thousandths of an inch thick, The diameter of the discs vary from 8-10 mm. according to the size
of the shrimp marked. Usually the tagging is done on board a boat where there are facilities for
keeping the shrimps alive in tanks with circulating water. The pins are kept in readiness for tagging
by pinning them with one of the discs mounted according to serial numbers on some sponge or cork
panel.  When attaching the tags on the animal the pin with the numbered disc mounted is thrust
through the side of the first sbdominal somite about midway between the dorsal and ventral sur-
faces, th2 other disc is slipp=d over the end of the pin protruding from the other sid: of the shrimp,
and a loop made in the pin with surgical forceps in order to prevent the disc from slipping off. In
making this loop approximately 4th to thinch ply should be left between the sides of the shrimp
and each disc to allow for growth. While insarting the pin care shouid be taken not to penetrate
any of the vital organs, Measurements are also recorded of the tagged specimens. As far as
poesible both measuring and tagging ars done under water.  As the shrimps are measured and ta
they are placed in tubs of fresh running sea-water and releases are magde in batches of 25 or 50
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examination and substitution for all that appear to be in poor condition due to the flect of tagging.
Records are maintainad of the date, time and place of capture, tag numter, sex and length of each
shrimp, and the date, time and place of release. Several hundreds of specimens are Lagged like this
and released at diffzrent spots. By the recovery of these specimens their movements and growth
are studied. There are several drawbacks for this method and opinions differ as to the suitability
of the method of study. It is doubted whather these discs on the sides of the small animals might
affect their swimming, and whethzr they might have an adverse effect on the moulting frequency,
etc. However some valuable results have been obtained by employing this method.

The U.S. Fish and Wildlife Service initiated tests in 1954 to find a more suitable method for
marking shrimp because of the severe limitations in the mechanical tags., As a result Charles
Dawson in 1957 reported successful use of biological stains as marking agents in penaeid shrimps.
This method of staining slowly replaced the tagging method and now it is used extensively in different
parts of the Gulf of Mexico for all mark-recovery experiments on shrimps. Dawson experimented
with different dyes and found some of the stains like fast green and trypan blue most suitable, But
his work was confined to laboratory experimentation. The problem remained to adapt his technique
for field use and to determine whether these stains would remain fast and recognisable under natural
conditions, Since 1957 extensive field studies have been conducted by the different federal and state
agencies of U.S.A. and the use of this technique for conducting mark-recovery experiments to deter-
mine migration and growth of the Gulf shrimp has been established.

For marking shrimps with stains three methods could be made use of, immersion, injaction
and f2eding. In the immarsion method the animals are placed in an aerated stain solution like
0+1% Nile Bule Sulphate in sea-water for about 3 minutes and then transferrad through changes of
fresh sca-water in order to remove excess stain adhering to the exterior or trapped within the
branchial chamber, as done by Racek (1959). In the injection method the technique is to inject
a dilute solution of these dyes on the animal,  After afew hours the stain collects in the gill area and
remain coloured (Fig. 1). The feeding method is to fead the shrimps with food previously stained
by these dyes for a certain period. Among these three methods the injection method gave very good
results and was proved to be quite suitable for extensive field studies,

In the injection method of staining shrimps three stains have been proved to be guite useful for
mark-rscovery experiments, namely, fast green, trypan blue and trypan red. The first two give dis-
tinct easily recognisable markings. Trypan red also gives a distinct colour but tends to blend with
the natural colour of the shrimp and also it is subject to more fading when compared to the others.
Sterile, nonslactrolytic distilled water should be used as a base for all staining solutions, There is
no advantage in aging solution and in fact aging of the solution was found to render it more toxic.
So the stain solutions in distilled water are prepared just before use.  0-59, solution of the dyes gives
best results. Before using for injsction the solution is shaken well and filtered once through a shest
of Whatman No. 1 filtzr-paper. Unfiltered solutions are not found satisfactory, ‘The injection is
best done with a % c.c. tuberculin syringe equipped with No. 25 or 27 by 3 or § inch hypodermic
needle. For smaller shrimps 30 gauge needle can b2 used with advantage, Holding the syringe
in the right hand, a shrimp is held with the left so that its head is pointed towards the left wrist and
its abdomen held in a flexed position by the left thumb and forefinger. The needle is then intro-
duced through therarticular membrane of the 6th abdominal joint slightly to the left of the mid-dorsal
line and at an angle approximating 45 degrees. For very small shrimps (12 mm, carapace length)
injection laterally through exoskelzton of the Ist abdominal segment joint is preferable. The needle
jsinserted to a depth of from 2 to 4 mm. until stain is visibly entering the blood vascular system
through the dorsal abdominal artery. Care must be taken not to puncture the hindgut when the
needle is inserted through the articular m:mbrane. Volume of individual injections generally range
from 0-1 0-05 c.c. with optimum at about 0-03 c.c. Injection of greater volumes frequently result
in rapid death and does not produce more vivid or durable staining. During the process of stain-
ing carc must be taken to avoid air bubbles in the syringe and also to minimise hapgdling of the specis

‘mens as much as possbile (Ref, Costello, 1964), T
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As in the case of tagging with Petersen discs in the staining experiments also Lhe stained speci- -
mens are kept in tanks with circulating sea-water for a few hours befors they are released in batches
of hundreds, after substituting for all those which appear to be in poor condition. Stained shrimp
should not be reizased during the first four hours following injection for they might zasily fall prey
to predators. The staining can best be done in the field on board small boats equipped with staining
tablesand tanks for holding the shrimps both before and after staining with facilities for running sea-
water in the tanks. The main disadvantage in thz staining method of marking is that for growth
studies growth information secured through recovery of stained shrimps must dep:nd upon the
releases whose components are practically uniform in size, which is not a problem in tagging
programmes, where in each specimen carries an identifying number. :

Lock for COLOUR here

FiG. 1. Panaeid prawn showing the colour marking on the gills,

Recently, Allen and Costello (1963) after laboratory experiments extending to over three or
four months reported on the possible use of a modified Atkins-type of tags for uge in mark-recapture
experiments on shrimps as an improvement on the Petersen disc tags. This tag is composed of
a small oblong strip of cellulose acetate, 0-8 mm. thick and inscribed with printed information,
secured to short length of monofilament nylon line which has a loop in the free end. The tag is
attached to a shrimp by means of a surgical needle with the eye cut open on one side. The nylon
loop is hooked by the needle eye and the needle then inserted laterally through the muscle tissue of
the first abdominal somite of the shrimp, taking care not to injure any of the vital organs. After
the nylon line is drawn through, the plastic strip is passed through the nylon loop twice, securing
the tag in position. Although indications are that this Atkins tag which is light weight and flexible
is an improvement over the Petersen tag the advantages are yet to be proved by large-scale field
sxperiments,
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RESULTS

The Petersen disc tagging as well as the stain injection method has been used extensively in the
mark-recovery experiments on commercial shrimps of the Gulf of Mexico and South Atlantic by
several agencies, the former in earlier years and the latter in the past 4 or 5 years and much valuable
data on migration of these shrimps have been obtained. Petersen disc tagging was first used in th2
field for shrimp studies in the Gulf of Mexico in 1935 and resultzd in recoveries of almost 25 per cent.
The typical inshore off-shore movements and the migration of juveniles from the inside waters like
inland bays and bayous to off-shore waters in the various regions of the South Atlantic and Gulf
of Mexico coast in the case of the white sheimp Penaeus setiferus was elucidatsd by recoveries of
Petersen disc tagged shrimps by Lindner and Andersen (1956). The growth of the shrimp also has
been traced to a certain extent as a result of these recoveries, The largest time between release and
recapture recorded by them ig that of a shrimp marked at Cape Canaverel in January and recap-
tured off the Georgia coast 257 days later. In the case of the pink shrimp Penaeus duorarum
recoveries of marked shrimps using both Petersen disc method and staining method have proved
that the Florida bay estuaries ars the nursery grounds for the heavily exploited Tortugas pink shrimp
fishery (Iversen and Idyll, 1960 and Costello and Allen, 1960). Iversen and Idyll (op. cit)
obtained recovery after 123 days during which time the shrimp moved 60 miles, Costello and Allen
(op. cit) obtained recoveries of stained shrimps which moved a maximum of 90 miles in 85 days,
Subsequent mark-recovery experiments using stains have conclusively proved that juvenile
shrimp make extensive movements in migrating from estvaries to off-shore waters. Much valued
data on growth of the shrimps have also been accumulated as a result of these studies. Expetiments
conducted on the brown shrimp, Pengeus aztecus, also have given results regarding the movements
and growth of the species along Louisiana and Texas coast as evidenced by the various reports
from the biological laboratories engaged in these studies.

A start in this kind of study has already tecen made in the Central Marine Fisheries Research
Institute in 1963-64 and preliminary experiments using the three stains fast green, trypan blue and
trypan red have been conducted at Ernakulam in order to determine the suitability of stains and also
to select the proper species in which future siudies could e conducted. 1t has been found as a result
of this that for the smaller species like Metapenaeus dobsoni the staining method is not suited and that
in the bigger species Penaeus indicus the method could be used with advantage.

CRABS

Mark-recapture experiments vsing different types of tags have been conducted in several edible
crabs in different regions. Among these are the studies on the blue ¢crab Callinectes sapidus of
America, the swimming crab of the Scottish coast, Cancer pagurus, the dungeness crab, Cancer
magister,the king crab of the Alaskan waters, Paralithodes camschatika, and the predator horse-shoe
crab, Limulus polyphemus, .

Tags and Tagging Methody

Several types of tags have been used in the crab tagging experiments. One of the earliest tag
vsed in tagging studies on the blue crab in Chesapeake Bay (Fiedler, 1925) is one similar to the fish
ody cavity tag. It consists of a strip of silver 17 X }" size stamped with serial number and other
iformation and two picces of silver wire one on gach side (Fig. 2). The silver strip is attachzd on
the dorsal surface of carapace of the crab by looping the silver wires around the lateral spines.

~ Nesbit type of fish belly tags is another tag used on these crabs later, The material for the tag
is only a strip of red plastic bearing serial numbers and other details regarding date of release, etc,
.'Ehjs tag has been used in tagginﬁ experiments in three different ways: (1) Inserted into the branchial
¢hamber of the crab through the inhalent aperture above base of cheliped. (2) Inserted into the
branchial chamber through a slit ¢ut into the carapace, (3) Attached on the carapace with both
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ends inserted into slots cut into the same. The same plastic tag has bzen used in another way also
by attaching by means of pieces of wires on each side looped around the lateral spines so that the
%f:fg;c tag remains on the dorsal surfac: across the carapace like in the method of Fiedler (Cronin,

Fie. 2. Swimming crab showing the carap.ace tag attached,

Cronin {op. ¢it.) used a Petersen type tag also for the blue crab tagging experiments, the material
for the tag consisting of 2 discs and a nickel pin. The discs are attched by pinning through at the
base of the latera! spine of the carapace. But this method gave less returns when compared with
the other methods. From the results obtained in these experiments it is evident that a bright tag of
the Nesbit type attached on the carapace by the Fiedler method, i.e., by looping wires on the lateral
spines, is the best suitable and this was in use in the blue crab studies for several years from 1943
onwards. The Alaskan king crabs were tagged with Petersen disc-type tags on a leg or through the
carapace from the initiation of these crab tagging studies in 1954,

In the blue crab movement studiss in coastal South Carolina in 195559 a carapace tag which
is more or less similar to the Nesbit type of tag with the Ficdler method of attachment was made
use of by Fischler and Walburg (1962). This tag consists of a strip of celluloid in bright colour
bearing the serial number, name and address of the tagging agency, etc.,and a piece of stainless steel
wire. The tag is attached to the dorsal surface of the carapace by the wire going round the body
of the animal. The main disadvantage of these tags is that they can be made use of only in mark
recapture expsriments to study short range movements since the tag is shed off during moulting of
thccra:l. However some of these methods were used in thecrab tagging studieson the Scottish
coast also. :

A tagging method that permits tag retention through successive moults is essential to study
growth and long range movements. The location of an insertion point along the splitting line of
the crab shell during moulting which makes retention of the tag through several successive sheddings
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possible came as a major break through in the study of migration, distribution and growth rates of
crabs by tagging recapture experiments. This insertion point for the tag was located on the isthmus
at the base of the last pereiopod of the crab in tagging program on the dungeness crab Cancer
magister of the Oregon Fish Commission. Ever since the location of this site for tagging most of
the experiments on the dungeness crab, the bluz crab and the king crab are being conductzd by using
this method. Two types of tags are being used in these studies, namely, the spaghetti type loop tag
and thz dart tag. Thesa tags are inserted through the muscular isthmus betwe:n the postero dorsal
portion of the cephalothorax and the abdomen. Hera the isthmus is covered with a parchment-like
chitinous membran: which is one of the first parts of the exoskeleton to slough away during ecdysis.
The moulting crab exsheathsthrough a posterior split between the abdomen and the carapace along
this isthmus by means of a series of alternate body shifts. Since the tag is attached to the arthral
muscle in the isthmus it is freed at the time of this split and does not appear to hinder moulting.

The spaghetti type loop tag is made from a 12-inch length of polyvinyl chloride plastic tubing
with an oval plastic button bearing identification, number, etc. In attaching the tag the abdomen is
spread from the carapace to expose the isthmus and the tag is then threaded through the muscular
part of the same with a curved stainless stezl needls, taking care to avoid the large blood sinus
anterior to the muscular part. After threading through, the two ends of the plastic tubing
are brought together and tied. Ths trailing ends of the ‘sphagetti’ provide conspicuous identfica-
tion of tagged crabs even at a distance.

After tagging the crabs are immediately returned to holding boxes containing salt-water which
promotes blood clotting and consequent prevention of excessive bleeding and released after some
time. Instead of the spaghetti loop tag dart tag also is used in which case a dart tag is inserted in
the isthmus, leaving a portion of the tip projecting outside,

Recently Allen and Costello (1963) experimented with stain injection method for marking
the blue crab Callinectes sapidus. Trypan blue and fast green stains were tried. Injections were
made in the ventral surface of the swimming legs at the articulation of the coxa and the basis. In
laboratory experiments crabs marked with fast green were found to refain the colour in sufficiently
detectable quantity in the gill filaments after 40 days. Since the exoskeleton of the crab is opaque
it is difficult to detect the stained gill filaments without lifting the carapacz and that is one of the main
disadvantages of the method. However the authors are of opinion that the results indicate that
the stain injection techniques of marking crabs could be made uss of in limited studies of local popu-
lations where captures could be examinad by trained observers.

RESULTS

Tagging recapture studies by Cronin and others in Chesapeake Bay using Nesbit type of tags
yielded valuable results of the movements and growth of the blue crab Callinectes sapidus.
Recoveries upto 23% were obtained in these experiments, The movements of adult blue crabs in
the estuaries and adjacent coastal waters of South Carolina were clucidated by Fischler and Walburg
(1962) by using a carapace tag. During this study a female crab released in January 1958 in South
Carolina was recovered in May 1958 from Florida, 145 miles away from the site of release. In the
ctab tagging experiments of the Oregon Fish Commission considerable results have been obtained
in Cancer magister by unsing the nylon spaghetti type and plastic dart type tags. Out of the 109,
recoveries made till 1962 one recovered crab was tagged in July 1961 and recaptured in June 1962,
This crab measuring 45 inches across the carapace when released grew to 6-5 inches and re-
generated a claw which was missing whan tagged. Movements upto 20 miles have been noticed in
these crabs. Much valuable results on the movements, growth and moulting periodicity of the King
crab Paralithodes camschatica in Alaskan wsters have been obtained by using spaghetti loop type
tags in mark-recapture experiments. By msasuring tagged crabs at release and recovery Weber
and Miyahara (1962) arrived at a growth per moult of approximataly 16 mm. for male crabs more
than 110 mm. in length. Hayes and Montgomery (1963) conducted extensive tagging studies on
the same crab using the same tag from 1957 through 1962. They observed migrations of the crab
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ranging from 35 miles to 110 miles. Two crabs were recovered after moving 110 miles from the
site of release in 200 days and | y2ar respectively, Their tagging recoveries also indicated a growth
of nearly 17 mm, per moult in large-sized crabs and also biennial as well as triennial moult periods
in ths case of lurge crabs.  On January 2§, 1964, a tsgged crab was caught near the Shumagin Islands
in Alaska, which had been releascd within 10 miles of the area six and one-half years carlier. This
is the longest period betwesn release and recapturs recorded to date. During the time the crab
shows a growih from 4-1-7-6 inches in carapace width,

Results obtained by tagging the commercial crab Cancer magister with the suture tag in
Canadian waters indicate that sub-legal size male crabs move about as much and in some cases more
than those of commercial sizes and growth of the male crabs also has been traced (Butler, 1957).
The suture method of tagging used on the edible crab Cancer pagurus in Norwegian waters have
yielded valuablz rasuits on growth and movement, Tagged crabs recaptured in 1962 showed a mean
increase in breadth of carapace of 27 mm. during 1 year. Tagging recapture experiments on Cancer
pagurus on the Scottish coust also has yiclded encouraging results,

L.oBSTERS

Tagging and recapturs experimenis on the crayfishes and spiny lobsters of commercial
importance have been conducied in various ragions of the world resulting in very valuable results
on their movements and intermouit growth, Among others may te mentioned the studies by Allen
(1916) on Panulirus interruptus in California waters, Templeman (1935 and  1940) on the American
- lobstar Homarus americanus in New Fouadland waters, Von Bonde er af. (1935) on Jasus lalandii
from South Africa, Wilder (1947) in Canadian waters, Sheard (1949 and 1962) on the Australian
crayfish Pamulirus longipes in Western Australia, Dawson and ldyll (1951) and Smith (195{3) on the
spiny lobster Panulirus argus of Florida, Thomas (1955) on Homarus vulgaris ot the Scottish coast
and Gundersen (1964) on Homarus vulgaris in Norwegian waters.

Tags and Tagging Methods

On the New Foundland lobsters Templeman used barb tags made of celluloid, consisting of
a straight shaft that is pushed into the tissues in between the abdominal segments, and depending for
holding wholly on one or more barbs. The same type of barb tag was later used in the tagging
experiments in Florida waters by Dawson and others and is still being used succ2ssfully. These tags
are plastic darts 40 mm. long, 6 mm. wide and 0-$ mm. thick (Fig. 3) of white or any other sunitable
colour. One side of the tag bears the address of the institution to which the tag is to be returned
and the obverse side bore serial number and other instructions, The head of the dart is 14 mm. in
length and with three serrations on each side. The tags are thrust into the muscles of the crayfish
at an angle of approximately 45 degrees between the first and second segments of the abdomen on
‘the dorsal side and to the right of the midline, One-quarter to one-half inch of the tag protrudes
and is readily visible against the exoskeleton. This type of tag has the advanizge of remaining in
position while the animal sheds, at least in many cases, whereas the other types of marks like the
carapace tags are lost during the process of moulting.

In the tagging experiments on Cape crawfish Jasus lalandii in South Africa marking was done
by attaching a small brass label by means of a wire to the basal joints of the antennae. Sheard
(1949 and 1962) tested smalii celluloid and plastic tags used internally with both Jasus lalandii in
South Australia and Panulirus longipes in Western Australia. But he found that suitable punch
marks on the tail fan gave better results than the internal tag and he used punch markings in his field
studies. This method of marking is quite simple. Using lamb ear-marking pliers with dies of a
suitable simple pattern (diamond, hzart, bar, circle, oval or star) a punch is made on the tail fan
(telson and uropods). It was found by him that the design was readily identifiable upto and in-
cluding the second moult after marking and in several cases the mark was discernible even after the
third moult. Where filled in the design was marked by paler colouring, absence of spines and an



1292 M. J. GEORGE

alteration in the direction of the telson ridges and canals. George (1957) also used the punch mark-
ing method in his studies on Panulirus longipes in Western Australia.

456

2846

Fic. 3. (a) Petersen disc tag. (b) Celluloid and wire, carapace tag for lobster. (c) Metal and rubber
carapace tag for iobster. (d) Dart tag for lobster.

Petersen disc tags and carapace tags were also used in tagging experiments on the American
lobster Homarus americanus and others, Scattergood used both these methods. Discs of 10 mm.,
diameter were used in the disc tagging. The carapace tags are typically 2 different types, although
thers are various other modifications, namely, the metal and rubber tag and the celluloid and wire
tag (Fig. 3). In the former the rubber is passsd over the rostrum and the metal hook over the
posterior end of the telson, In the latter, as explained in the case of crabs, the tag consists of
a bright celluloid strip bearing serial number, etc., and a piece of stainless steel wire. It is attached
to the dorsal surface of the carapace by the wire going round the body of the animal.  All these tags
have the disadvantage of bzing lost when the animal sheds,

Recently Gundersen in his experiments on the lobster Homarus vulgaris used three methods.
In the first method he used the Norwegian suture tag for crabs. The internal tag is put in through
a hole made in the dorsal midline of the carapace. In the second method the same tag is used and
the internal part is put inside the Jobster through the soft skin between the carapace and abdomen
on the dorsal side. In the third method an external crab tag is fixed to the lobster by nylon gut,
The nylon gut is thread through the lobster by means of a curved needle which is stung through the
obster dorsally from side to side in the soft part between carapace and abdomen.
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Allen and Costello (1963) has experimented with biological stain injection for marking the
Florida Spiny lobster Panulirus argus. 'Two stains were used, one a 025 per cent aqueous solution
of trypan blue and the other a 0+5 per cent solution of fast green. Injections are made laterally
into the abdomen at the articulation of the fourth and fifth segments where the nesdle is inserted
its full length at an angle of about 45 degrees. Aimost immediately after injection the lobsters
acquire a general faint bluish or greenish tinge, depending upon the stain used, which could be seen
through the more transparent portions of the exoskeleton and disappearing within 2 days. The
gill filaments are clearly marked with the stains even after holding in laboratory tanks over 40 days.
The colour is also found to be retained after moulting. But as in the case of crabs detection of the
stains is difficult without lifting the carapace. Hence this method could be used only where
captures could be examined by trained observers. :

REsuULTS

Allen (1916) tagged Panulirus interriptus i California and observed some migraiory movements.
The largest migration reported by him was 9-6 miles in 28 days and hz found that size and sex had
no bearing on the direction or extent of the movement. Von Bonde er af. (1935) reports experiments
carried out by Gilchrist in South Africa on the migration of the cape crawfish or rock lobser Jasus
lalandii. These experiments revealed that considerablz movements do take place but in a haphazard
manner. A maximum movement of 133 miles in 11 days was observed.

Templeman’s (1935 and 1940) tagging work gave some very interesting resulis on the movements
of Homarus americanus in thz Gulf of St. Lawrence and New Foundland waters based on th: tagging
recoveries of a considerable extent. Sheard (1949) did tagging and punch marking tests on about
10,000 Western Australian crayfishes Panulirus longipes and got a maximum of 11:6 per cent
recoveries, which gave distinct results about the direction and rate of movement of the crayfish over
the Abrolhos fishing grounds in Western Australia, the rate and nature of replacement of the popu-
lation under fishery conditions, the duration of the intermoult period at different sizes and growth
increments. Some crayfishes marked and released in 1947 were recaptured after about 9 months
showing an increase in length from 0-7-1-1 inch during the period. George (1958) and Sheard
(1962) give valuable results on the mean growth increments over 1 and 2 years in white crayfish.

Dawson and dyil (1951} give results of extensive tagging experiments conducted on Panulirus
argus in Florida in 1946 through 1949. 5,345 lobsters were tagged in these 4 years and a total of
251 recoveries were made, i.e., 47 per cent. Although most of the recoveries show a movement
less than 5 or 6 miles, a few individvals had made extensive migrations over 100 miles. The longest
migrations of 119to 125 miles recorded were accomplished by 4 lobsters in 436, 451, 457 and 472 days
respectively. The tagged crayfishes were free on an average of 71-5 days and the average distance
travelled was 9-7 milss. They found that as a result of these movements a gradual mixing of the
lobster population occurs over the whole area of the fishery. Lobsters which were free for about
6 months after release were found to have increased by a mean length of 1-14-1-22 inches. . Tag-
ging experiments by Wilder (1947 and 1953) using punch marking of holes on tail fans and
Scattergood have yielded interesting results on the movements of the American lobsier Homarus
americanus. Tagging done by Thomas (1955) has helped in the eiucidation of the movement of
Homarus vuigaris on the Socttish coast,

In the beginning of 1964 experiments in tagging the spiny lobster Panulirus homarus have been
conducted on the south-west coast of india. Dart tag quite similar to the one used in Florida has
been used in these studies. Preliminary experiments with this tag has shown encouraging results
regarding the suitability of the tag for field studies and tagging mortality.

CONCLUSION

Among the various types of ‘tags used in crustacean mark-recapture experiments each tag or
mark has its own advantage or disadvantage. The suitability of a tag or mark for any tagging

SM=IV=4
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recapture experiment depends upon several factors such as the length of time the tag should remain
on the animal, the species, personnel and other facilities available for tagging, methods of capture
and handling of the specimens, ¢tc. and all these factors have to be taken into consideration before
selecting a suitable tag for a particular study. The problems in crustacean tagging experiments are
alt the more difficult to be solved because of the frequent shedding of the exoskeleton taking place
in these animals. Nevertheless as described in the preceding pages mark-trecovery experiments
emplioying the various tags and stain injections for marking has yielded much valuable wealth of
information about the movemants and growth of commercially important crustaceans in their res-
pective fishing areas which could be obtained in no other way. The success of any mark-recovery
experiment, however, will depend largely upon the degree of co-operation received in the detection
and disposition of recaptured experimental specimens, for which complete co-operation of the
industry is absolutely essential,
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THE USE OF PLASTIC TAGS FOR TAGGING SMALL SHRIMPS (BROWN
SHRIMP, CRANGON VULGARIS FABRICIUS) AND ON THE PROBLEM OF
TAGGING EXPERIMENTS OF THIS SPECIES OF SHRIMP

K. TiIEws

Bundesforschungsanstalt fiir Fischerci, Institut fur Kiisten-u, Binnenfischerei, Hamburg, Germany

ABSTRACT

A progress report o1 the tagging experiments conducted by the fostitut (ur Kisten-und Binnentischerei,
Hamburg, is given.

Since the beginning in October 1962, 41,236 shrimps were marked by means of a silver ring and of 1 or
2 small plastic disks. Plastic disks of different colour combinations were used and there is indication that
a white{red colour-combination brings the best return rates. The highest return rate was achieved with
1-96% 10 an experiment conducted on the fishing grounds of the fishermen of Cuxhaven in June 1964,

The 205 returns obtained from all of the 13 experiments were made within an area of 20 nautical miles
from the place of release and 189 of these were recaught within a period of 6 weeks. Only 5 shrimps were
for 3-5 months in freedom before recapture during an experiment performed in winter, The tagging method
geggnbed mgd'ht be suitable for & comparative study of the relative strength of fishing mortality on different

shing grounds.

TAGGING experiments on Crustacea face the added difficulty in that the animal moults from time
to time and that tags externally attached to the skeleton are lost latest afier the first moult. In
crabs, this difficulty has been overcome by using the so-called suture tags which are inserted into
the muscle through a suture of the skeleton, at which the exuvium breaks during the moulting
process. In other large crustacea, such as lobsters or cray fish, holes—being visible over several
moults——have been punched into the telson.

All these methods cannot be applied when tagging Crangon because of its small size. The only
method used so far to tag the brown shrimp in the field was by the dying technique with the methyl-
violet “gentiana violett B> of Fa. Merck (Miinzing, 1960, 1962 ; Meyer-Waarden and Tiews, 1962).
By this method great numbets of shrimps can easily be tagged, but only anonymously and unfortu-
nately only over short periods extending at the latest until the next cast. The doubt that the ani-
mals would be blinded through the dying procedure and, therefore, would not behave naturally,
could not be confirmed in recent experiments conducted by the Institut fiir Kiisten—und Binnen-
fischerei. It was found that dyed shrimps show the same phototactic behaviour as undyed shrimps.
They bury in the sand at daylight and swim restlessly during the dark, as demonstrated in aquaria
experiments.

1n searching for a method to tag Crangon individually and over longer periods extending over
several moults, Tiews (1953) wrapped a thin silver wire, having a diameter of 0-22 mm, around the
animal between the carapace and the first abdominal segment, keeping all swimmerets free, and he
was able to keep shrimps tagged up to 3 successive casts, Shrimps tagged by this method were
observed to behave normally, f.e., to bury in the sand, to follow the common light-dark rhythm,
even to copulate, to deposit eggs between their swimmerets and to hatch larvae. Many of the
shrimps can moult despite the wire ring, as the cast breaks dorsally between the carapace and the
first abdominal segment and as its ventral connection tissues are so tender that they break rathec
easily during the powerful moulting movements of the shrimp. The stripping of the silver ring is
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being prevented in both directions by the carapace and the first pair of swimmerets, which cover the
ring,.

There is no certainty as to how many moulits an animal can be kept tagged, since shrimps kept
in captivity aiways show a rather high mortality rate at the time of mouiting., Tiews (1954) had even
difficulties in keeping untagged shrimps alive for more than two moults when he studied the morpho-
logical changes of the shrimp from moult to moult, although he kept the shrimps single in separate
tanks to eliminate one of the main factors causing high mortality rates in shrimps kept in aquaria,
i.e., the cannibalism among freshly moulted animals, He came to the conclusion that tagged
shrimps kept in captivity show a similar lifespan as untagged shrimps, However, he doubts that
tagged shrimps can pass more than 3-4 moults. The majority may pass even less than two moults.

For tagging shrimps in the field, a silver wire having a diameter of 0+ 18 mm. was chosen, Small
coloured disks were dorsally attached to the silver ring, In the beginning, these disks were simply
punched out of plastic covers as commonly used for keeping documents by means of an ordinary
office puncher. They had a diameter of 6 mm. In order to keep their weight as low as possible,
in some experiments the disks were divided into halves and later, the diameter of the plastic disks
was reduced to 4 mm., which also reduced the resistance of the tag in water to about one half, A
special puncher was used for this purpose. Colours used were white, yellow, red, blue and black
as well as combinations of these in sets of 2,

Since it cannot be expected that the majority of shrimps can survive tagging for more than

1-2 moults, the duration for keeping shrimps tagged will depend greatly on the temperature of the

water. According to Tiews (1954) the moulting frequency depends on the age of the animal and

" also on the water temperature. At water temperature of about 10° C., the time interval between

2 moults will be 40 days in aduit shrimps, while it will be about 25 days when temperature is around

15°C., and more than 80 days when the temperature is as low as 5° C, Therefore, it can be
expected that shrimps can be kept tagged longest during the low winter temperatures.

The following tagging experiments have been carried out using the silver ring (Table I).

TasLE I
List of German field tagging experiments

No, of No.of No.of TPercentage of
experi- Date of tagging Locality of release Colour of tags shrimps  shrimps recovery
ments tagged  recovered in total
1 31 Oct.-13 Nov. 1962 Norddeich harbour Blue resp. yellow 10,000 13 0-13
2 15 Nov.-22 Nov, 1962 Neuharlingersiel red 10,000 65 065
harbour
3 11 Dec.-20 Dec, 1962 Cuxhaven harbour White 5,320 2 0-04
4 20 Dec, 1962 Lightvessel Elbe 1  Whitefred combined 916 3 0-33
5 11 Nov.-15 Nov. 1963 Cuxhaven harbour White/red combined 2,500 23 0-92
6 9 Dec-13 Dec. 1963 Cuxhaven harbour Half whitejfull red 1,500 0 0
combined
7 9 Dec.—13 Dec, 1963 Cuxhaven harbour Full white/half red 1,500 ¢ 0
combined
8 3 June- 6 June 1964 Cuxhaven harbour White/ved {4 num. 2,500 49 1-96
combined)
9 6 July-10 July 1964 Rilsum harbour White/black (4 mm,) 1,500 1. 0-07
10 6 July-10 July 1964 Biisum harbour Yellow/black 1,500 5 0-33
11 6 July-10 July 1964 Biisum harbour Yellow/fred 1,500 15 100
12 28 Sept.~2 Oct. 1564 Cuxhaven harbour White/red 2,000 27 1-35
13 22 Sept,-24 Sept, 1964 Cuxhaven harbour White/black 500 2 0-40
41,236 205 0:50
R e ]
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Tagging was done by bare hands without using any special tools. Before tagging operation
the silver wire had been prepared as shown in Fig. I. On average 60 shrimps could be tagged by
one skilled worker per hour, the maximum being 100 animals per hour. The tagged specimens
were kept in special containers, where they recovered very quickly after the tagging procedure before
returning them to sea-water. They were not released into the sea, until they had fully recovered.
There was no immediate tagging mortality.

Fic, 1. {A) Preformeditag; (B) lateralview; (C)Darsal’view of shrimp showing the
attachment of the tag,

Experiments No. 9, 10 and 11 have been specially designed to find out whether any particular
colour combinations does influence the return rate. 1,500 shrimps each were marked with white/
black, yellow/black and yellow/red tags. In order to ensure that each of the colour combinations
has the same chance to be detected in the catches, the shrimps were tagged in sets of 500 each and the
colour combination was changed set by set. The experiment showed clearly that the colour combi-
nation used greatly influences the return rate, The yellow/red combination was returned thrice
as ml:ch as the vellow/black combination, and even 15 times as much as the white/black colour
combination, _

To get a more comprehensive knowledge on this aspect, cooked shrimps were tagged using
9 different colour combinationsand also single colours, and were smuggled into thelandings intended
for peeling by the women peelers. With each of the colour combinations 18 cooked shrimps were
tagged. The colour combination whitefred yielded 50%, the highest return rate, followed by yellow/
black and white/black, 209, each. Red, black and yellow tags yielded 109, returns and yellow/red
and white tags no returns (Table II), This preliminary experiment also indicated that different
colour combinations do not possess the same chance to be recovered. Further research into this
problem is needed.

As shown in Table I, the return rates differed greatly from experiment to experiment, The
highest return rate was obtained in experiment No, 8, when nearly 2%, of the tagged specimen were
returned. Experiments No, 12, 1! and 5 yielded return rates close to 1%, ie., 1-35%, 1-009%, and
0-92%,. In 3 of these four most successful experiments the colour combination white/red was used
and in the fourth the combination was yellow/red. In view of what has been stated above, it is
likely that the colour combination used has considerably influenced the results of these experiments
when compared with the other experiments.

In nearly all of these field experiments it was found that only a part of the fishing fleet—usnally
about 50%—returned yecaptured shrimps, but the rest did pot, [t scemed that only half of the fleet
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was really able to co-operate with us. When estimating the total recapture rate, it must be kept
in mind that the return rate is likely not identical with the recapture rate. Estimates of recapture
rates have to be based on the return rates per boat as calculated from those boats successfully
co-operating. In other words, the return rates given in Table I have practically to be doubled, if
recapture rates are to be estimated.

TABLE 11
Return rates for tags of differemt colour combinations from shore experiments with peelers

Colour No. of Mo. of % in
combination shrimps  returns total
tagged

White/red 10 3 50
Yellow/black 10 2 20
White/black 10 2 20
Redfblack 10 1 10
Red 10 1 10
Black 10 1 10
Yellow 10 1 10
Yellowfred 10 0 Q
White 10 0 0

In general, it can be said that the chances of getting recaptured shrimps reported back are not
very great and it is true that the better the catches are the smaller the chances. An example may
demonstrate this. Supposing the catches per a net hole amount to 2 baskets of shrimps only, this
would mean that roughly 20,000~100,000 shrimps—depending on the size composition of the catch,
had to be checked. However, good catches are much greater, even more than 10 times, which means
that 200,000-1,000,000 shrimps are on the deck at a time after dragging the two nets for roughly
1 hour only. After 1 day’s fishing, catches amounting to 6,000,000 shrimps may be loaded on one
of the small fishing vessels when returning to the port. The probability to find a tagged shrimp is
thus limited. The fishermen may find it when sorting the catch or when cleaning and washing the
catch before cooking, or when cleaning the catch a second time from small fish, etc., after cooking,
In some localities, where fishing during the night is practised, it is quite impossible for the fisher.
men to discover tagged shrimps.

One thing, which astonished very much, was that there is likely only a low probability that
peelers discover recaptured shrimps, although one would be rather inclined to expect the contrary.
Just the peelers handle each shrimp determined for peeling, manually. This has become obvious
by a series of experiments, when tagged and cooked shrimps were smuggied into the peeling good.
On an average only some 10-20%, of tagged shrimps can be expected to be returned by the peelers.
The reason for this may be that peelers peel shrimps practically blind because of their great routine.

Shrimps having the size of edible shrimps only were tagged. It might be recalled in this con-
nection that the majority of the German shrimp caiches consist of small shrimps utilized for
industrial purposes and that only 1/5 to 1/8 of the catch can be used for human consumption (Tiews,
1953). The results of these tagging experiments as to the migration habits of the brown shrimp
can be summarized as follows: All recaptures were made close to the locality of release within a
radius not exceeding about 15-20 nautical miles. At autumn-experiments most of the recaptures
had migrated to the open off-shore waters, This is in accordance with the general migration theory,
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according to which the shrimp migrates to off-shore waters during iate autumn and back {o the
coastal waters during spring (Tiews, 1954 b). 1n all experiments except in 2, i.e, Nos. 3 and 4,
the recaptures were made within a period of 6 weeks. The 5 recaptures of experiments 3 and 4,
which were executed at the very end of the fishing season, were made at the beginning of the new
fishing scasons in spring 1963, Two of these shrimps were approximately 5 months in freedom after
tagging, one for 4 months and two for a little more than 3 months. All these 5 shrimps had left the
fishing grounds of the Cuxhaven fishermen in the meantime and had migrated to the more western
fishing grounds of their neighbour-fishermen, however, were also recaught in an area within
15 nautical miles from their piaces of release. A similar experiment conducted in December 1963
did not yield any returns.
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TEMPERATURE LIMITATIONS ON THE SUPPLY OF NORTHERN SHRIMP
(PANDALUS BOREALIS) IN MAINE (U.S.A.) WATERS

R. L. Dow
Department of Sea and Shore Fisheries, State House, Augusta, Maine, U.S.A4.

ABSTRACT

Statistics of the Maine shrimp (Pandalus borcalis) fishery for the entire 27-year period of its hisiory
suggest that fluctuations in sea-water temperature have greatly influenced the magnitude of supply in Maine
waters, Data on optimum as weil as unfavourable temperatures are presented and discussed. :

SHRIMP taken commercially in the Maine fishery are of the species Pandalus borealis found chiefly
north of Cape Cod. As a sex reversal species most of the young mature as males during initial deve-
lopment and after a transition phase become mature females. Frequently in the early part of the
season fishermen report many of the shrimp taken are not of commercial size and have to be dijs-
carded. Later, only egg-bearing females of acceptable market size are found in quantity,

Catches are made during the fall-to-spring fishing season on spawning grounds within an eighty-
kilometer radius of Boothbay Harbor by small draggers from nearby ports, Landings have fluc-
tuated widely from year to year and appear to be related to abundance.

Since shrimp is the only species of commercial interest which is naturally more readily available
during the winter, the species has attracted a considerable amount of fishing effort throughout the

last 27-year period.

The principal fishing areas are Casco Bay and the adjacent inshore waters to the east which
produce more than three-quarters of the annual catch. Landed value has ranged from less than

$90 to more than § 700 per ton,

A Boston firm, General Seafoods, carried on experimental shrimp fishing in the Gulf of Maine
as early as 1927 (Walford, 1936). In 1938, with the co-operation of the Fish and Wildlife Service
and the Department of Sea and Shore Fisheries, a survey was made from Cape Ann, Massachusetts,

io Petit Manan, Maine.

The first commercial-scale operations were commenced that year in Casco Bay (Scattergood,
1952). During the next several years, the fishery expanded rapidly and landings increased to the
1945 peak of more than 250 tons. Thereafter, catches declined to a low of three tons in 1950.

Another cycle of increasing landings commenced in 1951 but was short-lived, and after 1953
no shrimp were landed until 1958 when less than two tons were taken, Since then, production has
increased rapidly and amounted to a record of 407 tons during the 1963-64 season,

In addition to an apparent cyclic variation in abundance, as indicated by landings (Table 1)
and suggested by Scattergood (1952), there is evidence that sea-water temperature is an important
factor. [t is likely that sea-water temperature has more influence on the abundance of northern

shrimp than any other one factor,

Analyses of sea-water temperatures and catch data two years later support this assumption
(Dow, 1963), It is evident that the monthly mean temperatures from Qctober through July as
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TapLe T
Total Iandings
Fishing scasnn Duration Peak month i metric tons

1937-38 February-April March a7
1938-39 . 8

1939-4{} January-June March 4
1940-41 December-May February 25
1941-42 December-March February 16
194243 December—April March 132
194344 November-April March 177
194445 January-April March 251

194546 Janvary-March March 73

194647 February-April March 8B
1947-48 February-April March 12
1948-49 February-June February 4
1949-30 March-May April 3
1930-51 February-Aprit March 20
1951-52 Februaty-April March 47

195253 February~April February 17
1953-54 - ‘e O
1934-55 - e 0
1955-56 e Ve (V]
1956-57 .. .. 0
1957-58 March March 2
1958-59 February—March February b

195960 November-April February 41

196061 January—April March 29

196162 December-May February 154
1962-63 October-March February 240
1963-64 Oclober- April Febroary 407

Tante 11

October—April mean seq- water temperature ami Northern shrimp landings two vears later 1938-64

Oct.—~April Shrimp landings Ost.~April Shrimp landings Oct.-April Shrimp landings Oct.-April Shrimp landings
temp,. ° C. inmetric tons temp. °C. in metric tons  temp. °C.  inmetrictons temp. °C.  in metric tons

.

-6 17
6 47
-1 § 25
‘0 36
-0
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measured at Boothbay Harbor influence the magnitude of shrimp landings two years Jater, This
relationship for selected months of that period is shown in Tables I, III and IV.

TanLg 15[
June sea-warer tenperature and Northern shrimp landings iwe years laier 1932-64

June Shrimp landings June Shrimp landings June Shrimp landings
temp. °C, inmetrictons temp.°C. inmetrictons temp.°C.  in metric (ons

14+4 5 13-5 177 il-5 29
14+3 0 134 4 11-3 41
14-2 17 13-2 47 111 36
14-1 20 13+0 134 9.9 25
13-9 0 12-8 240 e .
137 8 12/4 407 - -
13-6 () 12+3 2 e ..
13-5 0 12-2 4 ‘e
e e 12-0 3 .
120 12 e -

v 12-0 38 v .

- .e 11-8 132 - -
117 37 .
' 1 1 '7 251 s e

.. 11-6 73 .o -

TazsLE IV

March sea-water termperatire and Northeen shrimp landings two yesrs lazer 1938-64

March Shrimp landings  March Shrimp landings March  Shrimp landings
temp. ° C. inmetrictons temp, “C, inmetrictons terap. °C.  in metric tons

61 0 2:5 240 0-2 4
4.9 0 2-2 154 0.0 25
4.7 17 2-4 88 —1-1 36
4:2 0 2-0 132

42 0 1.8 407

41 5 1-7 29

3-4 47 1'6 3

32 2 1-1 73 -

31 8 11 177 -

3-1 12 09 251

3:0 41

3.0 37

2.8 20 .- .

2:5 4 - - -

The effect of very high sea-water temperature upon the abundance of shrimp is indicated by
Table II, October-April mean temperature and shrimp landings two years lpter, _
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The effect of low sea-walter temperature on shrimp abundance two years later is illustrated by
Table IIT which shows the relationship between June temperatures and shrimp landings two years
later,

The charactetistic pattern of the greatest abundance of shrimp being associated with
seg-water-temperature in the lower haif of the temperature column is apparent from the 27-year
record of March temperatures, the principal month of spawning in Maine waters, and shrimp
landings shown in Table IV,

Summing up it may be stated that during the 27-year period from 1937-38 to 1963-64;
1. Very high temperatures have been associated with virtually no shrimp landings (Table 1),

2. Highly variable temperatures have been associated with landings of less than five metric
tons (Tables Il and IV).

3. High temperatures have been associated with landings ranging from 5 to 20 metric tons
(Table 1)

4, Medium, high and low temperatures have been associated with landings ranging from
approximately 12 to less than 50 metric tons (Tables 11 and IV).

5. Landings greater than 70 metric tons have been consistently associated with the optimum
temperatures during the entire October-July period shown in Table V.

FaBLE V
Month Oplimumotgnpemlurc
October 9-6-11+6
November . 71-9:2
December . 30-5-6
January - 0-5- 1-9
February .. 0:0- 2-2
March - 09~ 2.5
April . 2+8- 64
May . 7:9-10-0
June o 11-6-13-5
July . 13-1-16-0
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SIGNIFICANCE OF ENVIRONMENTAL AND ECONOMIC FACTORS IN THE MAINE
(U.S.A.) LOBSTER (HOMARUS AMERICANUS) FISHERY

R. L. Dow
Department of Sea and Shore Fisheries, State House, Augusta, Maine, U.§.A.

ABSTRACT

. The influence of seasonal scawater temperature Auctuations on growih and subsequent recruitment, and
variations in fishing effort induced by the response of demand ie fluctuations in snpply are discussed in terms
of their significance (o the fishery.

INTRODUCTION

PREv10US studies have indicated that the average annual available supply of lobsters in Maine waters
has not fluctvated more than + 8-8 per cent. from the mean during thelast 25 years (Dowand
Trott, 1%56). Population fluctuations have been associated with environmental changes, and
the response of fishing effort to demand suggests that this knowledge might be used to manage the
fishery in terms of Poth biology and economics.

MATERIALS

Sampling the catch for size frequency distribution was carried on by the United States Fishand
Wildligg Service from 1939-46 and by the Maine Department of Sea and Shore Fisherics from
1947-56.

Seawater temperature observations have been made by the Service at Boothbay Harbor since
1905. Data on the number of fishing units were collected by the Department from 1897-1906, spo-
radically from 1924-38, and continuously by the two agencies since 1939,

- Sampling of fishermen for number of fishing months and days had been done at irregular inter-
vals in the early 1950's and continuously since 1958 by the Department. Production, landed value,
number of fishermen and other related data have been collected by the Department or co-operatively
by the two agencies since 1939; before that time by the Department.

METHODS

Estimates of available supply have been based on sampling the catch for size composition
(Table 11} and fishermen for the number of fishing units and the length of the fishing year.

Sampling has indicated that the number of moult-recruited, previously sub-legal lobsters in the
catch had increased about seven per cent. by the time a consistently high intensity fishery had deve-
loped in the mid-1950's. The average fishermen has fished 20 days each month for six and one-half
months per year.

The natural one-year mortality rate from sub-legal to legal size (79-4 mm. carapace Jength)
has been estimated from size composition measurements to be approximately 30 per cent,- A range
of + 20 per cent, in estimated mortality from the probable mean is attributed to deviations from
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average moult increment and differences in growth rate associated with changes in seawater tem-
perature, )

TasLe |
Maine Lobster fishery dara

Lobster landings Number of Average landed Mean January- May
Year inmetrictons - fishing units value in seawater
in thousands (effort)  dollars per ton temperature © C.

1939 3,006 . 260 345

. 19
1940 2,467 22 165 146
1941 4,054 194 390 3-9
1942 3,812 187 478 3.4
1943 5,202 209 564 25
1944 6,376 252 635 32
1945 8,677 378 884 4-0
1946 8,517 473 R44 3.5
1947 8,290 516 822 41
1948 7,223 459 892 3-4

1949 8,742 462 766 5-0
1950 8,325 430 770 5.2
1951 9,416 383 766 65
1952 9,088 417 37 60
1953 10,115 440 %Y 740
§954 9,828 488 823 6-0
1955 10,205 532 846 641
1956 9,332 533 977 4-7
1957 11,069 565 809 56
1958 9,667 609 1,080 49
1959 10,128 n LU 39
1960 10,884 745 1,007 45
1961 9,488 752 1172 41
1962 10,013 767 1,118 3.7
1963 10,344 73 1,22 46

Projections of these data without consideration of other biological limitations suggest a recruite
stock terminal yield of 10,500-12,750 metric tons, varying with the rate of temperature-influenced
recruitment.

Discussion

Between 1919 and 1932 economic considerations largely determined the magnitude of lobster
landings. In 1952 and thereafter, factors other than economic had become critical in determining
the annual yield of the fishery., The principal factor was seawater temperature which influenced
the time and frequency of moult.

Declines in temperatures since 1953 either decreased or delayed recruitment. Concurrent
increases in demand induced greater effort in terms of additional fishing units. Increased fishing
effort maintained production within & 10 per cent. of the annual mean of 10,000 tons for the
1951-63 period, aﬁhough landed value fluctuated 4 25 per cent. from the annual mean of § 980

per ton,
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Taste T§
Size compasition of catch in per cent, by lobster (July-June) Yeary

Carapacz length 1947-48  1948-49 1949-30 1950-5: 1951-52 1952-53 1953-54 1954-55 1i955-56
mm. .

7944 19-6 21-8 240 23:§ 24-5 250 234 233 220
826 216 24-1 222 213 227 23-5 230 239 238
85-7 20-8 22-7 202 20-2 20+4 20-9 218 20-5 197
88-9 17-5 17-3 16-3 172 16:8 169 17-4 17-2 16-4
92-1 86 8-6 70 79 6-5 67 71 71 17
55-3 4-3 1-8 3.3 1.3 24 2:2 27 2'3 30
98+4 2'6 1-2 2] 2.1 1-9 1-4 15 1-6 1-9
101-6 19 10 1-5 1-6 i3 i¢ il 1.2 15
104-8 1-4 08 1-2 13 1+1 0-8 Q-7 10 i3
108-0 0-7 02 07 0-7 07 0:6 0-5 06 09
111-1 0-5 04 05 05 05 04 04 0-5 06
14-3 03 0-2 0-4 0-4 0-4 03 02 0-4 06
1175 02 0:1 G2 03 0-3 02 02 02 03
1207 0-1 0-1 02 Q-2 03 02 - 0.2 02 02
123-8 0-1 0-0 0:2 0-2 02 01 0-1 0-2 02
Total

measurements 3,218 1,994 60,388 59,044 61,000 55,820 17,772 13,359 13,326

Since significant increases in effort are unlikely in view of the 1962 effort-to-yield ratio of
1-0-8 as compared with 1-3-9 in 1941-43, benefits to the fishery will most probably come from
a decrease in apnual production fluctuations.

SUMMARY

Results of this study indicate that data on sea water temperature, the pumber of fishing units,
the length of the fishing year and the size composition of the lobster population provide means for
effectively managing the fishery.

Table 1 suggests that the lobster resource can support an annual yield of 10,000 toas witha coms
bined natural and fishing mortality rate of approximately 85-90 per cent.

Fishing effort response to increased demand has maintained Maine lobster landings within
4- 10 per cent, of the annual mean of the past thirteen years, although declines in sea water tempera-
ture have reduced the rate of recruitment. Adjusting fishing effort for the remainder of the years
to average January-May scawater temperature would probably reduce production and economic
fluctuations to a negligible amount,
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OBSERVATIONS ON THE BIOLOGY AND FISHERY OF THE SPINY .LOBSTER
PANULIRUS HOMARUS (LINN.)*

M. J. GEORGE

Central Marine Fisheries Research Institute, Mandapam Camp, Indig

ABSTRACT

Panudivus homarus (Linn.) supports an active fishery along the south-west coast of India. The main areas
of fishing lie between Trivandrum and Cape Comorin jn the south and between Tikkoti and Cannanore in
the north, The trends in ithe seasonal and annual production at the two zones are described and discussed.
The fishing season is from November to April in the southern region whereas in the north it commences in
Au ’us;td and lasts only for a couple of months. The fishing methods which are different in the two areas are
outlined,

Length-frequency studies reveal that larger sizes enter the fishery in the commencement of the season and
smaller sizes are recruited into the fishery towards the latter half. The peak of the breeding season is from
November to Janvary as revealed by the high percentage of berried females in the catches and no segregation of
of sexes is noticed in the fishing ground at any part of the year.

Results of the preliminary exFeriments to evolve suitable tagging technique for the lobster are given,
The factors that contribute to the large annual fluctuations in the fishery and the influence of the pressure
of fishing on the conservation of stocks are discussed,

THE spiny lobster Panulirus homarus (Linn.) contributes to a-fairly good seasonal fishery on the
south-west coast of India and supports a lobster tail freezing industry. Although a general account
of the fishery and soma results of experimental fishing for these lobsters respectivaly have been
recently published by Miyamoto and Shariff (1961) and Balasubramanyan et al. (1960 and 1961)
no sttempt has been made so far to study the different biological aspects of this fishery, Prasad and
Tampi (1959) described the phyllosoma stage of Panulirus burgeri. During the years 1958 through
1964 a study has bzen conducted on this fishery with spacial reference to growth and age class repre-
sentation of the lobsters in the fishery and certain other biological aspects and .the results are
presented ‘here,

Holthuis (1946) proposed synonymising Panulirus dasypus and Panulirus burgeri as Panulirus
homarus and this was accepted by later anthors (Gordon, 1933; George, 1963 and 1964 and Kubo,
1963). However so far all the authors studying these species from Indian waters including the
recent, Miyamoto and Shariff (op. cit.} bave mentioned the two species, namely P, dasypus and
P. burgeri,as separate, In the present report the two species are treated as synonyms and recorded
as Panulirus homarus.

On the south-west coast of India the fishery of this species is restricted to two areas, the rocky
coast south of Trivandrum extending from north of Colachel to Cape Comorin and another small
strip north of Kozhikode, Details regarding the topography of the area of the fishery, fishing
methods, etc,, of the Cape Comorin-Colachel area is given by Miyamoto and Shariff (op. cit.).
The northern fishing area consists of 4 fishing villages in a stretch of 2+5 miles about 15 miles north
of Kozhikode. The villages are (1) Tikkoti Kodikal, (2) Vanmukkam, (3) Kadaloor and (4) Nandi
Light House shore. For the presant study 2 of the important fishing villages of the southern area,
namely Muttom and Colachel [Ref.: map given by Miyamoto and Shariff (op. cit.)] and Tikkoti
Kodikal and Kadaloor centres of the northern area (from 1963 onwards) have been selected and
lobster landings from these centres regularly sampled.

* Published with the permission of the Director, Central Marine Fisheries Research [nstitule, Mandapam Camp,
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FisHING SgAsON AND METHODS

The fishing season at Colachal-Muttom zone commences by November or December and ends
by April. The season at Tikkoti is very short and usually lasts for one or two months in August
to October period. .

The gear and methods employed in the fishery at Colachel-Muttom, namely anchor hook,
lobster trap and scoop net are fully described by Miyamoto and Shariff (op. cf2.). In addition to
these three, bottom set gill nets are also employed to a certain extent, mostly in the villages south of
. Muttom. At Tikkoti mainly 2 types of gear are used in the lobster fishery. The most important
gear is a type of cast net locally called Muru vala with mesh size 4-5-5-0cm. and made of hemp
twines. The net is operated from a dug-out canoe at a depth of 2-3 fathoms mostly during day-
time and when the water is clear. Another type of cast net, Kara vala with the only difference of
mesh size which is 3-0 cm. also is in use,

The second type of gear is a bottom set gill net locaily called Kantati vala. The length of one
iece of this net measures 40 feet long and 12 feet in depth, with a mesh size of 80 cm. also made of
Il;n:m[:» twines. Eight to twelve pieces of these nets are attached together to form one unit and set
at the bottom at a depth of 2-3 fathoms during night at the rocky region. Occasionally few lobsters
are caught on hooks and lines operated mainly for perches.

CATCH VARIATIONS

_ The estimated total Jandings of lobsters by the different gears employed at Muttom and Colache]
for the years 1958-62 and at Tikkoti for the seasons 1963-64 and 1964-65 are shown in Table 1.

Among the three gears employed at Colachel-Muttom zone, trap is the most important,
Anchor hook is equally, if not more, important in catching ability at Muttom. But at Colache]

L]

this is not so, as is evident from the table. Scoop net ismore prevalent in Colachel than at Muttom.

It is also clear from the table that December and January are the more productive months jn the
fishery of the area.

It is noticed that there is a gradual decline in the catches of all the gears at both Muttom and
Colachel from 1958-59 season to 1960-61 season, However 1961-62 season shows considerable
improvement in the catches, although not equalling the catches of 1958-59 season. This might indi-
cate that the decline noticed in the catlier seasons may probably be due¢ to natural fluctuations rather
than due to overfishing. Nevertheless a close watch on the fishery is necessary to determine the
effect of the fishing on the stock available.

In the Tikkoti fishery the catches of 1964 shows an improvement over that of 1963,

BREEDING SEASON

By taking the indirect evidence of the maximum percentage frequency of occurrence of females
with berry on the underside of the abdomen the breeding season appears to be in the early months
of the season, namely November-December. These months show the maximum number
of females with berries at both Muttom and Colachel (Table I1), although small percentages of
berried females are present in the catches in all the months of the ﬁsm can be seen . from the
table. D2 Bruin (1962) also observes the pzak of bresding of the” in Ceylon water in
December, though he gives the breeding season as prolonged from August to March. Itis also
seen from the table that there are more berried females occurring in the catghes at Muttom than at
Colachel, which might indicate that the breeding area is likely to be neager to Muttom.

 SMeIv-B
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TABLE 1

Showing landings of P. homarus (in numbers) by different gears at Muttom, Colachel and Tikkosi

Muitom Cotachet
Season Months Trap anchor Scoop Trap anchor Scoop Tikkoti
hook net hook net cast net
1958-59  December 7,359 46,286 . 16,398 . 3,560 .
January 4,608 5,212 22 18,228 - 1,064
February 6,920 2,222 58 9,196 60 50 .
March 2,752 57 . 3,255 70 - ..
April 328 267 . 1,114 . - .
1959-60  Decemter 4,866 12,852 .- 6,616 .. 338 ..
January 4,608 5,212 22 4,046 1,370 120
February 3,244 2,342 o 1,919 - -
March 926 212 . 745 e -
1960-61  December 6,754 11,409 5,226 1,346 953 Ve
January 4,960 8,786 -~ 4,210 247 32 .
February No data
March 2,186 112 - 1,064 - . v
April 496 - 776 - - ..
1961-62  MNovember 3,028 14,050 - 3,844 1,534 808 e
December 71,930 31,870 . 4,820 2,404 964 e
January 10,537 18,340 - 3,026 1,154 1,355
Febrvary 1,942 1,486 1,484 786 216
March 92 22 —~ 295 347 3z ..
1963 A'I.Isust Y - - - - - 50
September - - e - 1,535
October e - - - v 3,040
1964 August .. . . 35
September . . . 6,011
Tapre II

1958-59 to 1963-64

Showing the percentage of berried females in the lobster catehes at Muttom and Colachel for the seasons

Percentage of berried females

Season Muttom Colachel

Nov. Dec. Jan. Feb. March April Nov. Dec. Jan. Feb. March April
1958-59 .. 709 361 516 400 225 .. STl 85247 429 172 1740
1959-60 .. 780 361 207 135 .. 654 380 196 146 ..
1960-61 .. 604 438 27'S 184 T8 .. 54T 256 1T 11-5 114
1961-62 81-3 726  S1-1 288 433 .. 631 493 247 260 444 .
1962-63 .. e 1T No data
1963-64 60-0  28:0 46-9 40-6 212 .. 321 . 49
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During the months of the fishery at Tikkoti region percentage of berried females obtained in
the catches are considerably less (only 8+3 per cent, in 1963 and 353 per cent. in 1964), indicating
that these months of the fishery are not the breeding months of the species there. It is possibie that
the population supporting the fishery at both the arcas are derived from the same stock having a
common breeding ground,

SEX RATID

The overall monthly sex ratios of 11,072 lobsters observed from 1958-64 show 53-0 and 519
per cent, males and 47-0 and 48-1 per cent, females in Muttom and Colachel respectively. At

TaBLE III _
Showing the sex ratios of P, homarus by months at Muttom and Colachel during the years 1958-64

Muttom Colachel
Months
o males 9% females % males % females
November . 558 44-2 543 457
December " 503 49-7 582 41-8
January . 51+8 48+2 55-8 44+2
February - 50-2 508 50+3 49+7
March w563 43+7 48'8 51-2
April - 542 45-8 43 557
Total .. 530 47:0 519 48-1

Muttom in March, April months there seem to be slightly mor: of males, whereasat Colachel in
these months female percentage is slightly on the higher side. Except for these the sex ratio is almost
1:1, not showing any segregation of sexes.

The sex ratios in the catches at Tikkoti area show a slight preponderance of females in both
seasons of observation.

GROWTH RATE

Growth rates of several of the commerciaily important lobsters such as Panulirus argus, P, japo-
nicus, P. interruptus, P. longipes, Jasus lalandii, etc., have been either fully or partially studied by
different authors by using either one or other or all the three methods, namely length-frequency,
tagging and holding. Attempts have been n1adp in the present investigations to determine the
growth rate of aduit Iobsters of the present species by the length-frequency method. Though De
Bruin {op. cit.) gives length-frequency polygons of P. dasypus from Ceyion waters during the fishery
of the species in 1960 and 1961 no attempt is made by him, however, to determine its growth rate
and age composition of the catches.

Length Frequencies

During the period 1958~64 a total of 11,072 lobsters were measured from the catches at Muttom
and Colachel. The measuremenis are made from the rostrum (between the horns) to the end of the
telson. The combined data from the two centres for length frequencies in intervals of 10 mm. for
the season December 1960 to April 1961 for maies and females separately is shown in Fig. 1,
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Fig. 1. Lewmvﬁucy distribution for the season 196061,
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Although the number and complexity of the modes preclude the possibility of identifying the various
age groups and of tracing their growth rates, shifting of some modes are apparent so that some
deductions are possible as to the average length increments. Length frequencies for most of the
seasons show more or less a simifar pattern. Inthecase of males it can be seen from the figure that
the mode at 141-150 mm. length group in December shifts to 161-170 mm. by April, thus showing
a growth of 20 mm, in 4 months, But the mode at 181-190 mm. in December shifts to only 191-
200'mm. by April, showing only 10 mm. growth in 4 months. Similarly in the case of females also
the mode at 141-150 mm, group in December shifts to 161-170 mm. by April and shows a growth
of 20 mm. in 4 months. Another December mode at 181-190 mm. moves only to 191-200 mm.,
again 10 mm. in 4 months. Other minor modes also could be traced to-show shifts of 10 mm. during
a period of 4 months. This gives an average growth rate of about 30-40 mm. per year which
compares very well with the resuits obtained in other lobsters.

Age Compaosition and Population Characteristics

Monthly size freguency modal distribution in the fishery for the seasons 1958-59 through
196364 are given in Fig. 2. Plotted serially for all the years under observation and fitted with
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Fia, 2, Leagth-frequency modal distribution of P. pemarys,
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smooth curves the size distribution modes ¢an be scen to trace each brood from its recruitment to
its disappearance from the fishery. From the curves the interrelationships of successive broods
seem to be sufficiently clear. However, slight variations in the fitted lines do pose a question ragard-
ing their causes, Perhaps part of this variation could be attributed to sampling error and dis-
proportionate availability and differential growth in sexes,

A close scrutiny of the figure will show that about 6 year groups ars represented in the fishery,
An year group which comes into the fishery at 131-140 mm. size is seen to be represented in sub-
sequent 5 years, reaching by that time a size of about 300 mm. The representation of the year
groups which could be made out from the figure is shown in Table IV,

TasLE IV
Showing the year class representation in the fishery

Season Year classes in February (length group mm.)

1958-59  141-150  171-180  231-240  251-260
1959-60  161-170  191-200  251-260  271-280  121-130

1960-61  191-200  221-230 . .- 161-17¢  131-140 ..
1961-62  215-225  261-270 o v 191-200  161-170  131-140 .
1962-63  251-260 .. .. . 210-220  181-190  161-170  131-}4p
1963-64  291-300 . . . 241-250  210-220  181-190  161-170

The yeatly progression of the modes can be clearly seen from the table, The year class with
the mode at 141-150 mm. length coming into the fishery in 1958-59 reaches 291-300 mm. length in
1963-64 (Fig. 2 and Table IV). 8o it may not be far from the truth if it is concluded that altogether
6 year classes are represented in the fishery. The growth increase per year varies from 20-40 mm.
The average annual growth rate works out to 28 mm. which compares very well with that obtained
by the monthly length-frequency progression,

Taking into account the yearly growth rate obtained above and the fact that growth may be
faster in younger stages, it may be concluded that the year class which gets recruited into the fishery
at 131-140 mm. or 141-150 mm. siz¢ may probably be the 3rd year class, thus making a total of
9 year classes to reach a size of about 300 or 310 mm. In other words a lobster measuring 300 or
310 mm. length may be said to be 10 year old. This estimated age of P. homarus compares very well
with the age obtained by other workers in other species of lobsters. In P, interruprus a specimen
measuring about 260 mm. in total lengths is 7-8 years according to Lindberg (1955), In P. argus
Travis (1954) observed the same age. In the case of Jasus lalandii according to Fielder (1964) speci-
men measuring about 250 mm. in total length is 10+ years, which, however, shows a slightly lesser
growth rate in this species,

The actual growth rate obtained in the present species P. homarus is quite similar to the
growth observed in other lobsters. In the case of Panulirus japonicus ‘{]Von Siehold) Nak,;ar:leu?g
(1940) found that animals between 22 and 40 mm. carapace length increassd in length 9-4-16-7 per
cent. at mouvit, In P, interruptus (Randall) Lindberg (1955) arrived at a yearly growth increase of
3-4 cm, (1}-1% inch) by means of tag recoveries and holding experiments. For the same species
Backus (1960) estimated a yearly growth of 20 ¢m. for females and 17 cm. for males for animals
between 27 and 40 cm. total Iength.  Smith (1948 and 1951) reported an annuval growth of 1 inch
for the species P, argus (Latreille). In the same species Dawson and Idyll (1951) observed annual
growth of 13-1} inch. Travis (1954) showed an annual increase of 9-12 mm. carapace length, also
for P, argus, 1n the case of P, Jongipes (M. Edw.) Sheard (1962) estimated growtll; by tagging ang
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he calculated mean carapacs length increments of 0-31 inch and 061 inch for females and 0-44 inch
and 0-62 inch for males for animals {ree for 1 and 2 years respectively. In Jasus lalandii (M, Edw.)
Bradstock (1950) noted an increase of 1-9cm, and 2-1 em, for two-tagged animals recovered after
1 year, For the same species Fielder (1964) records an annual growth of 1 inch total length in
animals between 4-0 and 79 cm. carapace length and 0-6inch in animals between 8-0-9:0cm.
carapace length, The average annual growth rate of about 30 mm. observed in the case of
P. homarus as a result of the present investigations seem to be quite in agresment with the earlier
observations on other species.

ExPERIMENTS 1IN TAGGING

Early in 1964 some preliminary experimants in tagging the lobsters were conducted at Muttom.
Dart tag similar to the one used by Dawson and Idyll (1951) and others has been used. Few lobsters
were tagged with this tag and kept in the sea inside experimental lobster traps. Feeding was done
every alternate day. These lobsters were alive in these traps for nearly 2 months during which time
some underwent moulting. Final measurements of the lobsters could not be taken since the traps
were lost and could not be tracad after about 2 months due to very heavy seas. However the experi-
ment has proved beyond doubt the suitability of the tag for field studies, It has alse shown that
mortality due to the effect of tagging is quite negligible,

DiscussioN

IMiyamoto and Shariff (1961) describing the lobster fishery of Kanyakumari District gives
certain observations of the local fishermen with the suggestion that it should be pursued and investi-
gated by fishery biologists, One of such observations is *‘female lobsters canght throughout the
fishing szason bear eggs”. Data presented in Table II gives the percentages of berried females occur-
ring in the fishery during the entire period of present investigation. The observation seems to be
partly correct, Even though their percentages are very low in the latter half of the fishing season
berried femalesdo occur in the fishery thronghoutthed or 5 months of fishing there, But the
females occurring in the fishery are not ail berried at any time, Another observation is that small
lobsters 1-13 inches in body length are caught during the season in traps fixed near the coast, This
obsarvation doss not appear to have any truth in it since throughout the period of observation of
the present study of 7 years not a single specimen of such small lobster was obtained from these
caiches. The minimum size obtained in the trap is about 80-90 mm. in total length which is very
much larger than the size mentioned. o

The trend of the total landings of lobsters in Muttom Colachel zone seems to suggest that stocks
ars not seriously depleted. Because of the lack of data available on total landings of lobsters for
the seasons 1962-63 and 1963-64 this conclusion must be t2ntative. But the earlier data shows that
but for some natural fluctuations taking place in the fishery the stocks are not much low as is evident
from the decline in the catches from 1958-59 season onwards and later increase in the catches in
1961-62 season to almost the 1958-59 level, The temporary decline in catches noticed in 1959-60
and 1960-61 seasons may be due to natural fluctuations caused by any onz or morz of a combina-
nation of factors such as temporary hydrographic barriers like unfavourable currents, temperature
variations, etc., scarcity of food and unfavourable meteorological conditions. However, observa-
tions made throughout the present study tend to indicate that indiscriminate capture of all sizes of
lobsters including the smaller sizes from 90-140 mm, total length, which are not favoured by the
freezing industry and thus fetch only very low price and are fished mostly by traps, might sooner or
later affect the total production at a later stage. It is feit that fixation of a minimum size limit for
lobster catches might be useful to avoid this, Hence it is suggested that a minimum size limit of
about 130 or 140 mm. total length should be enforced in the fishery, prohibiting the landing of
Jobsters of lesser sizes, ' ‘ )
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THE PANDALUS BOREALIS TN THE NORTH SEA AND SKAGERAK

AAGE J. C. JENSEN
The Danish Fisheries and Marine Research, Charlotteniund, Denmark

ABSTRACT

The Danish catch of Papdalus borealis started about 1930 and increased to 1-9mill, kg, in 1963. Until
1960 it was carried out in the Skagerak and northern Kattegat but since this year an increasing part has been

taken in the wvestern North Sea.

According to a Danish-Norwegian-Swedish convention of 1952 the minimum mesh in the cod-end of the
teawl in the Skagerak-Kaitergst is 17 mm. knot to knot. Some decreases of the stock in the Skagerak may
stem to have been found, in that the older trawl in some seasong now seems to give dinsinished catches and
a replaced by larger irawls.

A great diminution of relative abundance of the larger orawns has been found in the course of 50%s,

Catch and fishing places, The Pandalus is found from about 100 m, depth during the winter and

from about 150 m. during the summer, out to about 450 m. See map in my paper: The Nephrops,

.ete,, in this volume. The catch of Pandalus started at the beginning of the century from Sweden and

Norway when great quantiies were found in some fjords from the Skagerak. The fishery soon

gg’edd to other fjords, and about 1910 a Swedish prawn fishery began also in the open Skagerak.
¢ Danish fishery started about 1930,

Afterwards all three countries extended their prawn fisheries to the western Skagerak and also
to the deep channel in the north-eastern North Sea, and in 1960 a Danish and Norwegian fishery for
the Pandalus started at the Fladen ground in the north-western North Sea. In 1961 the total catch
of Pandalus in the Skagerak was B-7mill. kg. of which ¢-4, 2-4 and 1-9 mill. kg. from Sweden,
Norway and Denmark, respectively. In the North Sea 3-9 mill, kg. were taken by Norway,
1:2 mill. kg. from Denmark, :

- The fishing season in the Skagerak is for Denmark March-October but some fishing is carried
-out also in the other months, the Swedish is more uniform the whole year, but with a maximum
during thesummer. The Norwegian fishery is to a large part carried out in the winter months when
the prawns carry roe. At the Fladen ground the fishery takes place only April-July.

The gear is the special Prawn-trawl, a relatively high implement with long and broad wings.
In recent years the size of the trawl has increased, especially in Sweden, in some cases a very large
‘herring trawl has been used. According to a Danish-Norwegian-Swedish convention of 1952 the
minimum mesh in the cod-end is 17 mm. knot to knot, but most of the fishermen use larger meshes,
up to 22 mm. in order to avoid the smallest prawns.

Release through the meshes and by a sieve on board has been investigated but is not reported
here. The bycatch of fish in the eastern Skagerak is about 3 of the total weight, in the western in
Skagerak about {, at the Fladen it is relatively large in the summer and autuma, whichis the main
reason for the short fishing season here,

A great change in the length distribution was found in the eastern Skagerak between 1956 and
1960. In the other regions the iengths have been investigated only in recent years. From Fig, 1
‘it is soen that in May-August 1934-38 and 1949-53 the largest number of prawns yere between 70
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and 8} mm. long, but in 1958-63 between 60 and 70 mm., and in 1961-62 very few were in the
70-74 mm. group, in 1963 a few more. For October-November a similar change was found for
the smallest group, the { ycar old, with 1960-61 as the transition years. In the next length group,
about 70-80mm., 1} years old, the length was less in 1960-62, but in 1963 about the same as in
1953-59. In the commercial catch the smallest group is not found and neither any of the smaller
prawns in the next group on account of the larger meshes used.

The analyses of the samples have been carricd out until 1938 by E. M. Poulsen, 1949-53 by
J. B. Kirkegaard, J. Knudsen, K. Sick and myself, after 1954 by K. Salmberg,

In Fig. 2 it is seen that the change in the summer was due to the fact that the average length of
both males and females became less. For the females the length of the two-years-old decreased
from 1957-58 10 1961-62, but in 1963it was only very little lower than in 1957-58. Most remarkable
is the occurrence of l.year-old females. In 1961 they were of the same average length
as the males, in the other years 1958-63 a little larger. They are either primary females without
or with a very short-lasting maie stage. This may be an example of a law that growth rate and
sexual development are in reverse relation to each other.

The change in the autumn is the same, Themean length of the § year old males in November
1957 was a little under 50 mm., in October 1962-63 a little over 45 mm., and the lengths of the 1}
years old males culminated at 75-79 and 70-74 mm., respectively, and in this age-group with a
relatively large number in the transition stages, and also with relatively more females.

‘The cause of this change is as yet unknown. The fishery cannot have any influence upon the
sexual development. In an earlier paper I assumed that it might be due to an immigration, but
more probable it may be caused by a fluctuation in the food supply or the temperature.

In Fig. 3 some commercial catches from the middle and western Skagerak and from the Fladen
ground in the North Sea are compared. Itisseen that two samplesfrom NW of the Skaw and north
of Hanstholm from March 1964 consist of very large female prawns and very few per cent. of males
and transitional stages. The trawl mesh sizes have not been noted for these catches, but it must be
assumed that they have been very large.

From Fig. 3 and also by comparing with Fig, 2itappears that the females (of 2 years and older)
caught on the Fladen ground were smaller than those found in the Skagerak at the same time of the
year, the sizes of the males and transition stages were nearly the same. The mean length of the
whole catch in nearly all samples investigated has been a little less on the Fladen than in the
Skagerak, and especially prawns over 10 cm. total length seem to be very rare or missing on the

Fladen.
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.THE NORWAY LOBSTER, NEPHROPS NORVEGICUS IN THE NORTH SEA,
SKAGERAK AND KATTEGAT

AAGE J, C, JENSEN
The Danish Fisheries and Marine Research, Charlottenlund, Denmark

ABSTRACT

The Danish fishery for Nephrops started in 1931, and in 1957-63 it has been about 1-7 wiill. kg, a year.
Tt has been carried out in the Skagerak and Kattegat.

: The fishery scasons seem mainly to be restricted to the yearly periods when the bottom temperature is
over §°C., and it may seem that the Nephirops hibernate deep in the bottom when the temperature is lower.
The relative number of the larger ones has shown a strongly progressing decrease in the course of the years
in each of the regions where it has been investigated.

Taggiogs by a plastic tag fixed to the tail have shown no migrations or perhaps migrations of some few
miles. The length distribution measvred in mm. for each locality with a certain depth has shown summits of
aboult.s—ll mm, distance in mules between 80 and 140 mm. total length, corresponding ta the growth by a
moulting.

Distribution and landings. Tn the North Sea, Skagerak and Kattegat the Norway lobster is found
from about 30 m. to about 300 m. mostly on_soft clayish bottom and on sand mixed mud. Itis very
rare in the Sound and in the south-western Katte gat and the northern part of the Belts, because its
distribution is limited by a salinity. of about 309, and itis rare even in water of less than 32%,. In
the northern North Sea it is frequent on some grounds, to the south to off Northumberland (see
Cole, Pope and Thomas).

The landings from the Skagerak started about 1910 from the eastern part where the Norway
lobster was taken as bycatch by the Pandalus fishery which then was extended from the fjords into
the open Skagerak and a special fishery for Nephrops developed from Sweden. The Damsh fishery
for Nephrops began about 1930 as bycatch of the Pandalus fishery to the north of the Skaw
and in a special fishery in the northern Kattegat. Afterwards the fisheries extended over larger
parts of the Skagerak and to the middle and southern Kattegat, In the beginning of the 60"ies the
Swedish catch had grown to about 900 tons a year, the Danish to 1,700 tons. From Norway upto
about 100 tons are taken annually as bycatch of the Pandalus fishery, from Germany a similar part
by the ordinary bottom trawl fishery in the Kattegat and eastern Skagerak.

The annual Scottish landings, mainly from the Moray firth and Firth of Forth, are growing,
and in the beginning of the 60°ies they were about 1,500 tons. From England about 600 tons are
taken partly in a special fishery, partly as bycatch, The bycatch of Nephrops by Belgian trawlers
is about 350 tons, but for the other countries a total of only under 200 tons is noted in the statistics.

In this summary of the biology the selection by the meshes, the food and the fecundity and other
items have not been mentioned.

Yearly variations inthe Danish landings from the Skagerak and Kattegar are shown in Fig. 2
together with the temperature where the Nephrops is caught. It is seen that they are only caught
when the temperature is over 5 or 6° C., and that the seasonal increase of the catch at the various
grounds follows the rise of the temperature until about11°,  Anexception is a maximum of landings
at Hirtshals and Skagen in February-March, which is due to a bycatch from the fishery for Pandalus
when this takes place mainly in 100-150 m. depth to the north-west and west of the Scaw.

. Inthe rest of the year almost the whole catch is taken by special Nephrops fisheri es, from Hiris-
hals mostly in §0-100 m. depth from west to north-east of this harbour, from the Scaw the fishery
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is mostly carried out to the north-west, east and south-cast of the harbour in 40-70 m. From
Frederikshavn it is carried out mostly in about 40 m. depth to the cast of the harbour, partly also
* to the north-east in 40-70 m,, from Grenaa mostly south and east of Anholt in about 40 m. depth,

partly also to the north-east of Anholt. The rise of the temperature comes later in the northern
Kattegat than in the Skagerak and still later in the southern Kattegat because the water of the lower
water layer which had been upper layer in the Skagerak moves southwards only little influenced by
the surface temperature. The landings culminate earlier than the temperature because many of
the cutters leave the fishery when the rough autumn weather begins,
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; Day and night hauls have shown that at depths smaller than about 80 m. the Nephrops are least
available by day especially during the summer. The smaller hide more in the bottom than the
larger ones. The phenomenon has been studied by Thomas and Simpson, by Stgaard Andersen
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(at the Faroes) and less systematically by myself. In Fig. 4 catches from day and night off Mar-
strand in 1961-62 have been compared, and also for the northern Kattegat, but here not for the same
years and partly not for the same places., Fishing by night from the research vessel started in 1960
when the stock in the northern Kattegat was so depleted that the catches by day became very small
during the summer. Also dark days may improve the catches, on light days most often only a few
large Nephrops are caught. The same may be the case if currents has lifted the trawl so it has moved
too lightly over the botftom.

The length distribution of those caught is never that of the total stock ; the Nephrops are always
more scarcely represented in the catch the smailer they are, When catches have been made more
or less under the same conditions they may be considered comparable,
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The length distributions in different regions are shown in Figs. 2 and 3. Smoothing for each
3 cm. has been used in order to eliminate irregularities in the curves due to 2 too small material, ex-
cept for the large Scottish material (Thomas, 1962). The smoothing has flattened the curves a little.

It should be noted that the Scottish length distributions are published in 5 mm. groups of cara-
pace length and have been recalculated to total length. The figures used here are the means of the
percentage distributions in the single years, whereas the other means for series of years are calcu-
lated from the sum of the Nephrops caught in the period in question.
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In the Firth of Forth the mean length of the males shows a tendency to decreaseas Thomas has
pointed out, although they have varied much from year to year, due to some unknown different
conditions during the fishing which, e.g., may have caused the smaller ones to hide morein the
bottom in one year than in an other (comp, Thomas, 1962). The rather regular increase of the
steepness of the declining parts of the curves for the males indicates the increased reduction of the
stock by the fishing.
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n the other hand the large difference in the distribution and the decline at the Flaggn ground
in 1963 and 1964 may be due to the small material in 1963 or to differences in places and depths for

the stations.
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In the northernmost Skagerak, off Persgrund, a decrease of the mean length is found, but the
steepness of the decline of the number of males over 15 ¢m, has not changed. The small mean length
and the steep decline off Persgrund most likely is due to the intensive fishery which has been carried

out here especially from Sweden.

Off Viderdar the mean length has increased. This might be due to a smaller recruitment of
the stock in some recent years which is indicated by the minimum in the length distribution of the
males especially at 12-14 cm. which is seen also off Persgrund. A smaller recruitment of Nephrops
including also those of 15 cm. should result in a temporary siower decline of the number of males
over 15 cm., and the fact that the decline is unchanged on the two grounds may indicate that actually
thé reduction by the fishery is faster now than it was previously,

To the north of the Scaw at about 200 m. the decline has also been essentially the same. Here
the Nephrops is only a small bycatch of the prawn fishery and perhaps the length distributions of
the small number caught by the research vessel are not comparable from one year to another,

To the north of Jutland at depths of 50-150 m. a decrease in the average length and an increase
of the steepness of the decline of larger males are found. Actually in 1955 an accumulated stock
of Nephrops over 15 cm. was found but in 1956 it had disappeared, and in 1964 the decline was still
steeper. To the south-west of Marstrand an accumulated stock existed in 1961-62 but had dis-
appeared in 1963-64, Here the decline in the number of large Nephropsis very slow which may be
due to the protection provided by the stony grounds surrounding the marrow fishing place.
Although the migrations of the Nephrops are very small there are indications that the larger
individuals may stray a little more than the smaller ones.

- In the northern Kattegat relatively many very large Nephrops were found in 1935-38 when the
fishery had been carried out in a few years only. In 1949-54 those over 20 cm. had become very
rare, and in the following years this development continued.

In the southern Kattegat the commercial fishery started about 1950.  An accumulated stock of
large Nephrops was found in 1955 but it had disappeared in the following years. The positions and
depths where the hauls were made have not been exactly the same in these years, and perhaps the
results are not fully comparable. An accumulated stock had been found at some places even in

1961,

No doubt the steady decrease of the average length and of the relative number of larger
Nephrops—the increasing steepness of the decline—must be due to the increasing fishery being so
- intensive that the slow growth of the Nephrops cannot compensate for the removal of the larger
animals by the fishery, Especially we can follow this decrease in the northern Kattegat, and the
commercial value of the stock here is now very reduced. Improvements of the trawl and the shift-
ing during the summer to fishing only by night have until now secured a profitable fishery.

The different lengths in different regions. The mean length is very small in the Firth of Forth
(and in the Moray Firth), at the Fladen, in the northernmost Skagerak and by night in the northern
Kattegat. It is evident that the cause in the northern Kattegat is the steadily more intensive fishery,
and this may be the cause also for the northernmost Skagerak and for the Firth of Forth., Ip
fact Thomas has shown that the reducing effect of the fishery seems to explain the differences in the

mean length in different regions at Scotland,

The low mean length at the Fladen can hardly be caused by the fishery here which is not very
intensive for Nephrops, but must be assumed to be due to natural conditions. Itmay be that
number of predatory fish is very large here. The predators, and especially the cod eat many

Nephrops also on the other grounds.

The largest Nephrops are found off Marstrand (by day) as explained above, and to the north
of the Scaw and in the southern Kattegat where the fishing is relatively new,

SM-1V-6
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Protection of the stock against overfishing. A convention between Denmark, Norway and
Sweden in 1952 introduced a commeon total minimum length of 150 mm. DPenmark had 160 mm,
from 1926 1o 1953, In 1939 the international minimum was changed to 130 mm,, but Denmark has
kept to 150 mm. although just as many under this length has to be thrown overboard at the most
important Danish fishjng grounds, the northern Kattegat, asin the northernmost Skagerak. It
may seem that the high Danish minimum size is a contributory cause for the fast development of the
Danish fishery. A lowering of the minimum length must accelerate very strongly the destruction
of the commertcial value of the stock because the previons curve of decline in a few years will be dis-
placed in the main parallel to itself from the old to the new size-limit.

The growth can be determined by the Petersen method becavse the migrations are very small.
Figure 5 in my paper (1962) shows the length distribution of the males in some large catches where
the depth has not varied more than 1 or 2 m. during the haul.

The total lengths of the Nephrops were measured for the haul from October 1960, for the other
hauls the lengths from the eye were measured.

According to the distance between the maxima the growth of the males by one moulting in mm,
is as follows:—

At q total length of 100 mm. 120 mm, 140 mim.

Off Viiderbar & 9 9

Off Marstrand P 10 &7
N, Kattegat . B89 8-9 8-10
5. Kattegat 127 12 10?

Almost 30%, of the Nephrops tagged since 1962 have been under 14 cm. bui of these only 3%,
are recaptured partly because the smaller specimens hide more in the bottom than the larger, partly
because a number of those recaptured have been shoveled overboard when the larger were sorted
from the catch. Also those over 190 mm. have shown a recapture of only 3%, which may indicate
that they have a larger tagging mortality or natural mortality.

About 159, of the tags found have not been observed on board but were noted in port. For
many of those found at sea the places of recapture have not been stated accurately.

The time intervals between tagging and recapture were as follows =

Months after tagging o 12 3-5 6-8 9-11 12-13
April--June 1958-64:

Number recaptured oo 147 11 . 1

Mean distances, miles 471 . 46 1(1)

Smallest and greatest .. 0-15 16 1
October-November 1947-63:

Nuniber recaptured .. M 9 4 9 4

Mean distance, miles .. 6(36) 3(6) : LY K)] T (8) & (1)

Smallest and grealest .. 0-13 1-7 1-11 0-19 4-8

The longest distance reported was 19 miles for one-tagged on 19, October 1961 and recaptured by

4 ngngan fisherman on 15, September 1962, but it has not been possible to get the position
vermed,

The average distance is the same notwithstanding the time elapsed. Because the distance
covered by a haul is about 8 miles in consideration of the uncertainty of the places of recapture it
must be concluded that the Nephrops only in few cases undertakes any mi grations.
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THE CRUSTACEAN FISHERY RESOURCES OF INDIA
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ABSTRACT

The crustacean fisheries of India have assumed considerable importance in recent years in the economy
of the country. Exports of frozen and canned prawns and frozen lobster tails have been steadily on the
increase earniog very valuable forcign exchange. The commercially important crustaceans consist of the
prawns, lobsters and crabs caught from the sea and brackish waters, Except the giant freshwater prawn,
limited quantities of which are exported in frozen condition, the freshwater crustaceans contribute only to
a sustenance fishery of minor importance.

The annual marine crustacean landings in India average about 80,000 tonnes of which 97- 5%, is consti-
tuted by prawns. The paper discusses the present condition of the crustacean fisheries of India.

THE estimated average landings of marine crustaceans in India comes to nearly 80,000 metric tons
which is about one-tenth of the total marine fish production. If the prawns caught from back-
waters, crecks and sstuaries which are essentially of marine origin, are excluded, the purely fresh-
water species are of negligible importance, The freshwater prawns and crabs form merely a sus-
tenance fishery and the only species of some commercial importance is the giant freshwater prawn
which is caught in very limited quantities from certain areas. No statistics of freshwater crustacean
catches are available and therefore this account deals mainly with the marine forms which are not
only of considerable sconomic importance now but have potentialities for further development also.

‘The crustacean fisheries could be broadly grouped under prawns, lobsters and crabs and of
these, the prawns are the most important accounting for about 98%, of the marine crustaceans landed.
The growth of the prawn industry during the past one decade has been most phenomenal. While
before the Second World War, and immediately after, exports of prawn products consisted only of
dried and semi-dried prawns to the neighbouring countries of Ceylon, Burma and Malaya the
picture has completely changed with the adoption of freezing and canning methods. A chain of
events took place within a short time which helpead the industry to the unique position it occupies
today. The main factor that contributed to the rapid development of the industry was the ever-
increasing demand for prawns in the United States. Some of the West European countries also
which had made quick economic recovery after the war began to show interest in the import of
prawns, By the early fifties a number of ice factorizs with cold storage and freezing facilities came
into existeznce which enabled preservation of prawas in good condition for long periods, Use of
mechanised fishing craft and nyton nets began to bring in larger catches than ever before.
Improvement in road transport facilitated quicke_r movement of catches from landing centres
to processing centres. Availability of fresh prawns in good quantities encouraged the develop-
ment of an export industry and the increasing demand for prawns and allied products gave
additional {illip to the trade. The annual exports now (1964) stands at about 50 mitlion rupees,

The estimated landings of marine crustaceans in India are given in Table I. It could be seen
that the west coast accounts for more than 80% of the catches (Fig. 1). The catches are higher in
the northern section comprising of the coasts of Maharashtra and Gujarat than in the southern
section but are dominated by the smaller sized species (Fig. 2). Bulk of the exports are from the
southern section comprising the coasts of Mysore, Kerala and a part of Madras. The exports of
prawns and lobsters and of crustacean products are given in Tables I and III.
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TaBLE T

Estimated landings of prawns and other crustaceans in India during the years 1958-64
(Quantity in metric tons)

1329

West coast East coast
Year Penacid Non-penacid Other Total Penaeid Non-penaeid Other Total Combined

I prawns Prawns Crustaceans prawns prawns Crustaceans tatal

‘1958 26,293 53,501 256 80,050 2,910 2,486 1,252 6,648 86,698
1958 23,548 36,775 461 60,784 4,084 1,030 1,632 6,746 67,530
. 1960 27,503 35,004 460 62,967 4,256 1,267 2,111 7,634 70,601
1961 32,864 22,018 297 55,179 6,219 1,667 1,741 9,267 64,806
1962 42,227 34,57 168 76,971 6,023 409 863 7,295 84,266
1963 30,747 39,554 223 70,524 10,323 9269 1,838 13,130 83,654
1964 52,018 30,164 235 82,417 11,365 1,342 4,330 17,041 99,458
N.B. (i) West coast figures are inclusive of Goa except for the years 1962-64 for which data were not received,

. (ii} Landings in Andamans and Laccadives are not included, The same amount to Iess than 5m. tons.

available at the time of the printing of this article.

TabLE IT

Export of erustacean products from India 1960-64

-(iii) The combined totals are nearly 82,000 tonnes and 95,000 tonnes for 1965 and 1966 as per information

1560 1961 1962 1963 1964
1. Frozen prawns
Quantity .o 12,18,165  14,62,656 22,38,190 39,66,899 58,70,031
Value in Rupess 58,66,123 73,066,872  1,08,20,276 2,12,03,766 3,15,18,242
2, Canned prawns
Quantity 3,19,510 6,21,773 9,69,928 12,31,274 10,73,927
Value in Rupees 17,84,047 4222907 65,58,924 75,75,594 69.91,927
3. Frozen lobster-tails
Quantity . 39,763 53,304 41,304
Value in Rupees 2,26,364 3,12,721 302
"4, Dried prawns
Quantity . e 28,08.675 30,08,650
Value in Rupegs . . 93,294,698 £9,96,764
5. Prawn powder
Quantity “ o 2,55,0t5 5,11,187
Value in Rupees . ' 84,363 1,25,768
6. Prawn pickles .
Quantity . , .. 683
Value in Rupees . . . . 2,805
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TasrLe TH
Export of prawns and lobsters from India 1953-64

Frozen prawns Canned prawns ~ Frozen lobster-tails

Year Quantity Value Quantity Value Quantity  Vaiue

(Kg) {Rupees) (Kz.) (Rupees)  (Kg)  {Rupees)
1953 13,268 51,740
1954 60,600 2,72,893
1955 48,145 2,594,002
1956 1,90,186 10,96,716
1957 496,410  21,33,546
1958 7,79,526 37,90,200 .. e
1959 10,49,527 49,23,203 3,72,850 23,223,667
1960 12,11,165 58,66,123 3,19,510  17,84,047
1961 14,62,656 73,66,7182 621,773 42,22.907 . .
1962 22.38,190  1,08,20,176 9,69,923 65,59,924 39,763 2,26,364
1963 19,66,899 2,12,03,766  12,31,274  75,75,594 53304  3,12,721
1964 £8,70,031  3,15,17,242 10,73.927 69,91.927 41,304 3,711,021

West Coast—Northern Section

The average annual production is about 47,000 tonnes, bulk of which comes from Maharashtra
alone. In Maharashtra the fishery is dominated by small non-penaeid species like Palaemon tenuipes,
Hippolysmata ensirostris and Acetes indicus which are caught in enormous quantities in the periods
April-May and November-December, Metapenaeus affinis, Parapenacopsis hardwickii, P. stylifera
and Solenocera indicus are the main medium to large-sized prawns found in this region. The main
species of commercial value in the Gujarat region are M. kutchensis and Penaeus indicus, Fixed
bag nets and stake nets are the main gear types used in this region. Detailed accounts of the prawn
fisheries of the Maharashtra and Gujarat coasts are presented by others ip this symposium.

West Coast—Southern Section

The average annual production of the marine prawn fishery of this area is about 14,000 tonnes,
An equally good quantity of prawns are Janded from the backwaters also. The same species of
penaeids contribute to both fishery, the important species being Penaeus indicus, Metapenaeys dob-
soni, M. affinis, M. monoceros and Parapenaeopsis stylifera, the last one contributing to only marine
fishery. The giant freshwater prawn Macrobrachium rosenbergii is also caught in good quantities
from the backwaters of Kerala. Trawl nets and boat seines are the main gear employed in the
fishing from s2a, while stake nets, fixed dip nets and cast nets are used in the backwaters. 'The paddy
field prawn fishing is also practiced to a great extent in Kerala backwaters, the season being from
November to April. The total catches from this area are estimated at over 10,000 tonnes,

East Coast

The marine landings along the east coast comes to about 9,000 tonnes annually. The commer-
cially important species are Pengeus indicus, P. monodon, P. semisulcatus, Metapenaeus dobsoni,



TIIE CRUSTACEAN FISHFRY RESOURCES OF INDJA 1331

90

<&
—>
|
|

'I‘
@
Q.

]

>
Q

o
2

T H 0 U S A NDS

N
?

10

TWETWETWETWETWETWE
1959 1960 1961 i962 1963 1964

Fio. 1. Estimated annual landings of prawns in India during 1959-64, T—Total landings for west
and ¢ast coasts; W—west coast; E—cast coast; [l penaeid prawns; [J non-penacid prawns,



1332 s, JONES

M, qffinis, Palaemon styliferus, Metapenaeus brevicornis, Good quantities of prawns of marine
origin are caught from estuarine and other brackishwater areas along the coast of which the most
important are the Chilka, Kollzru (Collair) and Pulicat Lakes and the deltaic areas of the Ganges
(Sundarbans), Mahanadi and Godavari,
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Fic, 2. Estimated annual landings of prawns along the west coast ol India. N--northern sector
(Maharashtra and Gujarat}; S—-southern sector (up to Mysore). [} penaeid prawns;
_ O non-penaeid prawns. :

Chilka Lake. The average annual production is around 1,000 tonnes.  Panaeus indicus is
by far the dominant.species which accounts for about 75% of the total fisheyy. Vast majority of
the catches are tak=n in the monsoon months of June-September, though eghiﬂg is carried on in
a rastrioted scale  in the other-menths also. Traps, locally known as ““daudi’’ and “thatta’ set
along the-shore in suitable localitiesiare the. main device with which the prawns are caught. Almost
the entire quantity is sent to the city markets of Caleutta and Howrah,
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Sundarbans. In the winter months of November-February there is a good prawn fishery in
the foreshore marine region outlying the Sunderbans, as also in the numerous creeks and “bheris”™
where fishing is carried out throughout the y:ar 2xcept during the monsoon months of June-August.
The main gear used in the estuaries is a type of fix=d bag net (* Behundijal’) worked by the force
of tidal current. Dip nets, cast nets and traps are also employed in the estuary to a limited
extent. The average annual production is estimated at nearly 1,000 tonnes.

The bulk of the fishery is composed of four prawn species, viz., Metapenaeus brevicornis,
Palaemon styliferus, Acetes indicus and Parapenacopsis sculptilis. A number of other penaeid and
palazmonid prawns also occur in the fishery, some of them in appreciable numbers. The entire
quantity is disposed off in the city markets of Calcutta and Howrah,

PrRAWNS

Penacids
Though marine, most of the species are able to live in brackishwaters of very low salinity.

Penaeus indicus Milne-Edwards (Fig. 3).—Taking into consideration the availability in the com-
mercial catches throughout the coastal waters, estuaries and backwaters of India, and maximum size
attained this is the most important species. It attains a maximum size of 20-23 cm. The young
ones come to the backwaters and estuaries where they grow to about 12-13 em. The breeding takes
place in the sea. It coniributes to a good percentage in the backwater fisheries and also paddy field
prawn fishery of Kerala,

P, indicus is caught in different types of boat seines in the inshore waters by the indigenous craft
and in shrimp trawls in deeper areas by mechanised boats, Occasionally it is caught in shore seines
also. In the backwaters and estuaries stake nets and cast nets are the most imporatant gear
employed in the fishery of this species. In the Chilka Lake good quantities are caught by traps,
In the Kerala back waters the picturesque fixed dip nets (*“Cheena-vala™) catch appreciable quantities
of these prawns along with the other species, The same fishing methods apply for all the other
species of penaeid prawns. In the estuaries and backwaters the species is available almost all
through the year though in different sizes. In the sea it is commonly fished during the post-monsoon

months.

Penaeus monodon Fabricius,.—More common on the east coast especially along the northern
parts (Bengal and Orissa), On the west coast itis frequently caught in stray numbers in the
- northern section and in less numbers along the south-west coast. But in size this is perhaps the
largest, attaining a maximum length of about 30 cm. In habits it is similar to the previous species.
It breeds in the sea and the juveniles enter estuaries and brackishwater lakes.

Penacus semisulcatus de Haan.—This species also 1s more common on the east coast although
not asimportant as P. monodon nearly to which size it grows. It contributes very little to the fishery
on the west coast.

Penaeus merguiensis ds Man,—Till recently this was considered as a variety of P, indicus and in
view of th2 similarity of the two species this would have been confused with the above in several
localities. Quite recently this is found to contribute to the commercial fishery along the Karwar
coast along with the other species, Attains a maximum of about 20 cm.

Penaeus canaliculatus Olivier,.—Contributes to a very small percentage in the fishery along the
Madras coast especially in Pulicat lake and in small numbers in Bombay and other places, Attains

& maximum of 12-15¢m, .
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P, monodon, P, semisulcatus and P. canaliculatus are caught in the east coast mainiy during the
post-monsoon months,

FiG. 3, Fishery of Penaeus indicus and P. monodon, © regular; [ occasional; A stray,
1. Penacus Indicus. 2, P, monodon.

Metapenaeus dobsoni (Miers) (Fig. 4).—This is one of the major species contributing to the
inshore fishery as well as trawl fishery of the south-west coast of India as far as Goa. On the east
coast also it is common in the southern region only mostly in Pulicat and Ennore lakes. Grows to
a maximum of 12-13em. The paddy field prawn fishery in the backwaters of Kerala is mostly
dependent on the habit of the species breeding in the sea almost throughout the year and the post-
Iar;'ae entering the backwaters to use these extensively as nursery grounds where it grows to about
6-7Tcm,

In the backwaters, estuaries and sea this specizs is caught throughout the year though the inten-
sity of abundance varies from month to month. In the monsoon period this species supports the
mud bank fishery constityting the chief component of the catch of the area,

Metapenaeus affinis (Milne-Edwards),—This is the most important species of Metapenaeus on
account of its occurrence in the commercial fishery, along the entire west ¢coast and southern region
of the east coast and because of the comparatively larger size of 16-18 cm. it attains., Juveniles are
cavght in small numbers from backwaters, creeks and estuaries, Caught mainly during the post-
monsoon months, the peak season is October to December in  the south-west coast of India, The
immature prawns are fished almost throughout the year,
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Metapenaeus monoceros (Fabricius).—Grows to a maximum of about 16-18 cm. Although
the percentage contribution of this to the fishery of each locality is comparatively less this is perhaps
the only species of Metapenaeus occurring in the commercial fishery along the entire coastline of
India. It contributes to the estuarine and backwater fishery also, attaining a length of about
10-11 ¢m. in these environments. Breeding takes place in the offshore waters. As in M. affinis,
post-monsoon period is the good fishing season for this species. The immature prawns occur in
varying quantities in all the months of the year in the backwaters and estuaries.

i

Fra. 4. Fishery of Metapenaeus and Parapenaeopsis. €© regular; [ occasional; A Stray.
1, (a) Metapenaens affinis, (by M. dobsoni, (¢) M. menoceros, (d) M. brevicornis,
(e} M. kutchensis. 2, Parapenaeopsis stvlifera,

Metapenaeus brevicornis (Milne-Edwards).—This is one of the commonest penazids of Bengal
inhabiting marine to almost freshwater zones throughout the year and is common in the northern
region of ths west coast also but does not occur in the southern region of both west and east coasts,
It attains a maximum of aboutl3cm. and spawning takes place in inshore waters, It occurs
throughout the year, the large-sized individuals being taken from the inshore waters during the winter
months,

Metapenaeus kutchensis George et al —This attains a maximum of about 14-15 ¢m. and contri-
butes to a good percentage of the fishery in the Gulf of Kutch area.

Incidentally it may be stated here that Merapenaeus lysianassa has been reported by some 1o
be an important prawn in some parts of the west coast, but this remains to be confirmed.
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. Parapenaeopsis stylifera (Milne-Edwards ).—Unlike other species it is confined o the sea, not
migrating to estuaries and backwaters. Most common on the west coast and comparatively more
abundant in the Bombay waters than in the southern region. Along the east coast the specics is
present in the southern region. It grows to about 14 cm, and is caguht throughout the year and
forms one of the main species in the inshore waters.

FiG. 5. Fishery of palaemonid prawns, O regular; [J occasional; A stray, 1. (@) Macrobrachium
roserbergii, (8) M. malcomsonii; (¢} M. rudis; 2. (a) Palaemon styliferus; (b) P. tenuipes,

Parapenacopsis sculptilis (Heller).—This species is available in the commercial fishery of the
marine zone of the Hooghly in certain months especially during winter and in Bombay waters
throughout the year although in small quantities averaging about 49} of the catches. It grows to
a maximum of about 15¢m. But the sjzes obtained in Bombay are small. In the commercial
fishery the species is available during the monsoon and winter months, The larger specimens are
generally caught in the inshore waters,

Parapenaeopsis hardwickii (Miers).—This species, slightly smaller in size than the above and
growing to about 13 cm, is alse present in Bombay waters and is caught in small quantities along
with the other species,

Solenocera indicus Nataraj.—This is of commercial importance only in the inshore waters of
Bombay where it forms about 10%, of the catches. It grows to about 14 am.

Trachypenaeus curvirostris (Stimpson).—This also is caught in small numbers from Bombay
waters. Small numbers of this species were caught from further south also during the exploratory
and research cruises of R, V., Varuna, Maximum size is about 10-12 cm, :
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'Penaeopsis rectacuta (Bate) and Aristeus semidemsatus (Bate) are penacids of potential commer-
cial importance in view of the fact that they were obtained in fairly large numbers from the deep-
waters ranging from 100-200 fathoms during the recent exploratory cruises of M. V. Kalava,

Palacmenids

Excepting a few species most of the members inhabit freshwater but are capable of tolerating
brackish waters and some even marine environments. '

Macrobrachium rosenbergii (de Man) (Fig. 5).—This is the giant freshwater prawn growing
10 a maximum of about 30-32 ¢m, in length, common in most of the lakes and estuaries in India.
Spawning takes place in the gradient zones of the estuaries. The young ones ascend the rivers and
the juveniles are caught mostly in the freshwater zones. It contributes to a fairly good freezing
industry in the Kerala backwaters during the monsoon and post-monsoocn periods. In the cast coast
the species is fished from December to July in the gradient zone, while the immature prawns are
canght during other months from the freshwater.

Macrobrachium malcolmsonii (Milne-Edwards).—This is a comparatively smaller species attain-
ing a maximum of 20-22 ¢m. (males). Growth is much different in males and females, the former
attaining a larger size, It is most common in the estuaries and lakes of Madras and Andhra and
aiso in Chilka Lake. Habits are similar to those of the previous speciss. The fishery, although
Alimited, is during the monsoon months.

Macrobrachium rudis (Heller),—Though caught in small numbers in most of the lakes and
estuaries this species is of commercial importance mostly in Bengal, Orissa and Andhra. Fishery
season is from August to November . It attains 2 maximum length of about 12-13 cm. males being
Iarger than females. In Bengal, the species is available during August-October, and in Chilka
Lake it is fairly common from September to November. Young individuals are generally found
during February-March, .

Macrobrachium idae (Heller).—This species attains a maximum size of about 10-11 em. and
is represented in the catches during September to December period in Kerala backwaters area and
other regions.

Macrobrachium scabriculum (Heller), Macrobrachium mirabilis and Macrobrachium lamarrei
(Milne-Edwards) are other species of this genus caught in small numbers in various estyaries and
freshwater areas.

Palaemon styliferus(Milne-Edwards).-~This is one of the smaller species of palemonids of com-
mercial importance. 1t attains a maximum size of about 10 cm. and is very common in the Gangetic
delta and also in Bombay waters, occurring in the tidal and gradient zones. Spawning occurs in
the more saline areas and juveniles migrate to the estuary. There is no difference in growth rate of
SeXes.

Palaemon tenuipes (Henderson).—This is fished along with the previous species in more or less
the same areas. It grows to a maXimum of about 7-8 ¢cm, and is similar in habitat.

Leptocarpus fluminicola (Kemp).—This is an endemic species inhabiting the brackishwater
areas of the Gangetic defta. It grows to about 4-5 cm. and is caught in very large numbers,
Hippolytids

Hippolysmata ensirostris Kemp.—This is a very small species of caridean prawn growing upto
a maximum of about 3 cm. in length, common in Gangetic delta and some other parts of peninsular
India.
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Sergestids

Acetes indicus Milne-Edwards (Fig. 6) is the largest among the commercially important serges-
tids and attain a maximum size of 3-4 cm. The species occur in vast shoals in midwater or near
the surface in the inshore waters near estuaries and backwaters. 1t contributes to a good percentage
of the fishery in the inshore waters of Bombay in certain months and also along the Bengal and
Madras coasts, :

Acetes erythraeus Nobili and A. serrulatus (Kroyer) are two other species of commercial impor-
tance especially along Madras and Kerala coasts. Besides providing an important fishery, shoals
of these Aceres spp. form an important food item of the iarger fishes.

Mysids

Species of Mysids, Macropsis orientalis and Potamomysis assimilis popularly known as the * mud
shrimps’ and ‘ opposum shrimps’ which are barely 1 cm. in length and frequently caught mixed with
are other shrimps in amall quantities,

Fic. 6. Fishery of lobster and Acetes. O regular; ([0 occasional; A stray,
L, Pamdirus homarus. 2, P. ornatus, 3. P.polyphagus. 4. Acetes indicus.
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SPINY LOBSTERS
Palinurids

Panulirus polyphagus (Herbst.) (Fig. 6).—This species occurs in several localities with rocky
bottom along both the coasts of India, though more common along the east coast. 1t grows to
about 35-37¢m. in length. In Bombay waters, lobsters are chiefly caught in buliy nets Jocally called
* Gadas’, in wall seine nets and in lobster pots. The main fishing season is from November to March.

Panulirus ornatus (Fabricius).—This attains a slightly smaller size of about 30-32 cm. and is
commoner along the Bombay coast. It occurs generally in shallow waters., )

Panulirus homarus (Linn.),.—This species grows to about 30-31 cm. and occurs mostly in the
rocky areas of the southern coasts. It contributes to a fairly good fishery supporting a Jucrative
freezing industry on the south-west coast of India mostly in the area south of Trivandrum during
the months of Decamber to April. It is caught in anchor hooks, lobster traps and gill nets.

Puerulus sewelli Ramadan is another species of potential commercial importance along the
south-west coast.

CRABS

Seylla serrata (Forskal.) (Fig. 7).-~This is a very widely distributed brackishwater species well
adapted to live in freshwaters for fairly long periods, usually growing to about 15-20 cm. across the
carapace. [t is available almost throughout the year and is the largest and commonest food crab.
Generally it is trapped in ‘dip nets’ using baits. In shallow waters and creeks, ‘seine nets’ are
employed. Hooked iron rod is also used for extracting the crabs from crevices. An indigenous
method of operation of a line stretched across a suitable creek, one end tied to a pole fixed in the
bank, and the other to a post in a boat which is rowed to the opposite bank is found in the Gangetic
deita. The line is weighted and pieces of dead fish are suspended as baits,

Portunus pelagicus (Linn.},—This is another swimming crab widely fished in several areas along
the coastline. It inhabits the inshore waters but is capable of tolerating brackishwaters, In the
Chilka Lake it is sometimes found almost under freshwater conditions, [t aftains a maximum size
of about 15cm. across the carapace.

Portunus sanguinolentus (Herbst).—This is common in all the areas in which its congener is
fished and is similar in habits, distribution and size.

Both P. pelagicus and P, sanguinolentus are caught in shore seines, cast nets and appreciable
numbers are found in the trawl nets also. The indigenous gear used for crab fishing are the modified
kanthabale and aliburle (crab net), gill nets, nandu valai in the Gulf of Mannar and Palk Bay and
nolijal in the Chilka Lake. The main season is from January to March. In the monsoon months
crabs are fished from river mouths and estuaries.

Varuna litterata (Fabricius).—This is not a swimming crab as the previous ones. It attains a
maximum size of only about 5 cm, across the carapace and is common in the Gangetic delta area.

Paratelphusa spinigera (Wood-Mason).—This is the common freshwater crab growing to about
7-8 cm. across the carapace. If is most common in the freshwaters of Bengal.

Paratelphusa jacquemontii and P. hydrodromus are two other freshwater crabs common in the
freshwater arzas of Bombay and southern regions of the east coast respectively., These are
available almost throughout the year.
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Fra. 7. Crab Fishery. O regular; [J occasional; A stray, 1. Scylla servata, 2. (a) Portunus pelagicus.
(b) P. sanguinolentus; 3. (@) Paratelphusa spinigera;, (5} P. hydrodromus.,

GENERAL REMARKS

In spite of the appreciablz expansion in the use of mechanised fishing craft in recent years the
greater part of the crustacean landings are made with indigenous craft and gear, Provision of in-
board engines in indigenous craft especially in the Bombay areas has helped a great deal in shorten-
ing the journsy time, from the base to the fishing grounds and back. The power boats which operate
shrimp trawls are comparatively small-sized, not more than about 10 m. in length. Most of the
fishing is done within the 20 fathoms ling but there seems to be scope for extending the fishing range
beyond this depth.

Exploratory fishing has shown the presence of some species of deepwater prawns between 100
and 200 fathoms along the west coast. Further survey is necessary to estimate the extent of the
resources. Sections of the east coast especially off the larger river deltas also remain to be surveyed.
On the whole the future of the crustacean fisheries of India appears to be bright,



A PRELIMINARY INVESTIGATION OF THE SPINY LOBSTER RESQURCES OF THE
MALDIVE ISLANDS

R. JONKLAAS
Colonel Avenue, Nikape, Dehiwala, Ceylon

ABSTRACT

The weiter spent almost two months in 1961 on a professional survey of the spiny lobster resources of
the Maldive Islands for an American concern.

The survey was conducted mainly by diving techniq‘;ues using basic equipment as well as sclf-contained
apparatus. Specimens were collected almost entirely by hand, traps being unsuccessful. Considerable
experimentation with traps and bait was done, All specimens collected were identified, measured, sexed,
weighed and notes made of any unusual features. There were also careful weighings of tails, enabling data
to be obtained in respect of the most commercially desirable species. :

This paper, which is made up from data and observations made on this expedition, concerns itself mainly
with the systematics, disttribution, habits and enemies of the genus Panulirus. Three species of Pamulirus
viz, I;ls‘gwl']lmtzd P, versicolor and P, penicillatus were collected, Two specimens of a species of Thenus
were collected.

INTRODUCTION

THE writer was assigned to undertake a commercial survey of the spiny lobster resources of the Mal-
dive Islands with a view to a fishery in February/March 1961, The substance of this paper is
derived from facts, figures and observations made 1n the course of this survey which lasted for 37
days. Inthecourse of the survey a good deal of daia on the behaviour, habits and enemies of spiny
lobsters were accumulated.

The main part of the survey was done by diving methods and underwater observation. Three
Atolls in the Maldives Archipelago were investigated, and a total of 18 separate islands. Efforts
were made, in view of the limited time and restricted space for work, to survey places about which
information from local Maldivians was available. An estimated total of 300 nautical miles were
covered by the Survey Team and the two divers working covered approximately 75 miles under and
above water, using basic skin-diving apparatus, in the course of the investigations,

Limitations encountered were in respect of adverse sea and weather conditions on rare occasions
preventing any work from being done in the water, indisposition from exposure and illness by the
divers, and, very rarely, the attentions of potentially dangerous sharks. )

The survey also utilised traps which, on the whole, were adjudged 2 failure after several attempts
were made to operate them,

SeeciEs O THE GENUS Panulirus 1IN MALDIVIAN WATERS

From specimens collected by hand at night using skin-diving techniques, only three i
Panulirus were obtained in the Maldive Islands, It is highly lfnlikeiyc!that anyyother :ﬁ:ﬁi:: 2%
Panulirus are present as no remains whatever of them were encountered. The three species are:
Panulirus penicillatus (Olivier), P. versicolor (Latr.) and P. japonicus (Von Siebold). Al the three
species were found to be nocturnal in habit, -

. SM~IV=T
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Table I gives the actual calculated species’ proportions based in specimens collected, and the
estimated proportions from visual obsrvations. (From experience, it was found that some specigs
were more difficult to cellect than others. Traps, of course, did not provide any data.)

TabLE 1
Species o of tolal calch  Estimated %, population
% %
Panulivus versicolor 23 25
Panulirus Japenicus .o 67 60
Panulirus penicillatus . 10 : 15

Note—-A total of 127 specimens of Panulirus were coliected by divers in the course of the survey.

DISTRIBUTION OF Panulirus SPECIES

The entire Maldivian Archipelago is purely coralline in structure and the conditions of the

littoral waters are, to a great extent, constant along the 700-odd mile-long chain of about 2,000
islands.

All the specimens of Panulirus observed or collectad were in relatively shallow waters from
1-4 fathoms and in coral formations, Several dives were made by day into deep water below the
10 fathom lin2 but no specimens were observed. The specimens appear to prefer the shallower reefs
where food is more abundant and predators less numerous. Most of the islands explored had
fringing reefs which abruptly dropped to over 12 fathoms from a *‘ledge** approximating 4 fathoms

in depth. The Panulirus population seldom were encountered on the edges of this ledge but occurred
well within the sheltered shallows with ample cover and protection.

The temperature of the water averaged 23°C., but there were regular drops encountered
especially at the turn of the tide in waters surrounding islands at the mouths of atolls. In one
mstance a sudden temperature drop of 8° C. was recorded. It would appear that the spiny lobsters
have a good tolerance which must range from at least 22° C. to 33° C. where in the very shallow
waters heated by the sun, some specimens were collected from under dead coral heads.

The three species displayed a certain degree of preference for localisation in their main habitat.

Panulirus penicillatus was collected and observed only in the very exposed, shallow and surf-
swept areas of the reefs and never in still water or over sand-bottom, ~ The estimated 15% of total
population for this specics is probably far below the actual figure as it was seldom possible, from
the point of visw of diving, to count them at night. Of the remains often picked up on shores, the
most predominant was in respect of this species but it cannot be deduced that P. penicillatus is

therefore the most abundant species of the three until accurate figures for ecdysis requency are
available.

Panulirus japonicus was the most commonly collected and observed species and preferred a habi-
tat in the densest coral formations appearing only at night. Not one was ever observed by day,

as also in the case of P. penicillatus. 1t was observed to be attracted by bait in traps but only one
Panulirus entered and was caught.

Panulirus versicolor was the only species seen by day but very occasionally. It was also the
only species observed in relatively still water, often in semi-stagnant conditions in very sheltered
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Iag(;?ns and in conditions of poor visibility owing to debris, freshwater from rainfall and pulverised
coral.

It was the main species observed to take any interest in traps, however the only trap-caught
specimen was one P, versicolor which crept into an unbaited trap which had been left under a pier
to scak in shallow water.

The estimated nightly radius of foraging for the three species was derived on a few occasions
by actual observation. When conditions permitted a stay of over three days in a particular area on
an island, individual spiny lobsters were carefully noted but not disturbed and watched over a
period of from 2-4 hours at intervals. The relative paucity of Panulirus enabled the observers to
recogniseindividuals with ease. It wasseenthatof the three species P. versicolor foraged the
greatest distance from their hiding-places (up to 50 metres), P. japonicus came second with 20 metres,
and P. penicillaius appeared to be the least venture-some with only 14 metres.

These figures are, admittedly, extremely hypothetical and must have considerable margin of
error yet they indicated the approximate distances at which iraps should be placed from the hide-
outs, although, in actual practice the traps proved unsuccessful,

EXPERIMENTS WITH LOBSTER TRAPS

The s urvey used about twenty modified Canadian ““Parlour and bed-room® lobster traps made
in Ceylon under supervision of a Candain expert. The wood used was Jak (Ariocarpus itegrifolia)
and slats covered the traps completely except where the funnels were fitted. The funnels were made
of nylon and imported specially for the purpose. The entry rings were of wood. Weighting of
the traps was done by means of flat tiles purchased in Ceylon nailed by transverse slats to the bases

of the traps.

The traps measured on an average 32 in. long, 20in. broad and 12 in.  high. The rings
in the funnels were 6 in. in diameter but this was increased later on in the hope of catching broad-
carapaced P. penicillatus. (It was found by measurement that most of the P. penicillatus collected
were too broad to enter the funnels even if they wanted to.)

The traps had to be soaked for many days to reduce buoyancy. Even after a week they
remained semi-buoyant and it was only after further weighing with coral stones that they sank.
The original average weight of 40 1b. per trap was thereby increased to well over 501b,

To facilitate and speed up operations, the traps were placed by divers in pre-selected locations.
It was necessary for divers to check the position of each trap since haphazard dropping from boats
in these conditions seldom permitted the traps to settle properly. The extreme visibility of the
water was of great advantage in this. Traps dropped from boats usually ended up in awkward posi-
tions over coral growths and were sometimes in danger of toppling over the reef edge into very

deep water.

The traps were placed at suitable intervals and in spots where spiny lobsters had been seen
earlier, or by day, in the case of Panulirus versicolor,

To begin with, the bait used was obtained by cutting chunks of freshly speared Caranx stellatus,
Lutianus bohar, Caranx ignobilis, Macolor niger, Trachinotus blochi, Gaterin lineatum, Gaterin
albovittatus and species of Siganus. These were placed in net bags and suspended inside the traps.

Early trapping experiments were done by day and it was soon observed that this was of no avail,
The bait was immediately attackad by the many speoies of Labridae, Balistidae and Lutianidae which
abouided on the coral reefs, the worst offender being Odonus niger. The bait-bag, bait, and pieces



1344 R. JONKLAAS

of the funnel were destroyed in a few minutes. It was further observed that the fresh bait, especially
if bloody, would attract small specimens of sharks, viz., Carcharinus albimarginatus, Carcharinus
melanoptera and occasionally Carcharinus menisorrah. The presence of sharks round traps would
naturally drive any spiny lobsters away from the vicinity,

Night setting of traps was resorted to next, and this operation required the services of divers
even more than before, for successful installation. Trap-setting commenced at dusk when the
diurnal reef fishes had retired ; and another advantage was that often spiny lobsters were in the
open when traps were placed near them in the hope of trapping them,

It was thzn observed soon enough that the nocturnal predators were almost as destructive to
the traps and bait as the diurnal ones. The bait attracted large Muraenids which in turn drove
.away the spiny lobsters in the vicinity when excited by the presence of fresh fish bait. There were
also small sharks (Carcharinus albimarginatus) constantly in attendance,

Finally it was decided to use different bait and the most readily available were the mantles and
muscles of Tridacna. The results were gratifying by night in that sharks and Murgenids were mot
attracted to it and that spiny lobsters were definitely drawn to the traps baited thus,

It is possible that more than the one specimen of Panulirus japonicus which was caught in a trap

entered them and then escaped by climbing on the coral rocks used to weight them down. P, peni-
cillatus was never observed to be atiracted to the bait in a trap.

P. versicolor was the most frequently-observed species attracted to clam-baited traps but a care-
ful look revealed they employed their long first pairs of walking-legs to seize the bait through the
slats of the traps. Whether or not they were able o convey small fragments of bait to their mouths
in this manner is uncertain and merits further study in aquarium conditions. At any rate they were
attracted to_the trapsby the calm-bait and were often seen on the traps or by the sides of them
smploymg the first watking-legs but only one was collected in a trap, and this too, in an unbaited
one left to soak under a jetty over 2 sand-bottom. It was thought that this specimen had sought
shelter after having lost its way over the sand after day had dawned. '

Trapping was finally abandoned in favour of diving methods to collect spiny lobsters. The
survey continued with divers only, in the expsctation of encountering large concentrations which
could be economically and effectively collected by trained native divers,

EXPERIMENTS WiITH DIVERS FOR COLLECTING SPINY LOBSTERS

The technique of collecting spiny lobsters using skin-divers was evolved in Ceylon from 1946
when basic diving gear, vz, face-plates or masks and swim-fins enabled swimmers to have better
vision and speed underwater. De Bruin (1960) indicated the effectiveness of this method under
suitable conditions in experiments on the five species then recordsd in Ceylon,

The diver, equipped with mask, swim-fins and gloves descends holding his breath and catches
spiny lobsters from the crevices in which they hide. This technique is most effective for P. dasypus
provided the depth and visibility factors are suitable. (The average working depth for a skin-diver
without breathing apparatus is 40 ft. in Ceylon and the minimum visibility required is 6 ft.) With *
breathing-gear (self-contained compressed-air units) the depth can be increased to over 100 ft. with
greater duration, and the visibility of even 3 ft. is sufficient in well-stocked locations.

By night, the diver uses a waterproof flashlight of sufficient power to afford a minimum visi-
bility of 4 ft. The catches by night are very much better owing to the increase in number of the
spiny lobsters in the open. (The best figure reliably obtained so far for skin-divers without breath-
ing-gear is a total of 202 P, dasypus collected by hand inside Colombo harbour by two divers working
at night with flashlights for approximately two hours),
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The catches made by divers can be further increased by spearing lobsters with hand-spears and
trident-heads, In this manner few ever escape. It is doubtful as to whether this method would
prov; suitable for a commercial fishery unless immediate deep-freeze facilities are obtainable for the
catch,

In the Maldive Islands two trained divers operated almost every night doing the observations
and collecting the spiny lobsters when necessary, Without divers the survey would have been com-
pletely useless and no data whatever forthcoming except of a negative nature.

The conditions for skin-diving in the Maldive Islands were almost ideal, Extreme visibility
of water (often exceeding 100 ft.), comfortable temperature and relatively shallow area where spiny
lobsters occurred. Were it not for the great paucity of spiny lobsters in the areas surveyed, in com-
parison with some parts of Ceylon, diving methods for spiny lobsters in the Maldive Islands would
be the most effective of all for a commercial fishery in view of the cheapness of local labour,

. The only detriment to skin-diving activity was the presence of potentially dangerous sharks;
specially in those islands with human habitation where the practice of throwing fish-offal into the
sea resulted in the comparative fearless of the littoral sharks, especially Carcharinus menisorrah. Tt
was for this reason that almost always two divers entered the water and worked side by side, one
covering the other when sharks were sighted.

The other less lethal yet irksome factor was that of prolonged ex posure to sea-water and coral-
cuts, jelly-fish stings, etc., which caused considerable discomfort is not permitted to heal and dry by
curtailing the frequency of immersion.

The greatest advantage of diving techniques is that trained divers can readily spot, catch and
store spiny lobsters working with a simple craft and the minimum of equipment and personnel. The
capital costs are low and there is no great loss of gear and detzrioration as when traps available,
a brief training would suffice to make native divers of such islands very effective collectors of spiny
lobaters, '

The survey revealed the unsuitability of the Maldive Islands for a2 commercial spiny lobster
fishery, using either traps or divers. It is presumed that the relative paucity of spiny lobster popu-
lations in these waters is due to the general conditions of extreme clarity and too great mortality of
larvae, :

De Bruin (1960) demonstrated that of five species in Ceylon only P. dasypus was present in any
commercial concentrations and could be caught in traps; Panulivus versicolor, P. penicillatus and
P. japonicus were seldom caught in traps. P. dasypus does not occur in the Maldive Islands as far
as is known. P, dasypus has a preference for relatively murky, shaliow water away from coral reefs
but near and under rocks. It also has a fair tolerance for dilution of its environmental waters with
freshwater from rivers, estuaries and sudden floods. These latter conditions are not found in the
Maldive Islands.

The best days’ collection of spiny lobsters by two trained divers for nine hours yielded results
as in Table IL '
Tasre 1T
Location: Eidafuri Island, South Malosmadula Atoll

Species Diving hours I Number taken
Panulirns versicolor v« 7(days) 2 (nights) 2
Panulirus peniclilatus - do, " O
Panulivus faponicus - do. 24
Total 26

- Compared with the figure obtained in Colombo, Ceylon, for P, dasypus (202in 2 hours by
night using two divers) this is hardly economical, .
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EXPERIMENTS WITH COLLECTED SPINY LOBSTERS

Since every Spiny lobster collected by divers was utilised for food and not released, the
o_gportunity presented itself for weighing, measuring and sexing the specimens, Data thus derived
{Tables III, IV and V) are of commercial and academic interest if a fishery involving the same or
similar species in another part of the world is contemplated.

Tapre I

Maximuns lengths and welghts of spiny lobsters
{In all three speciea examined the largest were always males)-

Species Maximum length  Maximum weight  Sex
in, oz
Panulivus versicolor ‘e 17 98 Male
Panulirus japonicus ‘e 13-5 45 do.
Pamudirus penicillatus . 14 23 do,
Tanre IV

Average welghts and lengths of spmjr lobsters of both sexes taken from 12 specimens freshly-caught by divers

Species Sex Average length Average weight  Weight perunit inch

_ in, oL oZ.
Panulirus versicolor Male 14 48 3.3
Female 12 36 3-0
FPamilirus japonicus Male 10 17 1-7
Female 8 10 12

Pansdirns penicillasus Male 15 52 .
per Female 13 40 33

TaBLE V

Average weights of tatls (whole and cleaned) of both sexes of spiny lobsters from 12 spevimens collected by divers

A ight of .

g verage weight o
Whole tail Cleaned tai!

oz. oz,
Panulirus versicolor Male 16 12
Female 14 8
Panulirus nicus Male 12 9

Jape. Female 6 4+5
Panutirus peniciliatus Male 13 10
Femalke 12 ]

The above table indicates that of the three species P. penicillatus is the heaviest per unit inch,

The commercial value of P. japonicus (female) is clearly demonstrated by the above 1able, as
against P, versicofer both sexes,
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From a comparison of the two Tables it is demonstrated that of all the three species, the least
economical to catch is the male P. penicillatus whose total weight is 5-2 times as much as the cleaned
tail which is the main marketable portion, and the most economical is the female P. japonicus whose
total weight is only 2.2 times that of the cleaned tail.
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DiscussioN

Dr. J. H. Wickstead: I want to know whether a fishery was not established in Maldives due to the paucity of divers
or lobsters themselves,

Mr. R. Jonklaas: Due to the paacity of lobsters,

Dr. Qasim: Could it be possible that the lobster ate the bait, remaining outside the trap, with its first pair of legs ?
Mr. R. Jonklaas: T could not cbserve this exactly,

Mr. R. Balasubramanian: What is the best bait for lobgters ?

Mr. R. Jonklaas; Tridacna wag preferred to fishes like Caranx, Lutionus, ete., as food.



PRAWN CATCHES BY MECHANISED VESSELS IN THE TRAWLING GROUNDS OF
BOMBAY AND SAURASHTRA*
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ABSTRACT

The relative abundance in the regional, seasonal and depthwise distributions of prawns between latitudes
16° N, south of Bombay, and 24° N, of Kutch, based on the landings of two sets of bull-trawlers, * Arnalla-
Paj* and * Satpati-Pilotan® of the New India Fisheries Company, and of the otter trawlers M.F.V. Jheenga,
MEV, ‘Bumil’, M.L. ‘Meera’ and M.L. ‘Sagarkanti’ of the Government of India Deep Sca Fishing
Station, Bombay, has been stundied,

The average annnal yields of 20,690kg. of prawns forming 0-63% and 8,367 kg, forming 2-04% of the
total catches of all fish were obtained by the bull-trawiers for the period 1956-53 and the Government of India
vessels for 1961-64 respectively.  The highest catch of 38,070 kg, of prawns was obtained in 1962 for the bull
trawlers with 9-78 kg. per hour of trawling and 10,540 kg. for Government of India vessels in 1961 with a catch
rate of 604 kg. per trawling hour,

Taking Bombay and Saurashita together it has been observed that the prawn catches begin to increase
from April-May and peak catches are obtained in some of the months from July-September and occasionally
even October as_in 1961,  ‘The fishing operations were generally in the 8 m, to 70 m. depth ranges which
have been considered in detail regionwise. The prawn resources in trawling grounds appear to increase from
narth to southwards along the west coast. While in Kutch to Veraval region, the catches have been either poor
or only moderate, in Cambay and Bombay regions they have been fanly good. The annuval average in
percentage of pravms in Kutch to Bombay region ranged between 0-16-1-29,

Metapenaeus affinis, M, monoceros, M. dobsoni, Penaeus indicus and Parapenaeopsis stylifera are the
common species of the Bombay and Saurashtra waters, 7 i

INTRODUCTION

THE importance of the prawn fishery of India has been well emphasised by Panikkar and Menon
(1955) who observed that it ranks second only to that of U.S.A, Their observation
was bassd mostly on the catches from the inshore regions and backwaters which have been
exploited fairly efficiently and extensively by fishermen from ages past employing indigenous
craft and gear. The effective use of trawlers and other mechanised vessels in fishing for
*shrimps’ exclusively or along with commercially important fishes has come into vogue in recent
years, i.e., in the last two decades only. From published accounts, unfortunately no informa-
tion is available on the prawn catches by commercial or exploratory fishing trawlers operating in
deeper waters off the Indian coasts beyond the zones which the local fishermen reach with their non-
mechanised or even mechanised craft and gear. In the accounts given by Jayaraman ez al. (1959)
very valuable information is found in respect of various commercially important species of fish
excepting prawns, the latter having been evidantly treated along with other miscellaneous catches.

The inshore catches of prawns in Bombay and other parts of the north-western coast of India,
although forming a considerable part of the total landings, are mostly unsuitabls for export in the
frozen or canned state as they are composed mainly of small varieties like Palaemon tenuipes.

* Published with the permission of the Director, Central Marine Fisheries Rescarch Station, Mandapam Camp,
§ Present Address; Central Maripe Fisheries Research Sub-station, Bombay-1,
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Annually several crores of rupees of foreign exchange is ¢arned from the export of prawn by the
canning and freezing factories located in the south-western part of the country where the economi-
cally important species abound. As the trawlers invariably catch Jarger varieties like the penasid
prawns, it is felt that a knowledge of their distribution and relative abundance in different regions

w?luld provide the basic information which is highly essential for promoting the export trade of
*shrimp’,

The present paper deals with the season wise and region wise distribution of the prawns based
on catches landed by the bull-trawlers of the New India Fisheries Co., Ltd. and otter-trawlers of
-the Government of India Deep Sea Fishing Station, Bombay, which operated in Bombay and
_Saurashtra waters, including the Gulf of Kutch,

VESSELS, AREAS OF QPERATION AND ANALYSIS OF CATCHES

The bull-trawlers, ‘ Arnalla’-‘Paj’, and *Satpati’ ‘Pilotan’ of the New India Fishzries Co,, Litd,
which operated in pairs, were each of 92-67 gross tonnage and 250 B.H.P, The trawl nets used
by these vessels had 67-06 metre of head rope, 68-58 metre of foot rope with the cod end of
50-8 metres. The length of the hunt rope varied from 180 to 200 metres,

The fishing grounds covered by these vessels are the same that have been charted out and pub-
lished earlier (Jayaraman ef al., loc, cit.). On the basis of certain latitudes passing from the coast-
‘line across the continental shelf, the regions have been demarcated as follows: Bombay from 18° N,
10 19° 40’ N. ; Cambay 19° 50" N. to 20° 40' N, Veraval 20° 50’ N. to 21° N.; Porbundar 21° 10" N,
“to 22°N., Dwarka 22° 10'N. to 22° 40’ N. and Kutch 22°50° N, to 24°N,

These regions are divided into areas, 30 minutes latitude by 20 minute longitude, thus giving
600 square miles each (Fig. 1).

Besides the areas covered in the operations by M.T.‘dshok’, M.T. ‘Pratap’ and ‘Taiyo Mary’
(Jayaraman et al., loc. cit.) the following areas also have been exploited by the New India Fisheries
vessels, viz., ‘43 A°, ‘42", °37° and ‘36’ in Bombay region, ‘23°, ‘16, “13°,°12’ and ‘9’ in Cambay;
‘1’ in Veraval and ‘G’ and ‘I’ in Porbundar and all the areas ‘P’ to ‘Z” in Kutch. In Cambay
region areas ‘26° and ‘20’ covered by M.T.*‘ Ashok’ and M.T. *Pratap’ have not been fished by
these vessels.

The catch data of the motor fishing vessels ‘Jheenga’ of 153 B.H.P. and *Bumili® of 135 B.H.P,
as aiso the motor launches ‘Meera” of 60 B.H.P. and ‘ Sagarkanti’ of 40 B.H.P. of the Government
of India Deep Sea Fishing Station, Bombay, operating between latitudes 16° N. and 23°N, from
January 1961 to June 1964 have also been considered in the present study. These vessels differ much

- in their gross tonnage, 11-77 of ‘ Sagarkanti’ to 4861 of ‘ Jheenga’.  All these vessels were operating
Russain and Indian types of otter-trawls of 11-i6 metres.

The charting of the fishing grounds by the Government of India vessels is based on latitudes
and longitudes chosen at one degree interval so that major areas are obtained having 3,600 nautical
square miles each and these are subdivided at intervals of 10 minute longitude by 10 minute lati-
tude, each sub-area thus giving 100 natuical square miles as seen from Fig. 2. In a major area,
taking the numbers 1-6 at 10 minute interval on the longitude and A-F at the same interval on the
latitude, the sub-areas are designated as 18-72: 1 A, 6E, etc.

The log sheets of New India Fisheries vessels recorded the haul-wise number of cases of prawns
at each area fished with particulars of depths and the time of shooting and hauling. . While analysing
the log data, each of the cases was allotted ths weight of (8 kg. in respect of prawns and also
small fish, The weights of larger fish are reckoned according to the standard tab]i)es adopted by the
‘Central Marige Fisheries Research Institute based on average weights, The logs of the Governtent
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Fra, 1. Trawling grounds of Bombay-Saurashtra waters fished bé the bull-trawlars of the New India
Fisherios Co. Black circles indicate either rich or fairly rich prawn grounds,

of India vessels show direct entry of the weight of prawns and different categories of fish in kilo-
grams. From the log data the monthly catch and catch rates in each area per hour of trawling,
depth-wise distribution of prawns and their seasonal variations in different regions were worked
out.

THE ANNUAL PRAWN YIELDS BY TRAWLS DURING 1956-64

The New India Fisheries trawlers showed an average annual yizld of 20,624 kg. of prawns form-
ing 0-62% of the total landings at a catch rate of 4:-72kg. per hour. The maximum yield of
38,070 kg. (Table I) was in 1962 forming 1-07%, of the total landings with a catch rate of 10-04 kg.
and the next high yield of 28,980 kg. was in 1957 forming 0-88%, with a catch rate of 5-31 kg. per
hour of trawling. The catches in 1956, 1958, 1959 and 1963 were below average ranging between
12,204 kg. and 15,174 kg. There was no fishing in the first three months in 1956 angd the last two
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months in 1963 ; even if there was fishing in the said months the annual prawn landings for those
years might not have been appreciably high as those months form the off-seasons for this fishery.

TasLE [
Annual regionwise distribution of prawn catch by bull-trawlers of New India Fisheries Co.

Kuich Dwarka Porbundar Veraval Cambay  Bombay Al regions

caich catch catch catch catch catch catch

Region inkg. inkg. in kg. inkg. cin kg inkg. in kg,
— e " (catch (catch (catch {catch - (catch {catch (eatch
Year rate) rate) rate) rate) rate) race) rate)

% % % % % % %

1936 o s4 36 234 6,390 4,968 12,204
(0-66) (0-80) 2 (5-09) (7-05) {4:28)

a-08 . 020 038 0-58 0:99 0-52
1957 . 2,304 612 1,620 23,526 HE 28,980
. (1-64) (0-42) (3-08) (11-70) (121 (5-31)

[12K] | 006 0-52 1:82 37 0-38
1958 18 2,700 1,242 1,044 9,990 144 15,174
Co o {0-48) {0-03) 077 {150} (570} (1-80) 3-00)

o 010 0-42 0-13 0-23 076 0-53 0-42

1959 477 693 945 2,196 9,939 504 14,760
(0-69) {083} {1-03) {4:13) (7-76) (5-49) (3-43)

006 014 0-55 0-77 144 1-36 0-54

1960 10,386 720 1,740 2,654 714 54 22,338
(3-14) (8-52) (2098} {6:50) (5-38) (4-80) {4+28)

Q34 025 1-39 1-15 2-61 1-96 0-52
1961 6,498 486 1,836 3420 8,730 18 20,988
(2°44) (2:03) {2:83) (38300 (13-32)  (10-28) (4-54)

0-25 0-24 0-36 1-18 2 4-08 0-53
1962 4,860 1,026 13,752 5130 12,954 8 38,070
257 (7-30) (14-87) (19-44) (18-06) (66-43) (10-04)

0-26 0-87 173 3-1 222 12-58 1-07

1963 3,979 486 3,528 1,062 222 18 12,475
(2-98)} {4-09) (3-58} (3-01) 427 (3-42) (3-50)

034 047 0-50 0:46 065 079 0-46
Average 3,745 1,115 m 2t 9,441 875 20,624
(2+60) (1-88) (3-97) (5-39) (8-81) (7+18} 47D

0-27 0-28 0-60 0:16 128 1-18 0-62

The Government of India vessels had an average annual yield of 8,367 kg. of prawns formmng
2-04Y%, of the total landings with the catch rate of 3-01 kg. per hour of trawling as shown in Table 11,
The highest catch of 10,540 kg. was obtained in 1961 with the maximum catch rate of 6:04 kg. per
hour, but at the same time its percentage was the lowest being 1:74 only in the total landings.
The highest per cent of 2:30 was in 1962 when the catch was 10,372 kg. In 1963 the catch was
comparatively low being 7,466 kg, but in 1964 the catch of 5,091 kg. should be considered fairly good
a5 it was obtained in the first half of the year only, M
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TasLE 1T .
Annual prawn catch in the olter-trawls by the Government of India vessels at Bombay

Year All fish Prawns o Kg./hour
1961 602,335 10,540 1-74 604
1962 449,535 10,372 230 4-80
1963 354,338 7,466 2:10 . 527
1964 233,447 5,091 2-18 3:7%
Average o 409,913 8,367 2-04 5:01

REGIONAL ABUNDANCE AND RICHNESS OF THE AREAS IN RESPECT OF PRAWN CATCHES BY
THE NEwW INDIA FISHERIES VESSELS

Based on the average annual percentage of prawns in the total catches, the regions Cambay
and Bombay are far better than those of Kutch and Dwarka, Veraval ranking last. From the point
of view of quantitative abundance of the prawn catch, irrespective of the effort expsnded, Cambay
region ranked first followad by Kutch, Porbundar, Veraval, Dwarka and Bombay. According to
catch rates, Cambay, Bombay, Veraval, Porbundar, Kutch and Dwarka were in the order of abund-
ance of the prawn resources.

Kutch Region

It may be seen from Table I that the average annual percentage of 0-27 was almost the same in
this region as for Dwarka but, the catch rate was slightly better than in the latter, giving 2-60 kg. per
hour. There was no fishing in this region during 1956. In 1957 the trawlers had just touched this
region and the catch was nil. In the remaining four years the caich rates ranged from 0-48 kg.
in 1958 to 3-14 kg. per hour in 1960 with the catch of 18 kg. and 10,386 kg. respectively.

The most extznsively fished areas were ‘R’ and ‘Q’; *S’, ‘Y’, ‘V’ and ‘U’ were moderately
fished and the least fished areas were “‘P*, *T*, *W’, *X* and ‘Z’, The effort put in this region in
1957 was too small to record prawn caich, _

In ‘R’ and ‘Q° (Table I11), the average annual effort put in was 80710 hours and 343-79 hours
respectively; but the catch rates were almost the same being 2:90 kg. and 2-64 kg. per hour res-

ively. The annual catch rates in the area ‘R’ ranged from 1 kg. with the lowest caich of 351 kg.
in 1959 to 3:69 kg. per hour with the catch of 4,428 kg. in 1961 ; the highest catch of 5,184 kg. with
the catch rate of 2 -85 kg. per hour being observed in 1960.

In ‘Q’ area the Jowest catch of 36 kg. with the catch rate of 0-14 kg. per hour was recorded
in 1959. The highest catch of 2,376 kg. with the catch rate of 2:77 kg. per hour was in 1960, but
the highest catch rate of 4 kg. per hour was noticed in 1962 when the catch was only 1,494 kg.

" Amongst the moderately fished areas, ‘U’ recorded the lowest average annual caich rate of
0-77 kg, per hour and *S’, the highest of 8-53 kg. per hour. Area ‘Y’ followed ‘S’ with the average
‘annual catch rate of 5:76 kg. per hour. In area *S’ the catch rates ranged between 0:97 kg, and
1055 kg. per hour when the catches were 18 kg. in 1959 and 36 kg. in 1962 respectively. The highest
‘catch of 1,278 kg. with the catch rate of 10-40 kg. per hour was in 1960.

' ?The catch rates in the area ‘Y’ ranged from 517 kg. per hour with the catch of 270 kg. in 1961
to.6»64 kg. per hour with the catch of 162 kg. in 1960, th2 highest catch of 306 kg. with the-catch
rate of 6-54 kg. per hour being in 1962.
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1n the area ‘V', the catch rates fluctuated between 2-24 kg. per hour with the catch of 324 kg.
‘in 1961 and 5-89 kg. per hour with the catch of 882 kg. in 1963; however, the catches fluctuated
between 198 kg. with the caich rates of 2-60 kg. per hour in 1962 and 1,008 kg. with the caich rate
of 2:99kg, per hour in 1960,

TasLe 111

Areawise distribuiion of prawn catch {catch-per-hour) in kg. by bull-trawlers of the New India Fisheries Co.
in Kutch region

Area

— Q R Sj T U \ X Y
Year
1957 0 .. . .. . .. .
1958 0 0 0 . 0 0 18
(7-20)
1959 36 351 18 ‘e 72 0
: @14) (1+00) ©-97) . (1+30) .- .. ..
1960 2,376 5,184 1,278 %0 288 1,008 0 162
217 (2:85)  (10:40)  (4.88) (2-44) (2:99) (6+64)
1961 1,296 4428 72 0 108 124 0 270
2-15) (3-69) (3-20) (0-49) 2:24) (517
1962 1,494 2,592 36 . t26 158 108 306
(4-00) (3415 (10:55) 0-35) @2-60) (247 (6:54)
1963 1,170 1,531 288 .. 108 882
-67) (2-3%) (9-64) {0+63) (5-89)
Average 910 2,48 282 45 117 402 3 246

(2-64) (2+50) (8:53) (3-78) ©-77) (3-28) (1:83) (5:76)

’lfhc aren ‘U’ had the catch rates ranging from 0-35 kg. per hour with the catch of 126 kg. in
1962 to 2-44 kg. per hour when the catch of 288 kg. was the highest in 1960. The lowest catch of
72 kg, with the catch rate of 1-30 kg. per hour was registered in 1959,

I the remaining areas, the average annual catch rates varied batween zero (in *P°, “W* and *Z°)
and 378 k§: per hour (in *T"),

. }-’rc};n‘_the abovs it can be inferred that the areas ‘S’ and ‘Y’ are rich, *V’ fairly good and ‘Q°
?n_d R cgmderately rich in theit prawn resources. Area *T’ if sufficiently exploited may also yield
air catches,

Dwarka Region

This region (Table 1) recorded the lowest average annual caich rate of 1-88 kg. per hour, but
the average annual percentage of prawn yield was 0-28 which is as good as that of Kutch and better
than that of Veraval. The highest catch of 2,700 kg. was in 1958 with the lowest catch rate of
0-03 kg. per hour. The lowest catch of 486 kg. was in 1961 and 1963 when the catch rates were
2-03 kg. and 4-09 kg. per hour respectively.

[n spite of the fairly high amount of fishing effort put in this region during 1956 the prawn yield
for that year was poor because fishing was done during November and December, the lean months
for this fishery. The average annual catch rates ranged betwesn 0-88 kg, per hourin ‘K’ and
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2-81 kg. per hour in "L’ (Table 1V} the catch rates at ‘M’ and‘N”’ being 1-89 kg. and 2-58 kg. per
hour respectively. The highly exploited areas were *N°, ‘M’, and ‘K’. Though the area ‘L’
showed the bzst catch rate, the effort put during different years was extremely poor, at times almost
insignificant, leading to nil catch as noticed during the period 1960-62. The catch rates ranged

from 1-81 kg. per hour with the highest catch of 108 kg, in 1957 and 16-7 kg. per hour with the
lowest catch of only 18 kg. in 1-08 hours in 1963,

Tapre IV
Areawise distribution of prawn catch (catch-per-hour) in kg, by bull-trawlers of New India Fisheries Co. in Dwaraka region

Area

- K L M N

Year

1956 0 504 0

{1-10)

1957 216 108 1,188 792
(0-41) (91 (2:62) 217

1958 318 108 954 1,260
{2-42) (3-81) 2:17) (4-20)

1959 180 36 144 333
(0-42) {(7-57) (1-22) (1-15

1960 270 0 0 324
(5+:25) (1-03)

1961 ki 0 0 450
(L-73) 3-15

1962 54 0 18 954
(4-32) {4-60) (7-75)

1963 18 i8 0 450
{1-85) {i6-70) . (4-29)

Average 144

39 351 570
(0-38) 2-8%) (1-89) (2-58)

The catch rates in the area ‘N’ varied between 1:03 kg, per hour in 1960 with the catch of
324 kg. and 7-75 kg. per hour with the catch of 954 kg. in 1962. The highest catch of 1,260 kg.
was in 1958 with the catch rate of 4-20kg. per hour. -

The effort put in the area ‘M’ was quite good only from 1957 to 59 and not in rest of the
years. The catch rates fluctuated between 1-10kg. per hour with the catch of 504 kg. in 1956 and
4-60 kg. per hour with the catch of 18 kg. in 1962, The highest catch of 1,188 kg. was in 1957 with
the catch rate of 2-62 kg. per howr, .

In ‘K’ the catch rates ranged from - 41 kg, per hour with the catch of 216 kg.in 1957 to
5-25 kg. per hour with the catch of 270 kg, in 1960. The maximum catch of 378 kg. with the catch
rate of 2+ 42 kg. per hour was in 1958 while the minimum_of 18 kg. with the caich rate of i85 kg.
per hour was in 1963, It may thus be seen that the areas 'L’ and ‘N’ have good prawn grounds.

Porbundar Region |
The average annual percentage of 0-60 (Table 1} in this region came next to that of Cambay

and Bombay; but, the catch rate was only 3-97 kg, per hour. The prawn yield in this area was
- very good in 1962 giving 13,752 kg. at a rate of 1487 kg. per hour. The highest catch rate of
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20+98 kg. per hour was in 1960 when the catch obtained was 7,740 kg. ; the lowest catch of 36 kg.

was in 1956 with the catch rate of 0-80 kg. and the lowest catch rate of 0-42 kg. per hour was in 1957
when the catch was 612 kg.

TABLE V

Areawise distribution of prawn catch {catch-per-hour) in kg. by bull-trawlers of New India Fisheries Co,
in Porbunder region

Area
A B D E H I
Year
1956 4] 36 - ¢ - -
(2-76)
1957 486 18 36 72
(0-42) (3-57) {0-26) (0-49)
1558 702 108 180 252
{0-78) (1-83) (0-76) (1-12)
1959 675 108 36 126
(0-96) (2-73) (0-70) {1-05)
1960 810 198 54 1,242 5,382 54
(5-43) 5:17 334 {6-67} (10+69) (13:67)
1961 270 90 0 504 972
(3:13) (5-76) {2-80) 273
1962 2,772 162 54 5,094 5,670
(22-40) (10-18) (1-61) (13-46) (15-18)
1963 2,160 324 54 846 144
(6+17) (5-86) (329 {2-88) (0-52)
Average 984 130 1,017 3,042

57 54
(2-28) (4-32) (0-82) (5:22) (8-04) (1367

The fishing effort put was very good in the areas *A’ and ‘E’ throughout and moderate in * D’
and ‘B’, The arcas ‘G’ and ‘1” were the least exploited, with no prawn catch in the former. The
area ‘H’ was exploited from 1960 onwards and fairly good amount of effort was spent here. The
_average annual catch rate ranged from 0-82 kg. in ‘D’ to 8-04 kg, per hour in *‘H®, The area ‘H’
registered the lowest catch of 144 kg. (Table V) in 1963 with the catch rate of 0-52 kg. per hour and
the highest of 5,670 kg. with the catch rate of 1518 kg. per hour in 1962,

In area ‘D’ the minimum catch of 36 kg, with the catch rate of 026 kg. per hour in 1957 and
the maximum of 180 kg. with a caich rate of 0- 76 kg. per hour in 1958 were observed. The highest
catch rate of 3-34 kg. per hour was in 1960 when the catch was only 54 kg.

The catches in ‘A’ ranged between 270 kg, with the catch rate of 3-13 kg, per hour in 1961 and
2,772 kg. with the catch rate of 22-40 kg. per hour in 1962, The lowest catch rate of 0:42 kg, per
hour with the catch of 486 kg. was in 1957,

The catch rates in the area ‘B’ fluctuated between 1-83 kg, per hour with the caich of 108 kg,
in 1958 and 10- 18 kg. per hour with the catch of 162 kg. in 1962, But the maximum yieid of 324 kg,
with the catch rate of 5:86 kg, per hour was in 1963 and the minimum of 18 kg, with the catch rate
of 3-57kg. per hour in 1957, .

Area ‘E’ recorded the minimum catch of 72 kg. with the catch rate of 0-49 kg. per hour and the
maximum of 5,094 kg, with the catch rate of 1346 kg. per hour in 1957 and 1962 respectively.
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TasLE VI

Areawise distribution of prawn catch (cacth-per-hour) in kg, by bull-trawlers of New India Fisheries Co.
in Veraval region

Area

—— 2 3 4

Year

1956 36 198 ..
(1-0%) {4-11)

1957 1,242 378 -
(G- (1-96)

1958 648 39 -
(1-80) 119

1959 1,224 972 -
(6-68) (3-59)

1960 1,242 1,422 -
(7-75) 6-27)

1961 612 2,754 54
{6-51) (8-84) (46-15)

1962 954 2,124 -
(8+95) {13-49)

1953 540 5227]
(3-31) {2-75)

Average 1,096

812 54
(4-53) (5-07) (46-15)

A caich of 54 kg. with the catch rate of 13-67 kg, per hour was noted in the area ‘I in 1960,
indicating high prawn resources although not well exploited.

The areas ‘H’, ‘E’ and ‘B’ prove to have good prawn grounds.

Veraval Region

This region recorded the lowest annual average per cent of 0-16 of prawns (Table I), but the
average catch rate was fairly good being 5-39 and it is higher than those obtained in Porbundar,
Dwarka and Kutch. The highest catch of 5,130 kg. with the catch rate of 19-44 kg. per hour was
in 1962 and the lowest catch of 234 kg. with the catch rate of 2-77 kg. in 1956, The lowest catch
rate was 1-50 kg. per hour when the catch was 1,044 kg. in 1958, '

Of the four areas fished in this region, “1” and ‘4* were the least exploited. There was no record
of prawn in the area ‘1° and only a small catch of 54 kg. in the area ‘4’ (Table Vl}ata catch rate
of 46-15 kg. per hour in 1-17 hours in 1961.

The average annual catch rate was 5-07 kg. for ‘3’ and 4-53 kg. per hour for ‘2°. The catch
rates in the area ‘3’ ranged from 1-19 kg. per hour with the catch of 396 kg. in 1958 to 13-49 kg,
per hour with the catch of 2,124 kg. in 1962, The minimum catch of 198 kg. with the catch rate of
411 kg. per hour was in 1956 and the maximum of 2,754 kg. with the catch rate of 884 kg. per hour

was in 1961,

Coming to the area ‘2’ the catch rates ranged between 1-03 kg. per hour when the minimum
. catch was 36 kg, in 1956 and 8-95 kg. per hour in 1962 when the catch was 954 kg. However, the
- highest catch of 1,242 kg. with the catch rate of 7-75 kg. per hour was obtained in 1960. _

" BM=IV=8
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The areas ‘2’ and ‘3’ appear almost equally rich for prawns; area ‘4’, if exploited intensively
may throw some more light on the prawn grounds in this region.

Cambay Region

From the point of view of the highest catches obtained giving an annual average yield of
9,441 kg. (Tablz 1) forming 1-289% of the total catches and with the highest catch rate of 8-81 kg.
per hour, this is the best of the five regions covered by the New India Fisheries vessels. The catch
rates varied between 4-27 kg. with a catch of 3,222 kg. in 1963 and 18-06 kg. with a catch of
12,954 kg. in 1962, Catch was the highest in 1957 forming 23,526 kg. with a high catch rate of
ll-’)i? kg. per hour and lowest in 1960 forming 774 kg. yet with fairly good catch rate of 5-38 kg.
per hour.

Areas “11” and *10° were highly exploited and “12°, ‘17> and ‘18 * moderately fished. The
effort put in the areas *25°, ‘24 and *19° was far below average and that put in the areas ‘23", ‘16
*13° and ‘9’ was so poor that there was no prawn catch,

TABLE VII
Areawise distribution of prawn carch (catch-per hour) in kg. by bull-trawlers of New India Fisheries Co.
in Cambay region
Arca
25 24 19 18 17 12 1 10
Year

1956 0 54 [} 990 270 540 2,142 2,394
(2-00) ~{6-00) (2:31) (6-53) (690} @3

1957 522 1,674 0 2,574 792 1,782 7.326 8,856
(9-70) (1259 (13-64) (8:33) (1599 13-21) {10-18)

1958 36 72 72 1,008 756 756 6,480 810
(6+00) (3-54) (7-11) (7-72) (589 (T11) (5-88) (32D

1959 72 .. 3s 381 666 593 2,574
{4-84) (7-85) {1-93) (12-67 829 (830

1960 . .. .e 0 0 216 558
(4-25) {7-16)

1961 . ~ 36 288 . 5,292 3,114
(2-88) {4:65) {17-26) (11-35)

1962 . 0 198 1,620 756 6,498 3,882
0270 GBI a3 (1549 (2409

1963 0 0 - 0 72 0 1,746 1,404
{2-25) (4-51) (4+47)

Average 140 2 24 732 49 643 3,787 2,949
(8:33) 9-24) {3-29) 9:12) (5-57) (4+02) {7:87) (8-43)

The average annual catch rates ranged from 3-29 kg, per hour (Table VII) for the area ‘19’ to
924 kg. per hour for area *24°, The catch rates in the area “11° varied from 4-25 kg. per hour with
the minimum catch of 216 kg, in 1960 to 17-26 kg. per hour with the catch of 5,292 kg. in 1961.
The maximum catch of 7,326 kg. with the catch rate of 13-21 kg. per hour was in 1957.

The lowest catch rate in area 10 was 3-27 kg. per hour with the catch of 810 kg, in 1958 and
the highest of 2409 kg. per hour with the catch of 3,882 kg. in 1962. The lowest catch of 558 kg.
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with the catch rate of 716 kg. per hour and the highest of 8,856 kg. with the catch rate of 10-18 Rg.
per hour was in 1960 and 1957 respectivaly.

The catch rates in area ‘12’ ranged from 6-53 kg. with the minimum catch of 540 kg, in 1956
and 15:99 kg, with the maximum catch of 1,782 kg. in 1957,

Area*17 showed the catch rates fluctuating between 1 -93 kg. per hour with the catch of 38] kg,
in 1959 and 31-2 kg. per hour with the maximum catch of 1,620kg. in 1962, The minimum catch

of 72 kg. with the catch rate of 2-25 kg. per hour was in 1963,

Area ‘18 recorded the Jowest catch of 36 kg. per hour with the caich rate of 2-88 kg. pér hour
in 1961 and the highest of 2,574 kg. with the catch rate of 13-64 kg. per hour in 1937,

The minimum catch of 36 kg, with the catch rate of 6-00 kg. per hour in 1958 and the maximum
of 522 kg. with the catch rate of 9-70 kg. per hour in 1957 were recorded by the area *25°,

Tn area ‘24 the lowest catch rate of 2 kg. per hour with the catch of 54 kg. was noticed in 1956,
the highest catch rats of 12-59 kg. per hour here was in 1957 when the yield was 1674 kg.

Qut of three years of fishing from 1956 to 58 in the area ‘19’ the last one recorded 72 kg. with
the catch rate of 7-11 kg. per hour.

" The areas ‘257, ‘247, *18°, *17°, *11” and ‘10’ prove to have rich prawn grounds in Cambay
region,

Bombay Region

The percentage of prawns in the annual average of total landings being 118 (Table 1) and the
average annual catch rate being as high as 7-18, this region is next to Cambay which ranks first.

The extensively fished arcas were “43” and ‘38, the areas *48°, ‘43 A°, ‘31’ and *30’ having
been fished only occasionally. The rarely fished areas ‘42°, 37, *36° and ‘32* recorded no

prawns.

The average annual catch rates ranged (Table VIII) between 1-50 kg. per hour in the area €30°
and 12-25 kg. per hour in ‘43 A°.  Of the two extensively fished areas, area ‘38’ recorded an average
annual yield of 7-76 kg. per hour. The catch rates in this area ranged between 3-93 kg, with the
catch of 18 kg. in 1958 and 83-62 kg. per hour with the catch of 378 kg. in 1962. The high catch
rate in the latter was on account of three rich hauls for an effort of only 3:35 hours as mentioned
carlier. The maximum catch of 1,152 kg. with the catch rate of 7-77 kg, per hour was obtained

in 1956.

The catch rates in the ar=a *43° ranged from 363 kg. per hour with the catch of 108 kg. in 1958
and 7-05 kg. per hour with ths catch of 3,528 kg. in 1956.

The area ‘48° showed a catch of 195 kg. with the catch rate of 11-76 kg. per hour in 1956;
area ‘43 A’ catch rate of 13-04 kg. per hour with a catch of 234 kg. in 1957; area ‘37 acatch rate
of 2-46 kg. per hour with the catch of 18 kg. in 1956 ; area ‘31 a catch rate of 8-49 kg. with a catch
of 72 kg. in 1956 and lastly the area *30° a catch ratz of 13-53 kg. with a catch of 18 kg, in 1958.

The arzas *48°, ‘43 A’, *43°, “38° and ‘31" prove to have rich prawn grounds, Sufficient effort
was not expended in other areas bgt ther_‘e are indications that areas like ‘30 may also prove to yieid
good quantities of prawns in this region.



1360 P, V. KAGWADE

TasLe VIII

Areawise distribution of prawn catch (catch-per-howr) in kg. by bull-trawlers of New India Fisheries Co.
in Bombay region

Area
—— 48 43 A 43 R 37 3t 30
Year
1956 198 3,528 1,152 18 72 0
(1L-76) (7-05) (7-77) (2-46) (8-49)
1957 - 234 378 306 .. 0
(13-04) (28-3%) 8+14)
1958 - 108 18 - 0 18
(3-63) {3+93) {13-53)
1959 0 0 162 342 . .
{4-40) (7-31)
1960 . - 0 54
(7-67)
1961 .. . 18
{10-29)
1562 v . 0 3718
(83-62)
1963 .. . 0 18
(5-80)
Average 99 117 597 286 18 24 9
(10-95) {12-25) (7-11) (7-76) (2:46) (5412 (1-50)

From south of Bombay these trawlers brought very good prawn catches in July 1963, The
catches were like 108 kg. with the catch rate of 48 kg. per hour from the area ‘53’ and 72 kg. with
the catch rate of 216 kg. per hour from “60°. However, there was no catch from the area “54°.

ention must be made here that a small catch of 72 kg. with the catch rate of 4+ 32 kg, per hour
was obtained from an unclassified area in 1956.

PrawN YIELDS FROM SUB-AREAS COVERED BY THE GOVERNMENT OF INDiA EXPLORATORY
FisHING VESSELS

The Government of India fishing vessels explored the Arabian Sea from Kutch (23° N-68°
E.} in the north to beyond Ratnagiri (16°N-72° E.} in the south. The sub-areas between 19° N.
and 17°N. off Bombay and Ratnagiri where fishing was adequate showed some interesting
results.  In others fishing being occasional, it was not possible to judge the richness of those areas.

Major Area 19-72

‘This area is close to Versova, a fish landing place about 20 miles north of Bombay. It
recorded (Table 1X) an average annual fishing effort of 118:43 hours when the catch rate was

3:78 kg. per hour. The catch rates ranged from 0- 70 kg. in 1962 to 7-52 kg, per hour in 1961 when
the catch of 1,394 kg. was the highest,

;The average annual catch rates in this area ranged from 0:21 kg. in the sub-area ‘1E’ to
40-66 kg. per hour in ‘4 E’, The most regularly fished sub-areas were ‘1B’, ‘1C’, ‘1 D’;
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moderately fished were ‘1 E*, ‘2 A, ‘2B, °2C’, ‘3B’ and ‘4 A’ and rarely fished were the remain-
ing ones. The annual average catch rates were good in the sub-arzas *4E’, ‘2D, ‘1 D’, 1 B’ and
‘3A°. There was no prawn catch in the sub-areas *2C" to ‘6 C’ and ‘3 F’.

TapLE IX
Sub-areawise distribution of prawn catch (catch-per-hour) in kg. by the Government of India vessels in areq 19-12

Year )

— 1961 1962 1963 1964 Average

Sub-area
iB 155 (5+61) 22 (7-33) 0 .. 59 (5-43)
1C 5 (1-32) 67 (1-49) 0 44 (11-0) 36 (1-82)
1D 854 (20-25) 36(0-83) 76 (9-92) e 242(10:18)
1E 4 084 0 . . 2 (0-21)
ZA 70{ 6-08) 0 . . 35 (3-18)
2B 120 (5-16) 44(1-54) . - 82 (3-16)
2D 70 (35-00) . . : . 70 (35-0)
3A 70 (4:72) 0 0 .. 63 (4-48)
3B 20 (1-15) 0 . . 10 (0-73)
4A . . 30( 4-93) . 15( 2-90)
4E . .. 85 (40-66) . 85 (40-66)

Total 1,394 (7-52) 169(0-70)- 191 (6-47) 44 (2-11) 450 (3-78)

Major Area 18-72

The combined effort of ail these vessels was the maximum in the area 18-72, close to Bombay.
An average annual effort of 1,173:15 hours was spent here bringing 6,910kg. of prawns
at a rate of 5-88 kg. per hour. The annual catch rates (Table X) ranged between 4-17 kg. per
hour with the lowest catch of 4,343 kg. in 1964 (for the first six months only) and 7-55 kg. per hour
with a catch of 8,503 kg. in 1961, The highest caich of 9,457 kg. was in 1962 and the catch rate was
6-62 kg. per hour.

' The most extensively fished sub-areas were *5C’ to ‘SE’, ‘6 C’ to ‘6 E’ and excepting the sub-
‘areas ‘2C’, 3C’, ‘4 A”,°5 B’ and ‘5 F’ which were rarely fished, all the remaining sub-areas shown
in the Table were moderately fished. The average annual caich rates fluctuated between
'0-15ikg. in ‘4 C* and 2165 kg. per hour in ‘5 B’. In the extensively fished sub-areas, the average
‘annual catch rates ranged between 4-70kg. in ‘6 D and 1292 kg, per hour in ‘5E’. Sub-areas
‘3E*, *6B’ and ‘6 E” had high average annual catch rates of 18-29 kg.. 17-43 kg. and 10-90 kg, per
hour respectively. The sub-areas ‘2E’ to ‘“4E’, ‘5C’to 'S5E’ and * 6 C’ to "6 E’ prove to have
fairly rich prawn grounds. There was no prawn catch in the sub-areas ‘1B’, ‘1 C’ to “3C” and
‘4A°

Major Area 17-73

This is close to Ratnagiri and showed a very good average annual catch rate of 10-80 kg, per
hour (Table XI) with a caich of 135kg. In 1963 the catch rate was as high as 57+26 kg. per hour
~when the catch was 205 kg.



1362

Sub-areawise distribution of prawn catch (cateh-per-hour) in kg. by the Government of Iidia vessels in area 18-T2

P, V. KAGAWDE

TasLe X

Y 1961 1962 1963 1964 Average
Sub-areas
1D 30 (3-48) 55 (3:28) 0 0 21 (1°79)
1E 0 30 (0-50) 0 0 8 029
1F 0 41 (2-05) 78 (8-83) 0 30 (3-18)
2D 180 {3-55) 0 0 60 (2-30)
2E 270 (7-34) 50 (1-94) 0 107 (5-10)
iD 40 (0-87) 0 0 46 ( 4-60) 22( 0-96)
3E 215(18-29) . .. 215 (18+29)
4C 0 0 5 (400 0 1 015
4D 58 (1-49) 0 0 0 15 (0-69)
4E 13 (13-00) - 0 20 (8-88) 11 6-70)
5B . . 157 (21+65) e 157 (21+65)
5C 7 (0-39) 200 (2-43) 831 (9-36) 200 (17-02) 310 ( 6-11)
5D 2,00 (9:38) 2,318 (6-88) 957 ( 2+66) 404 (7-31)  1,445( 5-93)
SE 1,607 (13-21) 1,514 (14-34) 1,430 (16-71) 13 @32 1,141 (12:92)
5F - 8 (4-00) - g8 400
6B 340 (24-28) S 0 o 170 (17+43)
6C 200 (20-37) 202 (2:29) 2718 (3-79) 3719 822 265 (4-88)
6D 3071 (965 2,072 (3-39) 1,068 (2:76) 3,113 (6-67) 2,331 (4:70)
6E 732 (5-57)  3,300(33-59) 533 (11-68) 168 ( 1-05) 1,183 (10-90)
Total 8503 (7-55)  9457(6:62) 5337 (4:87) 4,343 (411 6910 (5-89)
TabLe X1

Srb-areawise distribution of prawn cateh (catch-per hour) in kg. by the Government of India vessels in areq 17-73

Year
——— 1961 i962 1963 1964 Average
Sub-areas
1A 120 (5-71) 105(19-1) 30 (20-00) 20 (4+90) 49 (13+39)
1B . ‘e 175 (84-14) 0 88 (42-40)
2A 110 (9-16) 60 (34-30) _ 85 (12-37)
Total 130(7-42)  185( 6:78)  203(57-26)  20(1-64) 135(10-80)
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Very good average annual catch rates ranging between 12-37 kg, in the sub-area ‘2 A°
42-40 kg. per hour in °1 B* were noticed in this region. Sub-area ‘1 Bg’ recordedus4— 14 kg.ng- h?llﬁ'
with a catch of 175 kg. in 1963.  All the 3 sub-areas “1 A’, ‘1 B’ and *2 A’ prove to be good for
prawn. There was no catch in the sub-arcas *3 A’ and ‘4 F’,

Major Area 17-72

This is further off the previous area in Ratnagiri. The average annual catch rate of 3-
per hour (Table XII) was again low and the catch was 145-5kg. Good catch ratesawil?e obsiwe%
in 1962 and 1963 with the catches of 135 kg. and 364 kg. respectively.

Only some of the sub-areas fished have yielded prawn catch. The average annual
ranged between 0-09 kg. in the sub-area “3 F* and 15-45 kg. per hour in ‘6 F’.g The subf:::z}: ‘?tlgf’
with an average anpual catch rate of 5-39 kg. per hour together with ‘6 F’ indicate good prawn
grounds in this region. In most of the sub-areas, namely, ‘1C’ to ‘1 F’, ‘4 A’, * 4D’ to ‘6 D’
‘5C*, ‘5E’ and ‘6 C’ there was no prawn caich, ’

TasLe XTI
Sub-areawise distribution of prawn catch (catchsper-hour) in kg. by the Govermmnent of India vessels in area 17-72

Year
Pr—— 1961 1962 1963 1964 Average
iF 5009 - - - 5 (0-09)
4E 0 e 30(3-81) 0 10 (1-66)
AF 78(1-4%)  30(10-00) 352D . 48 (5-39)
5F 0 40 (5-00) 0 .. 13 (369
6E 0 0 30 (0-53) . 10 (2:09)
§F 0 65 (3:1) 234 (4-14) .- 100 (15-45)
Total 83(1-28) 135 (8:43) 364(5:61) 0 146 ( 3-47)

DEPTH-WISE DISTRIBUTION

To understand the patiern of distribution of prawns at different depths, the haul-wise caich
data in different months, in different regions, have been studied for one year, i.e., 1962 when catches
were the highest in the entire 8 years period of the observations of the New India Fisheries vessels.
For this purpose the depth ranges covered have been grouped at 5 metre intervals and the resulis
are shown 1n Figs. 3-8,

Kutch Region

The depth ranges fished (Fig. 3) were between 16~20 and 66-70 metres, But the fishing was
concentrated mostly between 21-25 metres and 46-50 metres. The caich rates ranged between
0-51 kg. per hour with a catch of 36 kg. in December at a depth of 26-30 metres and 13-04 kg. per
hour when the highest catch of 558 kg. was in May at a depth of 55-60 metres. There was no
fishing in June and July. Usually the catch rates were less than 10 kg. per hour at different depth
ranges in this region,
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Dwarka Region

There was either no fishing or the catches were nil in most of the months. The fishing depth
ranges varied between 21-25 metres and 56-60 metres (Fig. 3). When prawns were obtained, the
catch rates ranged between I-66 kg. per hour with a catch of 18 kg. at a depth range of 3640 metres
in February and 44-33 kg. per hour with a catch of 180kg. at & depth range of 26-30 metres
in November, Excepting in the depth ranges of 56-60 metres in May, of 36-40 metres in October
and of 31-35 metres in November when the catch rates were 16-66 kg., 12-90 kg. and 36-00 kg. per
hour respectively, the caich rates in all other depth-ranges were less than 10 kg. per hour.

Porbundar Region

There was no fishing in October and the catch was nil in February when the fishing was between
the depth-ranges of 31~-35 metres and 41-45 metres (Fig. 4). Most of the fishing was between the
depth-rangus of 31-35 metres and 46-50 metres, The catch rate of 0-84 kg. per hour was the lowest
in March at a depth-range of 36-40 metres and the highest of 62-06 kg, per hour in July at a depth
range of 31-35 metres, The catch rates mostly were above 10 kg. and at times exceeding even 20 kg.
per hour at various depth-ranges.

Veraval Region

The fishing depths ranged between 26-30 metres and 61-65 metres (Fig. 5) but much of the
fishing was done in the depth-ranges of 36-40 metres and 41-45 metres, There was no prawn catch
during January to March and also October when the fishing was below 41-45 metres depth-range.
In September there was no fishing. The catch rates ranged between 310 kg. per hour with a catch
of 36 kg. in April at a depth-range of 36-40 metres and 6693 kg. per hour with the highest catch of
1,692 kg. in August at a depth of 41-45 metres. High catch rates of 57:27 kg. in August and
35+79 kg. per hour in June were registered at the depth-ranges of 46-50 metres and 51-55 metres
respectively.  Catch rates above 15 kg, were very often met with at various depth-ranges.

Cambay Region

Fishing was more or less uniformly distributed between the depth-ranges of 26-30 metres and
71-75 metres (Fig. 6). Fishing with no prawn yield was at the dapth-ranges of 36-40 metres in
February and 31-35 metres and 36-40 metrzs in December. The lowest catch rat2 of 2+ 78 per hour
with the catch of 18 kg. at the depth-rangs of 41-45 metres. in September and the highest catch
rate of 3726 kg. per hour with the catch of 702 kg. at the depth range of 61-65 metres in July wers
observed in this region. In general the catch rates were mostly above 15kg. per hour at different

depth-ranges.

Bombay Region

Fishing in 1962 was carried out during May and September only. In May the fishing was at
the depth-range of 41-45 metres when the prawn catch was nil. In September there was an excep-
tionally good catch of 378 kg. with a catch rate of 112-82kg. per hour at the depth-range of
46-50 metres.

The Government of India vessel, M.F.V. ‘Jheenga’, fished between the depths 9 and 60 metres
in different areas in 1962, covering the major areas between 23° N, and 17°N. Most of the areas
fished in different months at all the depth-ranges could not give any picture of the depth-wise distri-
bution as the prawn catch was nil except in 20-72, 19-72, 17-72 and 17-73 as detailed below.,

In January the area 20-72 had the maximum of § kg, per hour with the catch of 10 kg. in the
depth-range 36-40 metres, The catch of 37 kg. with 1-89 kg. per hour was in the depth-range of
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2;6;30 metres while in the depth-range of 31-35 metres the catch of 30 kg. had 1-62 kg. per hour of -
shing.

The area 19-72 was fished from January to March and also in June and October (Fig. 7) with
no prawn catch in January when the fishing was between the dspth-ranges 26-30 metres and
46-50 metres and in March in the depth-ranges of 31-35 metres and 36-40 metres. February
showed the catches of 14 kg, with 1-27 kg. per hour and 30 kg. with 1-61 kg. per hour in the depth
ranges of 31-35 and 36-40 metres. In the very next higher and lower dspth-ranges, the catch was
nil. In June the catch rates were fairly good ranging between 4 kg. and 16 -66 kg. per hour in the
different depth-ranges fished. The highest of 1666 kg, for the catch of 25 kg. was in the depth-
range of 31-35 metres. There was a small catch of only 1 kg. with the catch rate of 0-28 kg. per
ho:;til in Decel_‘i:ber in the depth-range of 16-20 metres while in the next two higher depth-ranges, the
catch was nil.
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Fishing in area 18-72 in the first 4 months of the y:ar, covering the depth ranges between
16-20 metres and 51-55 metres (Fig. 7} did not register any prawn catch and there was no fishing
in August and September. During rest of the 6 months, the catch rates ranged between 0-64 kg.
per hour for the catch of 5 kg. in the depth-range of 21-25 metres in December and 29-98 kg, per
hour for the highest catch of 788 kg. in the depth-range of 11-15 metres in October. In fairly good
number of other dzpih-ranges, the catch rates varied between 5 and 12 kg. in different months.

The area 17-72 was fished in May at the two successive depth-ranges of 21-25 metres and
26-30 metres when the catches were like 65 kg. with the catch rate of 8:12 kg. per hour and 70 kg.
with the catch rate of 5-60 kg. per hour respectively.

The area'l?~73 which was also fished in May had a very good catch rate of 21-14 kg, per hour
for the catch of 185 kg. in the depth range of 26-30 metres,

Generally fishing by these trawlers was concentrated between the depth-ranges of 21-25 metres
and 46-50 metres, It is observed that the catch rates were less than 10 kg. per hour in Kutch and
Dwarka regions, and up to 20 kg. and even more in other regions at differant depth-ranges covered
by bull-trawlers, The catch rates were between S and 12 kg, per hour in the Bombay region and
8 and 21 kg. in south of Bombay for the vessel M F.V. ‘Jheenga’,

The above observations, based on the operations of bull-trawls and other trawls in Bombay-
Saurashtra waters show that the prawns are not confined in their distribution to any particular depth
range; that they inhabit in higher or lower densitics of populations at all depths between 9 and
72 metres and that they occur in good quantity in as shallow a depth-range as 11-15 metres and as
deep a depth-range as 61-65 metres.

SEASONAL VARIATIONS

Unlike some of the commercially important fish species, the prawns in general are not highly
seasonal in thejr occurrence in the trawler landings. They are found all round the year. All the
same, in certain months they occur in comparatively greater abundance. The catch usually begins
to rise by May and dwindles down by November, accompanied with slight variations and exceptions
in the trawling grounds of the different regions.

Kuteh Region

This region was fished regularly in almost all the months {rom 1960 onwards. Prawn catch
showed a tendency to increase from May onwards, with an annual average of - 5% and to decrease
after October when the annual average was 0-36%,. The period from July to October was the peak
one for prawn catches, the percentage in July ranging betweaen 0-69 with the catch of 810 kg. in 1961
and 1-03 with the catch of 216 kg. in 1960 whereas in October between 0-15 with the catch of 450 kg.
in 1960 and 0-92 with the catch of 1,080 kg. in 1963, However, a fairly good catch of 1,026 kg.
forming 0-64%, of the total landings was met with in March 1963 (Table XIII).

Dwarka Region

Excepting in 1960 and 1961, there was almost no fishing from May to September in the Dwarka
region. Though the catch was good forming 1-24%, in April 1963, 1-129, in May 1962 and 1-28%,
in June 1960 and with no sufficient information about July and August, high catch percentages were
obtained in most of the years from September to December, Very high percentages of 4+54 with
the catch of 666 kg. and 4-10 with the catch of 162 kg. were obtained in November 1962 and October
1963 respectively (Table IV).
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TapLE XIIL
Monthly prawn catch by ball-trawlers of New India Fisheries Co. in Kutch region*

131

1958 1959 1960 1961 1962 1963 Average
Year  Catch Catch Catch Catch Caich Catch Catch
— in kg. in kg, inkg. in kg. in kg. in kg, in kg,
Month {catch {catch (catch (catch (catch {catch {catch
rate) rate) rate) rate) rate) rate) rate)
% % % % % % %
January 198 558 193 414 342
(062) (1:38) {0-50) (1-31) (3-95
0-06 0-17 0-04 0-14 0-10
February 36 180 702 36 238
©-10) 0-51) {1-98) {0-11) ({0-70)
0-01 0-04 019 00t 0-06
March 0 270 558 54 1,026 362
(0-65) (1-42) {0 16) (4+95) (1-28)
0-06 0-14 0-01 064 0-13
April 261 1,350 1,242 486 252 718
(1-09) (3:75) @1 (2-96) (2-26) (3-06)
0-12 042 042 ¢-36 0-29 0-34
May 744 3% 1,854 998
(3-04) (3-11) (9-30) (5-25)
0-32 0-36 0-96 0-50
June 522 54 144
(14:59) (0-80) (4+87)
2.02 012 076
July 216 810 18 348
(10-64) (4-22) (4-15) (4+-82)
1-03 069 0-90 o4
August 2,070 126 54 750
590 {1-40) (3-10) 4-97)
0-96 0-26 0-60 0-82
September 846 630 432 1,153 555
(2-46) {4-58) (7-11) (5-29) (2:92)
0-30 0-51 1-0L 0-61 0-42
October 0 450 648 576 1,080 551
{1-49) (3-49) (12:06) (6-33) (3-60)
015 0:29 - 0-86 0-92 0-36
November 18 54 T4 738 432 403
{0-57) (0-48) 3-51) (4-85) (G1% (3-09
0-11 0-03 0-29 0-47 0:35 0-28
December 162 1,260 558 72 362
(0-75) (2-79) (177 (0-41) (1-91)
G-06 034 0-15 004 0-19

* There was no fishing in 1956 in this region. In

catch was nil,

1957 there was fishing only in December and the
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Monthly prawn catch by bull-trawlers of the New India Fisheries Co, in Dwarka region
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TaBLE XTIV

—

1956 1957 1958 1959 1960 1961 1962 1963 Average
Year Catch Catch Catch Catch Catch Catch Catch Catch Catch
— Kg. Kg. Kg. Kg. Kz, Keg. Kg. Kz. Ke.
Month {c.p.hy  (eph) (e.ph)y  (cph) (cph) .ph)  (cph) (c.p.h) { c.g.h.)
% % % % % % % % %
January 54 36 90 54 0 0 0 1
017 (0+29) (0-96) (0-56) (035
002 8-04 0-18 008 0-05
February 0 126 9% 0 0 20 0 44
(0-72) ©-40) (3-67 0-41)
0+06 006 0-47 006
March 54 0 144 0 72 0 19
{0-22) ©-53) (107 (0+34)
004 0-10 001 0-05
April O 0 63 0 18 20 24
0-52) (1-84) (130 (0-60)
009 0-35 1424 0-11
May 72 36 108 72
{2-81) (2-94) (7-80) 4200
0:31 0-39 1:12 0-05
June 288 18 ' 153
_ (15-44) (1-43) (9-80)
1-28 0-20 0-97
July 18 18
(1-02) {1-02)
0-20 0-20)
August 0 18 9
(237 0-95)
0-39 018
September 216 126 234 192
(3-10) (12-35) {5-96) (4-83)
0-41 287 0-50 0+55
QOctober 990 90 18 0 198 144 162 229
(11-30) (2-66) {0-28) {4-28) (10-21) (23-41) (6°17)
1-81 0-31 004 0-32 0-68 4+10 074
November 504 1,080 1,746 216 18 666 T05
{1-66) (3-02) (6-23) (5-1) (1-54) (26-57) (4-29)
0-14 0-74 0-75 0-50 0-29 4+54 054
Dcember 0 126 702 72 72 0 0 139
(1:05) (4-04) (3-54) (2-98) (126}
0-24 0:63 01 0-68 021




PRAWN CATCHES OFF BOMBAY AND SAURASHTRA BY TRAWLERS 1373
Porbundar Region

The fishing operations in this region were carried out in almost all the months every year, but
the catch with an exception in October 1963, when it formed 0-97%, proved to be quite poor in
almost all the years from September to November. The catch started increasing from May and
showed a good peak from June to August with the highest annual average of 1-70%, in July when the
peccentages ranged from 0-37 with the catch of 216 in 1958 and 269 with the lowest catch of 18 kg.
in 1956, The highest catch of 6,372 kg. in July was in 1962 and it formed 2-61%, of the total
landings. A fairly good catch of 468 kg. giving 0-68%, was observed in April 1962 (Table XV).

Veraval Region

The fishing was faitly good throughout. Very high percentages of prawns were noticed from
May to October extending even upto December. The best months were from July to September
when the average annual percentages ranged between 1-31 and 1:75.  The catch in May was fairly
good and excepting in 1957 and 1958, it ranged from 0:50%, with the catch of 297 kg. in 1959 to
1-32%, with the catch of 162 kg. in 1962. August catch was the best with its percentages varying
between 0-44 with the catch of 324 kg. in 1958 and 667 with the catch of 1,836kg. in 1962,
November showed an indication of a good catch with 0:66%, for a small catch of 36 kg. in 1962.
In December 1961 very high J)crcentage of 4:81 was shown with a catch of 54kg. In March
1958, there was a fairly good record of 126 kg. forming 0-73% (Table XVI).

Cambay Region

Fishing was good throughout, High prawn yields in this region were noticed for a fairly gro-
longed period every year, from March to November when the average annual percentages were 0-55
and'0-86 respectively. The best period for prawn was observed to be from June to October when
the average annual percentages varied from1+08 to 1-83. Fairly good prawn catches forming 1-439%,
and 1-32%, in March 1962 and 1963 tespectively and also in certain years forming above 0-46%, in
April were observed in this region, Very high percentage of 7-44 with the catch of 2,304 kg, was
recorded in July 1962. In most of the years, the highest catch recorded was in September when
the percentages varied between 1-01 with the catch of 1,458 kg, in 1962 and 2-94 with the catch of
15,?.‘!%e kg. in 1957. Tn November 1957 the highest prawn percentage of 5-88 for the year was
recorded when the catch was 54 kg. (Table XV1]).

Bombay Region

The fishing by the buli-trawlers in this region was comparatively very poor. The effort of
703-92 hours put in the 9 months fishing in 1956 alone was good, but in the subsequent 3 years
it was less being 75°77, 79 74 and 91-75 hours. In the Jast 3 years the effort was reduced to
11-24,1-75 and 5-69 hours only. However, the data are far too insufficient to draw any
conclusions (Table XVIII).

Prawns started appearing in the catches of this region from March and continued to occur in
increasing quantities till October, the peak period shown being from July to October with the last
two months as the best months. In September 1962, the highest perceniage of 16-32 with a catch
of 378 kg. and in October also of the same year, 2 very high percentage of 15 to 29 with the catch
of 234 kg. were recorded. The highest yield of 1,782 kg. in this region giving 3- 56%, was in July 1956,

To supplement the information and to substantiate the results obtained, the data from opera-
tions of the Government of India vessels in the major area 18-72 was made use of. Prawns started
appearing in good quantity from May and extended upto December with July to October as an
_ extremely good period for this fishery. Highest of 28-25%, with a catch of 4,826 kg. was obtained
* in.September 1962. The highest yield of 4,827kg. had 11-79% in October 1961, A catch of
1,340 k¢. formed 10-31% in August 1963. A very good catch of 2,833 kg. forming 6+599, was met

. AM-IV-9
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TaeLE XV
Monthly prawn carch by bull-trawlers of New India Fisheries Co. in Porbunday region

Yeor 1956 1957 1958 1959 1960 1961 1962 1963 Average
Catch Catch Catch Catch Catch Catch Catch Catch Catch
—_—— Kz Kg. Kg. Keg. Kzg. Kg. Kg. Kg, Kg.
fep.h)  {eph) {c.p.h.) {cph)  (cp.h) (¢.p.h)) (c.p.h) {c.p.h)) {c.p.h.)
Monih % % Oo % % % % - % %
January 0 18 180 0 90 18 0 44
(0-05) {0-56) (3:34) (0-81) {0-35)
0 0-09 0-50 017 0-05
Fobruary 0 36 54 6 0 0 |
(0-24) (0-31) {0-59) (0:21)
0-04 0-05 008 0-03
March .. 0 0 54 (] 90 18 27
{0-35) {3-16) 0-13) (0-1%
0-06 0-30 0-01 0-04
April 0 0 a6 36 0 72 4638 216 104
{0-39) (0-75) {1-3%) (6-22) (1-530) (-17
004 0-10 0:15 0-68 0-23 0-15
May i8 0 360 43 306 252 1,062 90 267
{1-56) (2-78) (1-25) {(3-52) (2-21) (40-84) (8+13) (3-99)
0-34 0-39 0-17 0-39 0-23 1+05 2-08 046
June 0 468 234 3,150 612 5,580 504 1,507
(6+71) 337 (107D (2-64) (19-38) (1+435) {8-006)
1-23 0-59 2-00 0-37 204 Q-21 1-16
July 18 540 2i6 342 3,816 540 6,372 2,610 1,807
(4-31} (5-48) (1-78) (3:65) (10-88) {4-84) {20-24) (8-71) (10-37)
2469 1-42 037 0-83 '1-95 0-87 2-61 1-26 1-70
August 0 . 414 216 36 36 140
(13-42) (3:52) 287 (3:13) - {0-58)
391 0-74 1:43 097 1:51
Scptember o 0 . 0 36 0 7
{1:69) 0-83)
0-44 0-32
October 0 o 0 0 36 54 15
(3-i6) (8-09) 0-92) -
0-43 0-97 014
November Q 54 0 0 0 0 36 13
(0-35) {1-50) (0-28)
0-07 0-20 0-04
Decetnber -0 18 108 1] 18 18 36 28
{0-06) {0-38) (1-03) (0+54) (3:34) 0-3)
0-01 G-05 a+11 0:03 0-58 0-04
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TaBLE XVIE
Monthly prawn catch by bull-trawlers of New India Fisheries Co, in Veraval region

1375

Year 1956 1957 1958 1959 1960 1961 1962 1963 Average
CIa{t;h Cétch Cﬁtch Claétch Cl?;h Clag;h CIa(thh Claég:h Cét;h
. g 2. £ . . , .
(c.p.h.) (c.p.h.) {c.p.h) {fcp.hy  (cph) (c.p.h.) {c.p.h.) {c.p.h.) (c.p.h)
Month % % % 4 % % % % %
January - 0 18 9 0 90 0 0 17
{0-34) {0-17) (2-40) (0-64)
0-06 0-03 0-21 0-08
February [ [4) [y 18 0 1) 3
' ©-82) (011
0-09 0-01
March 0 126 0 0 0 ] 90 31
(3-66) (1-5nH (1-61)
073 0-20¢ 0-24
April 0 0 L] 4 i8 o 35 14
{1-09) G100 (1-0m (0-74)
011 025 012 0-08
May 35 0 13 297 432 162 162 158
{3-58} {0:72) (2+96) {6:68) (4-54) G0N 4:10)
0-84 0-10 0-50 098 0-74 1-32 0-67
June 486 216 756 828 450 558 360 522
{2-76) (4-20) (6-44) {6-42) (7:18) (20-72) (2+66) (5-23)
0-44 0-84 1-01 1-07 1-24 4-61 0-49 0-89
July ¢ 828 216 792 810 414 2,484 468 752
(5-16) (0-86) {7:89) (B-44) (6-42) (187 6-77} {6+88)
1-17 014 1-57 2+06 178 3:29 1-04 1:31
August 198 306 324 270 540 1,656 1,836 90 652
o771 (1141 3-4) (5-91) (17-32 {11-46) (64:19) (4+35) (12:79)
0-72 1-34 0-44 1:38 4-50 1-38 667 1:09 1-68
September )] 0 126 54 576 151
{4-11) (46-15) {1567 (8-86)
0-62 5-35 3-01 1:75
October 0 0 i8 18 [ 7
17 (5-14) (1-51)
1-44 2-27 0-66
November 0 0 0 18. - 36 il
(4:07) (4-835) (1-94)
0-45 0-66 0:28
December 0 0 1] 0 34 18 - 12
(38-57) {1-68) {0-33)
4-81 0-36 » 0-04
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. Taste XVII
Momka'y'p?a'fv;i cltch by bull-trawlers of New India Fisheries Co. in Cambay region

1956 1957 1948 " 1959 1960 1961 1962 1963 Aver:

Year Catch Catch Catch Catch Catch . Catch Catch Catch Cate
vl L R L TS SR SO SR SO (R, 3
anl c.ph. c.p.h. c.p.h. c.p.h, c.puh. c.p.h. c.p.h. c.p.h 2.p.R,

B S S A S S O %

January . 0 0 27 ¢ 0 . 0 5
027 {0-19)

005 003

February . . 0 18 18 - 0 0 R
(0200 (3:1%) 0-22)

001 0:37 0-01

March ~ 0 0 0 - 18 540 112
’ {5-50) 9-81) 3-38)
1-43 132 0-55

April 0 0 90 36 7} 36 54 90 47
669 (242 (379 (3+5%) a-m (1-54) (0-83)

009 0-46 0-66 065 019 0:25 013

May 432 738 180 430 18 2838 534 0 330
: 196 (494 (13 (368  (090) 611  (10:12) (3:51)
022 073 028 0-80 027 i-15 2408 0-53

June 288 4,878 180 396 36 432 450 2 842
A-41) (1453} (304) (4D (34 32 (10:14) (2:52) (9-63)

072 - 101 0:60 1:06 0-63 113 2-22 052 1-718

July 540 1,890 270 864 504 252 2,304 414 280
(3:19) (747 (2200 (3-08) (8:29) (4-8)) (43 (TN (176

0-27 1:01 036 1:45 1:86 0-97 7-44 0:90 1-08

August 2412 6,714 3,024 3,720 126 2,358 8,658 1,602 3,577
- (7-89) (13:88) (7  (11'79)  (6:78) (12:5D)  (220D) G-52) (11-22)

149 1-81 0-95 2:00 1-40 2-45 2-3) 0-53 1-46

September 2,106 6,732 3,654 3,060 . 5,364 1,458 504 3,268
(1011 (1808 (919  {10-1D) (19:61)  (10-19) (7-80)  (12-98)

1-30 294 119 1:7¢ 2-88 i-01 1-24 1-83

QOctober 612 2,520 2,592 1,368 .- .. - 0 1,418
@6 Q0060 (730 (1209 (1-96)

0-43 1:94 0-82 340 1-15

November 0 54 0 . . . e 18
(7:54) : (2-95)
5-88 086

Dacomber . L] 0 . v .- - . 0

with in May 1964. A fairly good prawn catch appeared in December also, forming 3099 with the
catch of 480 kg. in 1963. However, mn January 1961, there appeared exceptionally good catch of
400kg. giving 1-61%, in this region.



PRAWN CATCHES OFF BOMBAY AND SAURASH‘TRA BY TRAWLERS 13
TABLE XVHI.

Monthly prawn carch by bull-trawiers of New India Fisheries Co., Bombay region

1956 1957 1958 1959 1960 1961 1962 1963 Average
Year Cﬁt:h cﬁw&h Cﬁtgh cﬁtzh Cl%t:h Cl%tch cach 3%:11 Cé::h
—— A . g, " .
Month ‘(cp.h)  (eph) (eph) (ph) Gph) @©ph) (@ph) (ph)  (Cph)
g“: % % % % % gé. % g&
January . 0 . . ‘e ‘e ‘e ve 0
February . . 0 0 . . . 0
Mmh LX) - 0 o L) LR -n 18 6
- (3-42) (0-74)
079 017
April .. 378 0 18 18 - - - 104
(81-00) (3-54)  (5:26) Q-2
25.59 088 2:67 8-84
May 54 0 0 18 36 - 0 - 18
a-3n (0:08) (8-16) ©-93)
028 038 3.38 019
Jone 810 0 $4 0 . - 216
(3:13) 2:93) : (3-0%)
0-47 1-16 : 0-48
Tuly 1,782 18 18 .. 0 - . - 454
(11-56) (566} (13-53) (11-20)
3-56 1:23 2.35 342
August 0 0 0 .. . 18 . - s
‘ 10-28) 2-76)
(4-08) 0-80
September 828 288 54 216 .. . s - 353
(8:90) (803 @-49) (12:86) - (112+83) (10-96)
0-70 474 1-27 351 (6 1-28
October 1,494 234 18 252 ‘e .. e - 500
(957  (93-60) (1-63) {(21-31) : {11-03)
1-07 1529 0-35 5-68 13
November 0 0 - . ‘e . 0
Mnb“ LR ] E ) L] o - ) L L - o

'‘Right from Kutch in the north to Bombay in the south, the prawn catch shows a good rise from
May onwards till October. The tendency towards increase is observed as early as March-April in
almost all the regions. In regions excepting Kutch and Porbundar, the fishery continues to be good
till November-December. In general, July to October with slight shift at times by a month this side
or that, is noticed to be the peak period in all the regions excepting Dwarka-where it is from Sep-
tember to December. The best months within this peak period vary in different regions, January
~ and Fobruary are the poorest months for this fishery in Bombay region,



1378 ' P. V. KAGWADE
PrawN CATCH FROM TrRAWLS 1N OTHER PARTS OF INDIA

Several of the Government of India ¢xploratory fishing vessels are operating on the east and west
coasts of India with bases at Mangalore ,Cochin, Tuticorin and Waliair. At Mangalore in addition
ta these, a good number of mechanised vessels belonging to the State Fisherics Department and at.
Karwar and Cochin, vessels belonging to the Indo-Norwegian Project are also engaged in fishing,
The reports {monthly offshore catch data: Central Marine Fisheries Research Institute, Mandapam
Camp) on the operations of the above vassels for the period  April 1963 to March, 1964 give the
following information.

Karwar

The fishing started in September 1963.  The effort put in 7 months was 844 -8 hours for a total
catch of 167,092 kg., of which prawn formed 11,131 kg. giving 6669, with a catch rate of 13-17 kg.
per hour. There was no record for prawns in September and October 1963. The percentages of
prawn catches ranged between 4-50 in Januvary for a catch of 1,186 kg. and 14-01 in February for
a catch of 3,938 kg. with the highest catch rate of 33-28 kg. per hour of fishing in the latter month,

Muangalore

There was no fishing during the monsoon months of June to August. A number of boats work-
ing here had an annual landing of 1,432,149 kg. of which 487,146 kg. forming 349, were prawns.
The monthly analysis of the Government of India vessels alone showed that the highest of 27-07%,
and the catch rate of 6133 kg. per hour for the prawn yield of 1,840kg. was obtained in January
1964. But April showed a maximum catch of 4,327 kg. forming 24 -54%, with 55-47 kg. per hour
%i‘ Jishing.l 96'1‘:‘he lowest catch of 120kg. giving 5-279% and 7-50kg. per hour of fishing was in

cbruary : '

Kozhikode

The recorded data for Kozhikode show fishing operations during April, May and October to
December 1963. A very high prawn catch of 139,786 kg. in the total Jandings of 225,910 kg. fishad
in 4,208 hours was obtained giving 70-72%, with 38 kg. per hour of fishing during the period. The
catch which was almost stady ranged between 66-19%, in April and 78-07% in November. But in
the previous year though November showed a high catch of 111,681 kg. forming 80-78%, the highest
of 82:70% for a catch of 45,612 kg. was obtained in February,

Cochin

The Indo-Norwegian vessels based at Cochin did not fish in July 1963. They showed a poor
prawn catch of only 20,323 kg. forming 20:68% with 23 kg. per hour of fishing. The Government
of India vessels working there had 22-59%, for the prawn catch of 26,966 kg. when the catch rate
was 47 kg. per hour. This year proved to be poor for prawns in this region because in the earlier
two years the Indo-Norwegian vessels had the annual prawn percentages of 52:06 and 46-44. The
monthly percentage catch in 1963-64 ranged from 2+55 in September to 70-33 in June, but in the
earlier two years the highest of 79-429%, and 59-30%, were in February.

Tuticorin

Coming to the east coast where the general catch is much smaller, the annval prawn yield in
Tuticorin was 3,833 kg. giving 2-95% at a cacth rate of 4-29 kg. per hour when the effort put was
'892-44 hours and the total landings were 129,798 kg. In April 1963, February and March 1964,
the prawn caich was nil.  The catch ranged between 0-06% in Janvary and 10-96% in September,
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Waltair '

The prawns formed 3469, of the total catch of 238,737 kg. fished in 2,200 hours. The prawn
yield was 8,272 kg. with the catch rate of 3-75kg. In January there was no record of prawn. The
percentage of catch ranged from 0-03 in August for the catch of 4 kg. and 19-81 in Febrvary for
the catch of 1,720 kg. :

There were no fishing operations by the trawlers at Calcutta during this year, bui the earlier
records show that in 196263 the annual prawn catch of 119 kg. gave 0-119; and in 1961-62, the catch
of 15,059 kg. gave 3-:09%,.

From the foregoing account it is seen that the prawn resources in the grounds trawled increase
t_‘rom notth to south along the west coast of India, being fair to moderate from Kutch to Veraval, good
in Cambay and Bombay, better in Karwar and Mangalore and best in Kozhikode-Cochin regions,
On the east coast, however, the resources all through appear to be poor off Tuticorin, Waltair and
West Bengal in so far as the data reveal.

GENERAL CONSIDERATIONS

That richness of different arcas is judged on the basis of catch rates obtainad in trawling is well
known. Ifthe catch rates are thus to be used as an index, it is desirable that the vessels and the gear
employed should be identical, In the case of bull-trawling by the New India Fisheries vessels, the
size and construction of ‘Arnalla’-‘Paj’ and ‘Satpati’-*Pilotan’ as also their gear are identical. The
coverage obtained so far in the regions and areas in different months over several years is very ade-
quate and the results are comparable. For determining the relative seasonal and regional abundance
of prawn catches the conclusions arrived at are mostly based on the operations of the vessels of the
New India Fisheries Company. The vessels operated by the Government of India Deap Sea Fishing
Station are of different constructional design and fishing powers, as pointed out by Rao and
Meenakshisundaram (1964) it is imperativz in such cases to know their relative fishing power
factors and convert accordingly the fishing time of different vessels to standard units for gssessing
the rzlative potentialities of the resources in different areas,

1t may be noted that the gear employed by the New India Fisheries vessels or the Government
of [ndia fishing vessels are not speciatly suited for shrimp trawling. The bull-trawls by the former
and the otier-trawls by the latter are no doubt efficient for catching varieties of demersat fish but their
prawn catches should be considered only incidental. In Veraval region in May 1964, in area 20-70:
6 B, fished by the Government of India vessel M.L, ‘Sagarpravasi’, th2 prawn catch by Shrimp trawl
was 600 kg. with 35-29 kg. per hour of trawling as compared to 394 kg. of catch at 19-95 kg, per
hour by Otiter-trawl. It may thus be seen that the amount of catch can be substantially increased
by using the right type of gear in areas shown as very productive ones, For instance very rich prawn
grounds have been revealed by the present investigations in Bombay and Cambay regions which if
sufficient]y exploited by suitable gear in May to October months will not fail to yield adequate amount
of large-sized prawns fit for export frade.

1t is worthwhile giving here a brief account of the distribution of the prawn species in the off-
shore waters and comparing them with those obtained in the inshore waters. In Bombay the more
commonly occurring species obtained in the trawler catches are Mertapenaeus affinis, M. monoceros,
Parapenacopsis stylifera and P. hardwickii along with less common species as Sofenocera indicus,
Palaemon tenuipes, Penaeus peniciflatus, P. monodon and Hippoiysmata ensirostris. In the inshore
waters there is a rich variety of species of which the more common are Palaemon tenuipes, Para-
peneopsis hardwickii, P, stylifera, P.sculptilis, Metapenaeus affinis, M. brevicornis, Solenocera indicus
and Hippolysmata ensirostris along with the less common forms as M. dobsoni, M. monoceros, Meta-
penaeopsis novaeguineae, Parapenaeopsis cornutus, Palaemon stiliferus, Penaeus monodon, P, semi-
sulcatys and P. penicillatus. Macrobrachium rosenbergii and M, malcolmsoni which ar¢ found
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common in Hooghly estuary and Kerala backwaters are only occasionally met with in the region
(Shaikmahmud and Tembe, 1960; Kunju, 1964%),

In Kutch region M. monoceros, M, brevicornis and M, kutchensis comprise the important prawn
speciés, In Veraval M, affinis constitutes the bulk of the catch followed by M. mornoceros, Penaeus
indicus and Parapenaeopsis stylifera. South of Bombay upto Mangalore, Metapenaeus affinis is the
dominant species in the offshore catches followed by M. dobsoni, Parapenaeopsis stylifera and Penaeus
indicus. At Cochin M. dobsoni and Parapenaeopsis stylifera are the main species contributing to the
major portion of the catches followed by M. affinis and P. indicus. On the east coast of India, in
the landings by trawlers at Tuticorin and Visakhapatnam P. indicus, P. monodon and M. monoceros
are the dominant species and at Calcutta in addition to these, M. brevicornis and Parapenaeopsis
stylifera also occur in fair quantities (Annual and Quarterly Scientific Reports, Central Marine
Fisheries Research Institute, 1963, 1964).

One interesting point to be noted in regard to the location of the rich prawn grounds in all the
regions from Kutch in the North to Bombay in the South is that almost all of them fall about 20
fathom (36 metres) line on the continental shelf (Fig. 1). The areas falling about these depth zones
are productive not only in regard to the prawn species, but also in respect of all commerciaily
important fishes in general as observed by several workers of Central Marine Fisheries Research
Sub-Station, Bombay, engaged in the analysis of landings by trawlers,

SUMMARY

With a view to finding out the regional and seasonal abundance of the prawn catches in Bombay
and Savrashtra waters, the catch data of the New India Fisheries Company’s vessels and the Govern-
ment of India vessels of the Deep Sea Fishing Station, Bombay, were analysed.

The New India Fisheries Company operated two pairs of bull-trawlers, *Satpati’-*Pilotan’ and
* Arnalla’~‘Paj’ between the latitudes 18° N. and 24° N. from April 1956 to October 1963; the
Government of India vessels, M.F.V. ‘Jheenga’, M.FV. ‘Bumili’, M.L. ‘Meera’ and M.L.
‘Sagarkanti® fished between latitudes 16° N. and 23° N, on the continental shelf on the west coast
of India, from January 1961 to June 1964, using Indian and Russian types of otter-trawls.
For convenience of description, the areas covered by these vessels are grouped into Kuich,
Dwarka, Porbundar, Veraval, Cambay and Bombay regions,

During the period for which the catch data have been analysed the prawn landings for bull-
trawlers were the best in 1962 with a catch of 38,070 kg. and a catch rate of 10-04 kg. per hour of
fishing, comprising 1-07% of the total landings. The highest prawn catch of 10,540 kg. for the
;);ter_-trawlers, was in 196! with a catch rate of 6 04 kg. per hour, forming 1-74%, in the total

ndings.

From the point of view of the abundance of the catch, the highest catch rates and also the
highest percentage of prawns in the total landings, Cambay region ranked first. Catch rates were
in the decreasing order in other regions, viz., Bombay, Veraval, Porbundar, Kutch and Dwarka.

Of the areas covered by the bull-trawlers *Q’, *R”*, *8°, *T’, *V’ and *Y’ in Kutch, ‘L’ and ‘N’
in Dwarka, ‘H’, *‘E’ and ‘B’ in Porbundar, ‘2’ and ‘3’ in Veraval “25°, ‘24°, “18°, ‘17, ‘11’ and
“10’ in Cambay and ‘48°, ‘43 A’, *43’, *38" and ‘31’ in Bombay regions appear to yield good
prawn catches.

In the sub-areas *4E’, 2D’ ‘1 D’°, ‘1B’ and '3 A’ in 19-72, ‘2E’ to ‘4 E’, ‘5C"to ‘5E’
and ‘6C’to‘6E’in 18-72,* 1 A’, ‘1B and ‘2A’in 17-73 and 4 F, and *6 F* in 17-72 covered
by the otter-trawlers prawn resources arc revealed (¢ be high,

#
* Information clicited in perscnal discussion.
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In the off=shore grounds covered by the bull-trawlers and the otter-trawlers in Bombay-Saurashtra
walers, prawns were found at all depths from 9-72 metres. There was no marked concentration
of prawns in any definite depth-zone.

In all the regions from Bombay to Kutch prawns occur throughout the year in the off-shore
fishing grounds; the catches begin to increase from March ; the best months for the fishery are from
"July to October and in some regions it extends to November or even December.

Prawn resources in the off-shore fishing grounds appear to increase from north te south off the
west coast of India with the most potentially rich grounds in Kozhikode-Cochin region, On the
east coast the resources appear to be much restricted.

The possibility of stepping up prawn catch has been visualised by introducing instead of the
present types of gear, suitable shrimp trawls in cerigin months in Bombay-Saurashira waters in areas
shown to be rich in the present investigations, An account of the distribution of prawn species
contributing to the off-shore catches along the east and west coasts of India has been given,
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OBSERVATIONS ON THE PRAWN FISHERY OF MAHARASHTRA COAST*

M. M., KunNju**

Central Marine Fisheries Research Institute, Mandapom Camp, India

ABSTRACT

About 809, of the total prawn production of the country comes from the Ratnagiri-Broach region, which
practically makes up the entire. ouiput of the Maharashtra coast. Based on observations carricd out from
October 1959 to December 1963 from three representative sampling centres, viz., Arnata, Versova and Sassoon
Dack, the magnitude of the fishery, species and size composition, and relative abundance of the various species
are given in the paper. Unlike any other part of the country the prawn fishery of Maharashira is supported
by a number of species occurring throughout the year, of which at least len arc of commercial value, being
caught in large quantitics, More than half the total catch is made up of small shrimps such as Pafuemon
tenuipes, Hippolysmata ensirostris and Acetes indicus and the larger prawns, viz., Metapenaeus affinis and Para-
penaeopsis spp. have only a limited fishery. Solenocera indicus, Hippolysmata ensirostris and Arypopenaeus
compressipes are landed in marketable quantities only along this coast.

INTRODUCTION

THE average annual catch of prawns and other crustaceans;f along the Indian coast is 94,911 metric
tons constituting 14 -60%, of the total marine fisheries of India (Table I, Jones, 1963), The magni-
tude of the catches of the Maharashtra coast can be assessed from the available statistics for the
coastline from Ratnagiri to Broach, which excludes the Goa Ratnagiri region of Maharashtra in
the south and inciudes the Daman-Broach region of Gujarat in the north, The crustacean fishery
of the Maharashtra coast south of Ratnagiri is so very poor that it can be equated with the equally
poor crustacean fishery north of Daman, facilitating the consideration of the available statistics
from Ratnagiri to Broach as representing the fishery of Maharashtra State. The average annual
crustacean landings from Ratnagiri to Broach is 81,672 metric tons constituting about 80%, of the
total fishery in India (Table I). | .

A critical qualitative appraisal of the prawn fishery of the State has not been made so far. The
only available information is from Rai (1933) and Shiakhmahmud and Tembe (1960), the former
being a limited account of the fishery of the then Bombay Presidency and the latter a numerical assess-
ment of species of prawns based on samples selected from Sassoon Dock alone,

MATERIAL AND METHODS

A preliminary survey of the main prawn fishing centres of the Maharashtra coast was under-
taken in 1959, with a view to finding out the magnitude of the fishery at the different centres, on the
basis of which three approximately equidistant centres, namely, Sassoon Dock, Versova and Arnala
representing different levels of fishing along the coast, were selected for regular periodic
observations.

" * Pyblished with the permission of the Director, Central Mirine Fishories Research Institute, Mandapam Camp.
**+ Present Address ;  Central Marine Fisheries Research Substation, Bombay-1i.
T Other crustageans form a very negligible pergentage in the catches,
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The main fishing gear employed for catching prawns in the region are fixed bag nets, locally
known as dol and bokshi. The dolis more or less similar to the Behundi jal of Bengal (Naidu, 1942),
except for the absence of wings. Setna (1949) gave a detailed account of the design and operational
techniques of the def atong the Maharashtra coast. The bokshi is only a smaller version of the dol
and is invariably operated very close to the shore in shallow waters, The dol is the chief gear used
for obtaining the bulk of the prawn catch. lts length varies from place to place aiong the coast,
ranging from 40-50 metres at Sassoon Dock and 50-60 metres at Versova and Arnpala.

Regular observations were started in October, 1959 at Sassoon Dock and Versova and in
November 1959 at Arnala, After obtaining the requisite information to understand the prawn
resources at Arnala, observations were discontinuad there since July 1962 while they were continued
at the other two centres upto December, 1963,

The centres were visited once in a week to make sample studies of the prawn catches obtained
in the different fishing units. Each boat-net combination was considered as a fishing unit in the
present study.  On each observation day about 10-159%;, of the total number of fishing units recorded
to be in operation were examined. The species composition by weight of the total prawn catch in
cach observed unit was noted down.

The average catch per fishing unit was calculated on the basis of the sample observations and the
total catch on the day of observation was estimated by multiplying the average value with the total
number of fishing units in operation. The average weight per day of the total catch of prawns and
that of each of the component species were worked out by dividing the summed up total catch for
the observed days with the number of days of observation, The total prawn catch as well as the
catch of each species in the different months was estimated by multiplying the average values per
day with the number of fishing days in the month at each centre,

TasLe I
Toral annual production of marine fish and crustaceans in metvic tons

Totat Percentage
Percentage of  crustacean of zone 11
Total fish Total crustacean catch for crustacean
Year production crustacean  catch to total zone 11 catch to total Source
for India catch for India  fish catch (Ratnagirt crustacean

to Broach) catch for India

1950 5,70,860 73,6594 12-91 57,558 78-10 CSILR.*
1951 5,25,482 75,584 14-38 57,256 7575 N
1952 5,20,002 75,785 14-57 61,015 80-51 .
1953 5,712,218 89,254 15-66 76,550 8517
1954 5,78,966 1,51,789 26-22 1,40,972 92-87° "
1955 5,86,315 1,04,942 17:90 89,528 85-31 -
1956 7,07,349 1,57,024 2219 1,23,714 7879 .
1957 8,61,634 1,34,357 15-59 1,06,167 7902 . .
1958 7,43,799 85,334 11-47 61,228 71-15 .
1959 5,74,993 66,426 153 42,730 6423 ”
1960 8,79,681 70,600 8-76 o F.A.O.t
1961 6,83,569 64,806 9-48 .. ” N
1962 6,44,244 84,248 13-08 .. "
Average 6,49,936 94,911 14-60 81,672 80-53

« Fish and Fisheries of Indi, Wealth of India Ser., CSLR., 1962,
t Year-book of Fishery Statistics, F.A.O., 1960-62, 13-15,
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SPECIES OCCURRING IN THE FISHERY

_ Thirty species of prawns were found to occur along the Maharashtra coast, a classified list of
which is given below:

Section PENAEIDEA
Family PENAEIDAE

Subfamily PENAEINAE

Genus Miyadielia
1. M. pedunculata Kubo
Genus Penacus
2. P. canaliculatus Olivier
3, P. monodon Fabricius
4. P. penicillatus Alcock
5. P, semisulcatus de Haan
Genus Metapenaeus
6. M. affinis (Milne Edw.)
7. M. monoceros (Fabr,)
8. M, brevicornis (Milne Edw.)
9. M, dobsoni (Miers)
Genus Parapenaeopsis
10. P. stylifera (Milne Edw.)
11, P, sculptilis (Heller)
12. P. hardwickii (Miers)
13. P. cornutus (Kishinouye)
14, P, aeclivirostris (Alcock)
Genus Trachypenaeus
15. T. curvirostris (Stimpson)

. Genus Metapenaeopsis
16, M. novae-guineae (Haswell)
17. M. mogiensis (Rathbun)

Genus Atypopenaeus
18. 4. c_ompres.sipes {Henderson)
- Subfamily SOLENOCERINAE
Genus Solenqcera
o 19. 8. indicus Nataraj
Family SERGESTIDAE
Genus Acetes

20, A, indicys Milpe Edw,
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Section CARIDEA
Family PALAEMONIDAE

Genus Palaemon
Sub-genus Nematopalaemon
21. P, tenuipes Henderson

Sub-genus Exopalaeynon
22. P. siyliferus Milne Edw,
Genus Macrobrachium
23. M. rosenbergii (de Man)
24. M. idae (Heller)

Family HIPPOLY TIDAE

Genus Hippolysmata
25. H. ensirostris Kemp
26. H. virtara Stimpson

Genus Tozeuma
27. Tozeuma sp.

Genus Latreutes
28. Latreutes sp.

Family CRANGONIDAE

Genus Pontocaris
29. P, lacazei (Gourret)

Family ALPHEIDAE

Genus Alpheus
30. Aipheus spp.

Rai (Joc. cit.), Chopra (1939, 1943) and Panikkar and Menon (1955) have mentioned that
Palaemon styliferus forms a major component of the prawn catches of Bombay. During the present
investigations, however, it was observed that by far the most abundant species was Palaemon tenuipes
and not P. styliferus which occurred only to a limited extent.

Among the penaeids, Penaeus indicus, which is of great commercial value along the Malabar
and Madras coasts has bean found to be scarce along the Maharashtra coast, though Shaikhmahmud
and Tembe (Joc. cit.) have reported that it constituted about 129, (numerically) in their samples from
Sassoon Dock. [In this connection, it is of interest to note that the three varieties of P, indicus
decribed by Alcock (1906) have subsequently been raised to the status of separate species, i.e.,
P. indicus, P. penicillatus and P. merguiensis, according to which the species available along the
Maharashira coast has been identified as P. peniciliatus. Of the other penaeid prawns, two species
belonging to the genus Parapenaeopsis, namely, P. cornutus and P.maxillipedo, were recorded from
Bombay by Mehendale and Tambe (1958) and Shaikhmahmud and Tembe (Joc. cit.) respectively,
of which the latter was reported to be a species of commercial valoe. These two species closely
resemble each other. During the present study only P. cornutus wasfound occasionally, Parg-



TapLE 1

Prawn species ocecurring in the fishery of Maharashtra coast
+ Rare; ++ Present; + -+ Abundant: -4-4-+4 4 Very abundant

Species Harnai Murud Alibag Sassoon Dock Waorli Versova Arnala Satpati  Dahan
Miyadiella peduncilata . . . + - + . . v
Penaeus canaliculatus e .. . + .. + + e ..
P. monodon + + + -+ + + -+ + +
P. penicillatus + + -+ + - + -+ + 4 + +
P. semisuicartus .. . .. 4 - .. .. .. .
Metapenaeus affinis ++ +4 +4++ +4+ +++ +++ ++ ++ ++
M. monoceros ++ + +-+ ++ ++ + - + +
M. brevicornis + .. + ++-+ + ++ ++ + ++
M. dobsoni .. .. ‘. + .. + -+ .. ..
Parapenaeopsis

stylifera +++ +4++ +++ ++-+ ++ +++ ++ + +
P. corputus . . .. + . - ‘e .. ..
P. sculptilis . + ++ ++4 + -+ +44+ + +++
P. hardwickii ++ +++ +4++ ++-+ +++ +++ +- -+ + -
P. acclivirostris .. .. .. ++ + .. .. .
Atypopenaeus

compressipes . . + ++ + +-+-+ + . .-
Trachypenaeus

curvirostris . . . -+ . + .. .
Metapenaeopsis .

novae-giinege .. . . + ++ .. . . .

M. mogiensis . .. . .. . + . .-
Solenocera indicus ++ + =+ +++ ++ + -4 +4- +- +
Acetes indicus + 4+ +++ G+ ++++ +++ e i ++ “++ ++
Palaemon tenuipes ++++ ++++ ++++ ++++ F 444 ++++ ++4+ ++++ +4++
P. styliferus + .. + ++ + + + - . ++
Macrobrachium

rosenbergii s . + . -+ e e
M. idae . . .. . .. + - ..
Hippolysmaia

ensirostris ++ +- +++ +++ +++ + 4+ +4- + -+ +-+
H. viltata .a e ‘a + + e e FE .
Tozeuma sp. .- . .. + -+ . -+ . ‘e .-
Larreutes sp. . .. + + . + - . ..
Pontocaris facazei o . . + e .o .. ..
Alpheus sp. - + + ++ . + + +

98¢l
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penacopsis hardwickii and Atypopenaeus compressipes occurring along the west coast of India and
their commercial importance were first pointed out by Kunju (1962).

Miyadiella pedunculata, a new penacid genus and species, described by Kubo (1949),is recorded
for the first time in Indian waters. It was found always along with juvenile Atypopenaeus
compressipes.

The extent of occurrence of the various species at important prawn fishing centres covered in
the preliminary survey along the Maharashtra coast is shown in Table 11,

TRENDS IN THE FISHERY -

Fishing activities were practically suspended during the S.W. monsoon all along the coast of
Maharashtra. However at Sassoon Dock the dof fishery was found to continue during this period
though on a reduced scale. Bokshi operaiions were usually more at Arnala than at the other two
centres and during the monsoon months a still larger number of units were used.

The estimated average monthly prawn landings and their species composition, at the three
centres is given in Table 111, [t may be seen that the best catches were obtained at Versova followed
by Sassoon Dock and Arnala in that order. Based on the preliminary survey it has been observed
that the magnitude of the prawn fishery decreases southward and northward of Bombay.

During the period April-May the prawn landings were comparatively high at all the centres,
while during October-November they were high only at Sassoon Doack and Versova, The prawn
catches were generally higher at Versova than at Sassoon Dock, but during the monsoon months,
when dol net operations were suspended at the former centre, they were continued to some extent
at the latter, The period from February to May was found to be the best season at Arnala,

Of the thirty species occurring in the catches only ten contributed to one per cent. or more of
the total fishery at the three centres taken together and hence considered commerciaily important ;
the rest were grouped together under miscellaneous prawns. Afyopenaens compressipes, however,
constituted over 3%, only at Versova. The annual averages of species contributing to the prawn
fishery at the three centres in the different months are shown in Fig, 1.

SEASONAL VARIATION IN ABUNDANCE OF THE IDIFFERENT SPECIES

Metapenaeus affinis

1t was abundant at Versova and Sassoon Dock from September to November, when it contri-
buted to about 90%, of its average annual ca_lch at these two centres. The species was observed to
occur in considerable quantities only sporadically at Arnala without being restricted to a particular
season.

In certain periods it formed the mainstay of the prawn fishery; e.g., in the month of October
1961 it was recorded to constitute 8629 of the total catch at Versova,

It is interesting to note that the period of abundance commences immediately after the §.-W,
monsoon and declines suddenly by the middle of November every year.

M. brevicornis
About 609, of the total catch of M. brevicornis for all the three centres was found at Sassoon

Dock alone. It constituted 2-08%, 1:60% and 0-46% of the average annual prawn fishery at
Sassoon Dock, Arnala and Versova, respectively, indicating its scarcity at Versova,



TFante 11
. . Average species composition of the prawn fishery in kg. at different centres

M. affinis M., brevicornis P. stylifera P, hardwickii P. sculptilis 8. indicus
Months  Centres Average Average 9%,  Average 9, Average - 9  Average Y  Average 9
catch catch catch catch catch catch

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Janwary  Versova 7317 2-55 4,158 1-45 5025 1-75 16818 586 18,063 6:29 49432 17-22
S. Dock 2,288 120 2273 1-19 5072 2-66 9,742 511 24,333 12-75 10,142 5-32
Arnala 2899 3-01 733 0-76 1,102 1-14 1,043 1-08 13413 13-93 5,298 5-57
February Versova 2,512 088 941 0-33 4,156 1-46 26,675 9-38 8616 3-03 55950 19-60
5. Dock 619 0-57 1403 1-29 1,103 1-01 4,343 4-00 9,228 8-50 9417 8-67
Amala 302 0-14 1,25 0©-53 1,808 0-85 2448 1-15 18,138 8-54 11,203 5-27
March Versova 9434 2-89 2019 0-62 5417 1-66 27269 8-34 7,956 2-43 65938 20-17
8. Dock 2420 1-63 1425 09 3,307 2-22 6,509 4-38 6,713 4-5§ 27856 18-73
Arpala 633 0-42 4000 2-66 187 0-12 11,097 7-37 5317 3-53 10,867 7-22
April Versova 7,724 1-59 669 014 1,618 0-33 10845 224 2,032 042 65110 13-42
8. Dock 4275 2:13 1,846 0:92 919 0-46 3,361 1-68 7,735 3-8 13,999 §.99
Arnala 2,433 145 2467 1-17 167 0-08 8,500 4-02 9600 4-53 12,250 5-79
May Versova 11,469 2-45 1,140 0-25 i4 004 16481 3-54 5,872 1-26 58,184 i12-50
8. Pock 3619 1-44 1,993  §-77 1,179 0-46 4,259 1-65 14930 5-80 14,799 5-75
Amala 3,883 2-43 315 0-23 150 0-02 9,192 5-74 10,233 6-39 9467 5-91
June Versova 335 2-79 . . .. . 133 111 495 4-+13 2,063 17-20
8. Dock 637 0-33 2983 154 175 0-09 i,243 064 7,505 3-88 3006 1-56

Arnala 17 0-10 200 1418 . .. 150 0-88 1517 44.30 . o

July Versova . e - .. .. .. - . . . . .
5. DBock 3,576 328 3,148 2-89 13,166 12-07 2,772 2-54 12,369 11 442 0-41

Amala 75 0-31 413 2-82 75 0-51 . .. 6,600 45-12 .. .
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August  Vetsova
S. Dock
Arnala

September Versova
5. Dock
Arnala

October Versova
S. Dock
Atnala
November Versova
S. Dock
Arnala
December Versova
8. Dock
Armala
Average Versova
annual 5. Dock
catch Arnala

2456
3,431
60,414
53,380
2,540
2,41,783
1,55,500
585
1,17,783
1,09,683
4,866
9,450
2,270
823
4,70,621
3,41,698
19,056

14-37
2-54
48-26
29.50
13-87
52-47
5239
1-66
24-51
46-72
1582
4-14
2:34
3-03
14-83
15-87
1-93

130
4,512
810
330
4,552
2,278
162
12,290
1,425
4,273
7,300
1,420
712
937
503
14,564
44,722
15,749

0-76
3.38
7-15
0-26
2-52
12-44
0-04
4-14
4-05
0-89
312
4-62
032
0-96
1-85
0-46
2-08
1-60

308
6911
315
25,556
26,301
825
70,075
46,085
1,125
42,167
28,317
3,628
7171
3,240
303
1,61,732
1,35,775
9,635

1-80
5-15
278

1,443

5,827
10,645
1,350
72,733
12,417
2,642
44,256
1,275
2,347
2,21,243
59,218
38,769

0-89

g-16
0-80

1:26
3-59
3-84
1514

8-59
19-40
1-31

6-97
2-75
3-93

462 -

12,112
5,963
1,179
5,170
2,570
1,012

10,740
8,250

14,843

11,317
6,118

10,446
4,900
8,868

71,171

1,217,052
1,02,587

2270 ..
897 ..
52-65 ..
0-94 12
2-86 15
1403 ..
0-22 8232
362 2,302
2347 1,950
3-09 89,608
4-82 11,467
19-89 2,233
4.58 48,234
5-04 14,520
3265 2654
2:24 4,42,863
5-90 1,07,965
10-41 55922

1:79
0-78
555
18-65
4-88
7-26
21-14
14-95
9-77
13-96
5-01

ISY0D YYLHSYUYHVH J0O AMJHSIH NMVEd

65€1



TapLe III (Conid)

A. compressipes

A. indicus P. tenuipes H. ensirostris  Miscellaneous

Months Centres  Average 9,  Average 9%  Average 9, Average 9%  Average % Total
catch catch catch catch caich
1 2 15 16 17 18 19 20 21 23 23 24 25
January Versova 8,382 2-92 1,10,165 38-39 49,073 17-10 §8,505 6-45 58 0-02  2,8699%
8. Dock - . 77,400 40-57 30,590 16-03 25087 13-15 3,875 2:03 190,302
Arnala .. .. 6,537 679 56423 58-59 4,962 5-15 3,899 405 96,309
February  Versova 11974 421 1,10756 38-95 55,533 19-53 6300 2-22 974 0-34  2,84387
) S. Dock . .. 53664 49-43 26070 24-01 1374 1-27 1,353 1-25  1,08,574
_ Arnala - .e 15418 7-26 1,45079 68-29 13904 6-54 3,029 1-43 212,454
March Versova M,728 634 89,650 27-42 94,158 28-80 47288 1-31 69 0-02 3,26926
S. Dock ‘e . 75,006 50-44 20682 13-91 3528 237 1,268 0-85 148,714
Armala .. . 9233 613 1,04067 69-11 3320 220 12854 1:23 150,575
April Versova 9131 1-88 129653 26-73 2,52,830 52-13 4930 1-02 496 010  4,85038
8. Dock . . 52,155 26-04 1,04,524 52-18 10,441 5-21 1,064 0-53 200319
S Arnala . . 4300 2-03 1,65700 78-27 5283 2:50 1,000 047  2,11,700
May Versova 5635 121 64,074 13-77 293,261 63-02 8668 186 462 0-10 4,65350
8. Dock .. . 54,238 21-06 1,46,868 57-03 12210 4-74 3451 1-34  2,57,546
Arnala . .- 1,133 0-71 1,19,592 74-72 3558 2-22 2475 1-55  1,60,058
June Versova 18 015 888 7-40 7,590 63-29 450 3-75 20 0-18 11,992
8. Dock . .- 41,581 21-52 1,09,909 56-89 24856 12:86 1,314 0-68  1,93209
Ammala - . 433 2-55 6,717 3959 483 2:85 1,450 855 16,967
July Versova . ‘e . . - . .. e e . -
8. Dock . 20,764 19-03 26,683 24-46 24,418 22-38 1,757 1.6 109,005
. Amala . . 75 0-51 3,338 22.82 563 3-85..3,483 . 23-85 14,627
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August

September

QOctober

MNovember

December

Average
annual
catch

Versova
S. Dock
Arnala
Versova
S. Dock
Amala
Versova
8. Dock
Arnala
Versova
S. Dock
Arnala
Versova
S. Dock
Arnala
Versova
5. Dock
Arnala

1,05,077

3,519
12,630
375
11,809
16,478
170

61,187

13,128

1,350
32,525
22,800
133
61,324
49,075
17
6,75,565
4,388,919
39,174

20-59

9-35

3-31
9-43
9-10
0-93
13-28
4-42
3-84
6-77
9-71
0-43
2688
50-52
21-29
22-70
3-98

7,344
72,925
2,400
14713
43,185
6,050
12,925
19,627
2,815
2,192
10,277
528
20,772
14,175
6,138
8,10,579
6,25,515
6,19,027

42-98
53-98
21-19
11-75
23-87
33-03
2-80
661
8-01
0-46
4-38
172
9-10
14-59
23-26
25-55
29-05
6282

2,500 14:63 -

20,273 15-00
300 2-65
9,806 7-83
28,845 15-94
2,238 12-22
52,758 11-45
19,967 673
14,725 41-89
25,408 529
11,392 4-85
8,484 27-59
8,010 3-51
4,885 5-03
3,809 14-03
1,41,623 4-46
1,87,276 870
61,629 625

369
1,040
1,163
1,072
1,519
1,643
6,812
6,520
1,575
45,821
9,794
701
1,859
1,860
1,515
58,031
34,812
23,792

2:16
077
10-27
0-86
0-84
8-97
1-48
2:20
4-48
9-53
417
2-28
0-82
1-91
5-58
1-83
1-62
2-41

17,088
1,35,103
11,326
1,25,197
1,80,888
18,314
4,60,843
2,96,804
35,150
4,80,561
2,34,761
30,753
2,28,165
97,157
27157

31,73,069
21,52,952
9,85,390
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[ Miscellaneous prawns
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__Its season at Sassoon Dock started in June with a gradual rise in catch which reached 2 peak
in October when it constituted 4-14%, of the total prawn catch in that month, and declined suddenly
from December onwards. At Arnala, the season for the fishery was during March-April, but it was
alse found to be relatively more abundant than the other species in September,

Parapenaeopsis stylifera

The season for the fishery of this species coincides with that of M, affinis (September to Novem-
ber), comprising 799, of its average annual vield from the three centres together, In July and August
t]l;e sEecies was observed to make up 12+07%, and 5-159% respectively of the total catch at Sasscon

ock.

P, hardwickii

The season for this fishery at Versova was found to start suddenly in November coinciding with
the decline of M. affinis and continued on a lesser scale upto May, with a gradual decrease. At
Sassoon Dock its peak of abundance was in October-November when 39%, of its total annual catch
was obtairied, - The seasonal occurrence of this species at Arnala was observed to be different from
the other two centres, being more abundant from March to May,

P. sculptilis

As in the case of M, brevicornis its yield at Sassoon Dock and Arnala was quite considerable,
contributing 42-23%, and 34-10%, respectively of the total annual landings of the prawn. It was
found to be the second most important fishery at Arnala constituting 10-41%, of the total prawn
fishery at the centre. Though the fishery was observed to be relatively less important at Versova,
the maximum landings at the centre were comparable with those at Sassoon Dock inthe month of
January. At Arnala, the spacies was most abundant in the month of February, The prominence
of this fishery at Sassoon Dock and Arnala was partly due to its relative abundance during the mon-
soon months of June to August, during which period at Arnala the species comprised 44-30%, to
52-65%, of the total fishery while at Sassoon Dock only 3-889% to 11349,

Solenocera indicus

It supported a very important fishery at Versova, where the yield was 739 of its total landings
at the thrse centres. At Versova and Sassoon Dock, synchronising with the appearance of P. hard-
wickii, maximum catches of this species were obtained in November, though the period of abund-
ance extended upto May. The peak period of its abundance at Arnala was from February to April.
Its virtual disappearance from the coastal waters during the monsoon months is of interest.

Atypopenaeus compressipes

As mentioned earlier this small penaeid prawn was observed to have commercial importance
only at Versova, It appears suddently in November along with P, hardwickii and S. indicus. The
fishery continued at a steady level upto May with a minor peak in Ma rch,

Acetes indicus

This small shrimp was observed to be the second important species in magnitude only to
P. tenuipes at Versova and Sassoon Dock, where it constituted about 97% of its fishery at the three
eentres taken together. The best landings were obtained from January to April at these two centres.
Its abundance at Sassoon Dock was comparatively high evenin May to July. Themaximum catches
at Arnala were recorded during the period January to March. ,

A, indicus formed the bulk of the prawn fishery at Versova in the months of October, 1960 (60%)
- and December 1963 (60%) and at Sassoon Dock in December 1959 (70%) and April 1963 (60%).
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Palemon temuipes

It was found to be the rhost important species from the point of view of its abundance, Its
fishery extended from January to June at all the three cantres. At Arnala the importance of this
fishery was far higher than at the other two centres. The maximum landings were observed in April-
May in all the three centres, when about half of its annual catch was obtained, A minor period of
abundance was also observed at Sassoon Dock (July to September). The period of October-Nov-
ember was the poorest for the fishery in all the centres.

In certain months April and May, 1960 and May 1961) P, tenuipes was found to dominate the
catches to the extent of more than 809, of the total prawn fishery.

Hippolysmata ensirostris

The periods of maximum abundance of the species were January, October and November at
Versova, Janueary and June to September (monsoon months) at Sassoon Dock, and February and
October at Arnala, Thus it could be seen that the periods of seasonal abundance varied from centre
to centre, the causes of which are not yet known,

Miscellaneous. Prawns

The species grouped under miscellaneous prawns are shown in Table II.  Of these, Penageus
penicillatus and P. monodon were observed to be of more frequent occurrence than the others, at
all the three centres. In the months of October and November large mature individuals of Mera-
penaeus monoceros and Metapenaeopsis novae-guineae were obtained at Versova and Sassoon Dock
in appreciable numbers, coinciding with the peak period of abundance of M. affinis and P, stylifera,
which resulted in a higher percentage composition of miscellansous prawns during these months
at the two centres. ' The high percentage composition of miscellaneous prawns at Arnala from June

to September was due to the incidence of Palaemon styliferus in large numbers, caught mainly in the
bokshi nets.

GENERAL CONSIDERATIONS

. The foregoing account shows that the prawn fishery of the Maharashtra coast is mainly
supported by the small prawns and shrimps, such as Palaemon tenuipes, Acetes indicus and Hippo-
Iysmata ensirostris, the three together contributing to about 582, of the total prawn fishery in the
region, of which 339% of the total fisherv is made up of Palaemon tenuipes alone (TableIV).
Solenocera indicus belonging to the subfamily Solenoceringe, members of which usually
“inhabit deep waters (Alcock, 1901) is found to support a fishery of commercial magnitude along
the Maharashira coast only, constituting about 10%, of the total prawn fishery in the region,
In their account of the prawn fishery of Bombay Shaikhmahmud and Tembe (loc. cit.) regarded
the above four species as unimportant prawns of no commercial value,

Of the species higger in size M, qffinis is the most importanf, meking up 139%, of the total prawh
fishery, The three species of Parapenaeopsis, namely, P, stylifera, P. hardwickii and P, sculptilis
together form about 149, of the fishery (Table IV).

On the basis of seasonal abundance, the prawn fishery of Maharashtra coast is found to follow
an annuaf cycle of sﬁecies predominance during different periods. The prawn catches were found
to be particularly rich in respect of P. tenuipes from April to May, of M. affinis and P, stylifera from

September to November and of 4. indicus, §. indjcys and P. hardwickii from December to March,
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The prawn fishery of Maharashtra coast is remarkable for the occurrence of S.indicus;
H. ensirostris and A. compressipes in adequate proportions to support fishery of commercial impor-
tance. The species are not known so far to cccur in abundance in other parts of the Indian coast,
A. compressipes and Solenocera sp. are however, reported to form a small percentage of the fishery
in the Seto Inland Sea of Japan (Yasuda, 1955), o

TARLE IV
Percentage composition of the prawn species at different centres

Specios All the throe  Versova Sassoon Dock Arnala
contres 7

Palaemon tenuipes .. 32:56 25-55 29-05  62-82
Acetes indicus . 1907 21-29 22-10 - 398
Metapengeus affinis ‘e 13:17 14-83 15-87 1-93
Solenocera indicus .- 9461 13.96 5:01 568
Hippolysmata ensirosiris e 619 44 870 625
Pavapeneopsis hardwickii .. 506 697 275 393
P. stylifera . 4-87 6-10 6-31 098
P.sculptitis ' . 4-77 224 590 10-41
Atypopenaeus compressipes .. 1-66 331 - -
Meiapenaeus brevicornis .. 1:19 0-46 2:08 160 -
Miscellaneous prawns _ ST 18s 1-83 - 162 247

W

Several factors, namely the force and duration of the tidal current, the extent of rainfall over
the adjoining land mass, the annual cycle of upwelling of coastal waters and the depth and loca-
tion of fishing grounds, seem to influence the success or failure of the prawn fishery of Maharashtra.
coast as well as its species composition. : o ST

LT

Since the prawn fishery of this coast is based mainly on fixed bag nets entrapping the prawns
and fish that move in ‘Wwith the tidal current, its success depends on the strenigth of the flow of the
prevailing tide. During the present study it was noticed that the extremes of tidal currents, i.e.;,
neap and spring tides of certain months, had an adverse effect on the prawn fishery, When do/ nets
wetre operated in strong currents, the usual close-meshed cod end was replaced by another cod end
with a wider mesh resulting in the elimination of Acetes indicus, Palaemon tenuipes and other small;
prawns, The magnitude of the tidal influence on the content and composition of the prawn fishery
along the Maharashtra coast is beinig studied, the results of which will be published ¢lsewhere.

Some prawns like the penaeids are migratory in habit with an obligatory period of life in waters

of low salinity. An analysis of the annual rainfall data of the Konkan coast for the past fifteen
ears vis-g-vis the prawn catches revealed a diect relationship, as found in other parts of the worid
y Gunter and Hiidebrand (1954) and Thomson (1955). Details of these findings are being

published clsewhere.

Carruthers ef al. (1959) indicated the effect of annual upwelling of the coastal waters of Bombay
on the fisheries in general, The shoreward migration and consequent abundance of the penacid
prawns such as M. affinis, M. monoceros, P. stylifera and M. novae-guineae in the post-monsoont
period of Qctober-November atong the Bombay coast, may probably be attsibuted, along with other
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possible factors, to this momentous upwelling taking place at this time every year resulting in the
shoreward slope of the oxygen minimum layer on the continental shelf,

The incidence of Metapenaeus brevicornis, Parqpenacopsis sculptilis and Palaemon styliferus
in comparatively large numbers in the bokshi nets of Arnala and the dol nets of Sassoon Dock may
be due to the location of the fishing sites at these centres close to the shore within a depth range of
five to fourteen metres, These prawns are known to be estuarine penetrating species prefering a
shallow water habitat (Kunju, 1955; Rajyalekshmi, 1961).

Knowledge of the extent and the periods of availability of the different species of prawns useful
for freezing, canning, curing by sundrying, etc., and marketing them in fresh condition according to
consumer preferences is important for the concerned industries to plan and execute their operational
activities, The present studies have revealed that the small-sized species like Palaemon tenuipes and
Acetes indicus and the large-sized ones like Metapenaeus affinis, Parapenaeopsis stylifera, P. hard-
wickii and Solerocera indicus were regular in their periodicity of abundance to meet the demands
of the different industries for continuous supplies,

SUMMARY

The magnitude of the prawn fishery of the Maharashtra coast and its very high place in the
crustacean fisheries of India have been stated,

The seasonal abundance of different species constituting the prawn catches has been studied
from regular samples collected at three centres representing different levels of the fishery,

Thirty species of prawns and shrimps have been found in the fishery, of which those comprising
ane or more per cent, of the total fishery in their order of abdunance are Palaemon tenuipes, Acetes
indicus, Metapenaeus qffinis, Solenocera indicus, Hippolysmasa ensirostris, Parapenaeopsis hardwickii,
P, stylifera, P. sculpttlis, Atypopenaeus compressipes and Melapenaeus brevicornis.

Palaemon tenuipes, Acetes indicus and Hippolysmata ensirostris among the smaller species con-
titute the major portion of the catches. Amongthe larger species, Metapenaeus affinis, Parapengeop-
sis hardwickii, Parapenaeopsis stylifera, and Parapenaeopsis sculptilis are of considerable commercial

‘jmportance.

That Solenocera indicus, Hippolysmaia ensirostris and Atypopenaeus compressipes occurring
in quantities to support fisheries to some extent has been pointed out for the first time,

Palaemon tenuipes in April and May, Metapenaeus affinis and Parapenaeopsis stylifera in Septem-
ber to November and Acetes indicus, Parapenaeopsis hardwickii and Solenocera indicus in December
to March have been found to be particularly abundant,

The influence of tidal current, rainfall, and upwelling in deeper waters of the continental shelf
on the fishery has been indicated.
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LA CREVETTE GRISE (CRANGON CRANGON L., 1758)
DANS LE SUD DE LA MER DU NORD

E. LeLoupr aAND CH, GiLIS

Institut 4’ Etudes Maritimes, Zeewezengebouw, Quai des Nations, Ostende, Belgium

ABSTRACT

Tha brown shrimp is found in appreciasle nuinbers along the coasts of the southern North Sea and forms
an important ¢oastal fishery,

The fishery is 2arried out by tmall fishing boats (motors of 35-120h.p.). Most of tham use the **beam-
tl‘élw dag% some of them “ottertrawl”.  The minimum width of the mesahes of the shrimp trawl varies between
16 an mm.

In Frénoe. Belgium énd the Usited Kingdom all sheimps landed are used for human ¢ snsumption, whilst
' ;_n the Netherlands and in the- German Federal Republic, % of the landings are taken v by fish-meal
uctories.

The annwal catches are subject to marked seasonal fluctuations and in all coumnes concemed a reduc-
tmn of the rat:hes in relation to the {ishing efort has been observed during the 1ast few years.

DISTRIBUTION DE LA CREVETTE DANS LE SUD DE LA MER DU NORD'

LA CREVETTE grise est trés répandue le long des cdtes sableuses et sablo-vaseuses ainsi que dans les
eaux saumitres de la partie orientale du Sud de 1a Mer du Nord. Sur les cdtes belges, néer-
landaises et allemandes, la crevette donne lieu & une trés importante pécherie. Elle se montre moins
‘abondante sur 1a céte Est de I'Angleterre et clairsemée sur les cotes dancuses

FLOTILLES DE PECHE

Belg;que —En 1961, le nombre des cbtres ayant exercé la péche aux crevcttes s élevalt S 102,
leur force motrice variait entre 35 et 120 C.V,, soit en moyenne 64 C.V,

Pays-bas. —En 1961 le nombre des cotres ayant exercé la péche aux crevettes s’élevait & 385
1a force motrice de certains de ces cotres développait jusque 150 CV,

France, Allemagne, Danemark et Angleterre.~Pas d’indications sur le nombre et 1a force
motrice des cdtres crevettiers,

ENGINS DE PECHE

Méthode de péche

Belgique.—90%, des crevettiers exercent la péche au moyen d’un chalut & plateaux et 109, avec
des chaluts 3 gaules dont I’un est trainé & babord et I'autre & tribord.

Pays-bas.—Pas d’indications précises; mais sur la grande majorité des cdtres, la péche se
pratique avec deux chaluts & gaules,

Allemagne -——A quelques exceptions prés, la péche s’exerce avec deux chaluts 2 gaules
Danemark, Angleterre ¢t France—Pas d’indications,
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Dimensions minimales des mailles des filets
Belgique.—17, 5 & 20 mm,
Pays-bas.—En général 20 mm.
Allemagne.—14 3 16 mm.
France, Danemark ¢t Angleterre.—Pas d'indications,

DESTINATION DES APPORTS

France, Belgique, Danemark et Angieterre.—La totalité des apports est destinée 4 ja consomma-
tion humaine {consumptie garnaal, consumption shrimps, Speisegarnele). La taille de ces creveties
aussi appelées grandes crevettes, est > 50 mm., alors que la taille des crevettes destinées aux usines
de farine de poisson est en dessous de 50 mm. (crevettes immatures, ondermaatse garnalen ou gar-
naalnest, immature shrimps, Futtergarnele), .

Pays-bas.—Pour I'ensemble des anndes 1957-1961, une moyenne de 7-943 t, soit 59,99/, des
apports annuels de crevettes sont transformés en farine de poisson.

Allemagne—Pour I’ensemble des années 1957-61, une moyenne de 23045 ¢, sojt 82,6¢/ des
apports annuels de crevettes sont transformés en farine de poisson.

APPORTS DE CREVETTES A#l COURS DE LA PERIODE 1957-61
{Tableau 1)

Creveties pour la consommation humaine
France~—~Entre 401 (1960) et 130t (1957): moyenne annuelle 71t.
Belgique.~Entre 565t (1960) et 1:313 t (1959): moyenne annuelle, 1-:042¢,
Pays-bas.—Entre 4-8311t (1961) et 3-968 t (1960): moyenne annuelle 4-362 ¢,
Allemagne—~Entre 3-603t (1961) et 6-045t (1958): moyenne annuelle 4-8491¢,
Danemark.—Apports de crevettes minimes, négligés dans la statistique des péches.

Angleterre—Les péches aux crevettes sont un mélange de crevettes grises (Brown Shrimps) et
de crevettes roses (Pink Shrimps—Pandalus montagui Leach). On estime que les deux espéces sont
a égalité, de sorte que le poids des crevettes grises est égal au poids total des creveites débarquées
divisé par deux. Selon cette estimation, les apporis annuels de la crevette grise oscillaient entre
2631 (1961) et 791t (1957): moyerne annuelle 546 t.

Crevettes immatures

France, Belgigue, Danemark et Angleterré.—Pas d'apports, - - SRR

Pays-bas.—Pour Pensemble de la période 195761, entre 6-947 t (1958) et 8:623 t (1959):
moyenne annuelle 7-943 t ou 64, 35% du poids total de crevettes débarquées. _

Allemagne.—Pour ’ensemble de cette méme période, entre 20-276 t (1960) et 29-052 1 (1957):
moyenne annuelle 23-045t ou 82, 62% du poids total de crevettes débarquées.
Répartition, daprés les pays, des apporis totaux

Au cours de la période 1957-61, les apports de creettes totalisaient 209-292 t: 54-351 t ou
25,96% de crevettes pour la consommation humaing et 15v4-941 t ou 74, 04% de crevetics immatures.
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La répartition des apports d’aprés les pays est Ia suivante:
Crevettes pour la consommation humaine

France 355tou 0,66% .
Belgique 5:208 tou 9,58Y%,
Pays-Bas 21-811 tou40,13%,
Allemagne 24:247 t ou 44,619,
Angleterre 2:730ton 5,029
Crevettes immatures
Pays-Bas 39.717 t ou 25,63%,
Allemagne 115:224 t 0ou 74,379,
Crevettes pour consommation et creveties immaltures
France 355tou 0,17%
Belgique 5:208 tou 2,49%,
Pays-bas 61528 t on 29,40%,
Allemagne 139:471 t ou 66,649/
Angleterre 2:73¢tou 1,30%
TABLEAU |

Auporrs de creveites én t aw cours de la période 1957-61

Année France Belgique Pays-bas Allemagne Angleterré Total

1. Creveltes pour consommalion hamaine

1957 130 1:229 4-186 5:690 o 12-026
1958 35 024 4-187 6-045 642 11-853
1959 85 1-313 4639 4-413 59% 11-050
1960 40 565 3-968 3-603 435 8611
1964 44 . 147 4-83% 4+456 263 10-811
Total ass 5-208 21811 24 247 2-730 54331
oL 0,66 9,58 40,13 44,61 -5,02 100,00
Moyen- ¢ 71 1-042 4-362 4+84% 516 10-870

2. Crevettes immatiues

1957 o - : 646 29-052 . 36-698
1958 . 6947 22-284 .y 2621
1959 8-6231 2‘ 278 . 29'901
1960 8606 20-276 . 28-882
1961 7893 22-3) - 30-229
Total .- .. 39-N7 115-224 - 154-941
4 . ve 25,63 74,37 .y 100,00
Moyeune 7-943 23-045 - 30-983
3. Crevettes pour consommation et creveties immatures

1957 130 1-229 11832 34742 791 48-724
1958 55 924 11 134 28329 642 41-034
1959 36 1-313 13262 25691 599 40.951
1960 40 565 12-5%4 23379 435 37-493
1961 44 1177 12:726 26-830 263 41040
Total - 355 5208 61+528 139471 2-730 209292
o 0,7 249 2940 66,64 - 1,30 160,00
Mogyenne 7 1042 12-306 27494 ‘46 41-858

W-W
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EVALUATION DU NOMBRE DE CREVETTES DETRUITES PAR LA PECHE CREVETTIERE
(Tableau II)

Le nombre moyen de crevettes pour consommation est évalué & 539 par kilo et celui des crevettes
immatures & 1-381 (Ch. Gilis, 1952).

_Calcplée sur cette base, pour Pensemble des années 1957-61, la destruction moyenne par an
atteindrait 48-654 millions de crevettes:5-859 millions ou 12, 04% de crevettes pour consomination
et 42-795 millions ou 87,969, dcrevettes immatures.

Dans le nombre des immatures, il n’est pas tenu compte de la mortalité des individus rejetés
§ Ia mer Far les pécheurs qui ne débarquent que les crevettes & consommation humaine. Clestele
‘cas pour les pécheurs francais, belges et anglais. 1l s’ensujt que le nombre des immatures détruicts
par la péche est encore sous-estimé,

TABLEAU 1T
Estimation du nombre de creveltes détruites par ln péche creveitiére en millions &individus

ALnrde Franze Belgique Pays-Bas Allemagne Angleterre Total

1. Crevettes pour consommation humaine

1957 70 662 2.2% 3.067 427 6482
1958 30 498 2.257 3.258 346 6389
1959 46 708 2500 2-379 323 5-956°
1960 21 305 2-139 1-942 234 4-641
1961 24 634 2601 2:423 142 5827
Total 191 2:%07 11-756 13.069 1472 29.295%
o 0,65 9,58 40.13 44,61 5,03 100,00
Mo, enne 38 561 2+351 2.614 294 5859
2. Creveties immatures

1957 " . 10- 559 40:121 e 50680
1958 - - 9-594 30:-774 - 40-358
1959 . . 11-908 29-385 . 41+293
1960 .. e 11-885 28-004 . 39-886
1961 . .. 10-903 30-843 .. 41-746
Toial o R 54849 159124 .. 213-973
o, . .. 25,63 74,37 .. 100 00
Moyenne 10-970 31825 . 42 795

3, Crevettes pour consommation et crevettes immatures

1957 70 662 12-815 43188 427 57-162
1958 a0 498 11-851 34-032 46 46757
1959 45 708 14-408 31-764 323 47249
1960 21 305 14:024 29+943 4 44527
1961 24 634 13507 33-266 142 47-573
Total 191 2-807 66-603 172-193 1472 2434268
o, 0,08 1,15 27,38 70,78 0.61 100,00
13321 34-439 204 48-654
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CAUSES DE L'APPAUVRISSEMENT DES STOCKS

A. Hypotheses fomulees par les chercheurs

Plusieurs chercheurs ont attiré leur attention sur la crise crevettidre qui sévit depuis quelques
années dans la région Sud-Est de la mer du Nord. '

Leursrecherches démontreraient quoutre la forte mortalité naturelle de la crevette, les dégats
causés par la péche elle-méme.conditlonnent dans une certaine mesure, la disette de la crevette, ce
qu'on peut imputer & I'intensité accrue de la péche et & la récente modernisation des engins.

Sansaucun doute, la forte hécatombe de creveties immatures que la péche entraine, doit entraver
e renouvellement normal des stocks.

Ci-aprés, nous donnons un apergu sur les hypothéses avancées acquises par les chercheurs,

B. Havinga (1930} est d’avis que I’intensité croissante de la péche crevettidre a atteint la capa-
cité productive du stock dans les eaux néerlandaises. 1l note que I’on se plaint de défférents cotés
de Iinsuffisance des captures,

B. Havinga (1950) estime que la mortalité naturelle de la crevette est trés grande. 1l se demande
si la mortalité causée par la péche peut avoir une influenceimportante sur le stock bou s’il faut con-
sidérer cette influence comme négligeable étant donné la forte mortalité natureile, Toutefois,
s’il était prouvé que la modernisation des méthodes de péche entame sérieusement le stock, il
faudrait envisager des mesures protecirices,

B. Havinga (1955) constate que la crise crevettidre continue 4 s’aggaver dans les embouchures
de ’Bscaut et du Rhin et tout le long de la ¢te néerlandaise, avec exception cependant pour le
Waddenzee,

Ch. Gilis (1951) conclut que les mailles de 18 mm en usage chez les crevettiers belges, retiennent
un trop grand pourcentage de crevettes immatures et qu’elles peuvent étre élargies de plusieurs milli-
meétres sans devoir craindre une perte appréciable de crevettes 4 taille commerciale. L’auteur se
prononcc;q poalr une réglementation internationale de la péche crevettiere sur les cdtes du Sud de la
mer du Nord.

E. Leloup (1952) est d’avis que la pénurie de crevettes au large de la c6te belge au cours du
second semestre 1948 et au début de 1949, provient de la température exceptionnellement basse qui
a régné pendant Phiver 1946-47 et qui a entravé le renouvellement normal du stock des crevettes;
le déficit du stock de I’hiver 1948-49 se fit également sentir sur la production de 1950,

Ch. Gilis(1952) observe que la crevette compte nombre d’ennemis parmi les poissons qui fré-
quentent la_cdte belge 0@ y apparaissent périodiquement. Parmi ceux-ci, le merlan est considéré
comme étant de Join le plus grand destructeur de crevettes, _

~ Quant A I'infiuence de la péche sur le stock, I'auteur constate (1°) que la dimension des mailles
du filet commercial est tellement €troite (16 4 18 mm) que méme les toutes petites crevettes ne par-
viennent que difficilement & s’échapper pendant le trait de chatut; (2°) que les crevettes immatures
forment le plus souvent'la majorité dans les péches; (3°) que I'augmentation de la dimension des
mailles va de pair avec une sélection plus profitable au maintien du stock.

M. N. Mistakidis {1958) traite dela péche sur la céte' Est de PAngleterre o la creveite grise se
capture simultanément avec la crevette rose (Pandalus montagui). _

Basées sur un grand nombre de péches expérimentales exercées au cours des années 1954 & 1956,
ces expériences peuvent &tre résumees comme suit: (1°) depuis la guerre, les péches aux crevettes
accusent une diminution sensible; (2°) les mailles des filets commerciaux reticnnent de grandes
quantités de crevettes immatures; (3°) 'augmentation de la dimension des mailles va de pair avec



LA CREVETTE GRISE DANS LE SUD DE LA MER DU NORD 1403

une sélectivité plus profitable pour le stock; (4°) le nombre des survivances dépend surtout de la.
durée de leur exposition sur le pont; pour une exposition d’environ une demi-heure, la proportion
des survies est de 1,5 & 15%, pour la crevette rose et de 75 & 86% pour la crevette grise.

"R.. de Visser (1962) rapporte que lors d’une tournée d’enséignement dans ie milieu des p&chéurs,

R. Boddeke, s’est prononeé en faveur d’une protection du stock de la-crevette, soit en limitant la

Féche destinée aux usines de farine de poissons soit en appliquant une dimension des mailles plus
‘avorable, : .

R. Boddeke (1962) esi d’avis que, sil’on veut augmenter la capture des crevettes pour consom-
mation, il faut en premier lieu attirer ’attention sur les crevettes immatures, dont des grandes
guantitées sont capturées en méme temps que les crevettes pour consemmation, Exprimé en poids,
Elus ou moins 63Y%, des crevettes péchées sont immatures, soit une quantité d’environ 8 millions de

itos par an. Tenant compte de la petitesse de la taille de ces immmatures, un kilogramme contient
environ 3,2 plus de crevettes immatures que des crevettes adultes. Cela signifie que 84%, des cre-
veties capturées sont immatures, L’auteur conclut que ce prélévement inconsidéré doit fortemen
influencer défavorablement la péche des crevettes pour consommation, g

L'examen du cycle annuel dela creveite a démontré que les méiles changent de sexe. ' Le passage
au sexe féminin se vérifie intérieurement par un commencement de production d’oeufs ¢t extérienre-
ment, par le développement de ’appendice du premier pléiopode.

On peut conclure que toutes les crevettes qui ne sont pas péchées prématurément, peuvent
atteindre la taille des creveties pour consommation, Ceci par opposition & I'opinion.ancienne:selon
laquelle la grande majorité des crevettes immatures sont des méles qui pouvaient étre détruites étant
donné qu’ils n'atteindraient jamais la taille des crevettes pour consommation. Conséquemment
le probiéme des crevettes immatures est & reconsidérer, i

R. Boddeke (1962 &) I'auteur constate que la prohibition de ’usage de filets & petites mailles peut’
&tre bénéfique pour la péche mais qu’elle ne peut résoudre complétement la probiéme de la crevette,
Wnoe autre maniére de protection des jeunes crevettes est de les retourner le plus tdt possible a la mer
aprés la péche en les laissant s’écouler le long d’une goutiére avec de I’eau de mer courante, ,

Lors de la fermeture de I’Escaut oriental et du Lauwerszee qui constituent des fonds de nour-
risseries pour la crevette néerlandaise, il faudra freiner la destruction inconsidérée des petites
crevettes,

P. F. Meyer-Waarden et K. Tiews (1962) constatent que les péches aux crevettes sur la cote
allemande sont sujettes 4 des oscillations sensibles et il parait qu'au cours des derni¢res années, les
conditions de péche furent principalement défavorables. Plusieurs facteurs peuvent étre rendus
responsables notamment la température de 1’eau, la salinité, la dérive des larves et I'abondance des
prédateurs de la crevette. Le probléme étant trés compliqué: il n'est pas possible de préciser dans
quelle proportion chacun de ces facteurs a influencé la production des crevettes, Par conséquent
les recherches doivent &tre poursuivies,

L’analyse du contenu stomacal a démontré que parmi les poissons qui fréquentent la zone
cétiére allemande, on compte beaucoup de prédateurs de la crevette. Parmi ceux-cilemerlan, par
son abondance, ¢st capable de causer des dégéts énormes au stock de la crevette, De ce fait, il est
considéré comme un héte indésirable, . S

H. Bohl et R. Koura (1962) Bien qu’une dimension des mailles. de 14 mm soit autorisée, les
pécheurs de Schieswig-Holstein emploient en général des mailles de 16 mm, Ces petites mailles
sont responsables des grandes quantités de petites crevettes débarquées, ' :

D’aprés les résultats des péches expérimentales avec des filets & mailles de dimensions diffé-
rentes, I'application d’'une mailie d’environ 22 mm. de largeur, conviendrait pour une péche aularge
dela cbte allemande. L’emploi des filets avec cette dimension de mailles augmenterait les prises
des-crevettes pour consommation tandis que celles des creveites immatures subiraient une dimi-
nution. '
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B, Facteurs abiotiques

Parmi les facteurs abiotiques qui psuvent infiuencer soit favorablement soit défavorablement
Ie renouvellement des stocks de creveties et partant le rendement de la péche, il y a lieu de setenir:

1. le nombre et la force motrice des cbtres crevettiers qui exploitent le méme stock,

2. Defficacité de prises des différentes méthodes de péche, ainsi que la largeur des mailles
employées, '

3. les conditions hydrologiques: (@) température et salinité et (b) les couranis de marées.
4. les tempétes, turbulence de ’eau.

5. la pollution des eaux cdtiéres, eic.

C. Facteurs blotiques
Parmi ces facteurs, il y a lieu de considérer:

1. la mortalité(a) naturelle causée par les épidémies et la vieiliesse, (#) accidentelle causée
par ’homme et les animaux prédateurs,

2. les migrations annuelles ou saisonnidres,

MESURES DE PROTECTION DES STOCKS

1. Motifs
Depuis quelques années, le plafond belge des quantités de crevettes pour consommation est
en baisse, constate des variations sensibles avec parfois une augmentation temporaire des

captures probablement due & I'introduction dans les concentrations d’une génération abondante,
Car, les repeuplements des stocks dépendent des réussites des pontes qui, deux ans aprés, influen-
cent la composition des popuiations. Les causes de la pénurie actuelle peuvent éire diverses: soit
une reproduction ou une croissance ol une mortalité anormales de la crevette soit une exploitation
trop intensive soit une combinaison de ces facteurs.

Actueliement, les données de ce probiéme ne permettent pas de définir le degré d’influence que
tel ou tel facteur exerce sur la production crevettiére. Ni les p&cheurs ni les chercheurs ne peuvent
en donner une explication satisfaisante ni suggérer des remédes efficaces pour prévenir rapidement
une période de crise,

Impuissant devant les facteurs sans relation avec la technique de la péche, I'homme doit agir
sur les modalités de sa propre activité,
2. Mesures de protection & envisager

1. Enmer,

(a) limitation des flottilles et de la puissance motrice,

(b) restriction de 1a péche aux petites crevettes.

* (¢) cléture de zones déterminées, soit d’une manidre permanente ou temporaire,
(d) réglementation de la largeur des mailles.

(¢) tamisage mécani ue & bord, de fagon que les petites crevettes sojent replongées direct
dans la mer.
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2. A terre _
Réglementation de la tailie minimale des ventes.

CONCLUSIONS

Dans les six pays considérés, les apports saisonniers des crevettes subissent d’importantes
fluctuations.

_ En France, en Angleterre et au Danemark, la crevette ne joue qu’un rdle restreint ou minime
dans I'économie de leurs péches cotiéres, alors qu'en Belgique et surtout aux Pays-Bas et en
Allemagne, son exploitation assure le gagne-pain des petits pécheurs ¢étiers.

_La destruction inconsidérée des jeunes crevettes par la péche exerce indiscutablement une action
nocive sur les stocks de crevettes, Ceci est surtout le cas pour les Pays-Bas et I’Allemagne ot les
creveltes immatures sont livrées aux usines de farine de poisson.

Quant & l'influence de 1a péche aux immatures pratiquée aux Pays-Bas, les données actuelles
ne permetient pas d’arriver 4 une conclusion suffisamment certaine & ce sujet. Cependant, d’aucuns
tendent & soutenir la thése d’aprés laquelle Ia péche néerlandaise de petites crevettes n’aurait aucune
influence sur la péche crevettidre belge.

. Déslors pour protéger le stock belge contre Paction nocive de nos crevettiers, une réglementa-
ticn nationale pourrait étre utilement envisagée, '

ENGLISH SUMMARY
GREY SHRIMP IN THE SOUTH OF THE NORTH SEA

Grey shrimp is widely sfprca.d along the sandy salty coasts as well as in the brackish waters of the
western part of the south of the North Sea. The coastal areas of Belgium, Netherlands and
Germany have offered a great scope for shrimping, It is less abundant on the eastern coast of.
England and is sparse on the Danish coast, In this general survey, the authors present a study on
various subjects such as the shrimping craft, the strength of the shoal of shrimps (immature as well
as shrimp for human consumption) available during the period 1957-61 in France, Belgium, the
Netherlands, Germany, and England. The survey gives a description of the problems connected

- with the wastage through destruction of the shrimp shoal, mentjons the hypothesis formulated by
certain prominent research workers.

For the period 1957-61, the shoal in the abovementioned countries was as under:
Shrimpz for human consumption and tmmature shrimps

Year France Belgivm Netherlands Germany England Total
1957 130 1-229 11-832 34-742 791 48-724
i 1958 . 55 924 11-134 28-329 642 41-084
1959 86 1-313 13.262 25691 599 49-951
1960 40 565 12:574 23-879 435 37-493
1961 44 1-177 12:726 26-830 263 41-040
Total 355 5208 61-528 139-471 2730 209292
% 0,17 2,49 29,40 66,64 L3 100,00
Average 71 1-042 12-306 27-894 546 41-858

8M~1Vwll
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Estimate of the destruction caused by shrimping, in miifions

Year France Belgium Netherlands Germany England Total
1957 70 662 12-815 43188 427 57-162
1958 30 498 11-851 34-032 346 46-757
1959 46 708 14-408 31-764 323 47-249
1960 21 305 14024 29-943 b 44-527
1961 24 634 13-507 33-266 142 47-573
Total 191 2-807 66605 172:193 1-472 243268
o 0,08 1,15 27,38 76,78 0,61 100,00
Average 38 561 13.321 34-439 294 28654

PrROTECTIVE MEASURES SUGGESTED
A, On Sea

{a} Limitation of the fleets and motor power, (b) restriction of fishing of small shrimps,
(¢) closure of certain well-defined zones permanently as well as temporarily, (4) regulation of the
width of meshes and (¢) mechanical sifting on board in such a manner that small shrimps be plunged
back directly into the sea.

B, On Land .
Regulation of the minimum size of shrimps for sale.

CONCLUSIONS

In the six countries with reference to which the study pertains, the seasonal shoals of shrihaﬁs
are subjected to serious fluctuations.

~ In France, England and Denmark, the shrimp plays only a restricted or minimum role in the
¢sonomy of coastal fishing, while in Belgium and especially in the Netherlands and Germany, its
exploitation assures daily bread to small coastal fishermen,

Reckless destruction of small shrimps is undoubtedly injurious to the stock of shrimps. This
especially is the case with the Netherlands and Germany where immature shrimps are supplied to
the fish-meal factories,

. The available data do not permit to arrive to a sufficiently assuring conclusion about the influ-
ence of fishing of immature shrimps in the Netherlands. There is a tendency to support the thesis
according to which the Dutch fishing of small shrimps has no influence on the Belgian shrimping.

In order to protect the Belgian shoal of shrimps against injurious action, a national regulation
could be usefully envisaged.
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PENAEID PRAWNS IN THE COMMERCIAL SHRIMP FISHERIES OF BOMBAY
WITH NOTES ON SPECIES AND SIZE FLUCTUATIONS*

K. H. MOHAMED**

Central Marine Fisheries Research Institute, Mandapam Camp, India

ABSTRACT

Among the maritime states of India, Maharashtra contributes over 50% of the total marine prawtl catches
of the country. There are about a dozen species of prawns contributing to the commercial fisheries of this
region. Analysis of the data obtained by regular sal;npllg;? from two centres—Sassoon Dock and Versova—
for the years [957-59 shows the species composition in different months and size frequencies. An attempt is
made 10 find out the nature of recruitment of the various species into the fishery at different seasons. The
spawning seasons of these species are determined by cbservations on the preponderance of ripe individuals
in the caiches,

DURING the past ten years shrimp industry has developed considerably in India and it now occupies
a prominent place among the three major fisheries of the country. Although prawns are landed
throughout the coastline of India, majority of the catches come from the west coast, particularly
from the Maharashtra coast which accounts for more than half the annual production of shrimps
in the country. Earlier accounts on this fishery (Rai, 1933; Chopra, 1943; Panikkar and Menon,
1955, etc.) dealt with general distribution of the resources and the species composition in the landings
of the region, Shaikhmahmud and Tembe (1958, 1960} have studied the reproductive organs of
Parapenacopsis stylifera and have given a general account of the seasonal abundance of prawns in
Bombay based on observations made on the stake net catches landed at Sassoon Dock.

‘The Central Marine Fisheries Research Institute has initiated a programme of work in early
1957 to study the species succession and detailad size frequencies of commercially important prawns
of Bombay as part of the life-history studies. The data collected by this programme which con-
tinned till the end of 1959-60 fishing season is analysed and presented here,

MATERIAL AND METHODS

The data were collected from regular weekly samples taken from Versova and Sassoon docks,
two imporiant fish landing centres of Bombay City representing the inshore and offshore fishery of
the locality, While the catches at Versova came from the stakc net fishery operated at 12-15
fathoms depth, those at Sassoon Dock came from the stake net fishery as well as from the trawlers
working in deeper waters (15-22 fathoms). The samples for analysis from Sassoon Dock were taken
from the trawler landings in order to ensure comparison of the inshore and off-shore catches of
prawns. One to two kg. samples were taken at random from the landings and are brought to the
laboratory every week. In the laboratory counts and weights of each specific constituent were
recorded, and sex ratio and maturity determined before length measurements are taken with the
help of a suitably designed measuring board, :

* Published with the permission of the Director, Central Marine Fishcries Research Institute, Mandapam Camp,
" ** Prosant Address: Central Marine Fishories Resoarch Substation, Ernakulam.
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THE FISHERY

Prawn fishery in Maharashtra coast commences by September, soon after the south-west mon-
soon; bulk of the catch being landed by the stake net fishermen from grounds lying within
15 fathoms depth. The stake netis a ‘fixed engine’ net used at the sea bottom with the help of two
poles taking full advantage of the current prevailing in the area, Prawns as well as fishes are sub-
jected to capture in this net only if they happen to filter through the net while being passively trans-
ported by the current or otherwise (Seina, 1949), The trawl net fishery which normally operates in
the deeper waters up to 23 fathoms contributz to only a relatively smaller portion of the total pro-
duction of shrimps, nevertheless, data obtained by their operations provide details regarding the
prawn populations of the region. Although the prawn fishery exists throughout the fishing season
from September to May the bulk of the landings are taken in the peak season October to January.
There is a-subsidiary pre-monsoon peak from late March to May. During the monsoon period—.
July and August—the inshore fishery is practically nonexistent while the trawl fishery continues
depending on the weather conditions.

Nearly 30 species of prawns belonging to the section Penacidea and Caridea (Crustacea, Deca-
poda) are known to exist in Bombay waters (Kunju, unpublished)} but the commercial fishery is
supported by nine species of Penaeid prawns and a few species of Caridean prawns. The Penasid
prawns of commercial value arz Pengeus indicus (Milne Edw.), P. monodon Fabricius, Metaperaeus
affinis (Milne Edw.), M. monoceros (Fabr.), M. brevicornis (Milne Edw.), Parapenaeopsis stylifera
(Milne Edw.), P. sculptilis (Heller), P. hardwickii (Miers) and Solenocera indicus Nataraj, Consi-
derable amount of Acetes indicus (Milne Edw.) is caught throughout the year along with the other

awns but it seldom appzared in the samples as the fishermen generally sorted it out before

anding.

SUCCESSION OF SPECTES IN THE COMMERCIAL CATCHES

The relative magnitude of the fishery of each species and their succession as observed from the
sample analysis is brought out in Figs, | and 2. The fishery at Versova, which represents the in-
shore fishery, commences in September with equal representation to M. affinis and P. stylifera; other
prawns being insignificant at this time of the year, The magnitude of the catch of M., affinis shows
gradual increase till November, As a general trend the catch of this species decline from December
onwards till February and thereafter, till the end of the season it remains as the major constituent
of the fishery. Itis seen that throughout the season this species contributes to the bulk of the prawn -
catches at Versova, M. monoceros forms a minor fishery at Versova and appear in the catches for
only a short period in Qctober-November and sometimes in February. M. brevicornis seems to be

resent almoest throughout the year in small quantities with relative preponderance in the catches in
anuary and February, Thefishery of P. styfifera which appear in the beginning of the season
maintain more or less the same trend for the next month also but declined from November onwards,
~ A secondary peak of this fishery was seen in Januvary-February during 1958 and 1960. P, hardwickii
and P. sculptilis begin to appear in the catches from November onwards when the catches of P, szyli-
fera and M. affinis begin to decline. Both these species have their peak occurrence in December
and January. In 1957-58 season the continued occurrence of P. stylifera till February seems to have
raduced the impact of these two species in the catches. Solenocera indicus support an important
- fishery at Versova from November onwards and continue to exist in large quantities till the end of
the fishing season, February and March are the peak months of occurrence of this species. The
existence of this species as a commercial fisheryis of great scientific interest as the species is not
known to support any commercial fishery of value in any other part of the world. Penaeus indicus
and P, monodon are seen in the catches of Versova only occasionally and there seemsto be noregu-
larity in their occurrence here. Non-penacids contribute to the fishery only during the beginning
and end of the fishing season,

The off-shore catches sampled from Sassoon Dock present yet another picture, While M, affinis
- pubstantially romains as the major componant of the catches, there are other species as well forming
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large portions of the landings here. The erratic occurrence of some of the species in large quantities
seems to have upset the regularity of succession and sequence observed at Versova, a fishing village
hardly fifteen miles from Sassoon Dock. This can only be due to the selectivity of the gear used
by the trawlers and also due to their capacity to fish in different grounds widely separated from one
another as compared with the fixed stake nets. For the same reason the general sampling of the off~

shore ﬁatchcs will not be of significant value unless continued samples are studied from the same
grounds. '
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The siguificant feature noticed from the general picture of distribution of species at Sassoon
Dock a(ﬁ’ig. 2) is the occurrence of P, indicus and P. monodon. Both these species contributed sub.
stantially to the catches in ¢ertain months, but there appears to be no regularity in their appearance,
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M. affinis remained as the major item of the catches throughout with the exception of a few months.
If the changes brought out by the occurrence of P. indicus and P. monodon are not considered the
curve of M. affinis assumes more or less the same trend as seen at Versova. The preponderance of
M. monoceros in the catches was greater than what was observed at Versova especially in the last
two seasons. The species appears in the catches with the onset of monsoon and remains in the
catches till November although the intensity of the catch is reduced by that time. M. drevicornis
has the same pattern of occurrence as seen in Versova samples. But its relative proportion in the
catches is high, indicating a relatively decfp water habitat of the species. All the three species of
Parapenaeopsis appeared in the catches of Sassoon Dock with lesser magnitude; their time of
appearance and tﬁsappearance in the landings being substantially similar to what was observed at

ersova. S. indicus appeared in the catches only in the first season and for all practical considera-
tions it need not be considered as forming part of the off-shore catches, The bigger mesh size of trawl
nets is probably the reason why the smaller sized prawns such as P. siylifera, P. hardwickii,
P, zeulptilis and S, indicus are poorly represented in the off-shore samples,

BREEDING SEASON

Year round data on percentage preponderance of mature females in the catches is available
only in respect of M. affinis, P. stylifera, P. hardwickii and S. indicus. For all the other species the
data are not sufficient to warrant conclusions. Table I shows the percentage prevalance of mature
individuals among females of the species in different months. M. affinis seems to be a continuous
breeder, but its spawning activity seems 1o be relatively more intense during the periods December
to February and the monsoon period of June to Avgust. In the other three species, while there is
no data for the monscon months there appears to be definite periodicity of breeding showing more
or less the same pattern. In these species—P, seylifera, P. hardwickii and S. indicus—the breeding

iod appears to be protracted extending throughout winter, In P. stylifera the period extends
rom September to February. A few mature individuals were obtained in May also. In P. hard-
wickii the spawning takes place from October to February with maximum intensity in December
and January. S. indicus seems to breed from December to May; in February, however, no mature
females were obtained.

TasLe I

Showing the pereentage preponderance of mature individualy among females
{Monthly averages)

M. affinis  P.stylifera  P. hardwickii 8. indicus

Jaouary 375 50 17-2 86
February 26+1 21-4 12-0 Nil
March 10-8 Nil Nil 7-3*
April 13-4 Nil Nil 11-0
May 14-2 100-0* Nil 2:4
June 21-0 . - Nil
July 75-0* - - -~
Auguat 29-4 e -
Septamber Nil 2.0 . -t
October 2.1 8.0 72 Nil
November 47 86 66 Nil
Docember 20-9 166 30:4 13-4
— A TR P T I R T T S O VT

* Poor sample,
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S12E AND GROWTH

Metapenaews affinis

The size frequency histograms obtained by plotting samples from Verscva and Sassoon Docks
are given in Figs. 3 and 4. 1t is seen that the usual size differences noticed in the growth of other
prawns in males and females are observed in this species also. There is a wide range of size, from
45 to 130 mm., at-the beginning of the fishing season, viz., September. This is due to the continuous
breeding habit of the species and due to the same reason it is seen that there are a number of modes.
The earliest mode at this time (September, 1958) is seen at 71-80 mm. for males and 86-90 mm. for
females. The progressive shift of these modes in the subsequent months towards the right is clear
from the histograms and in January 1959 they could be seen at 121 mm. and 126 mm, for males and
females respectively, indicating a growth of 40-45 mm, in four months. Therefore, the monthiy
growth increment at this stage can be reckoned to be around 10 mm. February onwards new
recruits, both young and old, again appear in the fishery though the proportion of the smaller size
groups is relatively small, It is therefore clear that the new recruits observed in September are the
brood from the December to February spawning and that when they enter the fishery they are in
Q-year class having completed 9 to 10 months of life. Their growth during the first year is about
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120 mm. and &ll the individuals above this size are in the 1-year class having completed one year of
life. The recruitment of the older size groups in February seems to be taking place from outside
of the Versova fishing grounds. The histograms from Sassoon Docks also show the same type of
distribution of the size groups,

Parapenaeopsis stylifera

The size frequency histograms of the species (Figs. 5 and 6) show the size range from 30 to
140 mm. The younger size group of prawns get recruited to the fishery in September-November
iod. In November 1957 the modes representing the youngest individuals are seen at 51-55 mm.

or males and 61-65 mm, for females, These modes are progressively shifted to the right and are
traced at 81-85 mm. and 91-95 mm. in February 1958 thereby showing a growth of about 30 mm.
in three months. The monthly growth rate at this stage is therefore about 10mm. The fresh
recruits of younger prawns observed in November must have been born in May or June and they
wontd have completed only 5-6 months of life. It therefore follows that the entire ﬁshe;'}v of this
species is supported by O-year ¢lass, This observation is not in full agresmant with those of Menon
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(1953) and George (1961) who have observed that 0-year and 1-year classes supported the fishery
at Kozhikode and Alleppey. The differential growth rate in males and females is observed through-
out the period of observation, The larger size range of females seen is probably due to the increased
rate of growth of females in the later part of their life as observed by Panikkar and Menon (19535).
The breeding season of the species observed at- Bombay is more protracted than what was observed
by these authors, ’
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Parapen&eoﬂfs hardwickii

The total number of specimens of this species in the samples was very poor in all the months ex-
cept November, De¢ember and Januvary. The size frequency Bistograms (Fig. 7) o_btainaél from these
samples do not present a connected picture for following the growth. Howevér, these polygons
brought out another interesting feature of this species. The wide disparity of the sizes of males and
females is very striking. The females are recorded up to a size of 125 mm. while the largest size
of males seen is only 85 mm, Males are very poorly regresented in the catches also, --In the distri-
bution of sizes it is seen that the size range of females begin from the point where the size range of
‘males end giving more or less a contipuous picture when both the sexes are considered together,
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Solenocera indicus

This is a smaller species; the maximum recorded length during this investigation being only
110 mm. The species appeared in the catches of Versova only. The histograms showing the size
frequency of the species (Fig. 8) show wide disparity in the sizes of males and females; the largest
male observed being less than 90'mm, The youngest size group of this prawn begin to appear in
the catches from October-Noveniber onwards, The youngest size group in November 1959, being
constituted by males, stand at 41-50mm. In the succeeding months this mode is seen shifting
towards right side of the histograms indicating growth. In May 1960 this mode stands at 76-80 mm.
showing a growth of about 25 mm. in 6 months. The monthly growth increment, therefore, appears
to be around 4-5 mm, In females the mode at 61-70 mm. observed in December is se¢n shifting
to 86-90 mm. in five months showing the same rate of growth. By back-calculating on the basis
of this rate of growth it can be seen that the young individuals at 41-50 mm. seen in November have
completed nearly 10 months of life having been born in Januvary or December. Fresh young
recruits seen in January are probably those born in April.  Therefore the mode seen at about 90 mm.
in December are due to the 1-yeai class. This year class is entirely supported by females only. The
entire fishery is therefore constituted by O-year class of males and 1-year class of females.
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DIsCUSSION

The prawn fishery at Bombay is probably uhique in having a wide range of species supporting
commercial fishery. At least 12 species of prawns among the 30 listed (Kunju, 1967) are
being commercially exploited. Some of these species, particularly the caridean prawns, do not exist
as a fishery in other parts of the country, The occurrence of Solenocera indicus as a fishery adds
significance to the region as in no other part of the world this species supports a fishery.

Figures 1 and 2 show the relative preponderance of important penaeid prawns in the catches
and their sequence of occurrence, The magnitude of occurrence of different species in inshore and
off-shore catches shows some amount of variation which can be due to many reasons, The migra-
tory habit of the prawns, the selectivity of the gear and the capacity of the trawlers to move from
one ground to another are the chief reasons for this variation. The regularity of the succession of
these species, when fully estabtished, will enable to make short-term predictions which will be of

benefit to the industry. Details of the life-history of many of the species remain unexplained and
the present observations clearly indicate that some of the species that occur in Bombay waters are
only passing through these waters at certain times of the year.
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Shaikhmahmud and Tembe {(1960) have observed the breeding period of M. affinis in April,
May and June while the present observations show that the species breeds throughout the year with
intensity of breeding during the period December-February and June-August, The same authors
have observed the breeding season of P. stylifera as Febrvary to June whereas from the present
observations the breeding of the species seems to take place from September io February and also
in May. Their observations on S, irdicus did not include mature specimens,

The continuous breeding habit of M, affinis is seen from the multimodal distribution of sizes
in practically all the months, The striking disparity of sizes of males and females seen in P, hard-
wickii and S, indicus need further investigation. In P. hardwickii males and females are found in
distinct-and widely separated size groups, males being always smaller. In fact, the size range of
females begin from the point where the size range of malesend. In §. indicus although the size range
of males and females overlap to some extent their modes are widely separated. This is probably
due to extreme segregation of sexes involving males leaving the fishing ground early in life. As
a possible explanation to this phenomenon sex reversal (Protandrous hermaphroditism) in these
species should not be compietely ruled out. Such conditions are known to exist in the European
prawn Pandalus borealis (Rassmussen, 1942). P. borealis functions as male in ¢arlier part of its
life and as female in the later part of life, Only directed and continued research can elucidate this
point in respect of the above two species,
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PRESENT STATUS OF THE KING CRAB IN ALASKA

Guy C, PowgeLL AND GEORGE W, GRAY, JR.
Division of Biological Researt'h, Alaska Departmemt of Fish and Game, Kodigk, Alaska, U.S.4.

The Alaskan king crab fishery is a new, rapidly expanding operation conducted along over 21,000 mijles
of Alaska’s submerged continental shelf to depths of up to 200 fathoms. Fishermen characteristically con-
centrate their efforts in accessible areas and gradually move to less exploited areas as success declines, Com__-.a_ B
mercial harvest appears to improve stock health without jeopardizing reproductive potential, L

ABSTRACT

During the past 18§ years the Alaskan king crab fishery has grown from obscurity to world-wide

importance. King crabs are harvesied commercially along more than 21,000 miles of Alaska’s

coast from Juneau in South-eastern Alaska to Adak in the Aleutian Islands, and to the Bering Sea.

The Bering Sea king crab resource has been historically fished by the Japanese since 1930 and

li; the only rggion of the Alaskan continental shelf where significant foreign harvest of king crabs
s occurred,

The Alaskan king crab fishery is divided into eight general areas. From south to west those
areas are referred to as South-eastern, Prince. William Sound, Cook Inlet, Kodiak Island, Chignik,
Peninsula, Aleutians, and Bering Sea. Commercial harvest began in the west and gradually

’1119%?(! south with Alaska's production rising from one-half million crabs in 1953 to 11 million in

American processing of king crabs began in 1920 on a small-scale with sporadic production
until 1946 when two trawlers led the way into the Bering Sea and began freezing operations there,
King crab calches increased steadily through 1953 with the Bering Sea as the major producer,
Kodiak Island and Cook Inlet areas were second and third in importance, In 1954 Kodiak Island
area became the major producer. It has retained the lead with production doubling annually
during the past three years, from one million crabs in 1960 to four million crabs in 1963, Other
areas with catches in excess of one million crabs during any one year include Cook Inlet, Peninsula,
and the Aleutians.

The king crab fishery was pioneered by small, salmon, purseseine boats which fished for crabs
during the off season winter months. Fishermen harvested crabs from bays adjacent to their
villages and sold them daily since no facilities for keeping crabs alive were available aboard ship.
Lucrative harvests paved the way for larger, more sea~worthy tanked vessels capable of fishing
distant ocean areas for many days without unloading. Then, as now, only male crabs were utilized
by the commercial fishery,

Early research by the Federal Government aided the infant industry by developing and
improving food technology and processing skills, As the king crab fishery expanded basic bjo-
logical research was initiated by both Federal and State agencies. The former conducted investi-
gations on factors governing yield, e.g., growth-recrujtment, mortality, and abundance of stocks
in the Bering Sea and the latter studied the crab populations of the Kodiak Island area. Early
investigations included extensive tag and recapture programs.
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King crabs migrate to shallow water in the spring, congregate in pairs and breed, Female
crabs molt annually as a necessity immediately before ovulation and breeding occur. Those
adult males which molt do so one to three months in advance of females,

Sexual maturity of both sexes is attained at an age of from 5-7 years. Male crabs become
large enough for commercial harvest at an age of 7 or 8 (7 inches in greatest width of carapace).

King crabs are long lived animals with the Alaskan commercial population composed of
approximately 7 age classes consisting of crabs from 8-14 years of age. Concentrated fishing on
some stocks is exceeding annual recruitment causing a decrease in the average length and weight
of crabs and a reduction of abundance. Other stocks have been relatively unexploited.

Sublegal male crabs have been observed to breed with as many as five femalesand field observa-
tions in the Kodiak Island area indicate the stocks are in a healthy condition, Commercial harvest
appears to favor growth and increased production. At the same time a successful continuous
increase in annual production from any one stock is dependent upon abundance of crabs from all
age classes. Harvests exceeding the annual incrément can continue only until all the older age
classes are cropped. After this time production will stabilize according to abundance of recruit-
size crabs, Total Alaska production will not decline markedly as long as unexploited fisheries
are continugliy brouﬁht into production. Research has indicated that heavy utilization of crabs
larger than seven inches will not adversely effect a stocks ability to reproduce even though annual
commercial production from that area may decline drastically.
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ABSTRACT

The scope for increased exploitation of the prawn resources is envisaged in the recent exploratory fishing
operations by the Indo-Norwegian vessels during Scptember 1963 to May 1964 in the Karwar region, M. affi-
uis, M. dobsoni and P, stylifera are the jmportant species occwrring in- the trawl fishery. From the high
average catch rates in some of the months, it appears that the prawn fishery is comparatively beticr in Se;
tember to February. The highest figurcs lor catch per hour of trawling between 8-10, 10-15 and 15-
fathoms respsctivaly were 3-48 kg, 17-61 kg. and 12-56 kg. thus pointing to the comparatively better catches
of prawns in regions between 10-15 fathoms, Dotailed areawise analysis has been made of the catches in
trawling operalions off Karwar with special reference 1o prawns. :

PrAWNS and other crustaceans constitute on an average about 17%, of the total anaval catch of food
materials from our seas. The statistics of the landings collectcd at Karwar (North Kanzia) during
: the last few years showed that prawns accounted for only a very small percentage, since fishing was
_resfricted to regions upto about five fathoms, There was however unprecedented heavy prawn
. fishing in the Karwar Bay immediately after the South-west monsoon of 1962,

Experimental fishing at Karwar from Septemter 1963 was carried out for a proper and scientific
recording of ihe fish distribution and fishery potential of the area, The entire arza was divided into
one mile squares upto about 20 fathoms and a scheme was drawn up for sampling the area in a sys-
tematic manner throughout the fishing season. The procedure adopted was to have a minimum of
two hauls of one hour duration in every month from gach block. “INP 167”,“M 4°’ and " Karwar
Ne. 1"’ commenced exploratory fishing in October, Szptember and November respectively, The

“area operated by these three vessels were within 10 fathoms, 10-15 fathoms and 15-20 fathoms res-

_pectively. The present report refates to the data collected during September 1963 to May 1964 with
special reference to prawn catches. Since prawns remain close to the bottom or partly buried in
mud, it was felt that fishing with trawl nets could ensure efficient capture and hence shritnp trawls
were used throughout the period of observation,

The total guantity of prawns landed at Karwar during September 1963 to May 1964 was
14,026 kg. comprising about 6%, of the total trawl catches. The fishing effort put in was 1,124-30
hours and the average catch rate of prawns per hour of trawling for the period worked out to
12-47 kg. Miscetlaneous fishes formed the majority of the catch (82-08%,) and prawns formed the
next important category, the third in the order of abundance was Elasmobranches (4:19%). The
mo&uhly percentage of prawns in the total trawl catch fluctuated between 3-14%, during the pericd
under repotrt.

The monthwise prawn landings recorded at different depths by the three vessels together with

the catch per hour of trawling are shown in Table 1, The caich per hour of trawling (catch per unit

" of effort) is a measure of the available stocks in the sea and it is this parameter whic]g: gives the most

“important clue for developing a suvitable conservation and management policy for any fishery

(Ricker, 1940). It is this same criterion (and not (he total catch) that is valid in comparing the per-
formance of different vessels also (Hickling, 1946 2 and &).

* Published with the permission of the Director, Central Marine Fisheries Research Instituts, Mandapam Camp,
*® Presant Address: Central Marine Fisheries Rescarch Centre, Vizhingam (vig) Trivandrum,

EM=-1V~12
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TasLE I
Details of prawn landings by the mechanised vessels of the INP from September 1963 to May 1964

Name of the vessels .. “INP 167" “M 4 “Karwar No. 1" All vessels combined
Range of Operation
{fathoms) . 8-10 ) 10-15 15-20 8-20
Fishing c.p.h. Fishing ¢.p.h, Fishing c.p.h. Fishing c.p.h.
Months effort of effort of effort of effort of
inhrs, prawns in hrs. prawns in hrs, prawns in hrs, prawns
September 1963 .. ., . 23415 . o . 2315
October 1963 . 38-15 . 48-00 .. .. . 86-15 e
. November 1963 . 5200 769 55-00 31-09 16-00 4-37 12300 17:72
December 1963 . 27445 1-44 6000 19-66 53-30 6-20 i41-15 10-98
January 1964 . 3415 0-73 68-00 11:97 55-00 6-30 157-15 754
February 1964 . 20400 14-76 5600 42-50 41-30 30-07 118:30 332
March 1964 v 62:00 209 66-00 13-26 68-30 18-54 196-30 11-58
April 1964 o 5930 924 56-00 18-12 64-00 731 179-30 1t-22
May 1964 ) e 2300 1-08 45-00 9.57 31-00 13-70 99-00 3-89
Total .. ANT45 348 47715 17-61 329-30 12:56 1,124-30 1247

A close study of the Table reveals the following points: (1) All the three vessels under operation
netted prawns from November 1963 to May 1964.  (2) The caich rate for prawns during November
was 17:-72kg. During December and January a decline in the catch rate was noticed with 1098
and 754 kg. respectively. The maximum catch was recorded 1n February when the catch rate rose
to 33-23 kg. After February, the catches dwindled and by May it r=acked the minimum the catch
rate being 8:89 kg. (3) It appears that the prawn fishery for the September-February period
was much better than that for the March-May period, the average catch rate for these two periods
being 1363 kg. and 10°88 kg. respectively. (4) All the three vessels recorded the highest figures of
catch per hour of trawling during February 1964, i.e., “*Karwar No. 1" (15-20 fathoms) =30-07 kg.
“M 4> (10-15 fathoms) = 42-50 kg. and ““INP 167" (9-10 fathoms) = 14:76kg. (5) Indications
are that the prawn catches are comparatively good in regions between 10-15 fathoms, The figures
for catch per hour of trawling between 8-10, 10~15 and 15-20 fathoms respectively were 3+58 kg.,
17-61kg. and 12:56 kg. (6) Towards the close of the season, i.e., May 1964 the catch rate in the
15-20 fathom region showed an increase with 1370 kg. than the previous figure in April (7-0! kg.).

Whether this tendency is due to the migration of prawns to deeper waters is a question that can be
answered only after continuous observations for a few years.

Metapenaeus affinis, Metapenaeus dobsoniand Parapenacopsis stylifera are the important species
that supported the trawl fishery. Based on the analysis presented, it can be presumed “that the prawn
beds of this area are likely to be situated in regions between 10~15 fathoms.  Refercnce may be made
here to the observations recorded carlier regarding the off-shore prawn fishery at Ernakulam that
the 6-12 fathom area was found to be most productive with two distinct zones, 6-8 fathom area for
M. dobsoni as a predominant species and 9-12 fathom with M. affinis predominating. The present
analysis has revealed that Karwar area has proved to be an important prawn trawling ground of this
coast. A point that shouid be stressed in this connection is that the data presented are based on
exploratory fishing and not on intensive commercial fishing.
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Fishing with mechanised vessels at Karwar has yielded encouraging results. A total catch of
2,36,604 kg. were netted by trawl net during the nine-month period from September 1963 to May
1964 with an average catch of 21052 kg, per hour of trawling.
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Fra. 1. Catch perhour of trawling of prawns at Karwar from September 1963 to May 1964,

Based on the data obtained, an attempt has been made to find out prospective good fishing areas
which can be profitably fished. Text-Fig. 1 represent the catch per hour of trawling for prawns
in the different areas of observation during Septemtber 1963 to May 1964. Since the data relate o
observation for only one season, 1963/1964 this report is essentially preliminary in character, How-
ever, it is hoped that the data presented here will stimulate more intensive exploitation of the prawn
resources of this arca in the years to come. Observations carried out for a minimym number of
at least five to six years is required for arriving at any positive conclusions. ;

The author is thankful to the Indo-Norwegian Project authorities at Karwar for placing at his
disposal all the log sheets of the different vessels and also for giving him facilities to go on board the
vessels for examining the catches.
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ABSTRACT

This paper deals with the obssrvations on the prawn fishery and bionomics of tha commarcial species
during May 1959 to April 1962. The principal landings consisted of Melapenaeus kutchensis and M. brevi-
cornis and the fishery for these occurred during the monsoon pariod (August-October) and winter {(November
Fobruary) respectively. .

Both the species appear to live for four years. In the case of M, kurchensis all the year classes are repre-
sented in the coastal waters and a length of 8185 mm., 106-110mm., 131-135 mm. and 146-150mm. is
reached by the respective year class. From the length frequency curves for this spacies that occurred in the
creaks the monthly growth rate is estimated to ba 5-7 mm. in the *0” year class. ¢ monsoon fishery was
constituted by the *0" year group. No marked disparitgein the sex ratio was noted. Bresding takes place
only in the séa and it extends from Fabruary to September with the peak during March-May. '

The commercial catches of M. brevicornis in the inshore waters were constituted by the 2 year class (86—
90mm.). Towardsthasnd of the season the Jrd year class (106-110mm.) appeared in the fishery and
a marked disparity in the ssx proportion was also noticed then. From the length frequency curves for this
spocics occutring in the lower reaches of the crack, the monthly growth rats has been estimated to be 3 mm.
in the 1 year group. In the second ysar group it is 2-7mm,

Hvidance is presanted to show that this species breeds during March-April which synchronises with the
disappearance of the fishery from the coastal waters. It is, thorefore, probable that ft migrates into the
deaper wam for breoding. The differential growth rates and survival rates 1n the iwo sexes of both the species
are m e -

INTRODUCTION

PRAWNS constitute nearly 60%, of the total marine fish catch of Kutch. The present paper is the
resul; of investigations carried out during May 1959 to April 1962 and deals with the study of com-
mc_rclal}y important species of prawns caught in the Kutch coast of the Gulf of Kutch, from the
point of view of the size groups entering the fishery at different seasons and the relationship of the
fishery to surface temperature, salinity and rainfall.

With the exception of the work done by Srivatsa (1953) who made a general survey of
fisheries with particular reference to the Saurashtra coast and that of the aguthor ( Rama)r’nurig; 1:'lr ;:31;
whose account deals with the distribution of the different species of prawns in the Kutch cuﬁst no
informatjon is availabi¢ on the prawa fisheries of this region. o

MATERIAL AND METHOD

Material for this investigation was collected fortnightly by random sampling of the com i
catches at Cherowari, and Takara (Text-Fig. 1). Cherowari is connectled l% thge open s:a I:;.;rell;f)l&l
Kandla and Hansthal creeks. Weekly samples were analysed from Kandla situated in the lowes
reaches of the Kandla creck. Apart from this, samples collected once a month from the depart-
mental catches of gunja at Cherowari during May 1960 to October 1961 and during February to

* Published with the permission of the Director, Central Marine Fisheries Rosearch Instituté, Mandapam Camp, '
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Apgli 1962 calmd those collected fortnightly at Luni and Modhwa from August 1960 are also included
in this study. ’

69¢ 70° ~ 71®
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69° : 70° ne
Fia. 1. Showing the location of fishing centres of observation in Kutch,

The type of net used at these centres was gunja (conical bag net) tied to stakes. The gunja used
incrcek-ﬁsli:?ng is 15’ long, 9’ in diameter with a mesh size of 13" near mouth to $* at cod end and
that used in the inshore waters of the Gulf is 72’ long, 18’ in diameter with a mesh range of 43" to
}*. At Luai, Paysi (rectangular shore net) 40° X4' with a mesh size of 1” to §” is operated. Fishing
by these types of nets is done taking advantage of the strong tidal flow, between depths of 2-12m,
'l_'{ie’ tidal range at Kandla is about 6 m. While coflecting the samples no distinction was made
bétween the catches of the different types of nets. The data gathered from the open gulf centres

are pooled,

In analysing the samples, the percentage values of the different species by weight were deter-
mined. For length frequency studies, total length (from tip of the rostrum to the end of the telson)
~was taken after separating the sexes. The maturity condition was also noted.

Salinity was determined by Mobr's method of the titration of the chlorides and the temperature
was recorded by the centigrade thermometer.

FISHERY AND CATCH COMPOSITION

_ ' Since the fishing is done depending on the tidal ﬂbw, the catches were generally scanty from the
7th to 11th day and from 22nd to 26th day of the lunar menth,

"There are two prawn fishing seasons in Kutch. The monsoon fishery occurs in the upper
reaclies of the erreeks during August to September, sometimes extending to October and this period’

- coinfides with the rainy season (June to October) of this region. The fishery is constituted almost
- gativoly by Metapengeus kufchensis. This species contributes to the bulk of the prawn fishery of
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Kutch which is however, erratic. The fishery was a total failure during 1960-61. The total landi’lil%S'
of prawns during 1959-60 and 196162 wer¢ estimated as 880 and 700 m. tons respectively. e
winter fishery occurs during November to February and it was observed to be more or less regular
unlike the monsoon fishery. The average annual production during the three years was 180 m. tons,
“The bulk of this fishery (60%) is constituted by Metapenaeus brevicornis. The other important
species found in the catches are M. kutchensis (20%), Penaeus indicus (11%,) and Parapenacopsis
sculptilis (1%). Occasionlaly M. stebbingi, Parapenaeopsis stylifera, Penaeus canaliculatus, Ace-
tes sp., Leander spp. and Hippolysmata ensirostris also are present in the catches, The fishery and
bionomics in respect of the two commercial species M. kutchensis and M. brevicornis are dealt with

below.
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I. Metapenaens kutchensis

The bulk of the catch is netted in the inner creeks of the Gulf during the south-west monscon
period (August to September) when the flood waters of the rivers Banas, Saraswati and Machu (Text-
Fig. 1) get discharged into the creek. Outside, in the coastal waters of the open Gulf, this species
is caught along with M, brevicornis in winter,

GrROWTH

The commercial fishery is restricted to a very brief period every year, In order to get a picture
of the occurrence of this species at other times of the year departmental gunja was operated once
a month at Cherowari. These operations, necessarily limited in frequency due to the inaccessibility
of the place, could not be planned so as to have any reference to the phases of the moon. The
monthly frequency curves based on the data collected thus, together with the frequency curves for
the commercial fishery are represented in Text-Fig. 2. It can be seen that during 1959-60 the length
of the modal group in the commercial catches was 56-60 mm. in August while in October another
group, viz.,, 81-85mm., was also represented, The fishery came to a close thereafier. From the
month to month frequency curves in 1959-60 the modal length is found to gradually increase from
36-40 mm. in May to 56-60 mm. in August and the monthly growth rate works out as 67 mm.
During 1960-61 the fishery failed. However, the analysis of the departmental catches revealed that
in September and the following months the length of the majority group was less than that in August,
reaching a minimum of 26-30 mm, in November 1960, In December the mode shifted to 31-35 mm.
But in subsequent months the majority group was varying in length irregularly between 26-30 and
51-55mm. till July 1961. In August and September 1961, when the fishing operations were on
a commercial scale the principal mode was at 86-90 mm. and the 51-60 mm. group was reduced to
an insignificant mode unlike the length frequency characieristics of the commercial fishery of
1959-60. It may not be that the 51-35 mm, group noticed in April 1961 could have reached the
jength of 86-90 mm. in August 1961 as the monthly rate of growth among these size groups is
observed to be 5-6 mm. at Kandla (Text-Fig. 3). Itis also seen from the length frequency curves
in Text-Fig, 2 that during November-Yuly the maximum size of the individuals was always below
100 mm. while during the period of the active fishery, i.e., August-October of 1959-60 and 1961-62
specimens upto a maximum size of 128 mm., comparable to the sizes occurring outside in the sea,
were encountered in the fishery, Such comparable sizes do not occur at Cherowari at other times
of the year. [t can therefore be inferred that M, kutchensis migrates into the creeks during the mon-
soon period and gets caught in the commercial fishery. Such individuals appear to belong to the
_ O~year group as will be seen later. However, it is fairly clear that specimens measuring over 100 mm.
are very rare, the maximum size recorded being 128 mm. Bigger size groups are fovnd to cceur
only in the sea as will be seen later, In the light of these facts it is also evident that'M, kutchensis
migrates back into the sea.

The length frequency curves for M. kuzchensis that occur at Kandla are plotted in Text-Fig. 3.
Specimens measuring over 110 nm. were very rare. The modal group from month to month does
not show any progressive increase in size. During June 1961-April 1962 the majority length
group was between 61-75 mm. and each was found to remain unchanged for 3-4 months. How-
ever, in the earlier years it was seen that the 56-60 mm. modal size of June 1959 has shifted to
81-85 mm. in March 1961. These indicate a2 monthly growth rate of 5-6 mm. among these size
groups,

Though data on size groups at each of the fishing centres in the open gulf were not continuously
available it is atterpted here to present a picture of the age groups in fishery by clubbing the entire
data of the centres available during 1961-62, The total size frequency plotted for all sexes in the
coastal fishery (Text-Fig. 4) shows four modes, g, b, ¢ and 4 at 81-85, 106--110, 131-135 and 146~
150 mm. respectively. The sizes attained by this species as well as the rate of growth are comparable
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to those of M, monoceros (George, 1959) and hence these may be considered to represent the 0, 1,
2 and 3 year classes respsctively. However, it will be worthwhile to have more data for a detailed
analysis of the age groups with particular reference to the centre of observation.
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_Fm. 3. Length frequencies of M, kutchensis at Kandla.

DIFFERENTIAL GROWTH RATE IN SEXES

Length frequencies for the two sexes separately in August and November 1960 and August 1961
at Cherowari and in February 1962 in the coastal fishery are shown in Text-Fig. 5, Females have
a higher growth rase as observed in the case of other species of prawns (George, 1961). But it is
not quite ap; 1 early in life as the fraquencies for August and November 1960 would indicate,
The largest fsmale measyred 164 . while the largest male measured only 148 mm,
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SEx RATIO

The determination of sex-ratio in the commercial fishery during 1959-60 and 1961-62 shows
a slightly higher p2rcentage for females in both the years, the respictive percenteges of males and
females being 47-4 and 52-6 and 48-1 and 51 -9,

The percentage of males and females in the coastal waters measusing 101-125 mm, and those
measuring over 126 mm., in the total number of each sex has been calculated separately for 1961-62
and is shown in Table I, _ . :

_.,TABLE 1
e
Percentage of males and ferfiafes of M. kutchensis in specified size groups

5 Total
101-125 mm. 126 mm. and over number
- maasured
% %
Male 23-2 47 698
Female . 21+5 13-0 738

'The proportion of females of the size 101-125 mm. is more or less equal to that of males while
in the next size group of 126 mm. and over, the proportion of females is markedly higher 1han that
of males. Since these sizes (126 mm. and over) would include individuals more than 2 year old,
these percentages would indicate that the proportion of prawns, particuiarly the males, surviving
beyond 2 years, is quite small.

Foop

The analysis of the stomach content of M. kutchensis ranging from 40-130 mm, in size revealed
that they feed on the detritus at the bottom and the stomach content therefore usvally shows con-
giderable amount of mud. Sand grains were also presant, Among the recognisable remains are
the crustacean appendages, molluscan shell remains and foraminiferans. Algal matter was also
noticed on several occasions.

BREEDING AND MIGRATION

Males measuring over 100 mm. are found to carry spermatophores. Mature fsmales were
generally rare and they were never recorded from the crezks. The smallest mature female measured
122 mm. The highest percentage of mature females occurred during February to September.
Occasionally spent ones were also noticed during March-May which suggest that breeding takes
place during this period.

As pointed out earlier, individuals belonging to the ‘0'-yecr gioup appear o migrate into the
creeks during the monsoon period. They probably do so in search of low saline waters and migrate
back into the sea as a result of the increase in salinity in the creeks as will be seen later . Breeding
takes place only in the sea since mature femalgs and spent ones wer¢ obtained only from the maripg
environment,
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Facrors INFLUENCING THE MONSOON CATCH

Among the fishermen there is a wide-spread belief that the rainfall exerts a considerable in-
fluence on the fishery. In Table H the monsoon prawn catch and rainfall together with the salinity-
ranges at Kandla separately for the monscon period and for the rest of the year during May 1958
to September 1962 are presented, Salinity estimations of the water at Cherowari were also
carried out during July to October of 1960-61 and 196162, the mean monthly range in salinity
being respectively 34:21-54-28%, and 12-43-27-84%,. It is seen from the tabie that the salinity
ranges at Kandla reflect the effect of rainfall to a considerable extent. The fishery completely
failed during 1960-61 and the rainfail also was least in that year, consequent on which the salinity
remained high. Though no data on rainfall are available for 1961-62, the salinity rangesat
Kandla and Cherowari indicate that the monsoon was active in that year asin 1959-60and the
fishery also was good in both these years.

TaBLE TI
Landings of M. kutchensis fn relation to rainfall and salinity

Prawn Salinity range in %, at Kandla
Year landing Rainfall
in m, tons in ¢m, July-Octobor  Rast of the year
1958-59 .. 862 31 No data No data
‘195960 .. 880 824 15:56-24-70 29-50-37-21
1960-61 .. Nolandings 13:3 36:51-38-78 36-44-41-88
1961-62 .. 700 No data 25-40-26-71 32-63-41-35

II. Metapenaens brevicornis

The commercial catches of this species are taken only from the sea,  This species is never caught
in significant quantities at any time at Kandla. It is however interesting to note that the size groups
occurring in the creeks were entirely different from those of the coastal waters of Kutch and hence
the month to month fluctuations in the sizes occurring in the creeks were followed.

GROWTH

The size range of the species together with the modal sizes in each month at Kandla during
1961-62 are shown in Table III. During February-May it was not represented at all in the catches.
The smallest modal size 26-30 mm. occurred during September. At other times the majority
group varied in length between 36-40 and 51-55 mm, Individuals measuring over 65 mm. were
very rare. The majority length group of 41-45 mm. in October appears to have grown to 51-55
mm. in Janvary 1962 which indicates a monthly growth rate of 3:3 mm,

The coastal fishery during the first year could be kept under observation only till December 1959
while in the subsequent years it was followed throughout, Table 1V represents the monthly average
percentage values of the species by weight in the catches of the coastal waters. M. brevicornis appears
in the inshore catches from August when they were caught in small quantities. After the period of
the active fishery (November-February), when the catches comprised chiefly of this species, it was
continued to be caught in small quantities till March-April, '
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Tance HI
Size range and modal size of M. brevicornis ar Kandla during 1961-62

Month Mmoo
May w  Specimens absent in the catch
June . 36-40 34-52
July . 46-55 36-65
Auvgust .- 36-40 29-61
September . 26-30 . 21-53
October . 41-45 31-56
November . 46-50 47-66
December . 51-55 36-35%
January . 51-55 M-75
February . Specimens absent in the catch
March .. Specimens absent in the catch
Apri .. Specimens absent in the caich
TabLE IV

Momhly average percentage values for M, brevicornis in the marine carches

August  September October November Docomber January February March April

1960-61 .. 11-0 250 30:0 27-0 41-0 . 82-0 28-0 1-0
1961-62 . 14:0 211 240 427 519 47-0 55-1 25 290

The size groups of M. brevicornis occurting in the sea are shown in Text-Fig. 6. When this
species started appearing in August the dominant size was at 66-70 mm, in all .the three years,
A progression of this mode to 8185 mm. in December 1959, 86-90 mm. in March 1961 and Aprit
1962 is clearly noticeable. The lengthy of the majority group in the commercial catches was
86-90 mm. and the age when this length is attained could not be ascertained since no other earlier
gize groups are available in commercial quantities. However, according to the findings of Raj‘in-
lakshmi (1961) this may represent the two-year old group, The monthly rate of growth in this
group appears to be 2-7 mm, Larger size groups enter the fishery towards the end and the modal
size of 106~110 mm, noticed during February-March would seem to represent individuvals in the
fourth year of life (3rd year class). The rate of growth is found to be diminishing with the ageing of
individuals. The largest size group 126-135 mm. has been recorded only during February to April
1962 and they were entirely females, They however form only a small part of the entire population
as can be judged from the catches of the three years, Itis not possible from the available data to
determine whether they are older than four years, Under the circumstances it can only be stated
that the species lives for four years, . . .
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Fia, 6. Leagth frequencies of M. brevicornis in the coastal fishery.

DIFFERENTIAL GROWTH RATE IN SEXES

The study of the length frequency curves of the two sexes separately (Text-Fig. 7) shows that
-there is a differential growth in the sexes, females having a higher growth rate as in the case of
M. kutchensis., The largest male and female measured 103 and 135 mm. respectively. Quite
earty in life such a differential growth is not apparent as the frequencies of both the sexes in the creek

were noticed to be the same at Kandla.

been observed by Rajyalakshmi (1961).

Sex RATIO

Such characteristics in the growth rate of sexes have also

The monthwise sex ratio in the catches daring the three years is shown in Table V, 'T_he dié-'-
patity in the proportion was not generally great during the active period of the fishery (November~
January). Towards the fag end of the season the proportion of females was much higher,
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TaBLE V
Percentage of males and females of M., brevicornis in the commercial caiches

Year Sox Auvgust September October November December January February March April

1960-61 Male 44-4 210 4040 45-5 49-3 53-8 2040 250
Fomak £3-6 710 600 54-5 507 45:2 80-0 750
1961-62  Male 86 36-1 33-3 42-3 493 445 31-8 275 595
Female  61-4 63-9 667 57.7 507 555 682 725 405
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Fic. 7. Differential growth rate of sexes in M. brevicornis.

The percentage of males and females measuring 81-100 mm. and 101-120 mem. in the total num-
bers of each sex has been calculated separately for 1961-62 only and are presented in Table VI,

TaBLE V]
Percemage of males and females in specified size groups of M, bravicormis

81-100 mm, J01-120 mm. Total number measured

% %
Mala . 50-8 06 823
Female .. 421 309 1,120

The proportion of males in the 80-100 mm. size range is slightly higher than that of females.
But in the 103=120 mm. group the proportion of females is markedly higher.  Since the sizes chosen
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for both the scx=s would almost entirely includz the 2 and 3 year old groups respeciively, it would
appear that the proportion of males surviving in the fourth year of life is quite small,

Foob

The examination of stomach content of M. brevicornis ranging in size from 40-110 mm. showed
that the composition of food was similar to that of M. kutchensis. But vegetable maiter and mud
were less common. ,

BREEDING AND MIGRATION

Males measuring over 70 mm. were found to have spermatophores, Mature females were very
rare in the commercial catches, The smallest mature female that was captured measured 105 mm.
This length is reached normally when the prawns are 3 year old. But it is difficult to conclude
whether females mature only then, with the available data,

Lmpregnation was not noticed among individuals below 70 mm. The percentage of impregna-
. tion was highest during February—April ranging from 31-69%, as against 1-129, during August
to January. The majority of impregnated individuals belonged to 101-125 mm. groups. Mature
females and spent ones, though rare, were obtained in the inshore catches only during March-April
which appears to be the breeding period for this species. The species found in the east coast is
reported to breed twice in a year (Rajyalakshmi, 1961},

M. brevicornis starts leaving the inshore waters early in March till they finally disappear in April,
There appears to be some relationship between this fishery and the surface temperature of the coastal
waters. The mean monthly temperature maximom (29+1-29-3° C.) was in June-July in this coast
(Table VII). It was declining subsequently till the minimum was reached in Januvary (16-5-17-7°C.).
Coincident with the fall in temperature M. brevicornis commenced to appear in the inshore catches
and the active pericd of the fishery was from November-February. When this species starts
leaving the inshore waters early in March, the t¢mperature was on the increase. It is therefore prob-
able that the prawns migrate into the deep cooler waters for breeding,

As pointed out earlier M. brevicornis of sizes smaller than those in the sea occurs in the creek.
It is likely that they are washed up by tidal action into the creeks rather than as a result of active
migration since they were never caught in any significant quantities at any time of the year. Under
the circumstances it can only be stated that the young ones live in the sea beyond the present fishing
limits and that they migrate into the inshore waters when they are probably two year old.

TasLE VII
Mean monihly temperature (°C.Y fluctuations at Kandla

May  June July  Aug.  Sept. Oct, Nov. Dec. Jan. Feb, March April

1959-60 26-5 290 283 27.5 218 217 235 214 19-0 203 230 257
1960-61  27-3 290 293 289 2841 273 234 192 -7 189 24-3  25:6
1961-62  28-3  29-| 291 28-2 286 2601 2241 18-8  16-5 18-l 1942 24-4
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SUMMARY

This paper deals with the observations on the prawn fishery and some aspects of the bionomics
of the two commercial species—M. kutchensis and M. brevicornis,

Based on the length frequency studies, the span of life and the lengths attained by the respective
year groups have been estimated. The difference in the growth rates of the sexes is also elucidated.
The sex ratio in the commercial fishery has been worked out and the percentage of males and females
in specified sizes is calculated 1o show the extent of the survival of the sexes in the dificient age
groups. The breeding and migratory habits are discussed.

_ The fishery for M. kutchensis and M. brevicornis is shown to be related to the rainfali ard sali-
nity and temperature of the coastal waters respectively.
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THE FISHERY FOR DEEP SEA PRAWN IN NORWAY

BIRGER RASMUSSEN

Institute of Marine Research, Bergen, Norway

ABSTRACT

The sea prawn, Pandalus borealis, is a boreal species widely distributed on soft bottom arcas along
the coast of Norway and in the adfacem arctic water. The commercial fishery for deep sea prawns in Norway
started originally in 1897 as a result of scientific marine research, In the subsequent decades substantial pqlphu-
lations of prawns have been found in flords and inlets along the coast as well as in off-shore arcas. e
commercial fishery for prawns spread slawly from south to north, Towards the end of the 1940°s commercial
fishing for prawn was carried on in the Arctic waters off northern Norway, The prawn fishery in many
districts provides a vital substitute for failing cod and herring fisheries. Today, with about 12,000 tons of
prawns landed, the fishery for deep sea prawns is the fourth most valuable commercial fishery in MNorway.

Biological studies have systematically been carried out since the 1930%s on the sca prawn. This
species is a protandric hermaphrodite, i.e., the prawns are males in the first period of life, and later change
into females. In spite of an increasing fishery the decp sea prawn seems to be in no danger of overexploitation,
There are apparently enough fa\rouratle breeding locations in areas which cannot be fished commercially, and
which constituie a reservoir of prawns. There is no evidence that protection of the prawas in specific areas
or seasonts would be beneficial. The only protective measure enforced is a minimum mesh size of 30 mm.
in th]e prawn trawl. This is in order to protect the small youngs which will escape through the meshes of the
trawl. .

NorwAY is a long and narrow country facing the North Atlantic Ocean. Iis coast stretches from
58 degrees N. Lat. to 71 degrees N. Lat. Many deep narrow inlets, called ** Fjords™, cut in(o the
country, and off the coast are found numerous islands, skerries and submarine rocks forming a
barrier against the onslaught of the heavy ocean swel and the hard winter storms, :

Many species of shrimps are found along the coast, but the only one being of commercial value
is the deep sea prawn, Pandalus borealis. This species 15 only found in the northemn .part of the
Atlantic and in guantities also in the northern part of the Pacific Ocean. The habitat of the
deep sea prawn is the cool water of the deep parts of the ocean, and only few prawns of this species
are found in shallow areas. Commercially it is fished for in depths between 30 and 300 fathoms.
Experimental fishing has proved that the deep sea prawn also can be quite numerous in 500 fathoms
of water. This prawn seems to prefer arcas where the bottom temperature is 3-8°C. It is very
sensitive to rapid changes in temperature even in this temperature interval, If for instance colder
water suddenly covers the bottom the prawns will flee such surroundings tetiporarily but gradually
return as they became acclimatized.

In the deep submarine valleys off the Norwegian coast, and in the fjords and inlets we find
locatities where a commercial fishery for deep prawns has developed. The shrimps live on softand
muddy bottom which most ofien is found in submarine valleys or in deep depressions on the off-

shore banks.

The deep sea prawn is a protandric hermaphrodite. The prawns are ail males during the first
part of life, but later they change their sex and become females, a state which Jast for the rest of their
life. The deep sea prawn spawn in late autumn, the females becoming berried usually during the
month of Qctober. Just before spawning the females cast off their old chitinous shell, so that they

EM-1IV-13
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are in a soft-shefled stage while spawning, In this period the deep sea prawns often leave the soft
bottom area and migrate into stony and uneven parts of the sea bed nearby. The probable reason
for this migration is to find protection aslongas they are soft-shelled and vulnerable to their enemies.
The commercial catch of large prawns in this period will decrease, and the prawn ground is tempo-
rarily dominated by the small-size prawns, A similar off-season in the prawn fishery alse occur
in spring when the prawn eggs are hatched. Also now the females cast off their old shell and
become soft-shelled, The eggs hatch in March-April. The larvae of the deep sea prawn drift
with the ocean currents for about three months before they settle on the bottom. This means that
the prawns produced in one area for a great deal is carried away by the currents and will settle in
other areas.

Our investigations of the deep sea prawn in Norway have shown that the rate of growth and the
age of the prawns upon spawning can vary greatly from one area to another. 1n Norway the prawn
populations in the various {jords can be considered as separate biological units. We have found
that generally fjord populations of the deep sea prawn ofien have a slower growth and reach sexual
maturity at a higher age than in the open ocean.  Apparently it is the temperature in the sea which
is the chief factor determining the variations in growth and sexual maturity. A fishing ground with
a population of slow-growing prawns cannot stand the same fishing intensity as an area with a popu-
lation of fast-growing prawns. The prawn grounds in the open ocean off the coast show less varia-
tion in regard to growth and maturing. Due to the influence of the Guif stream which runs north-
wards along the Norwegian coast the temperature on the off-shore prawn grounds is more uniform
than what is the case in the fjords,

The fishery for deep sea prawns in Norway started originally as a result of scientific research.
In 1897 professor Johan Hjort at the Oslo University carried out marine biological investigations
in the Osto Fjord in southern Norway. While sampling the bottom fauna he found a relatively rich
population of deep sea prawns in the deepest parts of the fjord, and he recommended that a com-
mercial fishery should be tried. Already the following year experimental trawling with small sailing
vessels were carried out in some fjords with a primitive trawling gear. The experiment proved suc-
cessful and in 1899 ten vessels were engaged in the prawn fishery on a commercial basis.  From this
small local fishery a new fishing industry subsequently grew up. Today prawn trawling is one of
the most important fisheries in Norway, From this small beginning in Southern Norway the prawn
trawling gradually spread to other parts of the coast. In the 1920’ies and 193(ies the prawn
trawling was mainly carried out in the fjords and inlets, but gradually extensive prawn grounds

were also located in the open occan. This led to the development of an extensive deep sea fishery
“with large motor vessels.

During World War U the high sea fishery became strongly reduced, but after the war the expan-
sion in prawn trawling continued. This expansion must be regarded on the background of the
technical development in trawl and winch construction, and the iniroduction of electronic instru-
ments. Particularly the echo sounder proved of great value to the fisherman, With the echo
sounder they were able to chart the soft-bottom areas where prawns would be found and where the
configuration of the bottom would allow trawling. The deep seca prawn was also in increasing
demand on high price export markets.

During the years before World War 1I it was mainly the fishermen in Southern Norway who
were interested in the prawn fishery. After the war also the fishermen in Northern Norway became
conscious of the possibilities in prawn fishing. Today these northern grounds bordering on the
Arctic Ocean and situated between 70 and 71 degrees North Latitude, have a prawn fishery which
in Quantity can compete with southern Norway,

. The quantity of deep sea prawns landed in Norway increased from about 2,000 tons in 1946
to appt:oxlmately 12,000 tons in 1963 (see Fig. 1). Also the price of the prawns increased on an
expanding export market. The prawn trawling today is a valuable fishery particularly for the small
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boat fleet in Norway. The value of the deep sea prawn landed can today compete with that of some
of our great historic fisheries for cod and herring,

o -

THE DEVELOPMENT OF THE FISHERY
ol FOR DEEP SEA PRAWN IN NORWAY,
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Fi1G. 1. The development of the fishery for deep sea prawn in Norway.

Trawling for prawns needs only a relatively small expenditure on boats and gear, and gives a
fair economic compensation to the fishermen. The search for and mapping of new prawn grounds
is still going on, This work is partly carried out by the fishery advisers of the Fishery Directorate
and partly by the fishermen themselves. The finding of a new prawn ground can often be of great
importance both to the fishermen and to the districts where the fishing boats belong.  Asan example
may be mentioned the discovery of a large prawn ground in the open ocean off Southern Norway
in 1954. This discoveryresulted ina markecf expansion of the prawn fishery and strongly increased
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~tandings on this ﬁart of the coast. Previously the fishermen here had been dependent upon the her-
ring fishery which had been failing for a number of years. The develepment of such prawn fisheries
in the open ocean has continued till teday. A single county in Southern Norway may today have
2-300 vessels engaged in prawn fishing all the year around. A similar tendency to develop an all
year round prawn fishery we find also in Northern Norway.

The expanding prawn fishery does not only give an increasing profit to the fishermen, but also
provides a livelihood for thousands of people ashore which process and export the prawns. The
majority of the prawns are peeled and thereafter partly canned and partly frozen for export, Large
quantities are also cooked and marketed with the shell without beheading. These prawns are first
sorted in various size categories onboard the vessel. The large size prawns are then cooked on
board immediately after capture, and Janded for home consumption or for export to European
countries,

Many of the prawn fishermen have expressed their fear that the intense prawn fishery going on
today will result in overfishing of the prawn stock, and various protective measures are proposed.
They have for instance recommended that the berried females should be protected on the supposi-
tion that the prawn youngs would settle to the bottom in their district and thus increase the local
stock. Such a2 measure would result in a closure of the prawn fishing for about six months of the
year. Our investigations on the biology of the deep sea prawn have shown that a local protection
of a prawn ground inshore or in the open ocean will have now significance for the protection or the
increase of the local prawn population, The protection of the berried prawns in one area will prob-
ably benefit the fishery in quite another area. The reason for this js that the newly hatched larvae
resulting from the protected females will drift pelagically with the currents for a period about three
months and thus become distributed over a large area.

After the eggs of a female have been hatched the mother prawn has also reached the end of its
life. After producing their youngs they are decimated rapidly through natoral mortality. It must
also be taken into consideration that deep sea prawn are protandric hermaphrodites. The small
male prawns will during the winter change their sex into females, and thus constitute a new stock of
spawning females the next season.

The deep sea prawns are found along the whole Norwegian coast where there are areas of soft
clay or mud bottom. Besides the ordinary trawl grounds there are thousands of small spots with
soft bottom which cannot be fished at all. In these numerous small areas the prawns spawn with-
out being disturbed. Such spots therefore constitute reservoirs which ensures a steady influx of
prawns to the larger fishing grounds. The whole biological picture of the deep sea prawn does not
support the idea of any serious overfishing of this species. As an example that this holds true we
may consider the prawn grounds in the Oslo Fjord where the prawn trawling originally started. The
fjord has a shallow threshold at the entrance so that the prawn grounds largely constitute a closed
area, The prawns here have been heavily fished for 65 years continuously, but even today it gives
a normal production of deep sea prawns without any sign of overfishing,

In Norway we have nevertheless introduced measures to avoid needless fishing of very small
prawns. A regulation imposes a minimum mesh size in the prawn trawl in order 1o protect the
young small individuals which have no sales value. An enforced minimum mesh size of 30 mm,
in any part of the trawl allows the small prawns to escape through the meshes. The escaping prawns
will in relatively short time grow to a marketable size and then give a satisfactory economic yield
to the fishermen,

As mentioned before the deep sea praws is a boreal species preferring relatively cold surround-
ings, In this respect Norway bordering on the North Atlantic and the Arctic Ocean has a strategic
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position for the vtilization and exploitation of this resource. But at the same time this key geo-
graphicat position imposes an obligation on Norway to follow closely the development of the fishery
and to consider and enforce protective measures for the prawn stock which in the long run will give
the maximum sustainable yield. ' '

DisCussion

Dr. C. V. Kurian: What is the size of these prawns in the commercial fishery and what type of sea bottom they prefer ?

Dr. B. Rasmussen: The size of the prawns in the commercizal fishery is within 80-120mm, The prawns are found
in muddy substratum or a bottom of fairly fine sand with clay.



A SUMMARY OF KNOWLEDGE OF SHRIMPS OF THE GENUS PENAEUS AND THE
SHRIMP FISHERY IN MISSISSIPPI WATERS

: J. Y. CHRISTMAS AND GORDON GUNTER
Gulf Coast Research Laboratory, Ocean Springs, Mississippi, U.S.4.

ABSTRACT

The shrimp fishery is based camg]etely on species of Penaeidae. Landings in Mississippi ports showed
a relatively steady increase from 1887 until 1937 when landings reached 23-6 million pounds of heads- off
ghrimp (37-8 million pounds heads on). Several major fluctuations occurred during this period. A trend
of decreasing landings followed, reachindg a low of 44 million pounds in 1961, as boats landed their catches
clsewhere, and the total population declined.

Browns (Penaeus aztecus), pinks (P. duorarum) and whites (P, fluviatilis) have contributed most of the
annval catch in recent vears, In former years, roughly before 1950, only white shrimp were caught. Sea-bobs
(Xi us kroveri) have been caught in comparatively small quantities throughout the years, Royal

(Hymenopenaeus robustus), from deep water, have been listed with sea-bobs in statistical publications
since tember 1962. Sicyonia spp. and Trachypenens spp. occur in  Mississippi waters,” but the
commercial catch is negligible. There has been a decrease in the numbers of white shrimp both in total catch
and as a percentage of the catch, and a real population decline seems to have occurred in this species.

Analysis of the catch in Mississippi waters for the period 1959 through 1963 by area, species, size and
seas?nal att:undance has been made. Catch per unit of effort gencrally showed u positive relation with the
total catch,

Studies of postlarvae in Mississippi Sound in 1963 and 1964 revealed annual fluctuations in abundance
and mortality, Seasonal succession of abundance of the three chief species was observed. Survival and

m}x were apparently affected by salinity and temperature, Prediction of the availability to the commercial
on the basis of postlarval abundance required consideration of mortality in the succeeding juvenile

population.

Legislation permitted opening of the commercial shrimping season on the basis of biological inf i
rather than a set season, and this method of fishery adm?mstrauon seems to be advantageous. ormation,

INTRODUCTION

SHRIMP caught in State of Mississippi waters include all three major species in the Gulf of Mexico
catch, the white shrimp, Penaeus fluviatilis, the brown shrimp, P. aziecus, and the pink shrimp
P. duorarum.

Territorial waters along the Mississippi Gulf Coast cover about 900 square miles with maximum
depths of about four fathoms. Shallow open water between the barrier islands covers about half
of the coastline distance. Narrow, deep passes are located at the west end of the three off-shore
islands, Petit Bois, Horn, and Ship. Depth over the soft mud bottom found in most of the Sound
is generally two fathoms and less and does not exceed three fathoms except in very small areas.
The average depth is 10-3 feet,

Pascagoula River at the east and Pear] River near the west end of the Sound bring in quantities
of freshwater and nutrients into these estuarine waters. The Bay of St. Louis receives the flow of
the Jordan and Wolf-Rivers and the Biloxi and Tchouticabouffa rivers enter the Bay of Biloxi,
which are tributary to the Sound, Numerous bayous with smaller drainage areas and marshes add
to the nursery area. The general environment of the inner salt waters and the off-shore islands has
been described by Moore (1961), Priddy and Smith (1960) and Richmond (1962),
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An extension of the eastern border of the state passes south about 23 nautical miles east of
Louisiana’s Chandeleur Islands and reaches the fifty fathom curve about thirty-three miles east of
North Pass in the Mississippi River Delta at a point approximately fifty-seven miles south of Petit
Bois Island. 1In Fig. 1 the two inner areas, G121 and 011- 1, cover Mississippi Sound.

Area catch statistics are not available for years before 1956 but landings at Mississippi ports
show large periodic fluctuations. The first catch statistics, for 1887, show 11 million pounds for
the state. Four years later the catch was 0.6 million pounds. After 1890 there was a relatively
steady increase to 23-6 million pounds in 1937. During this forty-seven year period the only major
decrease occurred in 1930, a depression year. Decreasing landings after 1937 reached a low for
the twentieth century in 1949 when the catch was 2-8 million pounds. Up to this time only the
white shrimp, Penaeus fluviatilis, was commonly taken in commercial catches. Decrease in the
white shrimp catch led to expanded night and deeper water fishing for the pink shrimp, Penageus duo-
rarum, and the brown shrimp, P. aztecus. Six years later landings had increased to 136 million
pounds. Decreases followed in 1956, 1957 and 1958. Catches of 11:3 and 11-0 million pounds
in 1959 and 1960, respectively, dropped to 4-4 million in 1961, the lowest since 1908 except for 1958
and 1949. Better catches were taken in the next two years but 1964 landings may be lower than
those for 1963. These statistics are taken from various reports of the United States Fish and Wild-
life Service and its predecessors. In recent years catch statistics have been collected in collabora-
tion with the Mississippi Marine Conservation Commission,

Early catches were made by cast-nets, in small part, and mostly by haul seines up to 1,000
fathoms long. The otter trawl was introduced in 1918-20, and now all fishing is by trawl, although
the haul seines persisted until the early 1930’s, Boats and gear have increased tremendously in
size.

Sea-bobs (Xiphopeneus kréyeri) have been caught in comparatively small quantities throughout
the years, Royal reds( Hymenopenaeus robustus), from deep water, have been listed with sea-bobs
in statistical publications since September 1962. Sicyonia spp. and Trachypeneus spp. occur in
Mississippi waters, but the commercial catch is negligible.

Detailed biological studies of shrimp in Mississippi waters were not underiaken until late in
1962 when a study of post-larvae was started at the Gulf Coast Research Laboratory under con-
tract with the U.S. Fish and Wildlife Service, Life-history and other information appiying generally
to commercial species of Pengeus in the Gulf of Mexico are applicable. “Gulf Coast Shrimp Data™
collected by the U.S. Fish and Wildlife Service since 1956 supplies considerable pertinent data,

In general what has been referred to as the estuarine life-history (¢f. Guniter, in press) is charac-
teristic of the commercial penaeids of the United States Gulf coast. The adults spawn at sea and
the larvae make their way inshore to the low salinity bays where they raise and return to the sea as
they grow up. The larvae underge some twelve to fourteen moulis, passing through nauplius,
protozoea, mysis and postmysis stages, The larval stages are quite complicated and they are very
similar for the commercial and several non-commercial penaeids, They are not precisely known
for any one species. [kt is clear, however, that after the postlarval shrimp enter the bays they grow
extremely rapidiy, which was discovered by Viosca (1920) but had to be rediscovered again (Guunter,
1950) before the fact was widely recognized. The growth rate in summer ranges from 0+5-1+7 mm.
aday in length. [Increase in weight is extremely rapigl and where no shrimp are to be found at all,
because they are too small and are often far back in the shatlows, they suddenly appear in
commercial guantities and sizes, Then the fishery begins and the shrimp move out to sea.

Practically all of the white shrimp die after the end of spawning in the first year of their life,
While a few live into the second year, the species is to all intents and purposes a one year animal,
The pink and the brown shrimp are c¢rtainly short-lived, although the details of their life-history
ar¢ not so well known, _ _
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Fra. 1. Areas for the collection of statistics on shrimp catches. The upper two figures cover Mississippi Sound and
the third figure is for the off-shore region which includes all of Mississippi waters and part of those of Louisiana.

SpeCIFIC COMPOSITION OF THE CATCH

Statistical areas 011-1, Mobile Bay to Gulfport ship channel, and 012 -1, Gulfport ship channel
to Lake Borgne, cover Mississippi Sound, Although portions of these areas at the east and west
ends are in Alabama and Louisiana, respectively, catches in these areas give the best description of
. catches in Mississippi’s inland waters. Area 0110 extends from the barrier islands into the Gulf
between the western edge of Mobile Bay and the Chandeleur Islands. This includes Gulf waters off
the Mississippi coast. These areas are shown in Fig, 1.

Variation in the species composition, caich per unit of effort and total catch for these areas are
shown in Table I, The percentage of white shrimp is greater in the western portion of Mississippi
Sound than it is in the eastern area, The western portion is lower in salinity, and white shrimp
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prefer lower salinity than the other penaeids. Both show a greater proportion of whites than off-
shore waters. The low year, 1961, shows the lowest percentage of white shrimp in all three areas.
The catch per unit of effort in off-shore waters is, except in 1961, much greater than that in inshore
areas. However, the figures are not directly comparable because double rigs are not allowed to
fish in the Sound, but they are employed off-shore. A double rig is a two traw! outfit, one on each
side of a boat. Two trawls 30 feet in wingspread catch considerably more shrimp than one large
trawl 60 feet wide.

TaBLE I

Catch by area and species with annual cotch per unit of effort, 1959-63,
(From U.S. Fish and Wildlife Sevvice Smf;ma) ’

Brown Pink White Total Pounds per
thousand A hr,
Theusand Thousand Thousand pounds . day
pounds % pounds % pounds LA
Area 0111
1959 1,627 78:5 2 1-0 424 20-5 2,072 5407
1960 1,399 829 20 12 268 15-9 1,688 4543
1961 625 88-3 43 61 40 5-6 708 252:4
1962 818 84:2 18 1-9 136 13-9 911 4874
1963 897 91-3 10 1:0 76 7-7 982 9346
Total .. 5366 836 113 1-8 944 146 6,421
Area 012-1
1959 761 759 9 09 233 232 1,003 4947
1960 540 64-9 . v 292 351 832 - 3875
1961 194 82-6 . e 41 17-3 24 2560
1962 256 68+6 1 0-3 116 -1 KYX 320
1963 194 470 .- - 218 510 412 7360
Total .. 1,945 68-1 10 0.4 900 315 2,854 '
Area 0110
1959 7,433 39-4 §32 1-6 752 9:0 8,317 0979
1960 6,468 916 45 0-6 550 78 7,064 8480
1561 2,159 992 140 4-6 159 5.2 3,059 265-0
1962 2,331 774 6 0-2 821 22:4 3,658 513-2
1963 5,276 815 176 27 1,018 15-8 6,470 577-8
Total .. 24,767 86-7 4% 17 3,300 116 28,568 e

Pink shrimp furnish a small but significant part of the catch in the Eastern Sound and off-shore
w are caught in the Western Sound area, which lies closest to the great freshwater

. fe ' .
Hrz;e rgr tlierl\iississippi River, Gunter, Christmas and Killebrew (1964) have shown that in order

of their preference for saline waters the three commercial species of Mississippi are pink shrimp,
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brown shrimp and white shrimp. Inarea011-1, pink shrimp are taken in the spring, March through
June, in a limited area south of the intracoastal waterway. The period varies from year to year,
and, since catch per unit of effort is usuatly small, the total catch is probably controlied to a con-
siderable extent by price.

GrowTH RATE

Growth rate of shrimp in Mississippi waters has not been studied in detail. Available informa-
tion shows that rapid growth occurs only after water temperature rises to 20° C. Sub-adults in the
estuary probably grow more rapidly than off-shore stocks. The best estimate of average growth is
about 1-5 mm. per day in total length,

SPAWNING

Spawning undoubtedly occurs in off-shore waters. Ripe females are not ordinarily found in
Sound waters and there are no records of larvae. Pink shrimp dominate the caich of post-larvae
late in the fail, brown shrimp are most abundant in the spring months, and white shrimp in the carly
summet, indicating separate spawning peaks, In some years a second wave of browns occurs in
the late summer months,

LARVAL AND POSTLARVAL RECRUITMENT

There is no evidence that larval forms enter Mississippi Seund. Postlarvae with a mirimum
of three dorsal rostral teeth come through the passes between the islands and generally continue,
without stopping, to shallow inshore estuaries. In contrast, pink shrimp postlarvae are more likely
to inhabit Sound waters along the barrier islands.

The two year study of postlarvae has shown considerable annual variation in the time of first
appearance, their development through postlarval stages and mortality.

Brown shrimp postlarvae appear in February or March, reach pea_k numbers six to eight weeks
later and continue in the catch until fall, A second wave may occur in August and September,

~ Postlarval brown shrimp taken in the spring are significantly larger than those taken at the
same stage later in the year.

White shrimp postlarvae, distinctly smaller than browns at comparable developmental stages
in the spring but not separable from browns by size in summer and fall, reach inshore waters in late
May or early June. Maxirum recruitment occurs in June or July and may increase again in August
and September.

Pink shrimp, though not abundant, may dominate the catch in October or November.

DISTRIBUTION OF JUVENILES

Little is known about the movement of juveniles and sub-adults through the nursery grounds
and into off-shore waters. In thelast week of’ May 1964 juveniles in areas of Biloxi Bay which would
be open to commercial fishing, had a range in total length of 24-90 mm. with a mean at 55 mm.
Comparable size in this area is reached much earlier in some years.

In off-shore watets inside the ten fathom curve there is considerable annwgl variation in the
dominant size in the commercial ¢atch in June and July.
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White shrimp reach larger sizes than other species in the bays, Large populations of both white
and brown shrimp juveniles are sometimes found in inshore waters until late November. Their
fate is unknown. A small catch of large whites is taken from the Sound in May and June.

OfF-SHORE MIGRATORY PATTERN

There is no evidence of extensive along shore migrations of shrimp off the Mississippi coast.
Large white shrimp tend to concentrate to the southward near the mouth of the Mississippi River
in the winter. :
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DEEP SEA PRAWN (PANDALUS BOREALIS KR.) IN GREENLAND WATERS:
BIOLOGY AND FISHERY

Erix SMIDT

Greenland Fisheries Investigations, Charlotteniund, Denmark

ABSTRACT

The fishery on deq_:r;ea rawns at Greenland was started in 1935, and in the latest years this fishery has
increased very much. The opment of the fishery after World War IT is the result of extensive investi-
gations carried out by Greenland Fisherics Investigations.

The prawns are fished by means of otter trawls from small cutiers {15-30 tons) in fjords and coastal
areas in dl::pths between 250 and 400 m. where the bottom is soft and even, and the water temperatures are
positive {mostly 1-2°C.).

. The biology of the species, which is protandric hermaphrodite, has been studied closely. Occurrence,

© growth, development and reproduction are influenced by water temperature, Seasonal variation in water
temperature may cause varigtions in the yield of the fishery, as higher temperatures give better catches,
Extremely low temperatures (below 1-6° C.) have a mortal effece,

Fisheries investigations have shown that overfishing is hardly an actual problem. The trawling
gronnds are connected with immense areas where deep sea prawns are living but where trawling is prohi-
ited because of the bottom conditions.

INTRODUCTION

IN 1935 a prawn fishery was started in a small scale in two fjords at the town Holsteinsborg,
After World War I the leader of Greenland Fisheries Investigations, Dr. Paul M, Hansen, initiated
systematic investigations of deep sea prawns in West Greenland inshore waters, and these
investigations resulted in the discovery of extensive prawn grounds in the southernmost fjords and
in Disko Bay. An important prawn fishery has developed in the last 15 years, and to-day
industries are established in seven towns at the west coast (Jakobshavn, Christianshdb, Godhavn,
Egedesminde, Holsteinsborg, Sukkertoppen, Narssaq), The development of the fishery is seen
from Table I, which shows the total landings (metric tons) for all the years in which prawn fishery
has been carried out,

OCCURRENCE OF THE SPECIES

The deep sea prawn is arctic-boreal with a discontinuous distribution, since it has a distri-
bution area in the northern Atlantic Ocean and another in the northern Pacific Ocean. It is widely
distributed at West Greenland, where it occurs as far north as Melville Bay, and at East Greenland
it occurs at least up to Angmagssalik District. It mainly occurs in depths between 200 and
500 m. where the bottom js muddy, and the water temperatures are positive (mostly 1-2° C.) due
to a deep warm layer of Atlantic water. The species requires rather high salinity, as a rule between
33 and 35%, (Hjort and Rud, 1938).

THE PRAWN GROUNDS

The srawling grounds are limited to areas where the bottom is even without stones and rocks,
which may spoil the fishing gears, These grounds were found by means of a Hughes echo sounger,
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TasLE 1
Yield of the Greendand prawn fishery in metric tons landed

Year “Tons Year Tons
1935 8 19353 313
1936 26 1954 358
1937 59 1955 566
1938 54 1956 527
1939 T 1957 671
1947 42 1958 T42
1948 54 1959 949
1949 25 1960 1,789
1950 175 1961 2,545
1951 124 1962 3,362
1952 228 1963 3,108

which, in addition to recording the depths and contours of the bottom, gave information whether
the bottom was soft or hard. As a rule, the grounds which are suitable for fishery were found on
depths between 250 and 400 m. Fig. 1 shows the known grounds suitable for commercial trawling.
The most important grounds are those in Disko Bay (1, 2 and 3 in Fig. 1), at Holsteinsborg (4 and
5) and in the sowthernmost districts (10, 11, 12 and 13),

On the prawn grounds the invertebrate fauna over the bottom (nekto-benthos) is absolutely
dominated by Pandalus borealis, and among the fishes the most humerous are generally Greenland
h?liliut [%Reinhard!ins hippooglossoides (Walb.)], redfish (Sebastes marinus L.} and various species
of Lycodes,

BiOLOGY OF THE PRAWN

The biological investigations were made on samples from experimental and commercial
fishery, and the material was, in principle, sorted and measured according to the method described

by Rasmussen (1953).

() Reproduction and recruitment

As known from literature (Berkley, 1930; Leopoldseder, 1934; kigersten, 1936) Pandalus
borealis is a protandric species. In Greenland waters the females spawn in summer, mainly
in August, and the eggs adhere to the pleopods for 8-2 months until hatching next spring, mainly
in April. The ovigerous period corresponds to what Rasmussen (foc. cit.) found at Spitsbergen,
while the ovigerous period, according to the same author, is only about 5 months at southern
Norway (in Skagerak).

(2) Growth, development and mortality

Some variation in growth and development time has been found as the slovest development
(sex reversal in 5 year olds) was found in Disko Bay and in some threshold fjords with cold bottom
water, while the fastest development (sex reversal in 4 year olds) was found in the warm fjords more
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Fia. 1, Map showing trawling grounds which are now (1, 2, 3, 4, 5, 6, 10, 11, 13} or may be (7, 8, 9) exploited,
Grounds in Disko Bay shown in extension grounds in the fjords only by an arrow. Towns with prawn
industries are underlined.

Fi16. 2. Dia s showing year-classss (I-VI) in three samples from the Disko Bay. (A) Near land off
Christianshab, th 325 m., no. of individuals 760, August 1948. (B) Northern part of field 2, depth 450 m,
no, of individuals 317, August 1948, (C) Ceunire of Disko Bay (outside grounds shown on map),

depth abt, 500 m., no. of individuals 239, July 1950. The columns indicate number of individuals
of different sizes (length of carapace measured from the base of the eyc io the posteror lateral
edge) in per cent. of the samples.  'White columns: young and malés. Dotted columms:

mature males, Hatched columns: transitionals (functioning as females). Black columns: females
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southerly. The development time, however, is not always constant within a particular area because
4 warm year can advance the development and a cold year can retard it. According to Rasmussen
(Joc, cit.) the development times at Greenland are the same as ot Spitsbergen and Jan Mayen,
while a far more rapid development is found in more southern and warmer waters as in the
Skagerak, where sex reversal occur among 2-year olds.

The cause of the shorter or longer development cannot be the water temperatures alone as
the longest development is found in Disko Bay where the temperature conditions are particularly
favourable. Here, it must be assumed, is the long unproductive winter decisive. In Table 1f
the total Iengths (in mm., from the point of the rostrum to the peint of the telson) of different age
groups in Disko Bay and in the fjord Tunugdliarfik (10 in Fig. 1) are compared.

TabBLE 11

Age group . I Il 1L Iv A

mir, min, nmm. minl. mm.
Disko Bay {(Aug. 1948) .. 45 64 9% 110 130
Tunugdiiacfik (July 1947) .. 46 74 97 120 138

The life-history of the prawns is illustrated by Fig. 2, which shows that smaller prawns pre-
dominate on shallower depths and near land (A) while the biggest prawns are most numerous in
deeper water away from land as in the centre of Disko Bay (C). In the samples the smaller prawns
are underrepresented because of gear selectivity, but the great decline in numbers of individuals
more than 5 years old—also in ar¢as where no fishery takes place—indicate a great natural
mortality (Fig. 2, C). 1t ought to be said that the conditions illustrated by Fig, 2 are confirmed
by a great number of other samples from different years,

(3) Predators

The above mentioned great mortality must be due to numerous predators as the prawns play
a great part as food for many bottom fishes, first of all Greenland halibut (Reiwhardtius hippogios-
soides), but also for various species of Lycodes. In the winter when the cod (Cadus morhua)
lives in deep water it also finds an important part of its food in prawns.

{4) Food

The prawns get a considerable part of their food from the bottom (polychaets, foraminifera,
etc.), but a very significant part is taken up in the water, as remains of pelagic crustaceans (Boreo-
mysis, young prawns, copepods} and other pelagic organisms are found in their stomachs,

(5) Effects of water temperatures

The temperature of the water has a noticeable effect on.the stocks as the species lives here near
its northern limit of geographical distribution. Areas having constantly warm bottom water give
a stable prawn fishery, whereas instability in temperature results in fluctuations in the occurrence
of prawns and consequently in the output of the prawn fishery.

Stable temperature conditions are found in the Disko Bay, where the prawn stock, which is
by far the richest at Greenland, must also be assumed (o be the most secure. In the fjords the
temperature conditions are more unstable, and as a particularly enlightning example we had the
killing off of the prawn stocks in two fjords at Holsteinsborg (4 and 5 in Fig. 1) caused by cold
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water in the severe winter 1948/49, and after that catastrophe it took 4-5 years before the prawn
stocks recovered. From Table Il it is seen that, compared with other years, the temperature was
extremely low in 1949, and judging from this and from observations made on other grounds, the
lowest temperature, which the prawn stocks can tolerate, seems to lie near or a little below

—l '6° c'

TasLEe 11E
Temperatures in 300 m. depth in different years in the months May-August (inclusive) in the fjord Amerdlog
{4in Fig. 1)

Year .. 1909 1934 1935 1936 1937 1938 1939 1947 1949 1950 1951

°C. .. 190 1-4 14 09 10 =09 0-7 25 —16 0-0 09
Year .. 1952 1953 1954 1955 1956 1957 1938 1960 1961 1962
°C. .. 10 1-8 -0:2 1-0 27 0-8 1-2 1-4 G3 1-8

Seasonal variations in bottom temperatures may cause variations in the yield of the prawn
fishery as shown by Horsted (Horsted and Smidt, 1956; Horsted, 1960) in the fjord Tunugdliarfic
(10 in Fig. 1). Intrusion of warm bottom water at the end of December is followed by increasing
yields in the fishery. In two observation periods it was seen that the water temperature in 285 m,
depth culminated in January-February to 2-5°-2-8° C. and then decreased to 1-0-1-5°C. in May
and the following months. The fluctuations in the output followed the temperature, increasing
in January-February; culminating in March to an average of about 70-80 kg. prawns per hour’s
trawling, and then decreasing to only 10-20 kg. in May. It is probable that the prawns follow
the warm bottom water into the fjord astaggingexperiments (Horsted, 1960} have shown that prawns
can migrate from the outer part of the fjord to the inner part.

In localities with permanently cold bottom water, such as the threshold fjords, or in shallower
areas (about 150 m. depth), where the effect of wintercooled water from the surface may be felt
in a part of the year, Pandalus borealis disappears or becomes less numerous, In such localities
it is, to a greater or lesser extent, replaced by Spirontocaris machilenta and Nectocrangon lar.

FISHERY AND FISHERIES INVESTIGATIONS

The prawn fishery is much influenced of the ice conditions. In Disko Bay and the fjords at
Holsteinsborg (1~5 in Fig, 1) it is impeded in the winter because of ice cover. Normally the fishery
there starts in May (in some years in April) and stops in November, and only exceptionally—in
mild winters—it may have a longer duration. In the southernmost fjords at Narssaq (10 and 11
in Fig. 1) the best fishing season js in the period January-April, as mentioned above, Later in
the year, when the prawns become scarce there, the fishing vessels move to other places, especially
Lichtenau fjord (12 in Fig. 1), and at that time, mainly in May-June, pack ice (called “Storis’’)
coming from the east coast with the Polar Current may in some years impede the transport of the
catches to the factory in Narssaq.

The fishing vessels used in the Greenland prawn fishery are cutters of most by 20-30 tons,
which have an engine of about 60 H.P. The gear used is an otter-trawl with a mesh size in the
codend of about 40 mm.

On the rich grounds in the Disko Bay catches of about 100 kg. per hour’s trawling are common.
In the latest years the fishery there has been intensified very much, and in the summer 1964 about
60 cutters were engaged in that fishery., Therefore, in the summers of 1963 and 1964 fisheries
investigations were carried out in the Disko Bay in order to find out whether the prawn siock there
‘is able to bear the increased rate of exploitation. These investigations include: (1) Fishing
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experiments with trawls of different mesh sizes. (2) Tagging experiments. Plastic tags of different
types were fixed around the prawns between carapace and the first abdominal segment. (3) Samp-
ling. of material for size measurements, (4) Hydrographic observations. (5) In addition to the
trawling experiments in the Disko Bay some trawling experiments were carried out in the Davis
Strait west of the Disko Bay. :

Even if the investigations have not yet been finished it may be said that there seems to be no
actual risk of overfishing in the Disko Bay. The trawling grounds here are in connection with
great areas with prawns, where trawling is difficult or impossible because of the bottom conditions,
but from where the trawling grounds can easily be recruited. In the summer of 1964 the research
cutter in Disko Bay got catches which were as big as before the fishery started in 1950 (between 100
and 200 kg. prawns per hour's trawling). OQOutside the Disko Bay in the Davis Strait populations
were discovered, which must be regarded as a valvable reserve,
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DISCUSSION

Dr. A. L. Rice: Which are the nursery grounds for these prawns?
Dr. V. Hansen: The exploited population was recruited from the western oceanic grounds.

Dr.'A. L. R.: How these prawns are processed ?
Dr. V. Hansen: By deep freezing and also by boiling.
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DEVELOPMENT OF A COMMERCIAL FISHERY FOR THE PENAEID SHRIMP
HYMENOPENAEUS ROBUSTUS SMITH ON THE CONTINENTAL SLOPE OF THE
SOUTHEASTERN UNITED STATES

Joun R, THOMPSON
U.S. Fish and Wildlife Service, Bureau of Commercial Fisheries

ABSTRACT

In the early 1950's, the U.S, Bureau of Commercial Fisheries vessel OrReGoN found large concentratjons of
royal-red shrimp, Hymenopenaeus robustus, in the northern Gulf of Mexico on the continental slope off the
Mississippi River Delta. This finding was one result of a long-term series of explorations for resources of
commercial worth that began on the continental shelf of the northern Gulf and has since encompassed the
shelf and slope from Cape Hatteras, North Carolina to Brazil in the Gulf, Caribbean, and Western Atlantic
Jroper.  Potentially commercial quantities of the royal-red shrimp have been found on Florida’s east coast,
off the Dry Tortugas, and in the northern Gulf, Lesser quantities of the shrimp have been found throughout
the area explored, with some potential off Venczuela and Colombia in the Caribbean and off the Guianas
in the Atlantic, By trawling the grounds where large concentrations cccurred off the US,, and making
demonstration landings, as well as publishing the results of the findings, the U.S. fishing industry has been
encouraged to make use of the new resource. Vessels of the Bureau have fished alongside the commercial
fleet on the new grounds to encourage them, and at present a growing interest and a small-scale continuous
utilization is being seen.

INTRODUCTION

THe Exploratory Fishing and Gear Research Base of the U.S. Fish and Wildlife Service, Bureau
of Commercial Fisheries, was established in Pascagoula, Mississippi, in 1950, Operating as the
official research organ of the Gulf States Marine Fisheries Commission, this base is, in many
respects, an experiment in a new approach to fishery research, posing as it does the segregation of
exploratory fishing and gear research activities from other research spheres. Originally, the base
was chartered for the systematic examination of the biotic resources of the Gulf of Mexico with
special attention to the stocks of tuna, shrimp, and snapper of that area. Later, however, program
scope was enlarged to include also the south-eastern coast of the United States, the Caribbean Sea,
and waters off north-eastern South America as well as the Gulf, Emphasis within the program
today is on new or little used resources and methods of bringing them into utilization.

To facilitate bandling, the total program has been broken into three major segments or
programs set up geographically; Gulf of Mexico Exploratory Fishing and Gear Research; South
Atlantic Exploratory Fishing and Gear Research; and Caribbean and Tropical Atlantic Explora.
tory Fishing and Gear Research.

Within each of these programs are three major projects: Shellfish; pelagic fish; and bottom
fish. And within each project are phases devoted to the examination of specific specics or species
groups.

In addition to the exploratory fishing programs just outlined, the Base operates also a gear
research station devoted to the development of more effective ways of harvesting the resources
sought and found in explorations and in the everyday commercial fishing operations.

Explorations within the three basic exploratory programs are carried out in four principal
steps, which overlap in time and to some extent in content: Basic explorations of species or
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areas; delineations of species by season, depth, temperaiture, and bottom type; commercial
evaluation and industry co-operation and assistance,

In this paper, the present status of the royal red shrimp (Hymenopenaeus robustus) fishery of
the south-eastern and Gulf Siates will be revealed through a discussion of the steps in fishery
exploration and gear research that led up to that status.

Basic EXPLORATIONS

Throughout most of 1950, the Oregon was engaged in work designed to extend the depth limits
of the brown and pink shrimp (Pengeus aztecus and P. duorarum) commercial fisheries from the
then existing 25-fathom outer limit to deeper levels. In the course of the study, traw! hauls were
made routinely out to 100 fathoms in atiempts to find concentrations of brown shrimp. At the
same time, a few purely exploratory trawl hauls were made over the edge of the Continental Shelf
between 190-250 fathoms.

During these deep drags, royal red shrimp were taken for the first time in commercial gear,
Catch levels in the 40 foot shrimp trawl used for the explorations were sufficiently high that a
possible commercial potential was indicated. Therefore, additional trawl hauls were made both
east and west of the original site of discovery off the mouth of the Mississippi River.

Tweo basic findings resulted from the exploratory work that went on over the next fourteen
years until the entire Gulf had been covered with trawls between 100 and 500 fathoms: (1) royal -
red shrimp were available throughout the year and throughout the Gulf in depths of 150-400
fathoms, but (2) they were available in potentially commercial quantities (50 pounds per hour or
more) in only 2 Gulf areas-—off the mouth of the Mississippi River where the original drags had
been made and off the Dry Tortugas on the south-western coast of Florida. It was further found
that bottom temperatures of about 50° F. could be correlated with good catches.

Late in 1955, a careful scrutiny of charts and temperature recordings from the south-east coast
of the United States indicated that there were extensive areas between 150-400 fathoms with the
proper temperature regime for the royal red shrimp. When the Bureau was asked to undertake
exploratory fishing work on that coast, therefore, royal red shrimp-loomed high among the possible
resources to be Investigated.

In February 1956, the chartered vessel Pelican made its first drags off St. Augustine, Florida,
and came up with commercially promising catches of royal red shrimp. In the course of the next
2 years, explorations were pursued by the Pelican and the Combar from Cape Hatteras south to
the Florida Keys.

In 1957 and 58 the Oregon left the Gulf for explorations in the Caribbean and off the north-east
coast of South America. During these explorations, the range of the royal red shrimp was found
to extend past the Guianas onto the Continental Slope off Brazil and throughout the Caribbean
in roughly the same depth interval as in the Guif of Mexico.

Currently, preliminary trawl coverage of the Continental Shelf and Slope has been completed
from Cape Haltteras, North Carolina, to mid-Brazil along the mainland coasts of the Americas.
Royal red shrimp have been found in some concentration everywhere that it was possible to trawl
on the upper slope levels and where mud bottom prevailed with a temperature at the bottom of
between 45° and 55°F. -

ENVIRONMENTAL DELINEATION

In the pursuance of basic explorations, it is inevitable (hat some areas will show up that -
appear to be of commercial significance, Such, for instance, are areas (1) off the Mississippi River
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in the northern Gulf of Mexico, (2) near the Dry Tortugas in the southern Gulf of Mexico and
(3) off St. Augustine, Fla, on the south-castern coast of the United States,

These areas, as they aprear, are subjected to more detailed treatment. The environmental
factors that appear invariably to be of important scope in the delineation of a bottom-dwelling
species of fish or shellfish are (1) bottom temperature, {2) type of subsirate, (3) season of the year
and (4) depth of water. The step in exploration immediately following basic exploration, there-
fore, is the investigation of the animal in light of these environmental factors,

Royal red shrimp occur within a relatively narrow temperature range of from 45-55° F., with
highest concentrations being restricted to the narrower zone of 47°-52 F. 1t was readily deter-
mined in the course of the operations that temperature has a more important effect on the shrimp
than does depth perse. As evidence for this statement the following comparison is provided:
In the Gulf of Mexico, greatest concentrations of the shrimp are found in the north between 190
and 270 fathorns, with temperatures of from 47-50° F. ; in the Tortugas area, the shrimp are gene-
rally found between 190 and 250 fathoms, again at between 47° and 50°; and off St, Augustine
Fla., the shrimp are found between 170 and 210 fathoms, but again at temperatures between 47°
and 50°. At places in the Caribbean it has been found necessary by Oregon staff members to
drag as deep as 300 fathoms to obtain maximum numbers of the shrimp. Invariably, however,
when maximum concentrations are obtained, the temperature varies but little from 50°F. The
stenothermal nature of the shrimp shows up in a second important way. At times off the Dry
Tortugas, owing to current changes or other changes in the water mass, extensive areas of the bottom
will be characterized by 50° temperatures, whereas at other times bottom areas so chracterized
are relatively restricted. It is when the bottom areas with 50-degree temperatures are restricted
that the shrimp become concentrated and can be taken in profitable numbers. When extensive areas
of 50-degree water occur, the shrimp spread out to occupy the whole and are not massed in as
great a quantity per unit area, .

‘That royal red shrimp occur only on mud bottom in sufficient quantities or aggregations to
permit profitable fishing has been established. The mud itself, however, varies considerably from
one particular locality to another. Bullis (1956) states that the grounds on the Mississippi Delia
fishing area are composed of “ cohesive blue mud with very small quantities of sand or shell
fragments...” and that the Tortugas grounds are *characterized by a light gray to gray-green
calcareous mud...” In other areas, mud from royal red shrimp catches has been various shades
of brown, Plans are underway at present for a more thorough-going study of the sediment types
of the Continental Slope areas of the region explored.

In summary, the delineation studies showed the royal red shrimp to be present over a maximum
depth range of from 150-400 fathoms, with greatest concentrations between 170 and 300 fathoms
depending upon the depth of the 47° and 50° F. isotherm, and on mud bottoms,

The shrimp were also found to be present throughout the year, but seasonal variations have
been noted. On the northern Gulf grounds, off the mississippi River, Bullis states that successful
drags *“show a gradual increase in rate. ..from winter...to...fall."”’ On the Tortugas grounds,
catch rates appear to be highest in the summer. Off §t. Augustine, **catch rates...were high in
winter with a gradual decrease until fall...” (Bullis and Rathjen, 1959).

COMMERCIAL EVALUATION

During the task of preliminary delineation of the shrimp grounds, attention invariably becomes
focused more and more on arcas where greatest commercial potential appears to exist. As stated
areas of greatest commercial importance found during early work were (1) off the Mississippi
River in the northern Gulf of Mexico, (2) near the Dry Fortugas in the southern Gulf of Mexico,
and (3) off St. Augustine, Fla., on the south-castern coast of the United States. These selected
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areas of promise were all subjected to the third step in complete exploration—commercial evalua-
tion. This step was accomplished through the use of what we call “simulated commercial fishing,”
that is, fishing with gear, methods, and timing as nearly akin to commercial practices as possible.

Since the royal red shrimp inhabit relatively deep water layers, where light is not apparently
an important factor, there is ne correlatable difference between catches made in night time and
those made in daytime. It is thus possible to complete approximately four 5-hour drags per 24-
hour day on the grounds. Proceeding on this basis, during simulated-commercial trials, catches
have been as follows:

(1) North Gulf.—In limited production trials by the Oregon, winter averages of 300 pounds
of heads-on shrimp per day have resulted, and daily catches in spring, summer, and fall have
averaged 600, 700, and 900 pounds of heads-on shrimp respectively. It should be noted here
that individual good catches by the Oregon indicate that wth sufficient experience to be thoroughly
familiar with the grounds, a good fisherman could theoretically make round-the-clock catches of
1,000 pounds of head-on shrimp per day in winter to a high of roughly 2,400 pounds per day
in summer.

(2) Tortugas.—~Less-simulated commercial work has been done in the Tortugas. On the basis
of what has been done, however, catch rates of roughly 1,000 pounds of heads-on shrimp per day
seem possible the year round, except on those occasions previously referred to when the temperature
structure deviates for short periods from the normal, allowing the shrimp to disperse more freely
over greater areas.

(3) Florida East Coast.—Catch rates from the Florida east coast trials have run as follows:
Winter average 2,100 pounds per day; spring average 1,900 pounds per day; summer average
1,730 pounds per day; and fall average 1,540 1}lmunds per day of heads-on shrimp., Commercial
catch rates on these grounds have ranged as high as 1,600 pounds of shrimp per fishing day and are
expected to go higher as the fishermen become more proficient at decp-water dragging.

Inshore shrimp fishermen figure the break-even point in their operations lies at a caich rate
of about 200 pounds of heads-on shrimp per day. Even allowing for the slightly more expensive
operation entailed in this off -shore fishery, the catch rates cited above show promise bylcomparison,
Thus, it appears definitely from the results of simulated commercial fishing and the limited amount
of actuzl production fishing that has been accomplished to date that a true commercial potential
exists.

INDUSTRY CO-OPERATION AND ASSISTANCE

The major aim of the investigations so far related is to point out to the fisherman the existence
of a potentially commercial resource of some magnitude. Unless at some point in time the fisher-
man responds by using the results of the investigations, a large amount of effort has, in an industrial
or commercial sense, been wasted. '

Thus, the fourth step in fishery development is to entice the fisherman onto the grounds
delimited. This is done in 2 ways: (1) Through reports on periodic checks on the resource, which
include demonstration fishing and demonstration landings of the catch ; and (2) through personal
aid to the individually interested fisherman or fishermen’s group in the forms of advice and direct
help in converting his vessel and gear to the fishery, finding the grounds, and getting his gear to
work on the grounds,

From 1958-62 the royal red shrimp grounds lay untouched except for periodic checks made
by the Burcau’s research vessel Silver Bay, These checks, results of which were communicated
to the fishing industry, showed that although fluctuations in avajlability do oceur, the resowrce
remaing relatively stable year in and year owut, '
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A steady increase in interest was evident on the part of the industry throughout the period.
Finally, in a period of very low catches of inshore shrimp, the Silver Bay made a demonstration
landing of about 2,700 pounds of royal reds. This stimulated 4 commercial vessel owners to
convett their vessels for the deep water fishery. Late in January 1962, these vessels set out for the
grounds. The Silver Bay devoted several days of a routine cruise to fishing alongside this
embryonic fleet, giving the vessel crews advice on catch rates to be expected, handling procedures,
and location of the most profitable grounds,

Catches achieved by these vessels and the demonstration that commercial vessels could fish
the deep walter grounds profitably, provided further stimuius to the industry, and several additional
owners sought information from the Bureau. A combination of actual fleet experience and low
shrimp levels in inshore waters caused vessels from Florida and Georgia to join in the fishing until
a total of 19 vessels were rigged out and parlicipating in the fishery,

Unpublished statistics collected during 1962 show that the 19 boats averaged roughly 100
pounds of heads-off shrimp per 4-hour drag, and that 10 vessels in the fleet landed 24,380 pounds
of shrimp tails in February and March. The same number of vessels landed 21,079 pounds of
tails in April from twenty-one 6-day trips—an average of over 1,000 pounds per trip.

All was not ““roses,” however; the weather is always a limiting factor in an offshore fishery
with relatively small boats; heavy currents encountered in Gulf Stream fishing interfered with
efficiency ; navigational methods must be precise for location of the grounds and retention of their
position; and it is more difficult to detect gear failures in the course of deep water trawling than
in shallow water operations.

Therefore, when shrimp stocks began to increase inshote—and because it is less expensive to
fish inshore—the vessels of the royal-red-shrimp fleet retired to the inshore grounds.

We felt, however, at the end of 1962 that ' It now appears that the royal red shrimp fishery will
be an intermittent fishery, with the fishermen moving inshore when trial catches of inshore shrimp
reach or exceed the size of catches made on the royal red grounds and moving out (o the deep
water grounds when inshore catches fall off.”. .. [t seems likely that the presence and availability
of the deep water shrimp and boats rigged for deep water fishing will tend to provide a stabilizing
effect on the shrimp industry of the South-eastern States” (Cummins and Rivers, 1962).

Since 1962, efforts on the grounds have been sporadic. In 1964, 2 vessels fished the grounds
regularly. One vessel, the Terry Ann of Thunderbolt, Ga., accomplished exceptional catches.
In the first 10 months of 1963, its total catch amounted to about 1,700 boxes of shrimp (1 box
equals 100 pounds of shrimp, heads-off). The second vessel, the Trade Wind of Fernandina Fla.,
fished on an intermittent basis, but also achieved high catches. At the time of writing (November
1964), several additional vessels are rerigging for the fishery as shrimp catches inshore drop-off. .

GEAR RESEARCH

Although the gear used on the royal red shrimp grounds is similar to that used on the inshore
grounds, there are some differences and additions. Pilot house equipment for royal red fishing
must include one or more loran sets and a depth recorder capable of showing botioms in excess of
200 fathoms. Winch capacity must necessarily be sufficient to hold 600-800 fathoms of warp.
This at first caused reluctance on the part of vessel owners to convert to deep water fishing. A
simple means of shackling the wire from drum to drum on multiple-drum winches (Cummins and
Rivers, 1962), however, obviated the necessity of owners having to purchase new, expensive high
gapacity winches and allowed ¢ntrapce into the fishery of several vessels,
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Weather is a factor always to be taken into consideration in an off-shore fishery. The 60 to
80 foot vessels used in red shrimping have proved adequate to the task when fitted with
trolling stabilizers dropped from the boom tips.

Recent acquisition by the Bureau of a motion-picture camera system capable of working in
royal red depths is also proving valuable., Footage obtained to date indicates that the trawls
currently being used are catching only a small percentage of available shrimp, with many individuai
shrimp passing under the fooirope or otherwise avoiding the trawl, The footage is currently
being accumulated for analysis leading to more effective gear design.
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PELAGIC COPEPODS AS FOOD ORGANISMS

J. H. WICKSTEAD
Marine Biological Laboratory, Plymouth, England

ABSTRACT

-

This paper refers particularly to pelagic copepods supplying food for.gsh larvae and human beings, Facts -

figures given are on the author’s experience in the Indo-Pacific region. The abundance of cope-
ig indicated in terms of numbers and biomass, and their advantages as food organiasms are discussed.

t was pointed out that although there was a pronounced size mode at 0-7-0'8 mm., the biomass is distri-

ted over a reasonable size range, The so-called critical period of fish larvae is discussed. Copepods help
to get thmu%h this phase by being available and suitable as food almost from the point of hatching up to
long, which is past this critical ?hase. Concentrations of copepods are such that the fish larvae need

expend a small amount of enesgy only to catch a copepod.

1

From the human food aspect, the quality of copepods is discassed. On a dry weight basis they are about

60% protein. Ali the essential amino acids are present in about the same proportions as in a hen's egg. It
is calculated that a single net, having a mouth aperture of 9 square metres, can, by using tidal flow, catch a
quantity of copepods representing about 5,200 grammes of protein a day. On the basis of an adult require.

" ment of 70 grammes of protein daily, this represents the daily protein requirement for 75 adults. Some depar-
tures from these are given, with reasons. The catch would need to be essed.  Although probably

not a very profitable venture financially, it is suggested that such a source of first class protein should be
examined more closely.

My research has been mainly concerned with the plankton of the Indo-Pacific area, particularly
with the Sunda Shelf and the East African coastal areas, Therefore such general remarks I make
about populations, numbers, and so on, although they might well be applicable to other areas in
general, are based on my experience of these areas in particular,

" All manner of organisms eat pelagic copepods; indeed it is difficult to imagine any carni-
vorous marine organism which does not eat them. Rather than discuss all these different

organisms 1 would like to consider pelagic copepods as food organisms for two particular animal
groups, fish larvae and man.

1 have yet to meet the person who has collected a plankton sample from 2 coastal area in the
tropics, or indeed anywhere, who has not found copepods present; almost invariably they are the
most numerous of the multi-cellular animals. The indicated numbers present per unit volume
of water will vary a great deal, according to the mesh of the net used,

’Even. with a constant mesh aperture numbers will of course be variable according to the area
sampled, but it is reasonable to say that there would be about 1,500 post-naupliar copepods per
cubic metre of tropical coastal water,

Plankton surveys have shown that the majority, probably the great majority,
laid in the shallow coastal waters. It is common to find larger numbers in the vicinity of a river
mouth. When hatched the larvae are usually about 1-3 mm. long, usvaily smaller than their
colder water counterparts, Metabolism is very rapid in these warm waters and such food
reserves as are available to the newly-hatched larvag are very soon wsed vp. The problem of
finding food is then upon the larvas,

of fish eggs are
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While they do take large, individual diatoms, fish larvae in general cannot be said to be
plant eaters; this means that some organism will-have to be a suitable go-between between the
plants and the fish larvae. Pelagic copepods are admirably suited to this go-between role. There
are other herbivorous organisms which are suitable as food for fish larvae but these are too
erratic in their availability (e.g., theCladoceran Penilia avirostris), arenot very concentrated (some
small decapod larvae) or do not have such a good food value (appendicularians). There are some
small carntvorous organisms on which fish larvae feed, but these are usually dependent on the
copepods anyway. Copepods appear to fit almost perfectly the role of food for fish larvae; they
form a direct go-between between plant and fish, they are almost invariably the commonest
organisms in the plankton, the result being that they are more concentrated than other
organisms, and they are of good food value.

‘Earlier I suggested a figure of about 1,500 post-naupliar copepods per cubic metre of water,
I refer to post-naupliar copepods for this reason. An analysis of the stomachs of many fish larvae
has shown ihat the average fish larva, if ] may use that expression, likes to select an  organism
which is relatively large. For example, a 3-4 mm, larva will select copepods about 3-1 mm, long.
I remember one carangid larva about 5 mm. long having 3 Eucalanus subcrassus, each about 2 mm.
long in the stomach—quite a good job of packing. I might add that this appliesalso to fish larvae
caught individually in addition to those which have been crowded with copepods in a plankton
net bucket. There appears to be little evidence that the larvae select the smaller nauplii.

This figure of 1,500/m.? represents about one copepod per 675c¢.c. or, on average, one
copepod in every unit of water measuring about 8:5 X 8:5 X 8-5¢m. In theory then a fish
larva need only expend suifficient energy to move about 20-25 times its own length in order to catch
a sizeable item of food. This is not however the whole story. The majority of fish eggs are pelagic,
which means that the majority of newly hatched larvae are found towards the surface, As the fish
larva grows it is capable of moving vertically, but there is an upward movement at about sunset,
so that whichever way one looks at it there is generally a greater number of fish larvae towards
the surface, particularly at about sunset. It so happens that copepods are to be found mostly in
the upper part of the water column and attain their greatest concentration at about sunset jn the
surface waters. Concentrations here are about 4,000-5,000/m.? This is about 1 copepod per
200¢.c. of water, or one copepod in every unit of water measuring about 6 X 6 X 6 ¢m., an
appreciable reduction on the former figure. This suﬁgests a picture of the top ten metres or so
of the sea divided into a series of neat 6 cm. cubes with a copepod suspended neatly at each corner
of each cube. The fish larva follows along the lines of the cubes, devouring the copepods as it
goes. Of course this is not so; it is the fish larva which is usually relatively static and, as & cope-
pod goes past in front of it, makes a sudden lunge atit, Clearly, with a milling crowd of copepods
atabout 5,000 for every cubic metre, it would not have to wait for very long before an opportunity
for feeding came its way,

Copepods form a food for fish larvae which is always readily available; but again there is
more to it than this. There is a theory held by many, perhaps the majority, of fishery workers
which says that there is a ‘critical period’ in the life-history of a fish, at which period the chances
of the fish being killed are greater than at any other time (Marr, 1956). To quote from Hjort
(1914), *This again leads us to the question, at which stage of development the most critical
period is to be sought. Nothing is known with certainty as to this; such data as are available,
however, appear to indicate the very earliest larval and young fry stages as most important.”
Copepods help the fish larva to get past this critical stage by being available in a variety of sizes.
Fig. 1 shows the size distribution of a coastal tropical copepod fauna. It must be
appreciated of course that although the copepods are much fewer when the | mm. size is exceeded,
the actual weight of meat per copepod increases considerably since the biomass goes up geometri:
calllgr_. If we take our figure of 3,000 copepods/m.? and assume that the size distribution is as shown
in Fig. 1 the total biomass will be 167-35 mg. [This is according to Kamshilov’s formula : Body.
weight, mg, = (Body length, mm, x 0-286 -+ 0'002"]. If this biomass is divided according to
the different size groups and plotted according to the numbers present of each size group, the
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distribution of bjomass per hundred is as shown in Fig. 1. Thus the amount of actual copepod
meat available is distributed over a reasonable size range,
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Fia. 1. Percentage length (~-+ —) and biomass distribution (-- % - -) of teopical maring coastal copepods.

By the time the fish larva has assimilated such food reserves as were available on hatching
it is just about large enough to tackle the smallest of the copepods. lts movements will be
feeble at this stage, but this is compensated for by the fact that the small copepods are much the
commonest, Asthe fishiarva grows, so it becomes capable of more rapid and sustained movement
so it can hunt out the larger copepods. These are more widely distributed, but one of these is
equivalent to a number of the smaller ones. A fish larva does not outgrow its food supply of cope-
pods until it is about 4 cm, long, by which time it is past this critical stage. Some fish of course
continue to feed on copepods, although not necessarily selectively, all their lives. Itisa common
enough sight at night in shallow tropical waters to se¢ a shoal of carangids swimming around with
their mouths wide open, opercula almost at right angles to the body, filtering out the plankton
with the gill bars, However, it is the availabiliy of copepods as food for fish larvae that I wish
to stress, I have presented a generalized and no doubt rather idealized picture, but 1 hope that
I have shown in some degree the great importance copepods can have in getting a population of
fish larvae away to a good start, past the critical period, and thus with the potential for a good
yield when they are fished commercially several years later,

Having seen the fish larva safely through its critical period and set it onto the path of maturity
let us now consider if copepods can be of any help in feeding mankind. 1t has been said thet there
are more copepods than all the rest of the multi-celtular animals put together, including insects;
I agree with this, It would seem a pity then if some use could not be made of them.

Before expending any effort to catch copepods one must consider if they are worth catching
~—what is their nutritional value, can they be of any use to balance a protein-deficient diet. Pre-
viou_s stud_les_ of planktqn as food have tended to think in terms of the plankton providing the meal,
I think this is wrong; it should be looked at from the point of view of providing a supplement to
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the normal diet; more specificially, to provide the balance of protein for an otherwise protein-
deficient diet.

Proteins are cssential for maintenance of tissues and organs, and of course for growth.
They have a basis of some 20 amino acids. The body can synthesize most amino acids but some
of them, the so-called essential amino acids, must be taken in from an outside source, These
essential amino acids are Arginine, Histidine, Isoleucine, Leucine, Lysine, Methionine, Phenyl-
alanine, Threonine, Tryptophan and Valine. Any diet lacking any or all of these amino acids
must be considered deficient.

Drawing mostly on the work done with Calanus at the Plymouth Laboratory by Cowey and
Corner (1961, 1963) it will be seen that copepods contain ail these essential amino acids in about
the same proportions as they are present in a hen’s egg. Moreover, the weight of proiein per unit
weight of copepod is high. For some comparative figures, the percentage of protein, on a dry
weight basis, of beefsteak is 60%, of melons is 109, of runner beans is 109, of cod is 859, of

rawns is 70%, of bananas is 3%, and of copepods is 60%,. Copepods are therefore on a par with

eefsteak in terms of percentage protein composition, and compare favourably with other high
protein foods. Tam not saying that [ would as soon eat a dishful of copepods as a rare, charcoal
grilled beefsteak, but any source of good protein should not be rejected out of hand in these days
of widespread protein deficient diets. There have been suggestions from time to time concerning
the utilisation of plankton as a source of food, but these have been considered in terms of colder
waters. What can be said of tropical coastal areas?

We have seen that copeopds are always present in the plankton, and usually form the greater
part. 1f we think in terms of dry weight the proportion will be increased. If we include the other
planktonic crustacea—I feel at liberty to do this since this is, after all, a Symposium on Crustacea
—the proportion will be higher still; probably about 90% of the total. However, 1 want to
deal with just the copepods, so we can look upon other planktonic animals as a bonus, We want
to expend as little manufactured energy as possible in this enterprise so we will use the tidal low
to take the water through the nets. If we assume a tidal flow of about 2 knots this means a rate
of flow through a net of about ! metre/sec. The net can be firmly mounted on rotating frames so
that the mouths can face the tidal flow., Let us take the catch of a net having a mouth measuring
3 x 3 metres—a reasonable size. If the water flows through this at 1 metre/sec. this means that
9 cubic metres of water per sec. will be filtered. Since the net will extend down below the surface
for some distance I think it more realistic to work on a basis of 3,000 copepods/m.® The size and
biomass distribution will, for all practical purposes, remain the same so that 3,000 copepods/m,?
represent a biomass of 100 mg.fm.® This is equivalent to a dry weight of about 17 mg./m.# The
protein content is about 60%, of thisfigure—or say 10 mg. Therefore every cubic metre of water
filtered represents about 10 mg. of protein. It could be arranged so that the net fished for about
4 hours in every tide—say 16 hours a day. This means that our 3 X 3 metre net catches protein
at the rate of 90 mg, per second, 5,400 mg. per minute, 324,000 mg. per hour or 5,184 grammes
of protein per day.

What are the protein requirements of the human diet? The figure generally accepted for
adults is about 1 gm. of protein per kg, of body weight, making about 70 gm. of protein daily the
adult necessity, Very young children need about 4-3 gm, per kg. of body weight, the figure
gradually decreasing to the adult figure as age increases. Thus, on the face of it, it looks as if our
3 metre square net can supply the daily protein requirements for about 75 adults; also remember
that we are dealing with a first class protein containing all the essential amino-acids.

Obviously there are going to be some snags somewhere, The net might prove to be a bit too
large and unwieldy, requiring the use of several smaller nets to provide the same mouth area. This
will increase the amount of attention necessary. Since we are dealing with coastal areas it could
well be that the water is, or at times is rather thick with phytoplankton and the like, which will tend
to clog up the net,  In this case jt might represent an overall saving to increase the mesh size of
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the net. An increase from about 200 4 upto about 300 u would decrease the catch by about 40%,
yielding then say about 3,200 grammes of protein a day—enough for about 45 adults, However
it would be a cleaner sample.

Clearly the catch would have to be sorted to some extent to separate the jelly-like plankton,
the medusae, salps, siphonophores and so on. This could be done fairly readily and sufficiently
satisfactorily by some sort of gravitational or centrifugal separation. There is little doubt that
the copepods will have to be processed in some manner. I can pass over this by saying that I
am sure the food technologists can answer this one. It should be possible to make some sort of
flour which, having been de-odorised, can be included in the local food.

Obviously there would be many details to overcome, but I would suggest that there is a real
potential here; not perhaps a potential for making a financially profitable business set-up, but a
.potential for providing an adequate first class diet supplement with very little, if any, financial loss,
I have given some figures for one net only of 9 square metres aperture. There could of course be
more of these, Three or four men in a boat could probably work about ten of these néts. Various
factors could reduce the catch to below the figures I have quoted, but do not forgef the bonus in
the form of other crustaceans.

Having presented a reasonably rosy-tinted picture of plankton harvesting it is neccssary to
add that investigations which have been made concerning the economics of plankton utilization,
e.g., Shropshire (1944), Jackson (1954), have been most discouraging. The nets themselves will
be very expensive, and the necessary processing plant will not be cheap. These factors will make
the cost of protein production from copepods high; but will it be prohibitively high? A point
to the good is that labour costs in temperate countries are much higher than they would be in
the tropics. Clearly, obtaining protein from copepods is a matter which, if considered seriously,
must be considered from all aspects, .

A last point which will tie together the two parts of this paper, albeit rather loosely I'm afraid;
what about fish as 8 source of protein? 1 have calculated that a single fish about 35cm, or 14
inches long will have a protein weight of about 70 grammes. Thus a single fish of this size a day
will provide the total protein requirements, in both quantity and quality, for one adult. It might
be considered an easier proposition to catch one 35cm. fish a day rather than about 225,000
copepods. Whichever way it is done the copepods are either of great value in providing food for
the fish to grow the required length or are directly of value as a source of protein.
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DiscussioN

Dr.. J. § §. Laxmi Narayan: I just wish to know whether in the copepods studied any analysis is carried out on the
amino-acid composition.

Dr. J. H. Wickstdad: Dr. Corner has worked in detail on Calanus at Plymouth.
Dr. V. Hansen: There is paper by Clarke and Fish on nutritional value of plankton items,

Dr, J. H. W.: In association with the habitual diets of certain types of animals there are also particular types of gut
flora. Any drastic change in the diet disturbs them and brings about consequent changes in their activities as
well as in those of the host.

Dr. V. Hansen: 1 have a few points to be mentioned. Firstly, regarding the efficiency of net catches, In one of my
experiments when ¥ dropped 500 gm. of rice grains into the sea to find out how much of it will be hauled in an
immediately operated plankton net, 1 found no rice caught. Secondly, about the critical period of fish larva,
When spawning failed in some N, Atlantic fish there was no evidence to show that scarc(:fl of food caused any
critical period for the larvae, Third point is regarding the utility of plankton as human food. The Japanese have
done some useful works in this field and 1 hope you are aware of these, I have eaten some of the plankton items
and found that C. finmarchicus is excellent but Euchaeta is bad in taste, Have you eaten plankton ?

Dr, ). H. W.: [ never had the occasion to faste plankton food. Ido know of the Japanese work.
Dr. D. G. Frey: May I know whether the fish larvae have any preferred time of feeding ?

Dr, 8. Z. Qasim: In some of mﬂestudies, 1 found that fish larvae have preference to feed in the early hours of the
morning as contrasted to the late feeding observed by Dr. Wickstead.

Dr. A. N. P. Ummerkutty: You mentioned that there is a concetration of plankton in the upper waters during dusk,
Did you find that there is a corresponding migration and concentration of fish larvae during 1he same hours ?

Dr. 1. H, W.: Yes, there is such a migration.
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ABSTRACT

During his pariicipation in the Fifih Cruise of the U.8, Research Vessel ANton BrRuuN (n the Indian
Ocean, the author was able to visit the remole island of New Amsterdam in the Southern Indicn Ocean
in April 1964, and make a colleclion of the spiny lobster Jasus falandei frontalis (H. Milne Fdwards).* Recent
work on the taxonomy of the genus Jasus Parker indicates the need for a reappraisal of the nomenclature,
validity and status of the various nominal ?ecies described under the genus from the different geographical
arcas, In order to facilitate such work, a detailed description of the material collected is given here, along
with the description of an early post-puerulus stage of this lobster from New Amsterdam Islend. The
phyllosoma larvae of Jasws collected off the islands of St. Paul and New Amsterdam are also described and
Mustrated. Commenis on the distribution for the genus Jasws as well as the probable routes of dispersal of
the larvae are also discussed. On the basis of the present study, a revised distributional map of the spiny
lobsters of the world (Family Palinuridae) is given,

There is a seasonal fishery for J, I, fromafis® in St. Paul and New Amsterdam {slands where at present
the catch is limited to 200 tonnes of lobsters per year. A briel résumé of this fishery, as well as aspecis of
the biology of this lobster from these islands, is deali with here, An annotated bibliography of aver 250 papers
which deal with the taxonomy, biology and fishery of specics of the genus Jasus is also included with a subject-
wise index. [* = Jasus paulensis (Heller)].
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ParT I
INTRODUCTION

In a recent Conference on ** A Discussion on the Biology of the Southern Cold Temperaie Zone"”
held under the lecadership of Professor C, F. A, Pantin in December 1959, Professor G. A. Knox
drew attention to the many wide gaps in our knowledge of the littoral zone of the southern cold
temperate and subantarctic regions. There are practically no accounts of the littoral ecology of
any of the isolated antarctic and subantarctic islands and *. ... particular St. Paul and New
Amsterdam Islands are almost campletely unknown™ (Knox, 1960) (Italics mine). The mere fact
that these twe islands are the remotest from any land massin the area of the Indian Ocean high-
lights the need for a thorough investigation of the faunal and floral elements both marine and terres-
trial of these islands which would undoubtedly throw considerable light on problems relating to
speciation.  St. Paul and New Amsterdam Islands are sitvated 38°43°5.~77°30"E., and 37° 51 S.-
77° 32" E, respectively. During the last 110 years several scientific expeditions have worked in
various parts of the Indian Ocean, but as will be seen from the accompanying figure (Fig. 1)
only few have ever touched the islands of St. Paul and New Amsterdam, They are ‘““Novara”
(1857-1859), “* Gazele’® (1874-76), **Valdivia® (1898-99), *“Gauss** (1902-03), *Sapmer” (1950)
and “Anton Bruun’’(1964). Since 1950, *Sapmer’ has made regular fishing cruises to these
islands. Other than these, even occasional visils to these islands by ships in transit are rare (except
taking off and bringing replacement of personal for the meteorological unit at New Amsterdam)
on account of their remoteness and the inhospitable weather conditions that prevail in the area for
about six months in the year during the southern winter,

An opportunity to visit one of these islands came by during my participation in the V cruise of
the United States Research Vessel ** Anton Bruun™ in the Indian Ocean when she touched St. Pau]
Istand on 7-4-1964 and New Amsterdam Island on 8-4-1964, One of the striking things that was
noticeable in the littoral zone of New Amsterdam Island was the ‘invasion’ at dusk of the inter-
tidal rocky areas by Jobsters some of which were collected for study and identified by me as Jasus

1 The nomenclature should according to Helthuis (1963) be Jusus paulensis (Heller, 1863).
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lalandei frontalis' (H. Milne-Edwards), based on a preliminary review of the genus by Holthuis
(1946).

Fia. 1. Map showing the routes in the Indian Ocean of the important seientific expeditions that have
also visited St. Paul and New Amsterdam Islands. (Besides these, as part of the IO Expedition,
R.V. ARGO stopped at St. Paul for a day in December 1961, and R.V. ARGO and R.V. HORIZON

worked off these islands in November 1962, See Fisher ef of., 1964),

A part of the present paper is based on the collections made by me and also collections of
phyllosoma larvae obtained from the vicinity of these islands in plankton hauls made at night.
Holthuis (1946) in his preliminary review of the genus Jasus Parkerrecognises only two species and
one variety (subspecies ?) and remarks that ** Compatison of material from the different localities is,
however, needed to obtain final certainty” about the valid forms. Remarking about J. lalandei
JSrontalis from Juan Fernandez Island, Chace and Dumont (1949) say that *Although very distinct
at the limits of its range, from the South African and Australian form J. Jalandei it is not yet certain
that this form is a valid subspecies.”” Since J. Jalandei frontalis is the variety or subspecies which
occurs in St. Paul and New Amsterdam Islands these statements are of interest.  However, Angot
(1951 g, 1951 b), and Grua (1960 @, 1960 b) denote the Iobster here merely as Jasus lalandii, while
the latter author (Grua, 1963, 1964) treats this under Jasus paulensis (Heller), which Holthuis (1946)
considers a synonym of J. /. fromtalis, 1In the collections that I have with me from New Amster-
dam Island, there is a graded series representing sizes from the Fast-puerulus stage to the adult
of this spiny lobster, This has enabled a study of the amount of variability with growth of the

1 Tho revised nomonclaturs according to Holthis (1963) should bo Jasus paulensis (Hatlor, 1863),



Jasus FROM INDIAN OCEAN 1469

diagnostic characters on which the subspecies is based, as well as draw attention to the salient -
differences between males and females of different sizes, all of which may eventually be utilized
for drawing comparisons with the forma typica.

The description of the phyllosoma stages of this subspecies given here represents the first report
of them to come from the southern Indian Ocean,

As is well known, the species of the genus Jasus which are confined to the temperate regions
of the southern hemisphere are commercially the most important of all spiny lobsters fished at pre-
sent as will be evident from the large-scale fisheries they support in South Africa, and South West
Africa, Australia, New Zealand, Juan Fernandez Island, and Tristan da Cunha Island. It was
possible to obtain some information from the French Meteorologists stationed at New Amsterdam

_ Island at the time of our visit about the fishing conditions for the langouste (Jasus), around the two
islands, The information obtained corroborates Angot’s findings made 14 years earlier during the
*‘Sapmer’’ expedition from 1 January to 5 April, 1950 sponsored by the Institute of Scientific
Research of Madagascar (Angot, 1951 a4, 1851 §), and subsequently by Grua (1960 4, 1963). The
summary of the observations on fishing is dealt with in a separate s¢ction in this account.

_ The examination of the phyllosoma stages also led to a perusal of the earlier literature on the
larvae of Jasus, necessitating some comments to be made here on patterns of distribution, transport
of larvae by ocean currents, etc. The spatial distribution of Jasus is also discussed in the light of
known facts about the biogeography of the southern oceans,

In the course of the work, it was possible to index over 250 papers pertaining to the systematics,
biology, fishery, and fishery technology relating to species of the genus Jasus Parker. Since the
coverage is comprehensive and includes almost all important works dealing with this group, an
annotated bibliography and a subject-wise index is given at the end to facilitate reference,

1 wish to express my sincere thanks to Dr, 8, Jones, Director, Central Marine Fisheries Research
nstitute, Manadapam Camp, for his kind encouragement in the course of this work, A part
. of this work was supported by the United States National Science Foundation as part of the U.S.
Program in Biology, International Indian Qcean Expedition.

In the course of the preparation of this paper 1 have received valuable assistance in the form of
advice and much needed literature from Dr. M. Angot, Institute of Scientific Research, Madagascar ;
Dr. M. Andre, Paris; Dr. D. R. Fielder, University of Townsville, Australia; Dr. R. W. George,
‘Western Australian Museum, Perth, Australia ; Dr. Paul Grua, Station Biologique, Roscoff, France ;

Professor V., V. Hickman, University of Tasmania, Tasmania; Professor C. F. A. Pantin, F.R.S,,
University of Cambridge, England ; Professor Otto Pesta, Akademie der Wissenschaften, Austria;

. Dr. R. W. Rand, Union of South Africa ; and thelate Dr. Keith Sheard, C.S.L.R.O., Australia. My

. special thanks are due to Dr. Michael M. Mullin, at present at the Scripps Institution of -Oceano-

. graphy, La Jolla, California, who kindly passed on 1o me for study the phyllosoma larvae from the
special plankton collections he made while on the V Cruise of R. V. Anton Bruun, aad described
in: this paper. I am also thankfu! to Mr. K. N, Prasad for his help in the preparation of the
drawings. Italso gives me greatpleasureto record here my sincere thanks and appreciation 1o each
and every member of the French Government Meteorological Unit stationed at New Amsterdam
Island at the time of our visit but for whose help it would not have been possible for me to carry
out much of the observations,

TaxoNOMICAL NOTES ON THE GENUS Jasus PARKER

Holthuis (1960) proposed the addition of the generic name Jasus Parker (1883) to the official
- list of generic names in zoology. A distinct rostrum is wanting or the rostrum is rudimentary in
_ the genera Jasus, Palinurus, eic., but the absence of stridulating organs in Jasus is characteristic for.

EM-1V-15
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‘the genus. Bernard (1950) mentions in a foot note that Von Bonde, W. (1930) claimed that the
peduncular joints of the first antenna show a constant ratio in the phyliosoma, puerujus and adults
in the three South African genera Jasus, Palinurus, and Panulirus. Bemard cenfinms this to be the
condition in the first two genera, while in Panulirus he finds the third peduncular joint of the antenna
slightly shorter than the second. He has also experienced difficulty in separating the genera Pali-
nurus and Jasus on the actual ratios of thes: segments given by Von Bonde, W., and used instead the
presence or absence of the stridulating orgen as the chief character to distinguish them, Jasus also
possesses a rudimentary rostrum clasped by lateral processes. This is shown in Fig. 4 (carly post~
puerulus stage) and Fig. 2: 2 (adult male) given in this paper.

Jasus is the only genus of Palinuridae known so far to occur around Si. Paul and New Amster-
dam Islands,

At least seven species described at one time or other under the genera Homarus, Jasus, Palinos-
tus and Palinurus ate at present referable to the genus Jasus, Holthuis (1946) has shown that Jasus
parkeri Stebbing (1902)should belong to the genus Pueruius as can be seen from its original descrip-
tion and figures which also indicated a distinct stridulating organ which as already mentioned is
absent in Jasus. However, recently George and Grindley (1964) have erected a new genus Projasus
to accommodate J. parkeri and have shown that as in Jasus, Projasus also Jacks the stridulating organ
angd occupies an intermediate position between Jasus and Palinurellus, the other two genera of the
division **Silantes™. The two species and a variety (subspecies ?) of Jasus recognised by Holthuis
(1946) are as follows:

1. Jasus lalandei (H, Milne-Edwards)
A, Jasus lalandel lalandei s. str.

B. Jasus lalandei var, frontalis (H. Milne-Edwards)

Synonyms:
Jasus paulensis (Heller)
Jasus edwardsii (Hutton)

2. Jasus verreauxii (H. Milne-Ed wards)

Synonyms:
Jasus hugelii (Heller)
y Jasus tumidus (Kirk)

The diagnostic character distinguishing the typical form J. 1. lalandei from J. 1. frontalis is the
squamiform sculpturation on the back of the abdominal segments which in the former occupy the
entire surface of the segment, while in the latter, a broad and conspicuous smooth band is present
along the anterior and posterior margins of each segment, being most marked in the first segment,
In this study it has been possible to check the consistency of this character in relation to the size of
the specimens and confirm the diagnosis of the variety or subspecies used first by Parker (1887) (to
separate J. edwardsii from J. I, lalandei), and Holthuis (1946),

The New South Wales, Victoria (Australia) and New Zealand (7) species Jasus verreauxii
(H. Milne-Edwards) can be easily distinguished from J. /. lalandeiand J. 1. fromtalis by its greenish
colour; the upper part of the abdominal segments bearing pimple-like scattered elevations; and
the epimeres being serrated posteriorly. In addition, no transverse grooves are present in any of the
segments (see Gruvel, 1911 ¢; Chace and Dumont, 1949). :
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Jasus lalandei vAR. frontalis (H. Milne-Edwards)!

(Palinurus frontalis H. Milne-Edwards, 1837: Synonyms: Palinurus paulensis Heller, 1862
et 1865; Palinurus edwardsii Hutton, 1875 a.)

1. Materigl

Phyllosoma stages.—2 specimens from 35°45’ S,, 70° 36’ E. in night 15 minutes surface plankton
tow at 21-30 hours on 2-4-1964 (Fig. 5).

Phyllosoma stage.—!1 specimen from 33°22°S,, 74° 56’ E. in night 15 minutes surface plankton
tow at 21-30 hours on 10-4-1964 (Fig. 5).

Early post-puerulus stage.~1 specimen from inter-tidal rock pool at New Amsterdam Island
collected on 8-4-1964,

Juveniles and adults.—?2 females and 4 males collected from between rocks in inter-tidal region
at New Amsterdam Island on 8-4-1964.

2. Description of Jasus lalandei var. frontalist from New Amsterdam Island

In view of the fact that 2 number of drawings are given here, it is not proposed to go into des»
criptive details unless necessary, The adults and young including the post-puerulus stage in the
collection range from 27-5 mm. to 238 -0 mm. in total length measured from base of rostrum. The
details are given in the accompanying table (Table I).

TapLE
(Measurements in millimeters)

Early Post-

Juveailes and aduits Puorulus stage
Characters
1 2 3 4 5 6 7
Total length (excluding rostrum) .. 2380 202-0 1500 1030 810 585 27-5
Length of carapace (excluding rostrum) 950 78-0 550 380 305§ 236 10-3
Langth of rostrum . 40 4-7 3-5 2:3 2.0 1-5 05
Langth of 2nd nculate joint of
antennule podo Joiata .. 151 130 95 5-5 42 33 09
Longth of 3rd pedunculats joint of
antennule - 21-1 18-5 11-7 65 5-5 40 1-5
Shell condition® .. HOS HOS HOS HOS HOS HNS(D HS
Sex .. M M F M F M M

* HOS == Hard old shell; HNS == Hard now shell; HS = Hard sheil,

Earlier descriptions of this lobster from St, Paul and New Amsterdam Islands may be found
in the works of Heller (1862, 1865), and Angot (1951 4, 1951 %), while passing references to it are to
be found in the works of Veilan (1878), Andre (1932), and others. Innone of these is any emphasis
placed on the nature of the sculpturation on the abdominal segments. Figure 2:2 and
Fig. 3: 1-12 show the nature of the sculpturation in specimens of sizes 588 to 238 mm, in total
Iength. The general pattern is more or less the same and the non-scuiptured anterior and posterior
parts of each segment are well marked even from the earliest stage, In the post-puerulus stage

* The nomenclature should according to Holthuis (1963) ba Jasus paulensiy (Heller, 1863),



FiG. 2. Jasus lalandei fronialis (H. Milne-Edwards).! From New Amsterdem Island. {1-2) Dorsal view of
carapace and abdomen of male 23-8 cm, in length, (3-4) First and third pleopods of same, (5-8) pleopods
one to four respectively of female 15cm, long (Jong hairy setac notshown in 3rd and 4th pleopeds). (9-12)
Pleopods one 1o four respectively of female 8-1 cm, long, (13-14) Lateral view showing the
disposition of epimeres in male 20-2 cm, and female 15:-Ocm. long. 1= J, paulensis (Heller)].
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(Fig. 4) faint indication of the sculpturation is seen not as uneven surface, but in the colouration of
the area by reddish pigments, where the squamiform sculpturation eventually develops. The con-
stancy of this character thus helps to confirm its usefulness as a reliable criteria for separating the
representatives of Jasus from $t. Paul and New Amsterdam Islands from the typical J. /. lalandei.

Holthuis (1946), however, remarks that the aforesaid character of squamiform sculpturation {in
the case of J. edwardsii, and J. I, lalandei as given by Parker (1887)] *“. .. .is of too little importance
to be of specific value.’” Thusthe specimens of Jasus from Tristen da Cunha, Juan Fernandez, New
Zealand, and St. Paul are considered representatives of one variety of J. lalandei, namely J. L. frontalis
* ,,..differing only in the sculpture of the abdomen.”” Reference may be made to the section on
“Distribution™ for further discussion on this point,

3. Observation on Additional Characters of Juveniles and Adults bf Jasus lalandei frontalis

Carapace.—There appears to be no noticeable difference in the carapace in males and females,
However, with age specimens show an enlargement of the spines and spinules. The rostrum is rudi-
mentary and in the male 23+ 8 cm. figured (Fig. 2: 1) itis abnormal in that it exists as two short-
pointed processesinstead of one,

Walking legs.—Sexual dimorphism is seen in the nature of walking legs, especially in the fifth
pereiopod the propodus which in the male is simple at the distal inner end and the dactylopodite
armed along its inner side with spinous hairs (Fig, 3:18). In the female the fifth pereiopod
shows a conspicuous claw-like spine in the distal inner side of the propodus which when juxtaposed
with the claw-like dactylopodite gives a subchelate appearance and acts as chelae in berried females
hetping to keep the eggs clean of foreign matter. . After hatching, the egg shells attached to the ovi-
gerous setae of the pleopods are also removed by them,

* The first pereiopod in the male is robust and short (Fig. 3: 17) and unlike in the female.
the propodus is more or less rectangular in outline bearing an enlarged spine at its inner distal end
The ischiopodite as well as the meropodite in the male bear a strong claw-like spin¢ each at their dis-
talends. In thefemale (Fig.3: 20-21) the propodite of the first pereiopod is relatively
narrower and tapering towards the distal end without any conspiCuous spinous process at its distal
inner end. The dactylopodite is also relatively smaller, so also the spines on the ischiopodite and
meropodite. In a male 103 mm. the propodus of the first pereiopod does not show the sirong spine
at its distal inner end and as in the female, the propodus slightly tapers distally (Fig. 3:19),

According to Angot (1951 g) the walking legs in the male are reiatively longer than in the - female,

. Abdomen.—The sixth chitinous transverse plate of the tergum of the abdomen immediately
sceding the telson in the male carries tufts of short setae at the inner extremities of the two
mes. This is evident even in the smallest male in the collection (Text-Fig. 3: 13-14). Angot
(1951 @) remarks that the tufts of hairs on the chitinous transverse plates are absent in the female,
In the present material the larfe female shows the absence of the tufts of setae (Fig.3: 16)in
the place of which the tergai plates bear a few punctations, The smaller female specimen, however,
shows distinct tufts of hairs as in the lyoung and adult males (Fig.3:15). It will be interesting
to know whether in the female the tufts of setae on the chitinous tergal plates are fost with moulting

from young to adult.

The epimeres of abdominal segments of males are directed towards the rear, while in the females
(farger specimens especially) they are directed vertically downwards and towards their. extremity
turned backwards (Fig. 2: 13-14). This difference in the disposition of the epimeres is drawn
attention o by Angot (1951 a) in larger specimens where the character is still more marked.

The first angd third pleopods of the males are figured (Fig, 3:3-4)in order to_show the
priramops sondition, the endopodite being absent, The exopodite is broad and leaf-like and the
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Fics. 3, Jasus lalandei fromalis (H. MIne—Edwards) 1 From New Amsterdam Island. (1-6) and (7-12) Dorsal
and lateral view of abdominal segments showing pattern of squamiforms sculpturation in six specimens
23-8cm. to 5-85cm. (; asg:veanableI}mtoiallensth.(B—M)Chmnoustmnsmsetergal
plates of males 5+-85 cm, and 23+8 cm. long showing tofts of hair or setac on expanded symphysial

end of plates. (15-16) Same of females 8+1 cm, and §5-0cm. the former showing the
presence and the Jaiter the absence of the setae. 317—-18) 1st and Sth

of male 23-8cm,. (19) 1st pereiopod of male 10-3cm.  (20-21) Jst and
5th pereiopods of female 15-0c¢m. long 1 =J, paulensis (Heller)].
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inner margin of the protopodite carries elongate setae. In the females the pleopods are biramous,
but the pair on the second abdominal segmant have the exopodites and endopodites equally well
developed, being broad and leaf-like (Fig, 3: 5). The pleopods of the third, fourth and fifth
somites have undeveloped endopodites which are narrower, three segmented, and provided with
long ovigerous setae to assist in the attachment of eggs when the lobster is in berry, The pleopods
of a very small femais measuring 85 mm. shows the endopodite of the second somite to be consider-
ably smaller than the exopodite and devoid of the marginal elongate setae. The endopodites of the
second, third, and fourth pleopods are relatively shorter and rod-like breft of the long setae. For
the purpose of comparison, drawings made to scale of these along with the pleopods of an adult
female are given side by side (Fig. 2: 5-8 and 9-12),

Grua (1964) has drawn attention that at St. Paul and New Amsterdam Islands after egg-laying
{May and June) and hatching takes place (August and September), the ovigerous setae become very
variable in size on account of damage caused to them by the animal while removing the empty egg
shells. Pilosity becomes complete again during the southern summer as a result of a moult distinct
from the prebreeding moult,

Other sexual differance that can be noticed externally is the genital opening of the male which
is situated on the coxopodites of the fifth pereiopod and the female on the coxopodites of the third

pereiopods.

DEsSCRIPTION OF BEARLY PosT-PUBRULUS STAGE OF Jasus lalandei frontalis' FROM
NEW AMSTERDAM ISLAND

From a rock pool at New Amsterdam Island it was possible to collect a 27-5 mm., specimen,
the measurements of which are given in Table I. There is no description of the puerulus stags or
edrly post-puerulus stage of J. ., frontalis from St. Paul and New Amsterdam Islands, except a brief
mention by Pesta (1915} of the occurrence of such early stages in these islands and hence it is felt
that the description given here may be of interest. The specimen (Fig. 4) has a light yellow
body colour except the carapace and alternating bands on the antenna which are faintly reddish,
Very rudimentary spinulation is seen on the carapace and the groove separating the cephalic and
thoracic regions is clearly visible, Tuberculations or timble-shaped processes bearing short setae
between the rudimentary spines of the carapace are absent at this stage. The setae on the dactylo-
podites of the pereiopods are well developed at this stage, but for which the perciopods are
smooth. As already mentioned the squamiform sculpturation on the sterna of the abdominal
segments are not developed although their position is indicated by a faintly red-pigmented band
atong almost the middle of each segment. The sternum of the segments also show minute puncta-
tions which are not seen in aduits, . The telson and uropods are well deveioped and show the lateral
margina) spinous setrations seen in the adults as well as rudimentary spinulations along their dorsal
surface. The expodites and the endopodites of the pleopods are large, leaf-like and bear elongate
feather-like setae. Each pleopod also possesses an appendix interna with coupling hooks,

In the case of the typical J. 1. lalandei from South Africa, Von Bonde, C. (1936) mentions that
the phyllosoma 35 mm. fong changes into a puerulus of 22 mm, At this stage the puerulus resembles
the adult in all characteristics except that the pleopods show difference as at this stage swimming in
the animal is carried out mainly by the pleopods and not the telson and uropods as in the adults,
The coupling hooks of the appendix interna join together the pleopods in pairs to form efficient swim-
ming organs,

PHYLLOSOMA STAGES OF Jasus lalandei frontalis’ FROM THE SOUTHERN INDJIAN OCEAN

In the accompanying map (Fig. 5) the locationsfrom where phyliosoma larvee of J.1. Jfron-
talis were collected in.surface plankton hauls at night are shown, These phyllosoma stages are pre-

# The nomenclaturs should according to Floltbyls (1963) bo Janus pavlensie (Heler, 1863),
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Fia, 4, Jasus lalandet fromatls (H. Milns-Edwards).! Eatly post-pucrulus stage measuring 27+5 mm. in total
: Jongsh from New Amsierdam Island [LmJ. pgulensis (Holler))
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sumed to belong to the variety J. I, frontalis mainly on account of their being taken in the vicinity
of St. Paul and New Amsterdam islands where as already mention®d only this variety of Jasus is
known to occur at present.? The possibility that the larvae could be of the typical form J. 1. lalandei
from South Africa is rather remote as shall be discussed later in the section ‘Distribution’.

In Table II the salient measurements of the phyllosoma stages are given with other details, and
Fig. 6 g{ives the drawings of the three stages in the collection. These stages correspond with
stages X, X1 and XII provisionally recognised by Gurney (1936). These stages are arbitrary as no
hard and fast line can be drawn between the successive stages due to the partial overlap in lengths,

TABLE II _
(Measurements of phyllosoma larvae in millimetres)

Southern Indian Ocean Southern Atlantic Ocean
(present collection) {(after Gurnoy, 1936)*
Characters
1 2 3 1 2 3 4 5 6
Date ve 2-4-1964 2-4-1964 10-4-1964 . o . .
Stage ' . X7 XI? XMy X X X XI Xi X
Total longth o 1846 21-5 25-9 16-85 1780 19-65 2275 22-90 28-5
Pre-labral length ‘e 18 9:0 105 7-3 78 g7 975 95 1240
Post-labral length .. 10-8 12-5 15-4 9-55 1000 109 1295 135 16-5
Antennule peduncular Seg. 1 . 0-9 1+1 1-25 247 2-55 2-65 232 337 2-29
" . Seg.2 .. 03 0-35 045 10 10 1-0 10 10 10
1 » Seg. 3 . 0-4 0-5 Q-7 11 1-24  1-14 1-13 112 1-13
Antennule exopod o 14 1-7 2-2 3-85 4-1 425 375 348 39
. endopod . 03 0-55 0.9 1-2 1-43 145 1-67 1-4 2.5
Eye . 2:0 2+4 3-0 23 2-4 24 2:5 2.65 3:¢
Eye stalk .. 30 3.7 43 34 28 37 37 42 47
Antsona Ve 5.2 68 9:3 56 . 6-2 8.1 84 11-0
Width of forebody . 1440 159 18-3
Width of hind body ‘e 6:0 7-0 87

* QOut of the measurements of 9 specimens of Jasus lalandii given by Gurney (1936) in his Table VIII, the six taken
hers corresporxl to more or less the stages in the present collection. ¢ remaining three spacimens given by Gurney
‘belong to stages VI, IX and XIJI, being 10-4, 12:95 and 37-5mm. long respectively,

The complete developmental stages is not known for J. lalandei or J. verrequxii. The embryonic
development and early post-embryonic stages of J. /. lalandei and a few of the phyllosoma stages
are known chiefly through the works of Gilchrist (1913, 1916), and Von Bonde, C. (1936). Informa-
tion on J, verreau xii is scanty. In order to facilitate comparison, the phyllosoma stages of J, lalandei
described by Von Bonde, C. (1936), Gurney (1936), Lebour (1954), and Prasad and Tampi (1959)
are given here along with the figure of an early phyllosoma stage of J. verreauxii taken from Dakin
and Colefax (1940) (Figs. 7, 8 and 9).

When the measurements for the present specimens given in Table II are compared with measure-
ments of phyllosomas of J. lalandei given by Gurney (1936) (corresponding stages of which are in-
cluded in Table II) some disparity is seen in the relative proportions of some of the bedy characters,

. 3 The nomenclature should according to Holthuis (1963) be Jasus paunlensis (Feller, 1863).
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This is especially pronounced in the antennule, the exopod and endopod being markedly longer in
comparable specimens from off Tristan da Cunha, It is difficult to say whether this could
be due to the fact the phyllosomas belong to two distinct varieties of J, lalandei or due to differences
in the mode of taking measurements. I have used a dial calliper measuring to the nearest tenth o
a mm. under a binocular microscope. As will be seen from the drawings of the three specimen
in the collection (Fig. 6: 2-4) a progressive increase in the segments of the antennule and th
endopod and exopod is seen in relation 1o size,

Fie. 6. Jasus lalandet fromtalls (H. Milne-Edwards).* Phyllosoma stages from Southern Indian Ocean,
{1 21-5mm, specimen (Stage XI) (figs. 3 and 6 alongside ars also of the same specimen). (2 and 5)
Antannule, antenna, eye (2), and ebdomen (5) of specimen 18:6 mm. (4and 7) Samein specimen 25+9 mm,

(8) First and second maxillipeds in phyllosoma 21-5mm. long [1=J. paulensis (Heller)].

The abdomen in the three specimens (Fig, 6: 5-7) shows the relative development of the
pleopods as well as the telson and uropods, By the time the phyllosoma is 259 mm. (Stage XIT (7]
the rudimentary pleopods show traces of separation into exopod and endopod although no seg-
mentation is seen. The telsonin stages X ? and XI?7 have a rectangular shape with the postero-
lateral margins slightly produced bearing a blunt process with two or three setae at the base. The
uropods although showing the partly biramous condition are not sufficiently developed to extend to
the leve! of the posterior margin of the telson. This is seen in stoage XII ? where the posterior margin
of the telson is rounded, The biramous condition of the uropods js well developed and so also the
basal segment, '



F16. 7. Jasus lolandei lalandei (H. Milne-Edwards). (1-3) Phyllosoma stages (after Von Bonde, C.,
1936). (4) Puerulvs stage 22mm. long (after Von Bonde, C., 1936) 14 from South African waters.
(5) Early phyllosoma stage from Bengyula Current (after Lebour, 1954).
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Prasad and Tampi (1959) are the first to record Jasus lalandei from the tropical waters of the
northern hemisphere, namely the Laccadive Sea based on two larvae 1-5 mm. each obtained in
lankton haul from R. V. Kalava Station No. 448. The figure of the larva reproduced here
Fig. 9) illustrates the point drawn attention to by the authors that the antenna is shorter than the
antennule. The antenna is also shorter than the eye which has not yet developed a distinct stalk at
this stage. In similar sized (1-5 and 1-7 mm.) larvae of the typical form J. I, lalandei from South
Africa described by Von Bonde, C. (1936), and Von Bonde, C. and Marchand (1935), the antenna is
slightly longer than the antennule and the eye (see Figs. 7 and 9).

DISTRIBUTION OF THE GENUS Jusus PARKER

The genus Jasus Parker has a circumglobular distribution in the southern hemisphere from
south of the Tropic of Capricorn to about 46° S, latitude, the only exception being the record of
larvae of J. lalandei from the Laccadive Sea by Prasad and Tampi (1959). Chace and Dumont
'1949) published a map showing the world distribution of spiny lobsters of the family Palinuridae
Fig. 10). However, from the present study of the distribution of Jasus, one of the genera of

-Palinuridae, it is seen that the Limits of the distribution of the family given by these authors need
modifications. As such a revised distributional map for the family is given here (Fig, 11),
along with another showing the distributional limits of the genus Jasus (Fig. 12). For the exact
distributional limits of the adults reference may also be made to the exhaustive list of localities given
under the respective species by Holthuis (1946).

;'Fm. 8. Jasus lalandei fromalis (7). Phyllosoma stages. (i) Jasus lalandii, Stage VII1 2, 11 mm. from
Discovery Stn. 254 (after Gurney, 1936). (2) Stage XIII? 37 mm. from Discovery Stn. 100 B,
1=2 from the Southern Atlantic Ocean (after Gurney, 1936).
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The distributional pattern of J. lalandei when plotted on Lambert’s Azimuthal Equal-Area
Projection Maps of the antarctic and subantarctic regions (Fig. 13) shows that:

1. St.Paul and New Amsterdam Islands lic almost on the boundary line between the subtropi-
cal and subantarctic zones, the mean position of the subtropical convergence on the 77° longitude
lying only 2 few miles south of these islands.

2. A scrutiny of the known distributjonal limits of the two varieties of Jasus lalandei, namely
J. 1. lalandei and J, I, frontalis shows an allopatric pattern of distribution, The typical variety is
confined to parts of South and South-West Africa, and South-West and South-East Auvstralia, while
J. L fromalis is primarily an insular variety, being known from St, Paul and New Amsterdam 1slands;
New Zealand and Islands in the vicinity such as Stewart Island, and Chatham 1sland, Juan Fernan-
dez, San Ambrosa and San Felix 1slands off Chile, and Tristan da Cunha in the South Atlantic.

FiG. 9. Phyllosoma stages of Jasus, (1) Early phyllosoma stage of Jasus verreauxii (H. Milne-Edwards) from
Australia (after Dakin and Colofax, 1940). (2a-c). Phyllosoma Stage I of Josus lalandii from the Laccadive Sea
(a—antennuie and antenna, b—abdomen, c—first and second maxillipeds) (after Prasad and Tampi, 1959),

J. verreauxii on the other hand shows a sympatric distribution occurring along with J. 1 lalandei
along the coasts of New South Wales and Victoria, and is also reported by some to occurin New
Zealand. This then is the general pattern of distribution, but several problems need elucidation,
such as the status of J. lalandei occurring in South-West Australia; whether or not mixed popula-
tions of J. /. lalandei and J. l. frontalis oceur in New Zealand ; whether the insular populations provi-
sionally treated here under one variety, namely J. /. frontalis are in fact endemics in the respective
areas and eventually may have to be considered as good varieties or subspecies [e.g., J. L. paulensis
from St. Paul and New Amsterdam Islands; J. /. edwardsi from New Zealand ; J. /. frontalis from
‘Chile’ (Juan Fernandez), etc.] or species, Some of these shall be discussed presently,

3. From Fig. 13 it will be seen that the insular areas from where adults of J, I fromalis
are known to occur lie almost in the same latitudes within the northern part or outer limits of the
subantarctic zone and only exceptionally as in the case of St. Paul and New Amsterdam Islands
do they lie just north of the mean line of subtropical convergence, This contrasts with the disiri-
bution of the typical form J. I, lalandei which in Australia and South Africa lie well above the line
of subtropical convergence.
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4. Knox (1960) has given the mean winter and summer sea surface isotherms for the southern
oceans and when seen in relation to this (Figs. 14 and 15) the distribution of the typical
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Frc. 10, Map showing the world distribution of spiny lobsters of the
family Palinuridae (after Chace and Dumont, 1949},
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FiG. 11. Rovised map showing the world distribution of spiny lobsters of the family Palinuridae,
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J. L. lalandei is found to lie within the mean summer and winter sea_surface isotherms of 15° and
20° C. during both seasons, except in the area around Southern Tasmania where it is even less than
12° C. during winter. In the case of J. /. frontalis the areas fall within the mean sea surface summer
isotherms of 15° C. to less than 20° C. and mean sea surface winter isotherms of 10°-15°C. Knox
(1960) has also given the coastal water types of the southern temperate and antarctic regions
(Fig. 16) from which it will be seen that the distribution of the genus Jasus is predominantly restricted
to the *Cold temperate mixed water”, and rarely infringes into the *“Subantarctic cold temperate
water type™ or into the *Transitional warm temperate water type”.

5. On the basis of his studies on the littoral ecology and the biogeography of the southern
oceans, Knox (1960) proposed certain biogeographic subdivisions of the southern temperate and
antarctic regions mainly based on characteristic temperature and salinity ranges and water masses
(Fig. 17) according to which St. Paul and New Amsterdam Islands and the entire distributional
areas of the genus Jasus come under the * Cold temperate regions’” (exceptions being the smail area
south-east of the Cape of Good Hope, Union of South Africa and along south-west coast of
Australia which come under the ‘“Warm temperate transitional regions”.

— g e —
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Fig. 12, ‘Map showing the world distrlbution of spiny lobsters of the genus Jasus Parker
{Areas from where Iarvae have been collected are also included). '

6. The influence of the ‘West Wind Drift’ and the connected cold currents adjacant to the land
masses in the southern hemisphere on the dispersal and distribution of the subantarctic faunal and
floral elements has been repeatedly drawn attention to even recently by several authors at the con-
ference on ““A discussion on the biology of the southern cold temperate zone’* (Deacon, 1960; Du-
Ritez, 1960; Godley, 1960; Holdgate, 1960; Knox, 1960; Mackintosh, 1960; Wace, 1960; and
others). A diagrammatic representation of the principle ocean currents as given by Knox (1960)
is reproduced here (Text-Fig. 18) to indicate the possibie role the *West Wind Drift and associated
currents could have had or could have on the present-day distribution of Jasus. A further discus-
sion is given in the section “Larval Distribution”,
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- F16, 13, Map showing the distribution of Jasus lalandei lalandei (blackened areas)
and J. [, frontalis (stippled areas), The insular occurrence of the latter may be noted,

LirvAL DISTRIBUTION OF Jasus PARKER

The importance of studying the distribution pattern of phyllosoma larvae of spiny lobsters which
- could be good indicators of ocean currents and water masses has been stressed in recent years by

many workers (Lewis, 1951 ; Lewis er al., 1952; Thorson, 1960; Ingle et al., 1963; and others).
Ingle e al. (1963) in a preliminary study of the possible Carribean origin of Florida's spiny lobster
{Palinurus argus) populations have stressed the significance of water currents on population recruit-
ment and suggested the usefulness of studies in widely separated areas on the availability (or non-
availability) of various phyllosoma stages in particular waters, as such studies may help to elucidate
ot identify current patterns as the long larval life span and the duration of well-differentiated stages
may provide 2 very good natural device for establishing the directions of flow and rate of movement
of water masses. In jdentifying water masses with such planktonic indicators, one point raised by
‘Grice and Hart (1962) needs bearing in mind, namely that some knowledge of the reproductive cycle
- and longevity of the species is often valuable in deciding whether it is indicating recent or possible old
SM~1V-16
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intrusion of water into an area. In the case of the genus Panulirus, Thorson (1960) remarks that the
phyltosoma of some species have a pelagic life of 150-180 days, for instance, Lewis (1951) found that
thelarval developmentin P, argusis completed in approximately six months, while in the allied
species P. interruptus from the California coast Johnson (1951) found that it took slightly less than
eight months for the completion of the larval development, Thorson (1960) opined that it is this
prolonged planktonic phase of its life-history that has enabled some species of the genus Panulirus
to show a circumtropical distribution,

o
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Fia, 14, Mean summer sea surface isotherms for the southern oceans (5° C. intervals)
(after Knox, 1960},

Surprisingly enough, although a species of the genus Jasus (J. lalandei) is the most important
commercially exploited species of spiny lobster in the world, the available information regarding the
" planktonic phase of its life-history is far from complete. First there is still doubt as to the total
number of larval stages that may be recognised for Jasus though tentatively 13 stages are recognised
by Gurnzy (1936). But for some information about the duration of the prenaupliosoma stage, and
naupliosoma stags (Stage I1), the actual duration of the various phyllosoma stages in nature is frag-
mentary and often speculative,

-2+ The description of larval stages by Thompson (1907), Anderton (1907), Archey (1916), Gilchrist
(F913, 1916), and Von Bonde, C, (1936), rzfcr to collections from coastal weters or a few stages
observed in captivity. Von Bonde, C. (1936) mentions that “°1 have been able to obtain phylloso-
mata of various sizes betwean 3-8 mm. and 24 mm. and they are to be described in a paper entitled
*‘Experiments in artificial hatching and rearing of the cape crawfish Jasus lalandei’, Inv. Rept. No. 9,

- Fish and Mar. Biol. Surv., South Africa (in preparation).”” Probably this report has not yet been
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published, as I have been unable to find any subsequeat reference toit, All this is to show the frag.
mentary nature of the information available,

FiG. 15. Mean winter sea surface isotherms for the southern oceans (5° C. intervals) (after Knox, 1960).

Gurney (1936) who found the growth factor in six groups of phyllosoma larvae ranging from
10-4-351mm. to be 1-3 or less, recorded a small phyllosoma of Jasus lalandei (Stage VII 7) about
900 miles North-West of Tristan da Cunha with theremarks that **Unfortunately, as the series of
larva is so incomplete, one can only guess at the age as expressed in the number of stage and I am
by no means satisfied at the assumption that the larva is in Stage VIII is correct. At all events it
cannot be older, We know too little about the age and duration of stages to estimate the age in
days, but a guess of six weeks may be fairly near the truth, in any case there is evidence of rapid and
extensive travel,”” He also refers to three specimens of puerulusstage of J.lalandei caught at 250
meters depth about 170 miles from land where the ocean depth is over 3,000 metres, and of larvae
collected from great depths of 2,480 -2,580 metres which were all found to be in the last stage prior
to metamorphosis into the puerulus stage,

In the present instance, the phyllosomas collected on the night of 2-4-1964 from 35° 45’S,
70° 36" E. were from about 390 and 435 miles from New Amsterdam and St. Paul Islands respectively,
The one takan on 10-4-1964 from 33°22'§., 74° 56’ E. is about 270 and 345 miles north of New
Amsterdam and St. Paul Islands respectively. The scarcity of the material does not permitl an
assessmen} of the probable duration that the larvae had taken to attain the sizes and stages indicated
in Table IL, : :

The known occurrence and distribution of the phyllosoma stages of Jasus in the Indian Oc_eén
and the Southern Atlantic and Pacific Oceans suggest the following.
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1. The general non-ocourrence of phyllosoma stages of Jasus south of the sub-tropical conver-
gence is interesting and probably pointsto the transportation of the larvae from the breeding grounds
towards the sub-tropics aided by the *West Wind Drift’ and connected currents flowing northwards.
Perhaps this also accounts for the non-occurrence of Jasus on Gough Island only 352 km, south of
Tristan da Cunha; Kergutten Island south of St. Paul Island; and Macquarie Island, Camptell
Island, etc.,, southof New Zealand, Associated with the currents, temperature may play an
important role in limiting the distribution southwards. However, the great depth from which phyllo-
some of Jasus have been collected (Gurney, 1936) indicate that the lower temperatures may be a
limiting factor for the earlier stages while later stages may occur in depths where the water tempera-
ture is even {ower than 10°C,

Fio. 16. Coastal water types of the southern temporate and antarctic regions (after Knox, 1960).

2. It appears likely that in the southern Atlantic and southern Indian Qceans, the larvae which
are carried away from the islands by the currents are brought back to the islands caught in an ““eddy
system” during which period development and metamorphosis to the puerulus stage are completed.
This'could account for the apparently ‘ endemic’ insular distributions of J. /. frontalis. The same
could also apply to Juan Fernandez Island in the South-Eastern Pacific.
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3. That metamorphosis into the actively swimming puerulus stage could take place far out
at sea (as much as 170 miles from land over deep water) is clear from Gurney’s work (Gurney, 1936).
However, the significance of this is not fully understandable as in many other species of allied genera
the pueruli first appear in shallow water. In the case of the intensively studied species Panulirus
argus, Lewis et al. (1952) mention of only one instance where a single specimen in the puerulus stage
was taken in plankton hauls in the Gulf Stream off Miami and opines that it seems certain that this
stage is not normally planktonic. :

.........
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Fig. 17, Biogeographic subdivisions of the southern temperate and antarctic regions proposed by
G, A, Knox, 1960,

4, A plausible explanation of the occurrence of very early stage of the larvae of Jasus in the

tropica! waters of the Laccadive Sea js a possible equatorial transgression of the genus at scme
: earﬁer date and subsequent isolation. The possibility of such an equatorial transgression of the
\srvae at present from the area of New Amsterdam and St. Paul islands or even South Africa can te
ruled out on account of the very early stage (1-5 mm.) of the larvae, Besides, the intervening warm
south and north equatorial currents would only act as effective barriers for the distribution of the

pianktonic larvae,  Whether an equatorial transgression of the gonus ¢ould have taken place during
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the late Pleistocene when there had besn periodic oscillations in the equatorial Atlantic and Pacific
and probably also the Indian Ocean with an amplitude of 6° C. may be considered. The work of
Emiliani (1958) based on Radio-Carbon dating of more recent sections of deep-sea cores show that
the surface waters were particularly cool about 15,000 years ago whan the tropical surface waters
wers about 6° C. cooler than at present. Prasad and Tampi (1959) have shown that the cooler
waters at dspths of about 200 metres in the Laccadive Sea may not rule out the possibility of Jasus
occurring there, Adults have never been reported from this area, and more information is needed,

,JFIG. 18. Diagrammatic representation of the principal ocean current of the southern oceans (after Knox, 1960).

5. Lebour (1954) has recorded the early stages of larvae of Jasus lalandei from the Bengula
Current and the small size of the larvae indicate that they could have come only from the breeding
grounds of the species along the coast of South-West Africa and not represent the J. /. frontalis type
from Tristan da Cunha, However, the fate of these larvae if they get into the warm South Equa-
torial current of the South Atlantic is not known, It js likely that an “eddy system*” may help to
bring back the larvae to the South-West African Coast without being carried out into the warmer
current, nor drift as far west as Tristan da Cunha which lies 2,900 km, west of Cape of Good Hope,
The current pattern off S. W. Africa as given by Sverdrup, Johnson and Fleming (1949) for the
months of February-March which aiso coincides with the period of occurrence of phyilosoma off
this coast indicates this possibility. :

6. Stray records of the occurrence of Jasus lalandei from the south-western part of Australia
are available (Sheard, 1949, 1962), but definite information as to the variety to which it belongs is
wanting, The possibility that some latvae could be carried by the currents from the area of New
Amsterdam and St, Paul Islands to the 8,W, Coast of Australia cannot be ruled out, Another
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possibility is that the once continuous distribution of J, /. lafandei along the South-West, South and
South-East Coasts of Australia has become disjunct, as along most of the southern coast of Western
Australia and part of South Australia, especiaily in the area of the Great Australian Bight, Jasus
has not bean reported. -

7. This brings up another situation in the case of adult Jasus distribution which may be con-
sidered here, This is whether effective reproductive isolation in mixed populations (if any are found
along maintand areas) of J. /. lalandei and J. I. frontalis occurring in any one area could take place,
Influx of larvae of both varieties into an area could bring about such mixed populations and absence
of reproductive isolation will no doubt also be indicated by intergradation in the patterns of squami-
form sculpturation on the back of the abdominal segments, On the other hand, if the variability of
the sculpturation on the abdominal segment is caused by environmental factors the role played by
the duration of the planktonic phase of the developmental stages of the larvae and post-larvae needs
study. These points are mentioned here, as at present the two types of abdominal sculpturation
noticed in these lobsters are considered to be only of intra-specific importance.

8. A related problem is that some authors have indicated that J. I lalandei and J. I, frontalis
occur in New Zealand, while others (Parker, 1887; Holthuis, 1946) are of the opinion that the popu-
1ation there is composed of only one type, namely J. /. frontalis( =Jasus edwardsii of Parker). Careful
scrutiny of material will b: necessary as it is not unlikely that the larval stages of J. 1. lalandei found
along New South Wales, Yictoria and Tasmania coasts could be carried by ocean currents i0 New
Zealand. One point in favour of this is the reported occurrence of J, verreauxii in both these areas,

9. Attempts to acclimatise J. /. frontalis along the coasts of South Chile have proved unsuccess-
ful, while this variety supports a sizable fishery at Jyan Fernandez Istand. The temperature, current
patterns and the transportation of the larvae may have some bearing on this problem seen here.

10. If the two varieties considered here are eventually found to be allopatric in distribution,
or if sympatric, show reproductive isolation, there is no reason why they should not be considered as
good species. Elucidation of this can be carried out only by direct observations in nature. In any
case, tﬁe problem of speciation in Jasus would necessitate considering ;

(a) The geological history of the genus.— At present there appears to be no information,

(b) The spatial distribution of the genus.—Here we find that the variety J. . frontalis has a mtich
wider distribution than the typical form J. /, lalandei, Are weto consider that the more widely
distributed variety is also the one from which the other has evolved or vice versa?

(¢) This brings up the character of the squamiform sculpturation and whether the variety with
the more complete sculpturation is the one from which the second type has evolved or vice versa.
In the related species J. verreauxii the surface of the abdominal segments are studded with only
scattered timble-shaped processes,

The wide gaps in our knowledge does not permit any generalizations. It is hoped that the
points raised here would stimulate work on these aspects of this interesting group of commercially
important Jobsters.

OBSERVATIONS ON THE BIOLOGY AND FISHERY OF Jasus lalandei frontalis FROM ST, PAUL
AND NBW AMSTERDAM ISLANDS!

1. Biology

Some observations and information gathered during a day’s visit is augniented here by the more
detailed observations of Angot (1951 @) and Grua (1960, 1963). Being partly a review, it is felt that

} The nomenclatyre should ageording to Holthpis (1963) be Jasus paulensis (Heller, 1863),
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there is need for drawing attention to some of the important problems connected with the biology
of this lobster highlighted by these authors. Chiefly they are:

1. The lohgters around both these islands Jive amongst rock and sometimes in areas with gravel
bottom, but are not found in places with black sandy bottom.

2, Specimens are found at different depths upto 60 m. or more, this being the depth upto which
fishing is generally carried out.  Actual fishing operations have shown that the depths between
10-35 metres are the most productive and this also corresponds with the areas generaily occupied
by beds of the giant kelp Macrocystis,

3. Better catch is always obtained from rocky rugged bottom areas within the zone just
mentioned and fishing is concentrated in such areas. _

4. Angot found three colour phases of this lobstar and corrzlation was found between this and
the depth from which the lobsters were fished. Near the coast the dominant colour is bright red.
This is also the colour group I was able to collect, It is said to become dull red with a tinge of light
grey in the zone of the kelp beds and dull red with a dusky tinge at greater depths. Angot found
the body of specimens with the last-said colour to be profusely encrusted with the spiral white shells
of Spirorbis- especially on the carapace. In the collection that I have, Spirorbis shells are present
in fewer numbers even in small lobsters 8-1 and 10-3 cm. long. Angot found that after a severe
storm when the sea conditions were rough disturbing the sargasam beds, individuals of al) the three
colour phases mentioned above were found to occur mixed. However, one or two days following
the storm segregation according to depth was again re-established. Grua (1960) has also
commented on these colour phases.

S. During the entire fishing season from January to April 1950, Angot found that not a single
female lobster was “in berry’ except one female captured on 15 January which had a few stray eggs
attached to the pleopods, Hence he concludes that these months do not correspond with the
period of reproduction of this lobster, On 8-4-1964, in addition to the few that 1 had collected,
several more lobsters had been caught that day, but none were ‘in berry® which I understand from
the resident meteorologists occurs prior to November and seldom are berried females seen after this
until about the middle of the next winter, which is June, In the material Angot studied, he found
that individual females showed much more developed genital glands during March than atthe
beginning of January.

. 6. Gruea (1963, 1964) has shown that egg-laying occurs in May and June and hatching takes
place in August and September. In females at both the islands during this period the ovigerous
setae become variable in size due to damage caused by the removal of the empty egg shells by the
animals themselves. Grua studied this phenomena by an original biometric method involving size
ratios, the validity of which he discusses (Grua, 1964}, Pilosity becomes complete once again by
‘March, owing to a molt distinct from the prebreeding ones.

In the specimens in my collection, three shell conditions, namely “ hard new shell”, *“hard old
shell** and “soft new shell’ are present (Table I). No freshly moulted specimens were seen nor
were any moulted shells seen among the rocky inter-tidal areas which were extensively searched both
to the west and south-east of Camp Heurtin.  Angot alse found that from January to ths beginning
of April not one specimen captured was found to have moulted, the carapace in all being hard.
Apparently the moult in the month of March in females mentioned by Grua (1964) may not bea
general phenomena, but restricted to a particular stage.
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~ 7. Angot(1951) has given the length frequency of lobsters caught during the *Sapmer®
Expedition in 1950, Briefly stated the results are as follows:

No. Mean No.of  Mean No, of Mean
Locality (sexes length*  males  length* females  length* FiM
combined)

: %
St_.l_’a_ullsland o L106 24-3 948 27-9 158 207 169
New Amstordam Island .. 978 22-8 386 261 92 19:5 103
Toial .. 2,084 236 1,834 - 250 .. 13-6

* Maan lengths are given in centimetres.

It may be noted that the mean lengths differ for the sexes in both the islands, A similar trend
was also noticed by Grua (1960) for the period 1958-59 sesson, which was as follows;

Sex St. Paul Island  New Amsterdam Island
Males w 241 (—3-8em)¥ 21-9(—4-2cm.)
Females ve 2003 (—0-4cm.) 196 (+0-1em.)

Mean for males and females .. 23-53(—0:-8¢m.) 2147(—1+1e¢m,})

L‘l‘he figures in paranthesis indicate the differences from the mean observed between the figures given by Angot
for tho 1950 season and Grua for the 1958-59 season,

8. The graphs given by Angot (1951) are reproduced here (Fig. 19) in order to illusirate
the significant point of marked disparity in the sex ratio. The proportion of females is least in New
Amsterdam, being only 10-39%, and 16-9% at St. Paul Island. However, a size-wise analysis shows
that the females in both the islands predominate over the males upto about 17-0cm., length. From
_ this size to about 20 cm. length the males predominate, but very slightly over the females. However,
beyond this length the gulf is very great as the largest female taken is not more than 25 cm. while the
male grows upto 35cm. In my collection out of six juveniles and adults, only two are females,

However, there are indications that there could be fluctvations in the sex ratio and Grua (1960)
remarks that the percentage of females may fluctuate between 5% and 35%,. Thus thereis evidence
of a constant predominance of males over females. This phenomena to-a much lesser degree is seen
in South-West Africa where Mathews (1962) found the sex ratio of males to females in J. /. lalande;
10 be 59: 41 with constant predominance of males over females of 18%,. A latitude-wise analysis
- given by Mathews (1962) showed that in 1959, 64-7% of the lobsters of the southern areas were

males, while only 5199, were males in the northern areas; in 1960 it was 63-3% and 59-39%,; and
_ in 1961 it was 64-4% and 50- 34, respectively. H OWever, in the case of the lobsters at St. Paul and’
New Amsterdam Islands which are situated hardiy 60 miles apart the situation is very disquieting,

A significant reduction in the female is bound to have a very marked effect on the reproductive
rate and the recruitment into the area each year. In fact, the sexratiois such that it is only
reasonable to presume that if intensive fishing is resorted during any particular season or consecutive
seasons resulting in the greater depletion of the females and thus a greater imbalance of the sex
ratio, the entire lobster population around the islands will be adversely affected.

9. Grua (1960) suggests that the males and females may segregate when the fcinales are
~ “jwberry’. Fortunately though, the period of reproduction does not coincide with the maip
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fishing season, the great disparity in the sex ratio seen in samples obtained during the fishing
season as already mentioned is highly significant.
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Fra. 18, Sex ratio of Jasns lalandel (= J. 1, fromalisy* at A: New Amsterdam Jsland;
B: St. Paul Island; and C: From both islands combined (After Angot, 1951 a} [’ l=f. paulensis (Heller)].

10. On the basis of the mean size differences of the specimens at St. Paul and New Amsterdam
Islands Angot (1951) concluded that the growth of the lobsters after the larval stage at both these
islands was independent of the other. The data on size and growth given by Grua (1960, 1963) also
points to the same conclusion, In other words, adults do not migrate to and from between the
istands, though separated by hardly 60 miles of sea, A depth barrier, as weil as temperature differ-
ences of the waters surrounding the two islands are important considerations. Smith (1948) speaking
of the spiny lobster fishery off British Honduras remarks that “There is ne evidence that adult
lobsters are able to cross deep straits and these act at least as a partial barrier to migration.” The
deepest part between St, Paul and New Amsterdam Islands is about 1685 metres and this may act
as an effective barrier in restricting the adult populations to the narrow shelves around the two
islands. Temperature as a factor affecting the sizes of adult lobsters in both the islands has been
drawn attention to by Angot (1951) and Grua (1960, 1963). Both surface as w=ll as subsurface
temperatures, especially the latter show the differences very clearty as can Le seen from the
following : '

Mean monthly surface temperature (° C.) at St Paul and New Amsterdam Islands*

Months .. Jan. Feb. March Aprit May June July Aug. Sept. Oct. Nov. Dec,
St, Paul .. 165 168 16-¢ I5-9 14-8 13-4 12-6 12-4 12:3 129 138 148
New Amsterdam oo 16:8 1737 1692 15-9 14:86 1361 12:95 12:71 12:7) 13-26 14-04 1559

—— - —rr

e A g - any ) PED——
% After Tropssart, 1951 ang Girya, 1963, i -



Jasus FROM INDIAN OCEAN 1495

Temperatare ar 400 and 600 m. off the coast at §1, Paul and New Amsterdam Islandst

Actual Depth of
Date Position depth sampling Temparature
' (m.) (m.) °C)

1. 8t PaulIsland _
7-1-19%9 ., E 28 20 13-99

12-1-1959 ., N.E, 0 25 13-73
29-1-195% ., E. 29 24 13-97
2. New Amsterdam Islandt

18-1-1950 ., ESE, KX] 28 17-8

21-1-1959 .. W, 25 20 17-71

30-1-1959 .. NMNE. 33 25 18-09
231859 .. W. 39 3 17:14
11-3-1959 .. N.W, 45 40 17-88

" 1 On 15-12-1958, 2 miles N.N.W, of this island where the depth to botiom is 1,000m, the temperatures at 5
and 10m. depths were 16:6 and 16-3°C respectively. '

Thus 2 difference of about 4° C. is noticeable in the subsurface waters off the islands in the
month of January and similar differences may be prevalent during the other months as well. The
lobsters at St. Paul Island where the waters are cooler are relatively larger in size. 1 may add here
that it is not unlikely that increased fishing effort around New Amsterdam Island could also result
in a reduction in the size of the lobsters caught there, as compared to those taken arcund St. Paul
Island which may not be so frequently exploited.

11. Angot (1951) records some difference in the behaviour of the lobster populations of the
crater lake on St. Paul Island and those occurring outside the lake. In the lake area where the water
is about five metres deep , not one lobster was seen during daytime, but at dusk the ‘littoral area’
of the lake was invaded by large numbers of lobsters which disappeared at dawn. No such pheno-

" mena was noted by him along the fringe of the island. During our visit 0 New Amsterdam Island
a similar *invasion® of the intertidal rocky area (between Pointe Goodenough and Pointe Hosken off
Camp Heurtin) by lobsters at dusk was noticed and 1 was told that this is not unusual. The effect,
the phase of the moon may have on such movements is not known, but our visit on 8-4-1964 was
four days prior to New Moon.

2, Fishery

A fortnight prior to R. V. ANTON BRUNN'’S visit to New Amsterdam Island, two lobster fishing
boats from Reunion Island had spent about three weeks in the area chiefly fishing lobsters, returning

" with a catch of about 30,000 1obsters. From November to April a few fishing boats visit St. Paul
and New Amsterdam Islands from Reunion Island and besides lobsters a few other fish such as the
‘Poisson Blue’ or blue fish (Chilodactylus macropterus), the ‘Morue’ (Latris hecateia), the *Tazart
(Thyrsites atun), and the ‘Cabot’ (Polyprion americanus) are caught with handlines. Lobster meat
is usually used as bait for catching the fish, and in turn the fishermen have found that the flesh of the
‘Poisson Blue’ atiracts more lobsters to the traps than any other bait. There were no lobster traps
on the island at the time of our visit as these are used only from the fishing boats and for local needs
any number of lobsters could be caught at dusk by hand or using baited hooks in the rockpools,
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Angot (1951} gives a bricf dzscription of the trap used, which is closely akin to the type used along
the French coast and the Guif of Maine. The trap is a semicylindrical case with a rectangular basal
plate and with two openings located along the upper median line. The flat bottom enables the trap
to rest in the proper position even on irregular bottom, The trap is said to ke inexpensive, made of
wood and capable of capturing large quantities of lobsters. Angot remarks that 50-70kg. of
lobsters are caught per trap per day, and sach boat uses about 15-20 traps,

Paulin (1957) reported that while lobsters were caught in small quantities during most of the
months, in the two months November-December, 1956, upto 255 tonnes were landed. The average
estimated annual catch of lobsters from St. Paul and New Amsterdam Islands for the 7-year period
1951-52 to 1958-59 (excluding 1957-58 when fishing was suspended) was about 212 tonnes. Grua
(1960) notes that for the 1958-59 season the limit was fixed at 200 tonnes and the estimated catch
for the season was 201 tonnes. Of this, 53% of the catch was composed of ‘petites’ or small-sized
lobsters 14-18 cm.; 32% ‘moyennes’ or medjum-sized lobsters 18-23-5cm.; and 159 ‘grosses’
or large lobsters 23+ 5-35 ¢m. and upwards, the largest specimen caught during the 1958-59 season
being 37-4 cm, Since the fishing areas around the islands are greatly limited in extent, there is a great
need for a judicious expleitation of this resource,

Attempts had been made earlier to establish a canning factory for canning lobster tails at
St. PaulIsland and one functioned for a brief period from 1928 to 1931, but had to be abandoned due
to various difficulties. The factory was established in the crater, but the crater mouth was always
not accessible for boats to leave or enter, so much so fishing periods had to be restricted. The incle-
ment weather conditions and utter loneliness had a telling effect on the health and morale of the
men, and so the project was abandoned in 1931,

The ‘Sapmer’ Expedition of 1950 was chiefly undertaken to explore the possibilities of a fac-
tory ship doing also fishing, working in the area during the summer months, This had a definite
advantage as whole Jobsters could be frozen or only the tails so that the rest could be reduced to
lobster meal. However, it was found that the consumer preference was for whole jobsters and freez-
ing often resulted in the damage of the appendages of the lobster. The highly oily nature of the
other fish caught at the islands were not advantageous for salt curing (partly also due to
limiéations of ship space and the climati¢ conditions being unfavourable) or even canning of this
product,

CONCLUDING REMARKS

From these, a few points worth mentioning are that although there is a marked disparity in the
sex ratio of the lobsters here, it is not known whether this great reduction in the number of females
sezn in this area is really nature’s control to limit the annual recruitment into this area to the extent
that such a restricted area could sustain. Whether this is a periodic phenomena or a regular feature
is not clear as information as to fluctuations in the sex ratio of the lobsters over a period of years is
wanting. If future sampling shows that this ratio of males to females is characteristic for these
islands, this may be yet another important clue as to the homogeneity of the lobster population in
this area, and the unlikelihood of any influx of larvae from other areas such as South Africa, or
Western or South East-Australia. Such information from other insular areas, such as Tristan da
Cunha and Juan Fernandez [slands where Jasus occurs will be of considerable interest in this
connection.

We have hardly any information regarding predation of lobsters around St. Paul and New
Amsterdam Islands by other animals, especially marine mammals (the ‘Elephants de Mer* Mirounga
leonina, and the ‘Otaries’) and the sea brids and fish except the brief comments of Angot (1951),

Angot (1951) has perhaps rightly pointed out that there is a need to limit the fishing of lobsters
to only males which will not be difficult to implement as the fishermen could be easily trained to
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distinguish the sexes. In fact, the females are smaller in size and so few in numbers that the fisher-
men mey not lose much by releasing these back.  Fortunately, inclement weather conditions for
about six months in the year when the female lobsters are mostly ‘in berry’ acts as a natural control
on fishing. All told, in view of the isolated position of these two islands remote from other land
areas, the **lobster problem™ here is one of interest not merely on account of its fishery value, It
is equally interesting to thc taxonomist and the biogeographer, There are many gaps in our know-
ledge, especially the species problem, the life-history stages and natural distribution of larvae by
ocean currents all of which call for carly and detailed attentjon.

PART Ii

ANNOTATED BiBLIOGRAPHY ON THE TAXONOMY, BIOLOGY AND FISHERY OF SPECIES OF
THE GENUS Jasus PARKER

ALBeRrT, F, [898, La Langosta de Juan Fernandez i la posibilidad de su aclimatacion en la costa de Chile, Rev, Chile
Hiss, nat,, 2 1-7, 17-23, 29-31 {with one map). _
[Palinyras fromalis from Juan Fernandez, pp. 5, 17, 29.)

Annmsoq, B. H. 1938, Decapoda, The Sir James Banks Islands. Reports of the expedition of the McCoy Society
for Ficld Investigation and Resecarch. Proc. Roy. Sec. Victoria, 502): 348-352.

[Ja.ms_lalanda from Reevesby Island, South Australia, p. 353.]
ANDERSON, K, W. 1957, The freezing and coldstorage of raw crayfish. C.$.LR.O, Australia, Food Perservation
Quarterly., {Also ses Anon, 1957a).
, Wasus Jalandi,)
Amg;cun, T. 1906. Observations on the New Zealand Fishes, cic., made at Portobello Marine Fish-hatchery, Trans.
roc. New Zeal. Inst, 39: 477-496, pls. 17-20.
(Palinuries edwardsii from Portobello, New Zealand, p. 483}
ANDEE, M. 1932. Crustacds recueillis par M. E. Aubert de la Riie aux jles Kerguelen, Saint-Paul et de ja Nouvelle—
Amsiordant. Bull. Mus. National d'Histoire Nat., Paris, 4: 174-181.
[Palinurus lalandei, 1 specimen from St. Pauni Island.)
ANGor, M. 1951 @, Observations sur la faune marine et la peche aux iles Saint-Paul et Amsterdam. Mesm. Inst. Sei.
Madagascar, Ser. A, 6(1): 1-51, .
ifasus lalandei Lamk, Synonyms; diagnosis of species, differentiation of sexes, figures, notes on biology,
sex ratio, sizes, ecology.]
——— 1951 b, Rapport sur une campagne de péche aux iles Amsterdam et Saint-Paul. Nar. Malgache, 3(1): 1-9.
[Jasus lalandei. Size, sex ratio, ecology.]

hﬁénvmbs 1948 0. South Africa’s crawfish industry. Foreign Commere, Wiy, 30(10): 21-22,
[Patinurus lalandii.)

—— (948 b, South Affica Fisheries. Comm. Fish. Rev., 10(5): 39-41,

' (Palinerus lalandii.]

———— 1948 c. Tristan da Cunha, development of a crawfish industry. Ibid., 10(7): 41-42.

19484, Development of a crawfish industry, Tristan da Cunha. Forelgn Commerc. Wkly, 32 (4): 36.

—— 1949, Advertising camraign to consumer promoted by the South African Rock lobster Association
in newspaper and dealer helps, Fishing Gazetre, 66(6): 5.

— 1950, Lobster tail production in Union of South Africa. Quick Frozen Foods, 12(7): 186.

[Patinurus lalandii.]
—aa 1951, Awvstralia~A new source of lobster tails. Ibid., 14 (3): 49-50,
1954 0. The South Afvican Fishing Industry Handbook and Buyer's Guide. 244 pg., illustrated (printed by

South Arfica Shipping News and Fishing Industry Review, Box No. 2098, Cape Town, 8.A., second edition. Jst
-edition in 1951.) .
[Rocklobster industry in South Africa—reference to.}

R
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ANoONYMOUS 1954 b. New Zealand., Quality and marketing regulations adopted for spiny lobster tails. Comm.
Fish. Rev., 16 (6): 50-51,
[Grading, stc.)]
1955, Australia. Spioy lobster industry, 1953{54: Production. ibid., 17 (8): 39-40,
[Also Jasus lalandi.)
———— 1956, Fisheries, 38 pp., printed. {(Extract from Parliamentary paper H. 15, 1956). Marine Department,
New Zealand, 1956.
[Crayfish, fishing vessels, landings, methods of capture, statistical data on fisheries.)
Commt. Flish, Rev., 19(2); 77—see also.

1957 @, Tests against Crays frozen before cooking. Awst. Fisher. Newslerter, 16 (3): 25 (March, 1957,
[Jasus lalandi-—Experiments on grading, summary ol K, W. Anderson’s (1947) work.}

1957 h. Australia: Spiny lobster fishery and export trade 195556, Conum, Fish, Rev., 19(2): 39.
[Spiny lobsters including Jasus spp.——Export figures.]

————— 1957 ¢. New Zealand: Spiny lobster fishery: Catch and exports. fbid., 19(7): 29-30.

{Jasus lalandii—Export figures, fishing grounds, preparation, packing, marketing, the pack, packing probfems,
conservation problems.)

1958 a. Australian catch by States and species, Tables showing Australian marine and freshwater fisheries
production 1956-57. Austr. Fisher. Newsletter, 17(3): 5-1L.

[Production figures in round weight (pounds) of Jasus verrequxi and J. lalandii)

1958 &, Conference to discuss crayfish conservation, J#hid,, 17 (4): 9.
{Jasus lalandii—Closed season, closed season for femals, limiting trapping pots, migration, feeding behaviour,
age, fecundity.]
1958 ¢, Australia: Seven months cray exports up stesply. Ibid., 17(4): 11,

w l[Pr]‘oductmn and export figures, fishory for Jasus lelanditin Southern States, for J. verreuxi in New Soulh
ales,

19584, Australia: Reasons for cray conservation measures, Ibid, 17(9): 5.
[M:mmun} Jegal length, closed saason, catch in pounds, number of pots used, average catch per pot per
annum,
—— 1958 ¢, Crayfish Dollars—Another record. [fbid., 17(10): 5, 7
[Export figures.}

1958 ). Western Ausiralian Fisheries Department Monthly Service Bulletin, 7(6): 39-68.
{Results of cray fishery, soasons, reguiations.]

1959a. Twenty-ninth Annual Report for the peried 1st April 1957 to 31st March 1958 of the Depart-
ment of Commerce and Industries, Division of Fisherics, Union of South Africa. Comm. and Industry, Nov. 1959
{Reprint, 1960, 160 pp.)

{Jasus lalandii—Export ceiling for 1957-58, Rocklobster meal production for April 1957 to March 1958.)

——— 1959 5. Western Australia Fisheries Department Monthly Service Bulletin, 8(2): 19-34,
[Seasons and results of cray fishery-—Jasus lalandei.]

—— 1960 a. Closed season for female spiny lobster. Conm. Fisk. Rev,, 22(9): 45-46,.
[Jasus lalandii—Closed season in territorial waters of Victoria and Tasmania.)
1960 b, Ressarch boat tests rock lobster traps. South African Shipping News and Fishing Indusiry Review,
15(4): 61, illustrated.
[New type lobster trap for Jasus lalandii and rosults of two tests indicating efficisncy of traps to attract lobsl.ers
and minimise chance of escape of trapped lobsters,]
1960 c. New African lobster trap. Austr.’ Fisher. Newsletier, 19(9): 23, Tiustrated.
[See under Anonymous 1360 4.]

— ——1960d. New {ype spiny lobster collapsible trap tested. Comun. Fish. Rev., 22(9): 65-56, illustration,
[See under Anonymous 1960b.)

———— 1960 ¢. Union of South Africa; Imports and exports of fishery products, 1959, I&id 22(10); 84-86.
[Spiny lobsters including Jasus lalandii—-export figures of frozen and canned products]
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AnonyMmoug 19604, Commonwealth Scicntific and [ndustrial Ressarch Organization, Division of Fisheries and Ocea-
nography—Annual Report, (958-59, 24 pp. [bid, 22(10): 110.

1960g. Fourih Annual Report of the operation of Lhe Fishing Industry Act, 1956 during the year cnded
30th June 1960, 4 pp., Canberra, Australia.

1961 @. New sizeo limit for South Ausiralia spiny lobster. Comm. Fish. Rev., 23(2): 36,

[Jasus lalandii—closad scason for females, 209, decrease in 1959-60 production.]

———— 1961 ¢, South-west Africa: Fisheries third most valuable industry. Ibid., 23(4): 80-81.

[Jasus lalandii—Fishery at Luderitz Bay, number of boats and personal engaged in fishery, landings and pro-
 cessed production figures for frozen spiny lobster tails, canned spiny lobster meat and meal.]

———— 1961 d. South-West Africa: Spiny lobster landings best in seven years. Ibid., 23(6): 80,
[Jasus lalandii—Fishery at Luderitz Bay.]

———— 1961 b. Thiriieth Annual Report for the period Ist April 1958 to 31st March 1959 of the Department of
(llgomnm and Industries, Division of Fisheries, Union of South Africa. Comumterce and Industry, March 1961,
pPp-

[Jasus lalendii—Production and export of frozen rock lobster tails, rocklobster meal.]

—— 1962 a. Stewart Island fishermen sce regulalion as threat to crayfishing industey, Commercial Fishing,
1(2): 6 {Auckland, New Zealand).

[fasus lalandei fronalis.)

1962 6. One spiny lobster area destroyed by volcano. Comnr. Fish. Rev., 24(2): 9],

| fasus lalandei frontalis—Tristan da Cunha (1961) volcanic eruption resulting in conside, : i
especially canning and freezing facilities on island.] iderable damage to indusiry

——— 1963 a. Thirty-first Annual Roport for the period Ist April 1959 to 31st March 1960 of the Department of
g‘p;l"npnl;ﬁrcc and [ndustries, Division of Fisheries, Union of South Africa, Comumerce and Industry, January 1963,
: (fasus lalandii—Production, export.]

25(5)19637%88011"1 Africa Republic and South-West Africa: Spiny lobster export trends, Comm. Fish. Rev.,

[Fasus lelandii—Export.)

——— 1963 ¢. Australia: Exports and landings of spiny lobsters, fiscal year 1962-63. Ibid., 25(12): 54-55. (Also
in Austr. Fish. Newsletter, October 1963).

——— 19634, An economic sutvey of the Western Australian crayfish Industry.  Fisheries Branch, Department of
Primary Industry, Canberra, A.C.T., Australia, 73 pp.

fEconomic Survey of Lobster Industry.]

— 1964 0. Spiny lobstar industry in South Africa. Mature, London, 202: 4937.
[Production, export of spiny lobstars from South Africa, Mozambique and Tristan da Cunha.]

w———— 1964 b. Une intcressanto experience de peche a la langouste en Afrique de¢ Sud. La Peche Maritimer
43(1036): 505-507,

ARCHEY, G. 1916, Notes on marine cryafish of Now Zealand. Tranms. Proc. New Zeal, Inst., 48; 396-406, text-figs.
1-6, pl. 29.

[Jasus lalandii p. 398, woxt-figs. 1-6a, pl. 29, fig. 3—" Naupliosoma", Tarvaof Jasus lefondii, Puerulus of
J. lalandii and J. hugelii.}

BAHAMONDE, N. N, 1948, Sobre la langousta de Juan Fernandez (Jasus frontalis). Rev. Biol. Marina, Estacion Biol.
Moarina Univ., Chile, Valpariso, 1(2): 90-102.
———— 1951, Sobre dos Antenas Anonales observidas en Jasus frontalis (M.Edw.). Rev. Biol. Marina, Valpariso,
3(1-2): 162,
Bawss, H. 1913. Decapode Crustaccen. In L. Schaltze, Zoologische und anthropologische Ergebnisse einer Forse
chungsreise in Sudafrika, 5(2), Denkschr. med.-naturw. Ges. Jena, 17: 103-110, figs. lg—s. ©
Wasus lalandii—from Possession lsland, 5.-W. Africa (p. 108).]

1916. Crustacea—II. Decapoda Macrura und Anomura (ausser Fam. Paguridac). In W, Michaelsen,
Beitrage zur kenntnis der Moerestauna wesiafrikas, pp. 13-46, figs. 1-6,

[Jasus lalandei—from Luderitz Bay, S.W. Africa.]
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Balss 1924, Decapoden von Juan Fernandez, In G. Skotisberg, The Nartural Hist Ji Fernandez and
Easter Island, 3: 329-340, figs. 1-3, & e ory of Juan Fernandes

_ [Jasus lalandel—from Juan Fernandez.}
——— 19252, Macrura der Deutschon Tiefsee—Expedition I. Palinura, Astacura und Thalassinidea. Wiss.
Ergebn. Valdivia Exped., 20: 185-216, text-figs. 1-16, p. 18-19, assint
{Jasus lalandei—from Capetown (p. 204), and from St. Paul Island (p. 204), Synonymy, Distribution.}

—— 1956-57. Decapoda. Bronns Klassen 5 Abt. 1 Buch,, 7(11-13); 1369-1770.
[Fasus lalandei, figure)

Bagrnarp, K. H, 1950, Descn;ptive Catalogue of South African Decapod Crustacea (Crabs and Shrimps), Ann, South
African Mus,, 38: 1-837, figs,

[Jasus lalandii—Synonymy, description, figures (101 a, ), phyllosoma stage (fig. 103), distribution, size, depth
distribution, taxonomie remarks, Jasus parkeri—synonymy, description, locality, depth distribution, size, taxonomic
remarks, Genus Jasus Parker—synonyms, description, key for identification of species.]

BATE, C. S. 1888. Report on the Crustacea Macrura collected by H.M.S. Challenger during the years 1873-76. Rep.
Voy. Challenger, Zaol, 24: ioxc, 1-942, text-figs, 176, pl. 1-150. s § the years P
[Palinurus Ialandii—From Tristan da Cunha, description (p. 84), figures (pl. 11, fig. 1, pl. 11 A, pl. 12, fig. 1).]

Boas, llr-‘. lB.TV. 1880. Studier over Decapodernes Slacgtskabsforhold, Widensk. Selsk. Skr. Kbh., Ser. 6, 1: 25-21.
pL 1-

[Palinostus fromalis and Palinurus lafandi]
BraDsTOCK, C. A. 1948,  An apparatus for counting large numbers of small eggs. New Zeal, Sci. Rev., (1948), p. 12.
1950. A study of tho marine spiny crayfish Jasus lalandii (Milne-Edwards) including accounts of autotomy
and autospasy. Zool. Publ. Victoria Univ, College, T: 1-38, 15 figs,
{Jat.;:s Ialandii—aex ratio, size ratios, reproductive potentials, usable meat, moulting in relation to tag reten-
n‘
1954, Biology of marine spin%grayﬁsh Jasus laland(i (Milne-Edwards) in New Zealand waters. Proc, Tih
Pacif. Sct. Congr., 4(1953): 504-506.
{Jasus lalandti—Biology.]

BURGER, 0.21?7(‘))27. Ein fall von laterslem Hermaphroditistus bai Pauiluray frontalis M.Edw. Zeitschr, Wiss, Zool,,
78 702-707.
[Paniturus frontaiis—Hermaphroditism.)
= e 1904, Un caso de hermafroditismo lateral en Ja Jangosta da Juan Fernandez (Palinurus frontalis M.-Edward).
Ann, Univ, Chile, 113: 3591-599.
(Palinurus frontalis—Hermaphroditism.]
CALMAN, W, 'T. 1909, The genus Puerulus and the post-larval development of the spiny lobsters (Palinuridae), Anm,
Mag. nat. Hist,, 5(3): 441-446,
[Difference betwoen genus Puerulus and puerulus-stage of spinylobsters.}
ce, F. A, Ir, anp W. H. DuMont 1949,  Spiny lobsters—Identification, world distribution and U8, trade. Commt.
CHACE E ooh. Revw 1L(5): 1-12 (May 1940y,
dentification key, sex, growth, size, age, food, distribution of spiny lobstars includin: ies of Ji trade
Hl U.S. Jasus lanlandel l%rfzndel and J. 1. frontatis.) Py § 8pecics of Jasis,

CHaLLENGER, T. 194). The story of the crayfish, Tasman. J, Agric,, 14(2): 51-58.
[Crayfish or lobsters of Tasmania—popular account.]
CuiLton, C. 1911, Crustacea. Scientific results of New Zealand Government Trawling Expedition, 1907, Ree.
I:uL(::anm'bx«nry (New Zeal) Mus., 1: 285-312, text-fig. 1, p. 58.
[Jasus edwardsii—From Chatham JIsland (p. 303).]
CroPRA, B. 1936, The Cape Crawfish Industry in South Africa with some observations on the prawn and
crab industries in India. Curr, Sei, 4: 529-533, .
[Jasus lafandii—(p. 529).)
Cunn, C. 1903,  Aus den Tiefen des Weltmeeres,  Ed. 2, i-vi, 1-529, text-figs,, pls., 1 map.
[Pafinurus lalandei—From St. Paul Jsland (p. 299).]

Cwug;qrs, F. W. anp R. C. HutCHINSON 1939,  The ash constituent of Aunstyalian fish. Aust. J. Exp. Biol, Med. Sci,,
17: 1.

[Jasus lolandii—Chemical composition.]
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Dakin, W. J, aND A, N, CoLeeax 1940. The Plankton of the Australian Coastal Waters off New South Wales, Part i1,
Euphausiaeca and Decapoda, 143-190, figs. 227-275.

{Jasus lalandii var, edwardsit and Jasus verreauxi—comments on phyllosoma stages, phyllosoma of J. ver-
requxi figured (p. 171, fig. 2613).]

Dana, J. D, 1852, Crustacea. United Siatas Exploring Expeduion during the years 1838, 1839, 1840, 1841, 1842
under the command of Charles Wilkes, U, S, N., 13: 1-16
[Palinmrus lalandii—From Cape of Good Hopc (p. 159). ]
Davis, D. H. 1955, The South African Pilchard: Bird Predators 1953-54. Div Fish. Invest. Rept., No. 13 1-32,

Pretoria. .
[Young Cape lobsters Jasus lalondii as food of Bank Cormorant.)

Dawson, C. B, 1954, A b’blmgraphy of the lobster and spiny lobster (Families Homaridae and Palinuridae). 88 pp.
Florida State Board of Conservation, Tallahassee, Florida, 1954,
[Bibliography,—primarily on biological studies of lobsters.]
Dewsenry, E. B. 1954, The lobster. Food Manufacture, 29 353-357, 391-393. (Printed,—Leonard Hill Ltd 17
Straford PL, London, W-1, England),
[For mformanon on lobstar canning industry, South Africa, and processing and packing operations. Also
vefer Comm, Fish, Rev., 19{5);: 84]
DracH, P. 1939, Mue ot cycle d’intermne chez les crustacés décapodes, Ann!s Inst. Oceanogr., 19: 103-391.
{Moulting cycle.}
Droesti, G. M. 19484. An casy way of removing the flash from crawfish legs. Prog, Rep. Fish. Industry Res. Inst,
Cape Town, South Africa, No. 17.
1948 b, An easy way of chacking and cleaning crawfish tails internally. Ibid., No. 17,
AND R. P. vAN DE MERWE 1948, Brine for crawfish canning. Jbid., No. 13,
1949 a, Blue discolouration of canned crawfish, Ibid., No, 8,
1949 b, Drained weight of canned crawfish., Ibid., Na. 10,

DrosTl, G. M. AND G, H, STANDER 1951, The d3termination of moisture in fish and rock lobster meals by oven
methods, 7bid,, No. 13 (4pp.).

—— aND C, L. SoutHaLr 1947, Tunnel drying of crawfish bodies. No. 2 (9 pp.).
1949, Preparation of crawfish offal for subsequent drying. JFbid., No. 4.
+ Feuciano, C. 1956, A ;renauphosoma state in the larval davelopment of the splnylobster, Panulirus argus (Latreille}
from Puetto Rico. Bull, Mar. Sci. Gulf. and Coribbean, 6{4): 341
}Devulopmeptal stage, comparision with similar stage of Jasus Ia!tmdil dcscribod by von Bonde (1936) differing
latter in the a of setae in biramous antenna.]
FieLoEr, D. R. 1964, The spiny lobster, Jasus lalandei (H, Milne-Edwards), in South Australia. I. Growth of cap-
tive animals. Adust. J. Mar. Freshw, Res., 15(1): 771-92,

[Growth—Carapace and total jength directly related, weight increascs as cube of carapace length, moulting
cycle—-—changes in morphology used to describe moultmg cycls, effect of temperatureé on moultms cycle,
frequency of moulting.]

-—!5—-(2}196;53 '}112 spiny lobster Jasus lalandei (H. Mllne-Edwards) in South Australia, IL Reproduction. Ibid,,

————— 1964, Theprocess of famhzatlon in the spiny lobster Jasus lalandei (H. Milne-Edwards), Trans. Rey. Soc,
Sei. South Australia, 88: 161-166

135( 3_3 dggg-nzaf;e order for shelter in the spiny lobster Jasus fafandel (H. Mifne-Edwards). Behaviours

1965, The spmy lobster Jasus lalande! (H. Milne-Edwards) in South Australia. III. Food, feeding and loco-
motor activity {MS)),

Flmolli’(})l 1885 Considérations relatives & la favne des crustacés de la Nouvelle—Zélande. Bibl. Ec. haute Etude,
[Pan‘luums edwardsii and Palinurus lalandit (p. 51) from Steward Island and Otago, New Zxland.]

—————————

t Additional reforonces cited in Papt I, in the Text, |
sM-1V=17

A,
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FuHL 1886, Catalogue des crustaces de la Nouvelle Zelands, des Jes Auckland et Campbell passage de Venus.
Mission de I'ile Campbell, Zool., 3(2): 349-510, pls. 38-55,
[Palinurus edwardsii and Palinurus lalandii (p. 429) from Steward Island, New Zealand.)

FirtH, F. E. 1962, Teampas langosteras. Divalgacion Pesquera Carillla, 3: 1-23.
[Lobster fishery in Chile, lobster traps.}

Fuess, J. C. 1949, Growth of South African Fisheries. U.S. Fish. and Wildl, Serv, Fish. Leaflet, No, 347.

Gates, D, J. 1962, This market is worth £4-8million, Fishing News Int., 1(3): 57-62.
[Jasus lalandii along with Panulfrus longipes constituting 95% of spiny lobster catch in Australia: bulk
exported to US.A} '
GrorGE, R. W, 1957. Continuous crayfishing tests: Pelsart Group, Houtman Abrolhos, Western Australia, 1953,
Austr, J, Mar, Freshw. Res., 8{4): 476-490.
{Jasus lalandii—Moulting condition and crayfish activity.)

—— AND J, R, GRINDLEY 1964, Projasus—a new genaric name for Parkers crayfish, Jasus parkeri Stebbings (Paline
nuridae, “Stlentes™. J. Raoy. Soc. Austr., 47{3): 87-90,

{Profasus gen. nov., intermadiate between Jasws and Palinurellus.)
. Girenwist, 1. D. F. 19134, The Cape crawfish and crawfish Industry. Mar. Biol, Rep. South Africa, 1. 1-45, pl. 1
{Cape Town),
{Paltnurus (Jasus) lalandii, p. 1, pl. 1.]
e 1943 b. A fros swimming nauplioid stage in Palinurns. J. Linn, Soe, Zool., 32: 225-231,
[ Palinurus (Jasus) lalandii—naupliosoma stage, p, 223, fig. 1.]
1916, Larval and post-larval stages of Jasws lafandif (Milne-Edwards) Octmann, hid,, 33: 101-125, text-
figs. 22-24, pls, 12-17,
[Jasus lalandii—from Table Bay, devélopment, p. 101, text-figs. 22-24, pls, 12-17,]

19184. Crawfish investigation including experimental hauls, antificial mrila and migratory movements
of the cape crawfish (Jasus lalandii). Mar. biol. Rep, South Africa, No. 4, 1-43 (Cape Town).

[Jasus falandii—Catch; artifictal rearing; migration.] -
rovmmem— 1918 b, Tha Cape lobster and Cape crawfish or spiny lobster. Ibid., No, 4, 44-53 (Cape Town).
[Fasus lolandii.)

s 1920, A post-puerulus stage of Jasus lalandii (Milne-Edwards) Ortmann. J. Linn, Soc. Zool., 34: 189-201,
text-figs. 1-13, pls. 15-16.

{Jasus lalandii—Development, text-figs. 1-13, pl. 15, 16 (from Table Bay).]
GoopwiN, T. W, 1960, Biochemistry of pigments: in The Physiology of Crustacea, odited by T, W. Watermann,
I Chapter, 3: 101-140,

{The claim that strong oxidizing agents, such as psrmanganats ara to convert Cu in Homarus hemo-
nin,:!rom C]u+ to Cutt 20, 90 with the production of methemocyanin is however, doubted in the case of
us lnlanded.

GorboN, L 1953, On the Puerulus stage of some spiny lobsters (Palinuridac). Buil. Brit. Mus, Nar, Hist,
(Zoology). 2 (2): 17-42.

GRICE, G. D, AND A. D. Hanr 1962, The abundance, seasonal occurrence and distribution of the epi fank
b O s New York mad Bormade, Evol Moneges 33 (o 235086 oution of the epizoopiankton

Gronovius, L. T, 1764. Zoophylacii Gronoviani Fasiculus secandus exhibens enumerationem Inseclorum quae in
Museo suo adservat, examini subje.ct, systamatics disposuit acque descripsit, pp. 141-236, pls. 15-17,

[Astacus thorace aculeats—(p. 229} from Cape of Good Hope.)
Grua, P. 1960a. Les Langoustes Australes (Jasus lalandl). Biologie-Milisu Exploitation commerciale, Etude
g5.

Preliminaire. Terr. Austra. Antar. France, No. 10; 15-40, 4 fi

{Jasus lalandii—St, Paul and Now Amsterdam Islands, biology, food and feeding, size, gro longth-waight
relationship, moulting, local migrations, sex ratio, saxual maturity, facundity, %xploit:tig:m&fogpumion,
yield, reproductive potential, rogulation of fishing, natural qnomieq
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GRrua, 19605, Quelgues aspects de Ia biologie et de Pexploitation commerciale des langoustes aux iles australes
Francaises (Jasus lafandii) (Mission, 1958-59). Pan Indian Ocean Secl. Assoc., 4th Congr., Karachi, 1960, MS.,

é pp.
{Summary of observations given under Grua, 1960 4.]

1963, Maturite-cycle sexual—scles ovigeres des langoustes australes femelles Jasus pawlensis Heller, 1863
—etude statistique. CN.F.R.A,, Inst, Geogr. Nut, Paris, No. 4, 1-35,

[Jasus paulensis—5t. Paul and New Amstardam Islands, hydrographic conditions, motphometrics, carapace-
tot%lll lggg]th rolationship, abodmen, total length relationship, pilosite of ovigerous pl%opods, axploitation,
maturity.

1964, Lo cycle sexual et I'avolution des soies ovigeres des femelles do Jasus paulensis (Panfinuridag), C.R.

-1r Sympos. Biol., Antarct. Sept. 1962, Hermann, Pgris, pp. 471-480 (1964),

[Jasus paudensis—at St. Panl and New Amsterdam Istands, two adult populations recognised, one at each
island, sexual cycle related to water temperature, ¢gg laying, hatching, changes in ovigerous setac during pre-
breeding and breeding seasons,)

GRUVEL, A. 1910, Les Langoustes de la Cote occidentale d'Afrique, leur exploitation industrielle. C.R. Acad. Sel.,

Paris, 181: 999-1001.

{Jasus lalandil—(p. 1001).}
. w————— 191l a. Contribution & Pétude systematique des Palinwridae. Ibid, 152: 1350-1352,
{rasus lalendei—{p. 1350).]
. =—w—— 911 b, Contribution & P'2tude generale systématique et &conomique des Palinuridae, Mission Gruvel sur
la Eote occidentale d'Afrigue (1509-10). Résultates scientifiques et economiques. Arnm, Jnst, Oceanogr, Monace,
3(4): 5-56, text-figs. 1-22, pls. 1-6. ’

[Jasus lalandei (p. 10, text-fig. 4, pl. 2, fig. 1). (from Tasmania).]
~—— 1911¢. Las langoustos de la Cots occidentale d’Afrique. Rev. Zool, Africa, 1: 141-144.

[Jasus lalandei—from Port Stephen and Eden, New South Wales, Victoria, Australia.]

- Gu R, 1836. Larvae of decapod crustacea. Stenopodidas, Amphionidae, phyllosoma, Discove ., 2%
3772440, figs. 1-42. v Rept, 12
" [Jasus lalandii—Development, phyllosoma larvae (p. 420, figs. 28, 29).]
—m——— 1939, Bibliography of the larvae of decapod crustacea, Ray Soe. Monogr., No. 128: 1-123.
[Bibliography.)
1942, Larvac of decapod crustacea. Ibid., No. 129; 1-306,
Uiasus lalandeii—Devclopment, larvae, disiribution (pp. 47, 97, 230, 233).)

Hany, W, DE 1841 (1833-50). Crustacca, In P. F, de Siebold—Fauna Japonica sive Descriptio animalium, que in ifi-
nere animaliian jussu et quspiciis ::Teriamm, qui summum in India Batava Imperium tenemt, suscepte annis 182330
collegit, notis, observationibus et adumbratiomibus illustravit, pp. i-xvii, i-xxxi, 1-244, pls. 1-55, A-Q, 1, 2,

- {Pallnurus lalandii]
mx% H. M. 1927a. The Crustacea, The fauna of the Kangaroo Island, South Australia. No. 1. Trans. Roy.

oc. S, Austratia, 51: 307-321, figs. 1-7,
~ Wasus lalandii—from Vivonne Bay, Kangaroo Islard.)
o 1927b. The Crustacea of South Australia, 1: 1-201, figs. 1-202.
{Fasus lalandii—from Kingston, Viclor Harbour, St. Vincont Guif, Australia (p. 65, figs, 63-67.]
HasweLy, W. A, 1882, Catalogue of thz A ntralian S1alk and Sessile-eyed Crustacea, i-xxiv, 1-324, pls, 1-4,
[Palinurus edwardsii—from Tasmania (p. 171), and Palimurus lalandii—from Australia (p. 171).}

HmER, C, 1862. Ncuo Crustacsan, gesammslt wihrend der weltumseglung der k.k. Fregatte Novara, Zweiter
vorlanfiger Bericht. verh. zool. bot, Ges. Wien, 12: 519528,

{Palinurus pawlensis—from St. Paul Island {(p. 525).]

: 1865, Crustaceen. Rise dor Osterreichon Fregatte Novara um dic Erdc in dsn Jahren 1857-58-59 unter
don Befehlen des commodoros B.von Wiillerstorf-Urbuir, Zeol., 2(3): 1-280, pls. 1-25.

{Patinurus lalandi—~from St. Paul Island (p. 97.).] S
) HENgnzv, WN. L 1937. The plankton distoms of the Southern Seas. Discovery Repts., 161 151-364, pl, vi-xiii (April,
¥ : .

§M.1v-17a
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HERKLOTS, J, A, 1961, Symbolae Carcinologicae. I. Catalogue des Crustaces qui out servi dé base an systeme carcino-
logiqus de M. W, de Hann, redige d'apres la collection du Musee des Pays-Bas ol les Crustaces de la Faune
du Japon, Tijdschr. Ent., 4: 116-156.

[Palinurus lalandii—(p. 143).}
Herrick, F. H. 1912, The Cape lobster. Science, I6(915): 58-61,

- Hevyorow, A. E. F, 1964, Report on South African Rocklobsters, Notes on the reproductive biology and size limils
of 8.A. rock lobsters. S, African Shipping News and Fishing Trade Industry Review, 19(6); 93,

(Jasus Inlandii—sexual maturity, reproductive potential, minimum size limits.]

T~ ———— 1965, Tho rocklobster of South African West coast, Jasus lalandii (H. Milne-Edwards). 1. Noies on the
reproductive biclogy and dstarmination of minimstm size limits lor commetcial catches.  Div. Sea Fish. Cape Town,
Invest. Rept., No, 53: 1-32,

[Jasus lalandii—size at maturity, reproductive potential, minimum legal size limit.]

Hickman, V, V. 1945, Some abnormal conditions of the reproductive system of the sallwater crayfish. Papers and
' Proc. Roy. Soc. Tasmania for 1944, 57-59,

[Jasus lalandii—Abnormal conditions, namely pseudo-hermaphroditism, female with onty one genital aper-
ture, and femalo with abnormal ovaries.)

———— 1946, Notes on the Tasmanian Marins Crayfish Jasuy falendii (Milne-Edwards), 1bid., Tor 1945, 27-38,
{Jasus lalandii.]
Hiuw, P. 1961, The South African Fishing Industry, 12pp. illustrated. Johannesburg,
[Brief reference to spiny lobster fishery.]
HoiTHuis, L. B. 1946, Biological results of the Snellius expedition.—X1V. The Decapoda Macrura of the Snellius

t;:’tpad‘i:ltio?. lI llThc stenopodidae, nephropsidae, scyllaridae and paliouridae. Temminckia, 7. 1-178, text-figs.
and pls, 1-11,

[fasus IaIandei—S(ynonym. nomenclatorial discussions, distribution (pp. 146-150, Table Bay and Cape of
Good Hops, S. Africa). Jasus lalandei var, frontalis—synonyms, distribution, p. 151, pl. 1, figs. a, b—Now
Zealand). Bibilography.

———— 1952, Crustaces Deacapodes, Macrures, In Expedition Oceanographigue Belge dans les Faux cotieres

Afvicanes de L’ Adlantique sud (1948-49)., 3(2): 1-88
[Jasus lalandei—from Luderitz Bay, disteibution.]

————1960. Proposed addition of the generic name Jusus Parker, 1883 to the officiul list of generic names in zoo-
logy (Class Crustacea, Order Decapoda). Bull. Zool. Nom., 17: (6-8): 193-196.

{Jasus Parker —added to “Official List*.)

1 HUN‘[‘SMAN, A. G. V., 1925, Limiting factors for marine animals, II, Resistance of larval lobsters t emes of
temperature, Conrribu, Canadian Biol,, 2(5): 89-93, 0 exiretmes o

HUTEON, E }g li‘a}s aiiz Descriptions of two new species ol crustacea from New Zoaland, Ann. Mag, Nat, Hist.,
-Ser. 4, 15; 41, 42. ' : o

[Palinurus edwardsii Hutton (p, 42) {rom Otago, New Zeland.)

7 2;373769. Descriptions of two new species of crustacea from New Zealand. Trans. Proc, New Zeal, Inst.

[Palinurus edwardsii Hutton (p, 279) from Otago, New Zealand,)
——— 1882, The stalk-evod crustacea of New Zealand. New Zealand J. Sci., 1: 263-204,
1904, Index Faunee Novae Zealandige, i-viii, 1-372.
[Jasus latandii and Jasus edwardsi listed (p, 253).]
Huxcey, T. H. 1878, On the classification and distribution of the crayfishes, Proc, Zool. Soc,, London, 752-788,

t INGLE, R. M., B. ELoaiD, H. W, SiMs anD E. A, ELDRED 1963.  On the possible caribbean origin of Florida’s spiny
lobster populations, Florida Srate Bd. Conservation, Div. Salt Water Fisher. Tech, Rept., No. 40: 1-12

JENSEN, A. C. 1962, The stockfish and spiny Jobster fishery of South Africa, Comm. Fish, Rev.,, 24(11): 12-16,

Jounsow, M. W. 1960. Production and distribution of larvae of the spiny lobster Panulirus interruptus (Randal
' with records of P. gracilis Strects, Bull, Seripps Inst., Oceanogr., 7?6): 413-462. )
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Joung;.;r, lF.s.l. 1954, Haemocyamin of the crawfish (Jasus lalandii). Biochem. and Biophys. Acta, 14(1): 127-135,

Jasus lalandii—Haemocyamin in.]

Kaiy, R, A. 1950. The Caribbean crawfish industry and its South African competitor. Prec, Gulf. Carih, Fisk Inst,
Jor 1949, 60-71,

Kua?sll},‘A?w J. A. 1906, Excursion to Wilson's Promontory—General Zoology (except Mollusca). Vicforid Nat. 22:

[Palinurus lalandii—from Wilson's Promontory (p. 206).]

Krauss, F. 1843, Die Stidafrikanischen Crustaceen eine Zusammenstollung aller bakannien Malacostraca Bemer-
lgnm Iu_l%eg delrella_lzbensweise und geographische verbreitung, nebst Beschreibung und Abbildung mehrerer neucn
l“1l H p * *

[Pafinurus lalandit—from Table Bay, South Africa {p. 53).]

Krngsman, J. B. anp N, E. KrucsMan 1954, Osmorezeption in Jasus lalandii. Z. Vergl. Physiof,, 37: 18-81.
(Jasus lalandii—Physiology.]

Lepour, M. V. 1954, The plankton decapod Crustacea and Stomatopoda of the Benguela Current—I, First survey
R.S.8, *William Scoresby’, March 1950, Discovery Rept., 2T: 219-234, figs. 1-6,
[Jasus lalandii—larval stageés from Benguela current (227-228, fig. 3).]
Lenz, H, 1902, Diec crustaceen der sammlung plate {(decapoda und stomatopoda), In L. Plate, Faung Chilensts 2(3):
Zool. Zb. Suppl., §: 731-772, pl. 23. g ensis 2(3)
[Palinostus fromtalis—Irom Juan Fernandez (p. 736).)

—— aNp K. STRUNCK 1914, Die Dekapoden dor Deutschen Sudolpolar-Expedition 1901-03-—1. Brachyren und
Macruren mit Ausschuluss der Sergestiden. Dentsche Sudpolar-Exped., 18 257-345, text-figs, 1-5, pls, 12-22.

[Palimrus Ialandli—frora St. Paul Isiand (p. 292),]

Le lio G. R., R. P. VAN DER MERWE AND J. A, JacksoN. 1951, Struvite formation and brown discolorutation in
cag:’ed rock lobster, Fourth Ann. Rept. Director Fish. Ind, Res, Inst. Cape Town, South Africa, 5-7,

LE Roux, G. 1., AND R. P, Van DR Merwe, 1952, Rocklobstor canning. Fifth Ann. Rept. Direcior Fish Inst.
Cape Town S, A., p. 10-13,

t LEoN, C. A, 1949, Comparalive serology of some Brachyuran crustacea and studies in the hemocyanin corres-
pondence. Biol. Bull,, 97(3): 273-2386.
1950. Serological systematics of some Palinuran and Astacuran crustacea. Ibid., 98(2): 122-127,

s, A. M., G. J, LE Roux anp N. PLumpriDGE 1951, Fish and rock lobster meals. Fourth Ann. Rept. Direct
LW I, Res, Inot, Cape Town, South Africa, pp. 13-14. P cor

Lewis, J. 3'8195}).3 The phyllosoma larvae of the spiny lobster Panulirus argus, Bull, Mar. Sci. Gulf, and Caribbean,
1(2): B9-103,
[Some compatisons with phyllosoma of Jasus lelandei.)

THELM, S. P., L. NoveLLiE, H. M., SCAWARTZ AND M. M, voN HoipT 1953, Scuth African fish products, X
uen‘l‘he rock lobster: The composition of the hepatqpancreas oil. J. Sei. Food Agric,, 4{1): l51—24. XX,

. R. G. 1955. Growth, population dynamics and field behaviour in the spiny lobster, Panulirus interruptus
nm&gffdau). Univ, Calif. Publ. Zool., 59(63: 157-248, pl. 17-23, text-figs. 1-16. ’ i

{Comparisons with J. lalandii.)

McCoy, F. 1890, Natural history of Victoria, Prodromus of the Zoology of Victoria, 2: 1-375, pls. 101-200,
[Palinurus lalandeii—Victoria, Australiz (p. 189, pis. 149, 150).] .
+ Mackintoss, N, A, 1937. The seasonal circulation of the Antartic macroplankton. Discovery Repts., 16: 365-412
© (April 1937).
J, G. DE 1916, ‘The decapoda of the Siboga expedition--III. Famili¢s Eryonidae, Palinuridae, Scyllari
M peidac.” Siboga Exped. Monogrs 39A: (@ 1-122, pl. 1k, Scyllaridae and
Eienus Jasus—species of Jasus, namely J. lalandli, J. lalandii var. Edwardsii, J. parkeri and J. verreauxt,
jstribution and synopyms.} _
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Maruews, J, P. 1962. The rock lobster of South West Africa (Jusus  lalandii} (Milne-Edwards), Size frequency
sproduction, distribution and availability. Adminst. S.W. Africa, Mar. Res. Lab, Inst. Rept. No.T. 1-61, ph.
1-28,

{Jasus lalandii—historical background regarding fishery, legislature, research, review of reproduction and
metamorphosis, sexual dimorphism, mating, egg laying, hatching, age and size, geographical distribution,
sex ratio, size composition in catch, length/weight relationships, moulting and its influence on growth, sexual
matur]ity, size in relation to numbar and weight of cggs produced, hydrographical conditions of fishing,
areas.

Miers, E. J. 1876, Caialogue of the Stalk- and Sessile-eyed Crustacea of New Zealand, i-xii, 1-136, pls. 1-3.
[Palinurus lalandii—(p, 14), Palinurus edwardsii— (p. 75).)

MiLNe-Epwarps, H. 1837, Histoire naturelle des Crustaces comprenant Panatomie, la physiologie et la classification
de ces amimaux, 22 1-532, Atlgs, 1-32, pls. 1-42, _
[Palinurus frontalis—from “Chile™ ahd Palinurus lalandii—from Cape of Geod Hope.]

1838, Memoire sur la distribution geographique des Crustaces.  Ana. Sci, nat. Zool., Scr. 2, 10: 129-174.
[Palinaras lalandii—from Cape of Good Hope (p. 168).]
———— 1851, Observations sur la squelette tegumentaire des  Crustaces decapodes, et sur la morphologie de ces
animaux., Ann. Sel, nat. Zool,, Ser. 3, 163 221-291, pl. 8-11.
[P%ﬁnu;nszj)’nfma.'is—(p. 290, pl. 8, figs, 16, 17), Pafinurus lalandi—(rom Cape of Good Hope, (p. 290, pl. 9
g‘ ) .
Monob, T, AND G. PimiT 1929, Crustacea, II. Palinuridae, Faune des Colonies Francaises, 3: 269-291.

Moorenousg, F. W. 1957, New specios taken in South Australia. Ausr. Fisher. Newsletter, 16(3): 29.
[Jasus hugelii—first record for South Australia, but common in New South Wales (= J. verreauxi).}

MijLLER, P, L. 5. 1766. Delicize Naturae selectac: order auserlusencs Naturalicn—Cabinet, Welches aus den drey
Reichen der Natur zeiget, was von curfosen Liebhabern aufbehalten und gesammlet zu werdon verdient. Ehemals
heravsgegeben von Georg Wolfgang Knorr: fortgesetzt von dessen Erben, ed, 1, Volume 2, pls. F-F 6, G-G 3,
H-HS, I-16, K-K 13, L-L11.

[Homarus —from Cape of Good Hope {(F 6, fig. 1).]

————1771. Dsliciae Naturae selectae of vitegeleczen kabinet van natunrlyke zeldzaamheden, welke de drie Ryken
der Natuur aanbieden, om door keurige Liefhebberen verzameld te worden, wel eer uitgegeven door George
Wolfgang Knorr berocmd Graveur en konst-Handelaar te Neurengerg, en vervolgd deor zyne Erven, Volume 2,
pp. i-xxxiv, 1-70, pis. F-F 6, G-G 3, H-H §, 1-16, K-K 13, L-L 1.

[Homarus Muller—from Cape of Good Hope (pp. 13, 67, pl. F 6, fig. 1),
————1775. Des Ritters Carl von Linne Koniglich Schwedischen Leibarztes, efc,, ete., vollstandiges Natursystem,
5(2): 761-1166, pls. 23-36.
[Cancer Homarus p.p—from Cape of Good Hope.]
Near-May, W. M, 1950, Survey of South African Fishing Industry with special reference to fish meal and oil.  (12):

gesegegisatl%‘é\fﬂcan Chemical Institute Convention on  September 26, 1950, Also sea Comm, Fish, Rev,,
[Jasus lalandi—Production estimates, trapping of crayfish, composition (protein, moisture, sand, salt, etc.)
of crawfish meal.]

Nicoret, H. 1849, Crustaccos. In C, Gay, Historie fisica y politica de Chille segun documentos adguiridos en esla
gepé:b!flca tli’:_r;ame doze anos de residencia en ella y publicad bajo los atispicios del supremo gobierno, Zool., 3; 155-
18, pls. .

[Palinurus fromeatis— (p. 205).} _
Nov;;réls,sh 1952, An unknown amino-acid occurring in rock lobster (Jasus lalandii), Nature, London, 169: (4310):

.

NoverLie, L, M. anp H. M, ScuwarTz 1954, Qccurrence and distribution of Sarcosine in the rock lobster.
Narure, London, 173: 450,

[Occurrence of Sarcosine in Jasus lalandii.)
ODHNER, T, 1923, Marine Crusiacea Podophthalmata aus Angola und Sudafrica gesammelt von H, Skoog, 1912,
Goteborgs Vetensk, Samh. Handl,, 27(3): 1-39, pls. 1, 2.
[Jasus lalandii—{p. 24) from Cape Infanta.]

OLsSEN, A, M. 1958, Inferved size hierarchy in J. Ileacii.  Fith. Nows Lett. Avstralio, April 1958 p. 9,

[Observation during skin—diving—irdicatir g pos:ible size hierarcky relaige J. klardei entered traps first
followed by smalfer ones, But very small am%nals noied not to leave shelier to enter traps.] P
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Orams, 1960, Synopsis for F.A.O. species and stocks....data on Jasws lolandei (M.-Edw.) 1837. C.S.LR.O.
Aust. Div. Fish. Oceanogr. Documenis prepared for Commonwealth State Fisheries Conference, Special Crayfish

Meer, Sept. 1960, _
. ORTMANN, A, 1891. Die Decapoden-Krebse des Strassburger Museums mit besonderer Beriicksichtigung der von

Herm Dr, Diderlein bei Japan und den Liu-Kiu-Inseln gesammelten und z, Z. im Strassburger Mysoum aufbe-
wahrten Forman. III. Theil. Die Abtheilung der Reptantia Boas: Homaridea, Loricata, Thalassinidea. Zecl.

Jb, Syst., 6; 1-58, pl. 1.
asus lalandii—(p. 16) from Cape of Good Hope.]

: Pm, T. J. 1883,  On the structure of the head in *Palinurus® with special reference to the classification of the
genus, Nature, London, 29: 189-190, fig. 1.
[Palinurus (Jasus) edwardsii, p. 190—New Zealand, Palinurus (Jasus) lolandii, p. 190.)

i 1884, On the structure of the head in Palinurus, with special reference to the classification of the genus;
Trans, Proc. New Zeal. Inst,, 16: 297-307, pl. 25,
[Palinurus (Jasus) edwardsi, (p. 304, pl, 25, fig. 1, 4); Palinurus (Jasus) lalandii (p. 304).}

1884, New Zealand Journ. Sci., 1: 584-585,

1887, Ramarks on Palinurus lalandii, M.-Edw,, and P. edwardsii Hutton, Trans. Proc, New Zeal Inst,

19: 150-155, pl. 10.
[P?g!;ultms edwardsii (p. 150, pp. 10, figs. 1, 2, 5-9, 12, 14); Palinurus lalandet (p. 120, pl. 10, figs, 3, 4, 10, 11,

———eam 1890, Studies in Biology for the New Zealand Students. 1V. The skeleton of the New Zealand crayfishes
{Palinurus and Paranephrops). Wellington Colonial Mus. and Geol. Dept., pp. 1-25.
[Palimurus (Jasus) edwardsii—skoleton.]
PAUgAN, P, 1957, La peche autour des iles Saint-Paul et Amsterdam et son avenir, La Terre et la Vie, No. 4: 267-
§2, 3 cartes,
~ Pesta, O, 1915, Bemerkungen zu einigen Langusten (Palinuridag) und ihrer Geograpischén Verbreitung. S.B, Akad.

Wiss, Wein, 124(1): 1-10, pl. 1, text-figs. 2
[Fasies verreauxt and Jasus lalandei, key for genus, synonyms, note on puerulus of J. lalandei, distribution,]

PrerEER, G. 1881, Dia Panzerkrebse des Hamburger Museums. Verh, nat, Ver. Hamburg, Ser. 2, 8: 2253,
[Palinurus lalandii-—(p. 29) from Cape of Good Hope.] :
PowELL, A. W. B. 1947. Narive dAnimals of New Zealand. Auckland (1947), 99 pp., figs. (Crustacea, pp. 35-42).
[Jasus lalandit and J. hugelii, figs.]
PRASAD, R, R. anp P, R. 8. Tamp1 1959, On a cofloction of Patinurid phyllosomas from the Laccadive Seas, J. Mar,
Blol, Ass, India, 1(2): 143-164. ,
[Jasus latandii—(p. 163, fig. 18 a-d), phyllosoma, 2 larvae each 1-5mm. from Laccadive Sea.]
. QuiApa, B. 1910. Tetatolojia animal. Catalogo illustrado i descritivo de las anomalias organicas consérvacas en
Museo MNacional. Bol. Mus, Nac. Chile, 2: 103-148, figs.
[Palinurus frontalis—(p. 127, figs.]
tRapovicH, 1. 1961. Relationships of some marine organisms of the North-cast Pacific to water temperatures, parti-
cularly during 1957 through 1959. Calif. Dept, Fish. and Game Fish, Bull., No, 112: 1-62.
Ranp, R. W, 1958. The Cape fur seal (Arctocephalus pusillus). Distribution, abundance and feeding habits off the
South-western coast of the Cape Province. Union of S. Africa Dept. Comm, Industr, Invest. Rept., No. 34: 1-15)
[Jasus lalandii—hard shelled and even berried females forming a small per cent, of stomach contents of year.
ling seals examined.} :
1960 g. The biplogy of guano-producing sea birds. The distribution, abundance and feeding habits of
the cape penguin, Spherniscus demersus, off the South-western coast of Cape Province. Ibid., No. 41: 1-28.
{Jasus lalandii—juveniles as food of cape penguin.}
. — 1960 5. The biotogy of guano-producing birds, IIT. The distribution, abundance and feeding habits of the
cormorants (Phalaerocoracidae) off the south-western coast of Cape Province, [bid, No. 42, 1-32.
[Jasus lalandii—juveniles as food of cape cormorant Phalacrocorax capensis, and bank cormorani P. neglecia.)

Ratusun, M. J, 1910. The stalk-eyed crustacea of Peru and the adjacent coast.  Proe, U.5. Nat. Mus.,, 38; 351-620,
text-figs, 1-3, pls, 36-36.
[Palinurus frontalis—(p. 603) from Juan Fernandez.]
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R!BE;..E:S?. 1. 8. 1964, Spiny lobster industry in Southern Africa (an aconomical survey), S. African J. Sei., 60:(3):

SARDONE, L. T. 1960. The Australian crayfishery is a money spinner, World Fishing, 9(4): 29-11, ill. (April, 1960).
[Fasus lalandii and J. vereauxi, industry, production, economics.]. )
ScATTRRGOOD, L. W. AND D. A, McKown 1951, United States lobster and spiny lobster production (1921-49) and
imports (1920-49). Comm. Fish. Rev., 13(2): 1-11 (Dec. 1951).
[Jasus lalandei—imports from Africa, Ausiralia, and New Zealand.}

t ScHIMPERS, A, F, W. aND VoN H, ScHENck 1922, Usber flora und vegetation von St. Paul und New-Amsterdam.
Deuntschen Tiefsee-Expedition auf dem dampfer ** Valdivia™, 1898-1899, 2(1): 179-224,

SuEARD, K, 1949. Ths marine crayfishes (spiny lobsters) family Palinuridas, off Western Australia with particular
rjt;:fel'em:tsN toltsha flisnllesry on the Western Australian crayfish (Panulirus longipes). C.8.1LR.O. Bull,, 247 (Div. Fisher.
ept, No, 18 )

Vasus lalandii—(pp. 7, 8, 9, 12, etc), J. verreauxi
1930, Care in handling of crayfish. Fisheries Buil., No. 3, 1-11,

[Care in handling from pot to catching boat, storage in submerged crates, care during sea transpott in refri-
gerated and non.rsivegirated boats.]

1962, The Western Australian Caryfishery 1949-61, Illusirated, printed, 107 pp.

Sieson, F. H. 1925, The crawfish industry, 8. Africa Journ. Industr., 8: 350-362, figs.
[Jasus lalandii—economics in 8, Africa.]

SouTEALL, C. L. AND N, J, VAN RENsBURG 1949, Distribution of chitin in ¢rawfish. . Ind. Res. Inst,
A L . VAL RS itin in crawfish, Fish. Ind. Res. Inst, Cape Town,

(Yasus lalandil—chitin.)

Steepno, T, R. R. 1893, A History of Crustacea, Recemt Malacostraca, pp. i-xvii+-1-466, text-figs, 1-32, pls, 1-19,
[Palinosytus lalandfi p.p. (p. 196) from Tristan da Cunha, etc.)

1900, South African Crustacea, Mar, Invest, S. Africa, 1: 14-66, pl. 14,
[Jasus lnfandii-—(p. 30).)

— 1902, South African Crustacea. II. Ibid., 2: 1-92, pls. 5-16.
[Jasus Falandii—(p. 38), from False Bay.]

1910. General catalogue of South African Crustacea, (Part V of South African Crustaces for the Mari
Investigations in South Africa.) Ann. S, African Mus., 6: 281599, pls, 15—22.1-i siaes rine

{Jasus lalandii—(p. 314) from False Bay.)
— 1914, Stalk-eyed Crustacea Malacostraca of the Scottish National Antarctic Expedition. Traus. Rov. Soc.
Tanh 5000 S3aa07, pie. 23-33. ic Expedition #s. Roy, Soc
[Jases lalondii—(p. 282) (rom Saldanha Bay.]

StimpsoN, W, 1860. Prodrontus descriptionis animalium evartebratorum, quae expeditione ad oceanum Pacificum
tentrionalem, a Republica Federata missa, C. Ringgold et J. Rodgers Ducibus, i ipsi .
3?;& ot Sel” Philad, 1360, pp. 3248, s & ger observavit et descripsit. Prqc.

{Palinurus lalandei—(p. 24} from Cape of Good Hope.]

STupER, Tu, 1889, Forschungsieise “Gazelle”, Th. HI, p. 177,
[Palinurus lalandei—from St. Paul Island.)

TALvAS 1939, La péche & la langouste A lile Saint-Paul. Tribune de Mad. e1. Dep, Tananarive, 3td Septombor,

THomsroN, D'A, W. 1901, A catalogue of Crustacea and of Pycnogonida contained in the M { Universi
College, Dundes, pp. 1-56. yenog: in ussum of University
[Jasus edwardsii—(p, 18) from New Zealand.]

THOMPSON, G, M. 1907. Note on the development of Palinurus edwardsti, In T, Anderton, Observati
Zealand Fishes, etc., made at Poriobello Mgrine Fish-hatchery. Trans. Proc. New Zeal, In.;f., 39 4?“#‘:2%5‘?;1?]%

{Patinurus edwardsii—(p. 484, pl. 20), Development, from Portobello, New Zealand.]

———— 1913, Tho natural history of Otago Harbour and Adjacent together wit f the researches
carried out af the Poriobeno. Maring Fun-hatchory—T. Toi 48 725-590 " Wi & Fecord of th

[Fasus edwardsii—(p. 240}
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t THorson, G. 1961. Lengih of pelagic larval life in marine bottom investebrates as related to larval transport by
ocean currents. Oceanography: Amer, Assoc. Advanc, of Sci., Washington D.C., pp, 455-474. :

'I‘gmgu'zﬁn, D, K. anp Y. M, LemoN 1951, Marine Products of Commerce, 2nd ¢d., Reinhold Publishing Co., N.Y,,

pp.

Tums, J, A, 1937, Crustacea. Lady Julia Percy Island. Reports of the Expedition of the McCoy Society for Field
Iﬁmtiga(ion and Research. Proe. Roy. Soc. Vietoria, 49; 408-411, y Soctely for £
_ [Jasus lalandii—(p. 408} from Lady Julia Percy Island.]

Van Der MERWE, R, P, 1951, Rock lobster roe in fish paste, 4th Ann, Rept, of the Divector, Fish, Indusir. Res. Inst,
"Cape Town, South Africa, p, 9.

~— AND G. J. Le Roux 1952.  Froezing of rock lobster.  Sth Amn, Rept, of the Director, Fish, Industr. Res, Inst,, Cape
Town, South Africa, 6(4): 1.

VeLaiy, C. 1878, Remarques generales sur Saint-Paul et Amsterdam.  Arek, Zool, Exper. et Gen,, 6(1): T4 (1877).

[Palinurus lalandei—(p. 74} from Saint-Paul Island.}

Vmnoagranov, A, P. 1953, The elementary chemical composition of marine organisms. Mem. Sears Found. Mar.
"Res., No. 2: 1-647. .
{Jasus lalandii—-Chemical composition (water, ash, Na, K, Ca, Mg, P, C, eic.).]
Von Ronpe, f‘ 1924, Note on some abnormalities in the cape crawfish Clasus Jalandit). Trans, Roy. Soc. §. Africa
12: Ivii-lix.
{Jasus lalandlii~-abnormalities and malformations.)
1928. Preliminary report on 3 method of tagging crustacea with special referenca to problams cﬂ‘ migration
of the cape crawfish (Jasus lalandif). Fish, and Mar. Biol, Sur. Rept., 6(4): 1-5, text-fig. ll:', pis. 1, 2, o
" {Jasus lalandii-—tagging, mortality, migration.]
1936, The reproduction, embryology and metamorphosis of the cape crawfish (Jasus Jalandil) (Milne-
Edwards) Ortmann.  Iuvest. Repr, Fish. Mar. biol. Surv., S. Africa, 6: 1-25, pl, 1-12,

[Jasus lalandii—Reproduction, sexual differences, reproductive organs, eggs and extrusion, sexual maturity
period of spawning, fecundity, mating, ega-laying, attachment of eggs to abdomen, embryology-matu-
ration of ovum, scgmentation, later siages of embryology. metamorphosis-prenaupliosoma stage,
navplicsma stage, early phyllosoma, later phyllosomata, puerulus stage, later development, illustration]

1937. A case of pseudo-hermaphroditism in the cape crawfish, Jasus lalandii Ortmann, with a note on Deca-
podan Hermaphroditism., S. African J. Sel., 33: 827-832, pls. 11-14,

§Jasus lalandaii—hermaphroditism.]

1938. The cape crawfish or kreef (Jasus lafandii Ortmann). Cape Nar., 1: 143~154, figs. 1-5.

{asus lalandii-—(p. 143, figs. 1-5) from Kalk Bay, Agulhas Bank, and Algoa Bay.]

o AND J. M. MARCHAND 1935 a. The natural history and utilization of cape crawfish, kreef or spiny lobster (Jasus
lalandty, Fish. and Mar. Biol. Surv, 8. Africa, Fish. Bull. No, 1: 1-40, pl. 1-8, maps 1-9. -

[Jasus lalandii—from Falsc Bay, Kalk Bay, Algoa Bay, anatomy, reproduction, development and metamor- -
phosis, description of larval and post-larval stages, moulting, wnatural food, habitat and ecology,
migration, sex ratio, utilization—history of crawfish industry, canning processes, value of industry,
marketing and export, frozen tail industry, methods of fishing, boats and equipment, fishing grounds and'.
seasons and protective legistation.] _
1935 b, Studies in the canning of the cape crawfish, kreef or spiny lobster Jasus lalandii (Milne-Edwards) ‘

Ortmann. Jbid., Investigational Repr. No. 5: 143, pl. 1, textfigs, 3. .
[Jasus lolandii—resume of canning processes, explanation of hydrogen-ion concentration or pH, chemical
analysis of crawfish meat, “blue meat”, canning of leg meat, recommendations,] :

Yo Bonos, W. 1918. Note on the abnormal development of the genital organs of Jasus falandii (Milne-Edwards)
: Trans. Roy, Soc., S. Africa, 7: 119-121, figs. 1, 2.
{Fasus lalandii—abnormality of genital organs.]

~——— 1930, Post-brephalus davelopment of some South African Magrura, Fish. and Mar, Biol. Surv,, §. Africa
Rept, No., 8(1): 1-36 (Pretoria), ' .
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W&L!Y"ou;:. L. A. 1958, Llving Resourcés of the Sea—Opportunities for Research and Expansion, xv + 321 pp., Now
- York.

[Jasus lalandei and J. verreauxii.}
Win‘m, A, 1847, List of Specimens of Crustacea in the British Museum, 4: i-iv, 1-141,

(Palinurus lalandit—{(p. 69) from Capz of Good Hops: Palinurus frontalis «-(p, 69) from *Chile” and
New Zealand.}

WHITELEGGE, T. 1890, List of marine and frochwater [nvertebrato fauna of Port Jackson and the neighbourhood.
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Yon Bonde, C. and J. M. Marchand, 1935 a ﬂutton,EFj Ww., 1875 a, 18755
iers,
Morphology (see under Anatomy and description) Thompson, G M 1907
Methods of capture (see under Fishing methods and  Palinurus frontalis
gear) Albert, F., 1858
goas, FOE19‘(;2 1880
; cdvsls urger,
Mouliing (or ecdysis) # lnle't i 1841_1 1837 1851
B k, C. A., 1950 icole
Drr:g?:%., 1939 Quijada, B., 1910
gﬁdﬂ’ % R\'ﬁ 1916945? White, A, 1847
Gru;?ef'., 1960 ;’ 1963 Palinurus lalandel }P lalandii, P. lalandi, P. lalandii,
Mathews, J. P., 1962 P. lalandi also P. ialandei (in ngt) and references to also
Von Bonde, C., 1928 Pl frontalis which have not been subspecifically differ-
Von Bonde c and J. M, Marchand, 1935a entiated)
Young, M. W., 1926 Andre, M., 1932
Anonygiogs, \}94? sas.ol 948 b, 1950
N‘Sg‘;‘}{,ﬁ;ﬁ{"f{, 1943 Chu, C., 1903 (=, 1. fromalts)
Gilchrist, J. D. F.,, 19185 Dana, J, D., 1852
Hwkman V. v" 1946 Fl]hol H 1885 1336
Olsen, A’ M., 1960 Herklots, J. A, 136
Talvas, 1939 Kershaw, L A., 1906
Yon Bonds, C 1938M M d, 193 ﬁ;lssi'lﬂanlg‘?( Strunck, 1914
Von Bonde, C. ‘and J archand, 1935a Rdﬁcd’ F. 1189% '
ers, E,
N 1t 6 Pl»gum-adwards H., 1837, 1838, 1851
Gilchrist, J. D. F., 1913 Soer, G s
Von Bonde, C., 1936 Studer, Th., ]889

Nomenclature—Discussion (see under Taxonomic notes) 3\'?!’1?::,' E g 1}3%8

New Amsterdam Istand (Distribution) Whitclegge, T., 1890

Angot, M., 19514, 1951 7
Grua, P, 1960a, 19605, 1963, 1964 Pall_l[r;m:: %‘fwfg;g

New Zenland ( Distribution) Palinurus (Jasus) edwardsii
Anonymous, 1954 b, 1956, 1957 ¢ Parker, T. J., 1883, 1884 4, 1884 b, 1887, 1890
Archey, G., 1916 !
Bradstock, C. A., 1954 Palinurus (Jasns) lalandit
Hutton, F, W, 1875a, 1875 b, 1882, 1904 Qilchrist, J. D. F., 1913 g, 1913 b
Miers, E I, 1 Parker, T J., 1884a, 1834b 1887
Parker, T. J 1383 1884 ¢, 1884 b, 1887, 1890 Zoond A. and D. Slome, 1928
Powell, A, W , 1947
Thompson, D A w., 1901 Palinustus fronialis

White, A., 1847 Rathbun, M, J, 1910
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Phyllosoma stages
Barnard, K. H., 1950
Dakin, W, ). and A, N. Colelax, 1940
Gitchrist, J. D. F., 1916
Gurney, R., 1936, 1942
bour, M. V., 1954
Prasad, R. R. and P, R, S. Tampi, 1959
Yon Bonda, C., 1936
Von Bonde, C. and J. M. Marchand, 1935 a

Physiology (see also—Chemical composition)
ly(r jgsman, J. B, and N. E. Krijgsman, 1954
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Reconmendations
Grua, P, 1960 g, 196)
Von Bonde, C. and J. M, Marchand, 19354

Reeveshy Fsland (S. Australia) Gecnrrence
Anderson, B, H

Resulations (and legislations)
Anonymous, 1954 b, 19584,
1961 2, 1962a
Grua, P., 1960 e, 1963
Heydron, A. E. F., 1964, 1965

19584, 1958f 1960a,.

Wo vekamp, H. B and T. H., Waterman, 1960 (Blood Von Bonde, C. and J. M, Marchand, 19354

OXY| capacity
nfm A, and D Slome, 1928

Possession Island (5.-W. Africa} (Occurrence)
Balss, H., 1913

Portobelly {(New Zealand) (Oc'currence)
Anderton, T.

%06
Thompson, G. M,

1907, 1913
Post-puerulus stage
Gilkchrist, J. D, F., 1920
Von Bonde, C., 1936

Predators—Jasus as food of fish
Grua, P, 1960 a

Prdal‘ar&—.fasus as food of sea birds
Pavis, D P 5

- Rand, K. V
Yaldwyn, J. C

Prﬂ!a!ars—.lam.\ as food of seals
Grua, P, 1960 ¢
Rand, R. W, 1959
Yaldwyn, 5. C‘. 1957

Production
mous, 1950, 1955, 1957 b, 1957 ¢, 19580, 1958 ¢,

1959 4, 1961 a, 1961 b 1961 ¢, 1963 @, 1963 b, 1963 ¢
e, L. T., 1960
Sheard, K., 19 962

Prenaupliosoma stage
Ven Bonde, C., 1936

"

1960 ¢
1960 a, 1960 b

Pvga.ms
corge, R. W. and T. R. Grindley, 1964

Peudo-hermophroditisnt
Hickman, V. V., 1945
Yon Bonde, C., 1937

Puerulus siage
Archey, G., 1916
Calman, W. T,
Gordon, I., 1953

¥Yon Bonde, C.,
¥on Bonde, C

Quality
Anonymous, 1954 &

1909

1936
C. and J. M. Marchand, 1935a

Rearing (see under Artificial rearing)

Reproduction
Figlder, D. R., 1964 b
Grua, P, 1960a, 1963, 1964
Heydron, A. E. F., 1964, 1965
Von Bonde, ., [936
¥on Bonde, C. and J. M. Marchand, 19354

Reproductive organs
Hickman, V. V., 1945 (abnormality)
Yon Bonde, C., 1936

Resources
Anonymous, 19484, 1958 5
George, R. 1957

Gilchrist, J. D. F 1913 9

Grua, P., 19604, 1963

Mathews, J. P., 1962

Sheard, K., 1949, 1962

Von Bonde, C. and J. M, Marchand, 19354
Walford, L. A., 1958

Rock lobster
Anonymous, 1954a, 1959a, 19605, 1961 d

Droesii, G. M., and G. H. Standcr, 1951
Le Roui(gsGI K., R. P. Van der Merwe and J. A, Jack-
son,

Lewis, A, M., G. J. Le Roux and N. Plumbridge, 1957

Ligthelm, s P., L. Novellie, H, M. Schwartz, and
M, "Von Ho]dt 1953

Mathe.ws, J. P, 1962

Nowvellie, L., 1952

Novelhe L., and H. M, Schwariz, 1954

Van der Mcrwe R. P, 1951

Van der Merwc P.P.and J. R. Ls Roux, 1952

Rock lobster meat  (sée under Lobster meat)

Saimt Paul Islwg;z(lndian Ocean)

Andre, M,,
Angot, M., 1951 qa, 1951 6
925

Batss, H

Chun, C., 1903

Grua, P l960a, 1960b 1963, 1964
Strunck, 1554

Heiler, C., 1862, 1
Lenz, H. and K.
Studer, Th., 1882
Taivas, 1939

Velain, C., 1878

Saltwaier crayfish
Hickman, V. V., 1945

Sexunl dimorphism
Angot, M,, 19512
Mathews, J. P., 1962
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Von Bonde, C., 1936
Von Bonde, C, and J. M. Marchand, {935 a

Sexuwal maturity
Gruoa, P., 1960 ¢, 1963
Mathews, J. P,, 1962
Von Bonde, C., 1936
Von Bonde, C. and J, M, Marchand, 1935¢

Sex ratio
Apgot, M., 19514, 1951 8
Bradstock, C. A., 1950
Grua, P.; 1960 a, 1963, 1964
Mathews, J. P., 1962
Von Bonde, C. and J. M. Marchand, 19354

Size
Augot, M., 1951 a, 1951 b
Anonymous, 19584, 196t a
Barnard, K. H., 1950
Bradstock, C. A., 1950
Ficlder, D. R., 1964 a
Grua, P., 19604, 1963, 1964
Mathews, J. P., 1962

Size composition
Grua, P, 19604, 1963
Mathews, J. P., 1962
Size limit (for fishery) (see under Regulations)

Sourhern crayfish
Sheard, K., 1962

Species synopsis
Isen, A. M., 1960 (J. lalandei)

Spiny crayfish
Bradstock, C. A., 1950, 1954

Spiny lobster

Anonymous, 1954 b, 1955, 1957 b, 1957 ¢, 1960 a, 1960 4,

1960 ¢, 1961 a, 1961 b, 196le, 1963 5, 1963 ¢
Calman, W. T., 1909
Chace, F. A, Jr. and W. H. Dumont, 1949
Dawson, C, E., 1954 :
Fielder, D. R., 1964a, 1964 b, 1964 ¢, 1964 d, 196
Sheard, K., 1949
Von Bonde, C. and J. M. Marchand, 1935¢, 19355

Spiny lobster meat (see under Lobster mieat)

Stewart Island (New Zealand) (Oecurrence)
Anonymous, 1962a
Filhol, H., 1885, 1886

Stothach contents (see under Food and feeding habits)
Statistical data (see under Carch statistics)

Synonyms
Angot, M., 1951 a
Balss, H., 1925
Barnard, K. H., 1950
Gruvel, A., 19115
Holthuis, L. B, 1946
Man, J. G., de, 1916

Table Bay (Sonth Afvica) (see under Unjon of Souh
Africa

B, G. SILAS

Tagging
Bradstock, C. A., 1950
Von Bonde, C,, 1928

Tasmanian Marine crayfish
Hickman, V. V., 1945

Taxonomy (nomenclaforial discussions, ete.)
Barnard, K. H., 1950
Holthuis, L. B., 1946, 1960
Parker, T, J., 1883, 1887

Technology (Merhodology, ete)
Droesti, G. M., 1948, 1948 b
Droesti, G. M. and R. P. Van Der Merwe, 1948, 1949
Droesti, G, M, and G. H, Stander, 1951
Droesti, G. M. and C. L, Southall, 1947, 1949
Le Roux, G. R., R, P. Van Der Merwe, and J. A, Jack-
son, 1951 :
Van Der Merwe, R, P, 1951
Van Der Merwe, R. P. and G, 1. Le Roux, 1952
Von Bonds, C. and J. M, Marchand, 19355

Teratology (see under Abnormality)

Transplantation and acclimatisation
Albert, F., 1898

Traps (see under Fishing methods and gear)
Trapping pots (see under Fishing and methods gear)

Tristan da Cunha (South Atlaniic)
Anonymous, 1948 ¢, 1948d, 19625
Bate, C. 5., 1888
Gurney, R., 1936
Stebbing, T. R. R., 1893

Uniion of South Aftica, and South-West Africa (Cape of
Good Hope, Cape Town, False Bay, Luderitz Bay, Pos-
session Island, Saldana Bay, Table Bay, etc. and general
OCCHIPERCE)

Anonymous, 1948 o, 1948 b, 1950, 1954 4, 1959 2, 1960 b,
1960 e, 1961 b, 1961 ¢, 19614, 19634, 19635
Bailss, H., 1913, 1916, 1925
Barnard, K. H., 1950
Dana, J. D, 1852
Davis, D, H,, 1955
Dewberry, E. B., 1954
Gilchrist, J. D. F.,, 19134, 1916, 19184, 1920
Gronovius, L. T., 1764
Holthuis, L. B,, 1952
rauss, F., 1843
Mathews, J. P, 1962
Mitne-Edwards, H., 1837, 1838, 1851
Mii:ler, P. L. S., 1766, 1771, 1775
Ncal-May, W. M., 1950
Odhner, T., 1923
Ortmann, A., 1891
Piiffer, G., 1881
Rand, R. W,, 1959, 19604, 19604
Sibson, F. H., 1925
Stebbing, T, R. R., 1900, 1902, 1910, 1914
Stimpson, W., 1860
Von Bonde, C., 1924, 1928, 1936, 1938
Von Bonde, C. and J. M, Marchand, 19354, 19358
Von Bonde, W., 1218, 1930 :
White, A, 1847
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ADDENDUM

- Since presenting this paper at the SymFosium in January 1965, 1 have been able to see a recent
g:per entitled * Preliminary description of some new species of Palinuridae (Crustacea Decapoda,
acrura Reptantia)” by Dr. L. B. Holthuis [ Koninkl. Nederl. Akademie van Wetenschappen, Amster-
dam, Proceedings, Series C, 66 (1): 54-60 (1963)] wherein he has described two new species of Jasws,
whils recognising a total of six species under the genus as follows:

1. Jasus lalandii (H. Milne-Edwards, 1837) from South Africa.

2. Jasus paulensis (Heller, 1863 ) from St. Paul and Amsterdam Islands.
3. Jasus novaholladie new species—from S. E. Australia and Tasmania.
4, Jasus edwardsii Hutton (1875) from New Zealand.

5. Jasus frontalis (H, Milne-Edwards, 1837) from Juan Fernandez, Chile,
6. Jasus tristani new species—from Tristan da Cunha,

My reasons for considering the representatives of Jasus from St. Paul and New Amsterdam
Islands as Jasus lalandei frontalis were based on Holthuis’s earlier work (Holthuis, 1946) discussed
elsewhere in this paper. However, Holthuis (1963) has shown that in J. frontalis there is no
sculpturation on the first somite, in which it would differ from the representative of the genus
from St. Paul and New Amsterdam Isiands which show sculpturation on the first somite in a narrow
band just behind the transverse groove. When consistent, this is reason good ¢nough to sepa-
rote the two types and use the name J. paulensis for the St. Paul and New Amsterdam lobsters,

However, from the examination of the material as well as familiarity with theliterature, I feel
that in Jasus lalandii we may have a good instance of a polytypic species, rather than several inde-
pendent species in the different geographical areas of distribution of the genus, This I mention as
a matter of individual opinion. For instance, the nature and disposition of the squamiform
sculpturation in the posterior half of the first abdominal somite in J. pawlensis and J. tristaniare
the same, for the diagnosis of the last said species is given by Holthuis (1963)as: “. ., .the present
new species hasthe anterior half of the first abdominal somite perfecily smceth and without scuiptu-
ration. A narrow transverse row of small squames is placed just behind the transverse groove of
the somite, but the larger part of the posterior haifis smooth. The following siomtes have a rather
widetransverse smooth area along the anterior and along the posterior margins, these smooth areas
ardciearly visible evenin fullystretched animals. Thesquamae of the abdominal somites are broad
and large they are placed in 2 or 3 transverse rows per somite.”” °‘ The large spines on the carapace
are similar to those of Jasus frontalis being as long as wide and much longer than the smaller
spines.” But for the fact that some of the larger spines mostly in the anterior half of the
carapace are slightly longer than broad in larger specimens of J. paulensis, the very close similarity
of J. tristani to this is clearly indicated. In J. paulensis also, the smooth areas of the second and
third somites are clearly visible even in fully stretched animals of different sizes. These convergent
trend in the sculpturing of the somites in these two insular representatives of the genus is
interesting. Having not examined any material of Jasus from Tristan da Cunha, I am unable to
comment on any other subtle differences between J. tristani and J. paulensis.

- Jasus has been reported from S. W. Australia as J. lalandii by some workers. However, in
the light of Holthuis’s recent work on the genus (Holthuis, 1963), the status of Jasus in this area will
need elucidation. The recognition of six different species in six different geographical areas makes
the task of the commercial fisherman and fishery worker easy in assigning his material from a parti-
cular area to a species. However, as already discussed, there is an almost complete lacunae in our
knowledge as to the paths and patterns of dispersal of phyllosoma of Jasus in the different areas
specially in relation to ocean currents prevalent in the areas, the duration of larval phases, the effect
_of ptolonged larval phase as reflected in the development of adult characters such as the sculpturation
on the abdominal somites, and even the presence or absence of intergrades between two or more
species in the different areas. Until we know more about these, a proper evaluation of the taxo-
pomic status of the various nominal species of Jasus described ip literature may not be possible,
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A supplementary list of recent references pertaining to species of the genus Jasus Parker is
appended below to make the bibliography complete as far as possible. However, these are not
included in the section ‘Index by Subject,” nor is Part'T of this paper indexed.

CHITTLEBOROUGH, R, G. anp L. R. THoMas 1967. Notes on Phyllosoma larvae from the Eastern Indian Ocean
A:grrah‘aﬂzl(ew ﬁz'eala.ﬂd Meeting on Decapod Crustacea, Sydney, Oct. 24-28, 1967, ANZDC 67/2(5, 1-9, 7
tables, and 4 figs.

[Mentions of phyHosoma of one species of Jaswus as occutring in the ¢astern portion of the Indian Ocean.)

Cove, C. E. 1959, Spiny lobster gear and fishing methods, U.S. Fish and Wildl. Serv. Fisheires Leafic, 487: 1-17,

Dess, L, T. 1961. Spiny lobsters. fbid., 523: 1-7.

FisHer, R. L., efal. 1964, A preliminary report on Expeditions MONSOON and LUSIAD 1960-1963—Scripps
Institution of Oceanography Investigations in the Indian Ocean during IIOE. Univ. Calif., San Diego, 8.1.0.
Reference 64-19: 1-237.

Hucues, W. D. 1965, Holding wells in cray boats. Commercial Fishing, 3 (9): 31-33.

KABERRY, A. C. aND R. B. Pike 1967. The New Zealand crayfishery. AustralialNew Zealand Meeting on Decaped
Crustavea, Syduey, Qct, 24-28, 1967. ANZDC 67/2/17, 1-9, with 19 figs,

[Jasus edwardsii and . vereanxi; history of New Zealand cray fishery; crayfishing grounds; export figures:
size composition and sex ralio in J, edwardsif; regional landings of crayfish; carapace length-total length,
and tail width-total length relationships of crayfish from different areas around New Zealand; size compo-
sition of crayfish boats; numbar of licances issued from 1938 to 1965 as compared with total landings, as
well as North Istand and South Island Tanding].

KEnsLER, C, B. 1967 2. Notes on laboratory rearing of juvenile spiny lobster, Jasus Edward:ii (Hulton) (Crustacea :
Decapoda: Palinuridae). N.Z.J. Mar, and Freshw, Res., 1 (1): 71-75 {(March 1967). Also in; AustraliafNew
Zealand Meeting on Decapod Crustacea, ANZDC[67/2[9:1 p. Summary.

[Rearing of large adult J. edwardsii from post-puerulus specimens and juveniles in laboratory possible;
growth studies for periods upto 12 months, the animals fed every other day with fresh mussels and fresh fish;
Juveniles actively ‘grazing® on calcarcous algae Carallina officinalis L., present on rocks.]

1967h. An annotated bibliography of the wmarine spiny lobster Jasus verreanxi (H, Milne Edwards
{Crustacea: Decapoda: Palinuridae), Trans. Roy. Soe. N.Z, Zool., 8(19): 207-210.

——~—— 1967 ¢. Size at first maturity in females of the spiny lobster Jasus verreauxi (Crustacea: Decapoda:
Palinuridac). AwstraliafNew Zealand Meeting on Decapod Crustacea, ANZDC[67/2{10, pp. 1-8 wilh 4 tables
and 6 figures {Memio.).

IJ. verreauxi—detection of smallest sizo-class with external eggs, and incidence of egg-carrying females per
size class intervals based on 834 females measured and examined at Spirits Bay, New Zealand in Mid-October
and late December 1966.]

~——— 19674, Fecundity in the marine spiny lobster Jasus verrequxi (H. Milne Edwards) (Crustacea: Decapoda:
Palinuridae). N.Z.J. Mar. and Freshw, Res. (in Press),

———— 1967 e. Notes on fecundity in the spiny lobster Jasws edwardsti (Hutton) (Crustacea: Decapoda: Pali-
nuridae). Tbid. (in Press).

—('—“l; 19(37 f. The distribution of New Zealand spiny lobsters. (Crustacea: Decapoda: Palinuridac), Ibid.
m Eress).

—— AND W, SKRZVNsKi 1967 ¢.  Commercial landings of the spiny lobster Jasns verreauxi in New Zealand (Crustacea
Decapoda: Palinuridae). Jbid. (in Press).

NEw ZEALAND GOVERNMENT 1966, The Fisheries (General) Repulations 1950 (Reprint): Part VIII. Crayfish
{Amendment No. 6: Regulations 2-20). Wellington, Govt. Printer, 1-38 pp.

Sims, H. W. Jr. 1965, Let's call the spiny lobster * Spiny lobster™. Crustaceana 8(1): 110-111.

—~——— 1966, An annotated bibliography of the spiny lobsters: Families Palinuridae and Scylarvidae, Florida
Board of Conservation Mar. Lab., Technival Ser. No, 48: 1-84 (June 1966),

THomas, L. R. 1963, Phyllosoma larvae associated with Medusae, Narure, 198 (4876): 208,
[Reports also instance of feeding of Hydromedusae to phyllosoms of Jasus lelandii in laboratory.]

3-68, Printed ar The Bangalore Press, Bangalore.1§



