SOME ASPECTS OF THE BIOLOGY OF ‘GHOL/,
- PSEUDOSCIAENA DIACANTHUS (LACEPEDE)

BY K. VENKATA SUBBA RAO
(Central Marine Fzshmes Research Instituie)

INTRODUCTION

Sciaenids popularly called ‘croakers’, ‘Drums’, ‘]ewﬁsh’ and ‘Whltmgs contribute
substantially to the fisheries of India. Sciaenids form about 6%, of the total annual marine
fish catch of the country, About 30% of the landings of the trawlers at Bombay is composed
of Sciaenids. Pseudosciaena diacanthus (ghol), Otelithoides brunneus (Koth), Ovolithus ruber, Otolithus
argenteus, Pseudosciaena sina, Fohnius dussumieri are the important species contributing to the sciae-
nid fishery besides other species of lesser importance. Smaller sciaenids, mostly Fohnius spp.,
and Otolithus spp., locally called ‘Dhoma’ constitute the bulk of the catches of the trawlers
(20-23%) at Bombay. Pseudoscigena diacanthus locally called ‘ghol’, ranks firstasa commercmlly
very important offshore sciaenid, forming 5 to 8%, of the trawler catches.

‘Ghol’ is a highly esteemed table fish. The price rangcs from Rs. 1. 95 nP, to' Rs. 2 00,
per kilogram. The air bladders of this species are valuable costmg Re. 1.00 to Rs I 25 nP.
per piece and exported to other countries also. :

The work done on sciaenids in India is limited to the following : Dharmarajan(lggﬁ)
studied the osteology and anatomy of Ololithus ruber. Karandikar and Thakur (1g51) worked
out the anatomy of ‘Koth’, (Sciaenoides brunneus-Day). Gopinath (1942) made some obser-
vations on the feeding of the post-larvae of Scicaena albida from Travancore coast. Mookerjee,

- etal {1946) studied the food of adult Scieana albids of Bengal. Bapat and Bal (1952) studied
the food of young Scigsna miles, Scieeana albida, Sciaena semiluctosa, Sciasna glauca and Otoljthus.
argenteus of Bombay. Chacko {1g49) made observations on the food and feeding of Scigena
albida, Sciaena glauca, Otolithus ruber and Ofolithus maculatus from the Gulf of Mannar, Observa-
tions on the larval development and breeding of the Gangetic whiting, Pama pama were made.
by Pantulu and Jones (1951) and Karamchandanietal (1954). The larval development
of Pseudosciaena coitor was described by Karamchandani and Motwani (1954). Bal and Pradhan
(1945, 46,) and John (1951) made observations on the eggs and larvae of a few sciaenids
from Bombay and Madras Coasts rcspectwely. Jacob (1948) has given an account of the
fishery and bionomics of thirteen species of sciaenids of the west coast of Madras Province.

In this connection mention may be made of the studies of Welsh and Breder (1923) on .
the lifehistory of the Sciaenida¢ of the eastern U.S.A., Pearson {1929) on the natural history
and conservation of the red fish and other sciaenids on the Texas coast. ‘Kuntz (1914}, Hilx
debrand and Cable {1930, 34) worked out the life histories of a few sciaenids,

' Saishu et al (1954}, Ikeda {1954), M:su (1954) studied the fishery and biology of some
sciatnids in the east China and Yellow Seas. Lin (1935,°38, 4o) studled the important sciae-
md fishes of China.
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Very little work has been done on the fishery and biology of Pseudosciaena diacanihus.
Hefford (1922) has given an account of the abundance and distribution of ‘ghol’ as seen from
the variations in the catch per hour of this species according to locality, depth and season.
Jacob {1948) has given a short note about P. digcanthus while Jayaraman et al (1959)have given.
an account of the fishery and distribution of this species as seen from the trawling operations in
Bombay and Saurashtra waters during 1949 to 1954-55.

From the above account it can be seen that no systeratic efforts appear to have been
made for collecting information on the different aspects of the fishery and biology of ‘ghol’,
Pseudoscigena digcanthus, In view of this, work on the fishery and biology of this commercially
important'sciaenid was initiated in February 1958 at the suggestion of Dr. 8, Jones, Director,
Central Marine Fisheries Research Institute, Mandapam Camp. The results of studies on age
determination in this species by means of scales and Otoliths have been published (Rao, KVS'
1961). The present paper deals with length-weight relationship, maturation and spawning
and food and feeding habits, '

MATERIAL AND METHODS

Material was collected from the landings of the bull-trawlers of New India fisheries
Lid.,, Government of India deep Sea fishing vessels and the local boats fishing with
‘dol’ net at Sassoon Docks and Versova. Visitsto Sassoon Dockswere made atthe time
of unloading of the catches of the trawlers besides regular weekly visits to Versova and Sassoon,
Docks. Each time random samples of ‘ghol’, 5o to 100 in number were measured with a
fish measuring board and weights of some of them taken with a spring balance. In view of
the high cost of the big specimens about 6 to 10 specimens, were examined each time from the
landings of the bull trawlers for detailed biological studies. After noting the total length, stan-
dard length, weight, the spec:mens were cut open, the stomach and gonads dlsseéted outintact
duly labelled for examination in the laboratory. Colour, condition and stage of maturity of
the gonads as coutd be made out by naked eye were noted in the field. In the laboratory the
stomachs were cut open, the different constituents identified as far as possible and assigned
points. The weight, length, and breadth of gonads were recorded and then preserved in 5%
formaldehyde for ova diameter frequency and fecundity studies. Scales and otoliths were taken
out in the field itself and kept in scale or otolith packets with date, length, sex and other
details of the specimen duly labelled. It was not possible to make detailed biological studies
o big ‘ghols’ from the landings of the local boats ($Dol” net) for various reasons. Only length
measurements-of small and big ‘ghols’ and weights of some of the big ‘ghols® were noted:
Scale samples were collected whenever possible. About 10 small ‘ghols’ {5 to 30 cm) were
purchased - during each visit for detailed hiological studies in the laboratory. The details of
various techniques employed in this investigation are described in the respective sections.
I‘.cngth measurements given in this paper refer to the total length of the fish i.e. from ‘the np
of th.e snout. to the tip of the longest ray of the caudal fin.

D:stnbutwn > Pseudosciaena diacanthus has a wide distribution. According to Weber and
Beaufort (1936) it occurs in Singapore, Pinang, Banka, Java (Batavia), Madura, Borneo (S8anda- .
kani, Sarawak), British India, Ceylon, Malay Peninsula, Burmz, Southern China {Shanghai,
Hongkong, Canton, Macao), Philippines-in sea and mouth of rivers. Day (1878-88) has stated
that the distribution of this species extends from seas of India to Malay Archipelago and China.
It ascends tidal rivers and estuaries and is found in the Hooghly as hgih as Calcutta.
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Hefford {1922) has mentioned that the maximum density of distribution of ‘ghol’ in
Bombay (Maharashtra and Gujarat) waters lies inside the 20 fathom line, Jayaraman et al
(1959) have observed that the ‘ghol’; occurs in quantities a'little to the seaward side of the
20 fathom line and that it occurs mn considerable but varying quantities in all the regions
Jacob (1948) has recorded this species from Calicut. Devanesan and Chidambaram (1948)
have observed that this species is commonly fished from both the coasts of Madras Province.

Length-Weight Relationship.—Besides its practical utility in csthnating the weights of
fish of known lengths or vide versa, the length-weight relationship is usuful in asscssmg the size
at first ma.mnty, spawning season, and the condition cycle of fish. With this view the length
weight relationship in P. digcanthus was studied from the total length and weight data of Bzg
fish (284 males, 294 females and 251 juveniles), The size range of males was §0-0—r102. 5
cm., femalesi28-5—108-0 cm. and that of juveniles 5-0-—29-5cm. For calculatmg the length-
weight relationship a general equation of the form W=ALB was considered, where W and L
represent the weight and length of fish respectively, ‘A’ a constant and ‘B’ an exponent usually
lying betweep 2-5and 4:0. The relationship was determined on the basis of individual measu
rements and; not on size group averages The equations for the data relating to malcs, fem ale
and juvenile!fish were framed separately and found to be as follows :

M%.lcs W=o0-01101 I, % 9738
Femalcs W=o-o01379 L 39207
Juvemles W=0"005626 L 2-165
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Fig. 1B. Logoarithmic relationship between length and weight in Preudosciasna diasanthus

Comparison of the regression coefficients (B) of males and females showed no significant
difference between them (t 1-67 df 574) but the regression coefficient of Juveniles was found to
differ significantly from that of males (t 6-39 df531) and females (t 10-46 df541). So the data
of males and females were pooled and equations were framed separately for adults (males and
females) and Juveniles as follows :

Adults {(males and females } =0-01286 L, 2.040
Juveniles W=0+005626 L #.1684
The logarithmic equations were found out to be
Adults Log. W=—1-8g08}-2+9400 Log. L.
Juveniles Log. W=—2-2498-}3-1654 Log. L.

The length-weight parabola and its logarithmic form are delianated in Fig, 1A and
B respectively for adults and juveniles. The observed Values have also been plotied in the
figures to show their fitness, It can be seen from Figure 1A that fish upto 50 cm and 15°0cm
amongst adults and juveniles respectively increase in weight at a lesser rate than the
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MATURATION AND SPAWNING

Thc ovaries are of the cystovarian type opening to the exterior by the owducts 'I‘hc
testes are thread or ribbon like structures opening to the outside by the vasa deferentia. Males :
Detailed studies on this aspect were confined only to the females, as it was found to be difficult
in the males to trace the development of the testis from the immature to mature stage.
However, an attempt has been made to classify the stages of development of testes in those
of the males examined during the course of work. The followxng three stages of the testes are
Thade out by visual examination in the field.

1. Immature : The testis is long, narrow, thread or ribbon like structure extending
npto 2{3 or 3/4 of the body cavity. Width o-1 to 0-50 cm. In recovering spents the testes
are broader than in virgins, No milt expressed by pressure on the gonad or from the cut surface,
Virgin (Juvenile) stage is difficult to separate from females.

2. Maiture : Testes white or creamy in appearance, broader and thicker than the imie
. matures, extending up to 3/4 bedy cavity, Milt can be expressed by pressurqun the’gonad
or from the cut surface.

3. Speat : Testes broad, flaccid, blped . shot extending upto 2f3 body cavity. No
milt expressed with pressure or from the cut surface, .

Fimales ;: Development of ova from immalure to ripe stage.

Based on the microscopic studies of the size (diameter), the cytological changes as
seen in the nature and deposition of yolk and oil giobule, the following four groups of ova
which represent in sequence the development of ova from immature to ripe condltmn cou!d be
made out clearly : .

Group ‘a’ ova. Immature. ¢-02 to o-20 mm in diameter. Polygonal completcly
transparent. Nucleus v1s1ble

Group ‘b’ ova. Maturing. 0+20 to 0-40 mm in diameter. The central portion is opaque
due to deposition of yolk. Nucleus faintly visible. The larger ova fully opaque.

Group “c* ova. Mature. 0-40 to 0-80 mm in dlamctcr Gompletcly opaque Yolk
dcpcmtmn complete,

Group ‘d’ ova. Ripe. o:8o to 100 mm in diameter, Completely ffa.nsparcnt and fully
ripe. A single oil globule 620 to 0-30 mm in diameter could be made out.

Development of the . gonads from immature to npa condition and the stages of matuﬂgy

For interpretation .of. the stages of maturity and correct asslgnmcnt of the phase of
development of the ovaries to the different stages, the general appearance of the ovary, . its
relative length to the abdominal cavity, development of ova and the percentage composltmn
of different groups of ova have been taken into consu:leranon

, In specimens helow 30 cm the gonad is.a colourless thread ol' tigsue extendmg aboyt
% body cavity a- d sexcs are hardly distinguished. R .
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Stage I, In developing virgins the ovary is thin, pencil or thread-like extending to
§ body cavity while.in the recovering spents it is broader extending up to 2/3 body cavity.
Colour : light pmklsh, red or pink. On.ly group ‘a’ ova present. Ova'not discernible.

Stage II. Similar to stage I in external appearance. In this stage also only. group ‘a’
ova are present but. the larger ova more numerous .

Stage III. Ovary long and thin as in the prevmus stage occupying about 2/3 body ca\uty'
Light red or reddish gray in colour and difficult to distinguish from the previous stages exter=
nally, ‘a’ and ‘b’ groups of ova present, the former being more numerous. The ovaries of the
recovering spents in stages I to 1IT are longer, broader, hollow and sac-like; not pencil or
thread like as in virgins.- The ova are similar in appearance to those in the ovaries of virging,
Besides group ‘a’ ova, disintegrating group ‘c’ ova which are being reabsorbed are often present
as black unhealthy thread like masses inside the lumen of the ovary of recovering spents. The
comparative rarity of stage IT and III in the recovering individuals suggests that development
Through those stages is fast. '

Stage IV Ovary broad and long filling 2/3 to 3/4 body cavity. Colour : light yellow or
reddish yellow. ‘a’, ‘b’, and ‘¢’ groups of ova are present. Group ‘a’ ova form about 50%,
group ‘b’ about 10% and group ‘¢’ about 40%.

Stage V. Ovary broad and long, completely swollen, almost filling the body cavity
Colour : reddish, yellow, or orange. Veination conspicuous. ‘a’, ‘b, c’, and a few °d’ groups
of ova present. Composition of the first three groups of ova more or less same as in stage IV.
Ova 060 to 070 mm becoming transparent peripherally, Ova 0-80 mm in diameter and
. above, which are very few in number are completely transparent. Qil globule may or may
not be present, .

Stage VI. Ovary broad and long almost filling the body cavity. Veination conspi-
cuous, Colour: reddish yellow or orange. ‘All the 4 groups of ova present. Group ‘a’ ova
form 45°%, group ‘b’ 10%, group ‘c’ 20%, and group ‘d> 25% roughly. Group ‘d’ ova are
fully ripe and completely transparent with single oil globule. Ova cxprcssed from the vent
under stripping pressure on the abdomen.’ Only very few specmlcns in this stage have bccn
come across. :

Stage VII. Spent. Ovary complctcly hollow, sac like, flaccid and blood shot, -Deep
red in colour, Veination very conspicuous. The ovaries are shrunken extending up to $or
2{3 body cavity, and contain immature transparent group ‘a’ ova on the ovigerous lemellae.
A few disintegrating group ‘d’ ova present,

Partially speni stage, Ovary shrunkcn, flaccid but not as complctcly hollow ‘and sac
like as in stage VII. In external appearance they resemble the ovaries in stage IV or V and
it is very difficult to differentiate a partially spent ovary from one in stage IV or V except for
the fact that these partially spent ovaries are slightly flaccid and hollow i.e. not as turgid as
those in stage IV. Colour : Red or reddish yellow. The weights of these ovaries have been
observed to be more than those of completely spent ovaries and less than the normal. weight
of those in stage IV or V. Mostly group, ‘a’ and ‘¢’ ova are present besides a few disintegrating
group ‘d’ ova. Few group ‘b’ ova may also be present. The same difficulty was experienced
by Fairbridge (1951) in the case of ovaries of Neoplaiycephalus macrodon which is an intermittent
spawner. Karekar and Bal (1960) have come ‘across partially spent ovaries in Polydactylus
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indicus. A few partially spent ovaries in ‘ghol’ were encountered during the course of observa-
tions. The partially spent condition may be due to a group of mature cggs lagging behind in
development being left unspawned. These may be shed after some time, It can be seen from
the abov¢ that the maturity stages as fixed by the International council for the exploration
of the seas for the herring scheme can be applied to this species broadly.

For purposes of field work based on the external appearance of the ovaries, the following
four stages can be adopted :

1. Immature : Stages I to III. Ovaries long and thin, pencil or thread like in Vu'gm
or long and broad in recovering spents, extending from } to 2/3 body cavity. Colour : light
red or pinkish gray. Ova not visible to the naked eye.

2. Mature, Stages IV and V, QOvaries broad and long, swollen, extending from 2/3 to
3/4 body cavity. Colour : light reddish yellow or orange. Larger opaque ova visibie to the
naked eye.

3. Ripe. Ssage VI. Ovaries long and bruad fully swollen and almost filling up the
body cavity. Colour : Reddish yellow or orange; Larger trangparent (transluscent) and fully
ripe ova and opaque mature ova visible to the naked eye. Veination conspicuous. Ova ex-
pressed out under stripping pressure on the abdomen.

4. Spent. Ovary blood shot, deep red in colour, completely hollow and sac like, flaccid.
Ovaries shrunken extending from § to 2/3 body cavity, Immature transparent ova not visible,
Unspawned disintegrating ova which are being reabsorbed are often present as black thread.
like masses inside the lumen of the ovary in the recovering spents.

5. Partially spent ovaries are difficult to be distinguished from those in mature stages
from external appearance.

Frequency and duration of spawming

Hickling and Rutenberg (1936) have demonstrated that the size frequency distribu-
tion of oocytes in the teleost ovary is related to the duration of the spawing season and to the
number of spawnings within that time.

This aspect of maturation and spawning of Pseudosciaene diacanthus was studied usmg
the ova diameter measurements of intraovarian eggs in the mature and ripe ovaries. The
procedure is similar to that adopted by Clark (1934), Dejong (1939}, Arora (1951), Prabhu
(1956), Palekar and Karandikar (1952, 1953) and Dharmamba (1959). The diameters of
nearly 1000 ova were taken irrespective of which axis lay parallel to the micrometer. The
diameters of eggs were measured under the microscope with an occular microrueter at a magni-
fication which gave a value of 0-02 mm to each micrometer division. The ova diameter mea-
surements were grouped into size intervals of § md. {010 mm) and the percentage frequency
curves of some presented in text figures 2, A to E. Ovaries preserved in 5% formaldehyde
were used for these studies, Ova diameter studies were made on 23 ovaries in stages 1V, V
and VI from specimens of different lengths. Ova smaller than 5 occular divisions were not
measured as they are present in all the stages of ovaries in large numbers and are of little in-
terest in the study of the growth of the ova to maturity. -However, for a few specimens, ova
less than 5 md were also measured for knowing roughly the composition of the different size
groups of the ova in the ovaries. There was not much of difference in the frequency curves
of ova diameters taken separately from the anterior, middle and posterior regions of the ovary.
Henue the pooled ova diameter frequencies from the 3 regions of the ovary are p:csentcd in
Figures 2, A to E.

5—1 M.F.R.J. Mand./64
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.Figures 2A and B represent the ova diameter frequency curves of evaiies.in stage IV:
F:gulq 2A shows two modes. ‘a’ and ‘b, the later being not shiarply separated from the.former
Mode a repiesents the immarure ova while ‘0’ represents mature ova. In Fig. 2B in addition
to these two modes, another mode al which is not promment is observed. This renpessnts. the .
maturing ova, All the ova ranging 20-35 md (mode b) in diameter are fully yolked and opague
whereas in ova 10-20 md yolk formation has commenced arouna the nucleus and ova less than
10 md are completely transparent and devoid of yolk, Fig. 2A shows only one distinet group
of mature ova which has a wide range 20-35 md and it it likely, therefore, that- the actual
petiod of spawning during which ova of this group are discharged, may be a p:olonged one,
The second mode a? {(maturing ova) is not evident in the frequency cutves for some stage IV
ovaries while in others it is observed but not prominent. Figures 2C and D' rcpmht th'c ova
diameter fiequency polygons for gvaries in stage V. These are similar to thoseinstage JV-
except for the slight shift in the modal positions in Fig. 2D. The presence of ani mtcrmedxate
group of maturing ova represented by mode al may not necessanly indicate a- secand) spawumg
season. They may be shed after those under mode b are shed in the same spawning season.
This indicates a prolonged spawmng season for this species wherein at least two batches of
eggs are spawned. . -

Fig. 2E shows the ova diameter frequency polygon for ovary in fully ripe condltlon and
ready to spawn (stage VI). Here the mature ova represented by mode al at 30 id and”“the ripe
ova represented by mode b at 45 and ar: not sharply separated but give a himodal picture. : The
eggs under both the modes are likely to pe shed during the same spawning season. The eggs
under mode b are fully ripe and probably shed in the same month of collection 1.e.; June. By
the time these eggs (1rode b) are shed, the eggs under mode a? get ready to be shid subsequently
and the time interval may not be long, because the eggs under mode al arein a suﬂicmntly ad-
vanced stage of development. : S _ S e

From Fig. 2B to E it can be seen that there is a gradual shifting of the modes."PHemedes
a! (mawring) and b (mature) at 10-1 5 md., and 25-30 md in Fie, 2B persistin Fie. 20, Which re.
presents the ova diameter frequency curve for an early stage V.ovary. But in Fig, 21 represen
ing the frequency curve for ovary in stage V, the mode a! has shlfted to 15-20 md and the
b to 30-35 md. The mode a! at 15-20 md and the. mode b at. 30-35 mad in Fig. 2D have sh:fmd_
to 30-35 rd (al) and 40-45 md (b) rcspecchly in Fig. 2E representing the ova. chmotu: Ire-
quency curve for a ovary in the fully ripe. cond.mon (stage V). - Thus the eggs. wtcdby
mode al in stage IV frequency curve at 10-15 md can be traced through stage Y, to.mode at
at 25-30 md in the ova diameter frequency curve of ovary in stage V1. Smularly tlm mode b
at 25-30 md in the frequency curve for stage IV ovary ¢an he. traccd tomode b at 40-45 ,md in
ihe frequency curve for a stage V1 ovary.. S L

Specimens in stage IV of maturity were encountered, in the catches of the trawlers from’
Avril and those in stage V and VI in May and June. - Thus there is a gradual shifting of the
modes in the ova diameter frequency curves in time i.¢., the ova gradually develop fiom mature
(stage IV} in April-ro ripe conaition, (stagc VI) in June Since the eggs represented by miode )
‘b’ in stage VI ovary collected in June, are in a fully ripe-condition it is very likely that they may.:
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be stred thc‘sa.me month followed by the second group represented by mode  ‘a’t subsequently
in the same season, the tinte gap being short. This is further supported by the results of siudies
on the month-ly distribution of maturity stages, monfhly size progression of the ova, seasonal
variations in the gonad weight : body weight ratio, punderal index or condition factor and oc-
currency of post-larvae and juveniles.

Clark (1934; has pointed out that if several groups of maturing eggs are present in an
ovary, but only one batch is spawned oy each female, the numpers of eggs in the maturing
groups shou'd maintain a constant ratio to the numbers of eggs in the mature group throughout
the entire breeding season. If on the other hand, more than one batch of eggs are spawned
each seasor, as the season advances succeeding batches of eggs will progress from m aturing to
mature group and the number of eggs in the maturing groun should decrease in proportion to
the number of eggs in the mature group. T'o test the applicahility of the above statement to this
species, the ratio of the maturing eggs to the mature eggs from the pooled ova diameter fre-
. quency data for ovaries in stage IV, the only stage available in sufficient number for such a
comparison, was found our for the ronths of April, June and Jily 1958, and presented below :

Ratio of ova 0.20 to 6-40 mm (Group ‘b’} to ova above a+40 mm (Group ‘¢’) in Stage 1V
ovaries of P. digeanthus,

Month - Ne. of ovaries studied for ova dia- Ratio of ova 0.20 to 0,40 mm to ova larger
meter frequency than 0.40 mm
April, 58 . . . 2 1:3.13
June ., . . . 5 ' 1:2.76

July, 58 . . . . 5 ' 1:2.18

It was observed that the ratio of Imaturing eegs to mature eggs gradualiy decreased from
1:3+13in April 1958 to 1:2+18 in July, 1958. 1t is therefore possible that more than one batch
of eggs are shed during the same spawning season.

_ Sﬁawnmg Season.—The cycle of events of maturation and spawning clearly show that
P, diacanthus spawns during the period June to August. Specimens with ovaries in stage VI
ready to spawn were observed rowards the later part of June and it may be safely assumed that
the spawning starts by the end of June. From April to June mostly mature and ripe specimens
in stages IV, and VI were encountered in the trawler landings. In April and May the per-
centage of specimens in stage 1V and V was observed to be high while in June-July the percen-
1age of specimens in late stage V or VI was more. From July onwards the percentage of spent
individuals gradually increased reaching rhe peak in August-September. From October on-
wards only spent recovering and immature individvals were observed and this continued till
March, From March specimens in Stage 111 and IV started appearing and in April most of the
specimens examined were in stage IV. This cycle of eveats was observed to bhe same each year
during the four years of these investigations. The percentage of females in different stages of
maturity in-each month for the period 1958 to 1961 ave given in Table 1. In Table II the per-
centage of immature, mature ripe, and spent individuals in different months for the  period
1958-61 are given. These clearly show that October to March is the resting period, Aprll to
June the period of active maturation and June to August the spawning peried.
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Mo_uﬂ:b percentages of P. diacanthus above 40 em i, e, excluding the juveniles in different stages of maturity. Data ﬁam the !andiugé of the

bull trawlers.
1958
. Total No.
- . Recov.  Recov.  Recor.  Partially ofspeci- -
Month ¥ 11 11 v v vi vIiI I I - Iim spent. - - meng exa-
' : 7 mined. -
February . . 0w .. . &
N _ ) ‘ (5) ' .
March 28-57 1428 21042 BT .. L L 14
L 4 (2) (3 (5) _
April . . 3846 . 15-38 . . - 34-61. 7-69 | 3:84 .. 26
S 4 ) ' @ ® . @ W B
May . 5714 ' ‘ 42:8 .. .. U
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June 950 . . - 60-0 50 5-0(1) - 5.0 1 3
. {5 _ _ (12) 1 : (1)
July v ' 100 w
R (1)
August. . .. b4
S 100(2)
September :
October 3846 .. e v o " © 4615 1538 13
_ = 6) @) o
November c o266 .. - L e e 13-3% 60:0 . ' 15
L ) ) @ © '
December 47-36 .. e 526 - 47:36 . 19
' - e . . H (9} '

Figures in brackets indicate the actual numbcﬁ of specimeiy 'l;x.ﬁmi,bed.
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_ _ _ o TABLEIB
Monthly percentages of P. diacanthus above 40 cm i. e. excluding Ejuw}u’ias in different stages of maturity. Data from the landings of the bull-
rawlers. -
. - " 1959
. Total
o Recov. - Recov.  Recov.  Pardally No.of
Month I .. 1I 11 v Vv VI VIl ) 11 111 spent Sp.Exmd.
January . 3888 .. .. .. . . 61-12 .. .. . 18
o {7 : {it)
Februvary . 29-42 .- - .- .- -- . 70-58 - . . 17
R M 123 '
Marck . . 250 . .. L .. 75-0 . . . 28
o 2 b 2n
. . 4166 .. .. 66 .. .. .. 1666 .. .. .. 24
Apr (10 {I0) ' ) _
May . . . 4286 .. .. 28 .. .. .. 1428 .. .. 7
' 3 (3) . B .
Jowss .« . .. . . 000 .. . . . T
' : ' (5)
Agust . . .. . . .. 33-33 .. 25-0 N X 25 12
o ' ® 3 o (2) 15 I '
September . .. .. .. .. . .. 40-0 10-0 . 50-0 10
%) Q) (3 :
October- . 250 75:0 .. . e g
' (2) (6) ' oo
November . 250 12-5 25 .. . .. 25-0 12:5 12-5 . .. 8
) () ) _ 2) (1 U] )
December . 75-0 . .. .. i . 12-5 .. 12:5 .. . 3
' (® R n "y

Figures in brackets indicate the actual numbers of specimens examined.

b

]

. $avSERA 20 TVN¥nOf NYIGN!



TABLEIC

Monthly percentages of P. diacanthus above 40 cm i.c. excluding the Fuveniles in different stages of maturity. Data. from the landings of the

bull trawlers.
1960
Total No,
' ' ' = Recov. Recev.  Recov. Partially  of speci-
. Month T il v v vi VI I 1 I spent.  memsexa-
Jaguary 29-62 . e 790-38 .. 7
o (8) " ) {19) )
February 50-0 508 | 6
‘ @ Q@
. Miarch . . 2540 37-5 125 256 -8
o . (2) 3 (1) {2)
May . . 1428 1428 26-57  42.86 - 7
Co (1) (t) (2) (3}
June 40-0 40-0 20-0 .. s . . "5
e 2) (2) m : S
July .. . ) " 50:0 50-0 4
Lot . 2 2 )
August . 20-0 . . 600 .. 20-0 5
S [} (3} )
September v . .. 100-0 . . .. 7
' A
October Heae . .. 5558 - .. -9
@ e -
November 33.33 66+ 66 . 12
4 8
December 500 . . 55-0 . . 4
_ 2) (2)

Figures in brackets indicate the actual number of specimens exammed .
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TABLE I D
Monthiy percentages of P. diacanthus above 40 cm i. e. excluding the juveniles in different stages of maturity. Data from the landings of the
bull trawlers, :
1951
_ Total No.
Recov. Recov. Recov. Partially of speci-
Month ¥ II III v v Vi VII 1 11 LT spent mens
examined
January . 33-33 66- 66 6
@ 4)
February 42-3 . . . . . - 57+7 . . 26
{11) {15) .
March 61-53 5-84 3461 27
(16} 2) 9 -
April 100 . 5
3
May . .
June 500 .. 1245 375 8
3] (1) 3)
July - 500 50-0 2
(n (1)
August . 40-0 36-0 230 25
Co (10) {9) (6)
September 375 625 8
3 ()
October 71-5 . 28-5 - 7
) @) h
November 14-28 . .- . - 85-72 - -7
n : “(6)
December 42-86 5714 ) 7
3 @

Figl.ires in bracketsindicate the actual number of specimens examined.
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TABLE 11

Mothly per.eatages of Immature, mature and sp:if P. diacathus { females) in the landings of the bull
trawlers for the years 1958, 59, 60 and 61 )

1958 1959 1960 1961
I . 100 100 100
Jan. M . . .
5 . v
I 100 100 100 - 100
Feb. M . .
5 - . T
I 100 100 75 100
Mar., M - 25 .
3 . .
I B4:62 58+34 . o
Apl. ‘M 15-38 41:66 no data 100
I 100 57-14 42-86 ..
May M .e 42+86 28+51 no data
s . .. 28-51 .
I 30 .. .. .
June M 70 160 100 - 62+5
S - . 375 -
I . au LX) e
July M 100 no data . -
s .. 100 100
I . 16-66 20 40
Aug. M e 33:33 - -
8 100 5000 80 60
) I 10 . 62-5
Scp. M - - LY - -—
S 90 100 37-5
I 8462 25 100 ' 100
Qct. M .. ve . e
5 15-38 75 e
I 86-66 75 100 100
Nov. M .- . . .
8 13-3% 25 . .
I 34.74 87-5 100 100
Dec, M e +e - e
S 5-26 12+5 .. ..

[mmature (Stage I to IIT).
M -Matu-e (Stage IV 1o VI),
S Soicnt and Partially spent,
§—1 M.F.R T, Mand, /64
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TABLE II1

Monthly size progression of ova in P. diacanthus, The range in size of ova found in any

particlar month is represented by columns of cireles.  The majority of females had ova of the sizes.
indicated by (Black) solid eiveles, 1 micrometer division—0°02 mm.

Diarmeter in

Maturity | micrometer { JAN, | FEB, [MAR.| APR, (MAY.; JUN | JULY! AUG.SEPT.| OCT. NOV.\

divisions

IMMA- 1—5

® o
TURE - | @@

rYYRE:

Y

ol ooo colee

RING 15—20

20—25
MATURE 25—30

30—35

ceeloo ee

000 00|00
ceeleceleelee
coceleceleelee

ol NeX X JRoNeRl I
® 000 00600

35—40
40—45
45—50
50—55

RIPE

C0Ce 000 OO

These observations regarding the spawning season are further supported by the studies
on the size progtession of ova during different months, The immature ova occur in every adult
female in all the months. Largest eggs in the fully ripe condition were observed in June. Ma-
ture and ripening ova in stage I'V, V and VI were observed in the ovaries up to August. This
indicates that the spawning season in this fish extends from June to September, The data of the
monthly size progression of the ova is givenin Table ITI.  Jacob (1948) observed ripe specimen
of P. digcanthus in full roe in the month of September 1 Calicut on the west coast.

Minimum size at First Maturity

In Fig. g are plotted the perccnta.gé of mature female ‘ghols’ in each size group. It
can he seen fiom the figure that only 5%, of fish were mature in 75-80 cm greup, 36-8% in
80-85 cm group. g19%, in 85-go cm group and 1009, in go-g5 cm group and abcve. 85 cm may
be taken as the average size of the fish at first waturity. P. diacanthus of the size group
85-90 cm show 3 or 4 annual rings on their scales and otoliths (Rao, K.V.8.’61} and it may
*herefore be infered that they attain their first mturity when they are 3 or 4 years old,
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Seasonal changes in the gonad weight : Body weight ratio

Though tbe seasonal variation of gonad weight : body weight ratio by itself was not suffi-
cient as an indicator of spawning and reproductive activity, it was a valuable accessory to the
visual assessment of gonad activity.

The seasonal changes in the weight of gonads are indicative of the changes undergone
by them in the reproductive cycle dve to maturation and spawning. The monthly mean gonad
weight : body weight ratio were determined for 408 (298 femeles and 110 males} fish. These
valuss for the years 1958, ’59, 60 and 61 are plotted for females and males separately in Fig.
gand 5. The pooled average values for the peried 1958-61 for males ano females are also shown
in the ahove figs. The data for 1958 is incomplete for females and not available for males,

Females.—It can be seen from Fig. 4 that the gonad weight : body weight ratio values
gradually increase from February to June when it attains the peak and thereafter gradually
dron down reaching the minimum in November or Decembaor.  In January thercis slight in-
crease in the values followed by a decline in February. This trend was observed each year
during the pailod 1958 to’61.  The decline in the value in May 1958, is due to the fact that
the data was available for only one specimen. ' '
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Fig. 4. Seasonal variations in the gonad weight: body weight ratio of female Pseudpseiaena dince it/ vs.

Halex.——Thc_samc trend was observed in the males. ‘The pooled average values and the
data for Igﬁo (Fig. 5) show a steep fall in August and a rise in September, In 1960 there was a
gradual increase in the values from September to November and a fall in December while the
data for the pooled average values shows a gradual decline from September onwards reaching
the minimum in December. Again a slight increase in the values can be noticed in January.
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Fig. 5. Seasonal variations in the gonad weight: bady wieght ratio of male Pseudrs i-¢ena ciccanthesa

The gradual increase in the mean gonad weight : body weight ratios from February
ohwards reaching the maximum in June in males and females may be due to the active matu-
ration of the Spermatocytes and oocytes taking place in the gonads during this period. The
aradual fall in values of the ratio from July o October is assumed to be due to the increased
metab lic strain of spawning. The rise and fall in the gonad weighr : body weight ratics due to
the level of metabolic activity may in turn be influenced by the environmental cond’tions
especially the availanility of food and the intensity of feeding. 1'be fish recover from the strain
of sp .wning by December and that is probably why they show slightly h'gher values in January
Thu; the seasonal variations of this ratio offer not only an additiona! proofoi'the duration of the
spawning season but also indicate the major vhases of the reproductive cycle.

Misu (1954) made simifar studies and inferred that the spawning season for Nibea im-
bricata in the Easi China and Yellow Seas is from August to September, because the monthly
mea1 of \be ratio of gonad weight to body weight shows the maximum in Angust and the mini-
mu.a in September.  Fairbridge (1951) studied the seasonal variations in the gonad weight cf
the Australian flathead, MNewoplatycephalus macrodon and corvelated it with the general cycle of
matcaiion and spawning. Davies (1956) corelated the seasonal changes in the gonad weight
of th South African Pilehard, Sardineps occeliatus wi.th gonad activity, P.lay (1958) studied the
seasonal variations of the gonad we'ght : body wight and visceral weight-: body weight ratio
in Hilsa ilishz and correlated them with gonad activity and the spawning season,
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Ponderal Index or condition facior

Hickling (1930), Hart (1946), Morrow (1g51), Menon (1950) bave correlated fluctuations
‘n the Ponderal index with the attainment of maturity and spawning. Pillay (1958} correlated
the fluctuations in the relative condition values with spawning season in Hilsa ilisha. Davies
{1956) could not find correlation between seasonal variations of - condition factor and spawning
season in the South African pilchard but found correlation between seasonal variation of ‘K’

factor and the oil yield.

Condition factor (K) was calculated by employing the formula K=gx 100 where

W is the weight of fish in grams, L the length of fish in centimetres and ‘K’ the Ponderal index
or ¢condition factor. ‘K’ values were found out for 1042 fish and the mean ‘K’ values for each
length-group are plotted in Fig. 6. The ‘K’ values of Juveniles upto 30-0 em in length show a
steady increase while the curves for males and females show rises and falls for the immature
specimens below 60-0 cm which cannot be explained with the available biological data,
This may be due t2 small number of fish in the intermediate length-groups in the samples, 1t
can be seen [rom Fig. 6 that there is a steady rise in ‘K’ values from 60-0 to 109-9 cm in femalcs
while in the case of males there is a steady increase from 65-0 to 99 9 cm and thereafter therc
;8 a decline. The inflexion on a curve showing the diminution of ‘K’ with increasing length
is a good approximate indication of the length at which sexual maturity is attained. The steady
risein ‘K’ values from Goeo cm after the peak condition in immature fish and the inflexion
at 75+0 cm in the curve for females is probably bound up with the onset of matuwrity. From
the study of gonadial condition it has been inferred that the females attain matruity at 85-0 cm,
It is not possible to detect the actual point of inflexion in the curve for males,
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Seasonal Variations in *K° Factor

For studyir.g the interseasonal Variations in the ‘K’ factor, ‘g ods™ 70 ¢m ard alssve
in total le: gth were taken into consideration as thé data ava ailable for the smaller fich was
limited. Le gth ard weight measurements were available for 2 gocd nu.mber of specime: s
which were not cut opea for detailed biological studies. ‘K’ values of these fi:h were pouled
with those of males ard females and the monthly mear ‘K’ values of 21l fi:h are prescntct“. in
figs. 7A, B and C as “All combined”. ‘K’ values of 852 fish were used fur stu. dying the ir:ter-
seasonal Variations,
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#ig 7A. S=asonal variations in the mean ‘K.’ values of Pseudos faena digeanthus during 19581959,
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In Figs. 7A, and B are plotted the monthly average ‘K" values for males, females and all
combined for the years 1958, 1959, 1960 and 1961. The pooled data for the period 1958—'61
is plotted in fig. 7C.  The curves show a gradual rise from February reaching the peak in June
and suddenly fall down in July-August. Again from September there is a sudden rise followed
by a decline in October or November. In December and January there is an upward trend
in the years 1959 and *61 while the curves for 1958 and '6o show a downward trend. The
appareat downward trend observed in April-May 1958 may be due to the sample being small,
The gradual rise in the ‘K 'values from February reaching the maximum in June in males and
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Fig. 7C. Seasonal variations in the pooled *K* values of Psettloiciaena diacanthus during the period
1958-1901,

females may be atiributed to the factor of active maturation during this period. The fall
in the ‘K’values in July-August indicates the beginning of spawning season in this species since
the lowering of ‘K’ values is assumed {0 be consequent upon the lower level of condition due
to the increased metabolic strain of spawning. The availability of food, level or intensity of
leeding ind other environmental conditions may influence in raisirg or lowering the metabolic
activicy and thereby raise or lower the level of “condition’ prior to and during spawning,

The second peak observed in September or October may be due to the recovering condi-
tion of the fish after spawing. The second fall in the “K® values observed in October-Novem-
ber may indicate a ‘poor condition’ of the fish for a second time which may be due to some other
factor, Jayaraman and Gogate (1957) obscrved that the bottom temperatures were low during
the perind November to February in Dwaraka and Cntch regions (22°N latitude). It has
heen observed in the temperate countries that in the cold winter season fishes show cessation
of feeding or low intensity of feedi. i probably vesulting in the lowering of ‘K’ values. Though
the studies on the food ancd feeding habits of P, diacanthus do not provide direct evidence for
such a view, the possibility that a sirailar cause {viz, poor condition due to unfavourable environ-
mental condition) may be responsible for the second fall in the ‘K’ values observed cannot be
completely  ruled out, The wpward trend in December-January may indicate a second
recovery.

Tt is interesting to note that the monthly mean gonad weight : body weight ratio and
the ‘K’ factor values show similar seasonal trends lending support to the conclusions arrived

at by either means.
T} M.F.R.L Maad,/64
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Growth rate of gonads :

The average length and breadth of the ovary and testis in each size group (5 cms inter-
val) was determined frem a total of 428 fish (300 females ard 128 males). The actual average
leagths of fish in each size group were taken into consideration for calculating the theoretical
values ol the sizes of the gonads. To express the relation between the two variables X and Y
(X beiny; the length of fish in cm, Y the length of ovary or testis in ¢m) the equation for the
regression line Y=a+b X, where ‘a’ and ‘b’ are the constants, was used. The equation for
t'uis linear relationship in the case of ovary and testis were found to be :

Y= —6-08g+0-2828X and
Y= —2-85 40:2307 X respectively.

The observed values for 'Y were plotted against their respective calculated values and the
points were more or less closely located near the linear regression line. The data are plotted in
Figs. 8 and 9. It could be inferred that for every 10 ¢m increase in the length of fish, the lengths
of ovary and testis increase approximately 2+ 82 and 2-30 em respectively.
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Fig. B. Relationship between the tength of ovary and tength of fish in Pseudoscizena diccanthus,

The equations for the regression lines to show the relationship between the breadth
of ovary or testis and the length of fish were found out to be :

Y= —1-448+-0-0411 X (Females)

Y= —0-'888+0-024 X (Males).
The linear relationship between the breadth of gonads ard length of fish cannot be expressed
¢arrectly by the above eq uations as the observed values do not show a good fit to the regression
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Fig. 9. Relatiotship bstween the length of testis and length of fish in Pseudoscicena diaconthus

lines. This indicates a disproportionate growth between the breadth of the gonads and the
leagth of fish probably due to the maturation and spawning i.e. the growth in the breadth of
gr1ads is related to the maturation and spawaing events and not to the length of the fish.

Fecundity :

The entire ovary was weighed and a small portion of the ovary (fixed in 5%, formal-
dehyde) was taken out and weighed. This weighed piece was teased and the ova evenly spread
on a glass slide.  All the mature ova in the piece teased were counted. From the number of
mature ova obtained from the portion (piece) of ovary of known weight, the number of ova
in one gram sample of the ovary and in the entire ovary was computed on the basis of its total
weight, Fish with mature and ripe ovaries (Stage IV to VIj were considered for study. The
estimated number of ova per gram sample and for the entire ovary for 12 specimens of different
lengths are given in table IV,

The estimation of fecundity becomes a difficult task in fishes which spawn in more than
oae baich in the same season. In the absence of definite knowledge of the number of batches
spawned during the season, the time between successive spawrings and the number of eggs that
disintegrate and are reabsorbed at each shedding, correct fecundity estimates cannot be given,
Hence for estimating the number of mature ova that are likely to be spawned, ova count per
gram sample of the ovary was taken into consideration as was done by Karekar and Bal (1960)
for Polydactylus indicus. This gives a reasonable rough estimate of the potential stock of the
ova irrespective of the number of batches it has spawned besides minimising the apparent dis-
parity in the fecundity estimates due to differences in the weights of the ovaries. The fecurdity
estimate of specimen 86-6 ¢m in length (vide table) is low (2,09,1220) while the ova count per
gram sample shows the maximum (12,222). The low fecurdity estimate is due.to the low
weight of the ovary. So, the ova count per gram sample is a more reliable index of fecur.dity.
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TABLE IV

Fstimated number of mature ova in P. diacanthus.

Ovacodnt in one Estimated number

Total length - gram ~sample. of  of ova in the ovary
of fish cm. ovary . : :
P . : :

e © N 6,678 17,4801
93-2., . . . ... 9210 39,19,3¢8
866, . . . . . . .. : 12,222 St 20,915,220
R Co1,114 68,68,678
84:8. . . . .. ... s 8,296 19,91,2(0
M8, ., . L. L. 5,770 19,78,240
L 8,150 23,63,5C0
T 10,890 ' 37,78,820
96°5 . . . ..., . 1,368 14,62,860
91-8 . . . . R L. 5,658 34,45,722
103 . . . L. .. © 9,095 . 67,03,924
06 . . ... 6,950 . 48,26,775

- It can be seen from the table IV that the fccundity estimates show wide variatiors in
individuals of mere or less the same length becausg it is likely that some irdivicuals are gettir g
ready for spawning for the first time in the season while others may have already spawned ore -
baich. The number of eggs per gram sample spawned in one batch may vary from 4000 to
5000, The individuals with 5000 to Booo ova per gram sample are probably those which Fave
discharged one batch of eggs while fish with gooo to 12 250 estimated ova per gram sample
are probably those getting ready to spawa for the first time in the season ard have these €ggs
as a potential stock ‘which may be spawned in atleast two batches.

Jacob (1948) has given the fecundity estimate of a ovary in full roe (length-19 cm;
breadth-5 cm.; weight-445 gms.) of P diaranthus obset ved by him at Cahcut market on 8-g-’ 47
as 62,50,000.

Sex ratio :

The sex, composition of the rardom samples examined each month for de.
tailed biological studies from the landings of the trawlers during the period of investigation
are given in table V. It was observed that the females formed a high percentage in most of
the months and in each year. The percentage of fernales in the toal specimens examined in
1958, ’59, 60 and *61 worked out to be 62-39,63-85, 63-4, 55°7 respcctivcly The consistent
prepondcrance of females in almost all the months and all the four years of this investigation
is very striking. This suggests a segregation of the ¥ sexes. The males and females seem to move
in separate shoals. This préponderance of females rhay b duc o differenual’ ﬁshmg also.

-
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TABLE V
. Sex ralio (perwntagﬂ in P. dlacanthus. Dala from the landings of the Bull Trawlers
Year 1958 1959 1960 1961
Tatal Total _ Taotal Total
No, of Fe- No. of Fe- No. Fe- No. of Fe-
Month fish Males males  fish Males mates fish Males males fish Males males
ex- ex- : ex- ex-
amined’ : amined amined amined
Jaouary . . . o ... 3135:48 6452 42 28-57 71-43 16 62-50 37-50
February . . 7 28:57 71-43 38 81.57 6843 9 22:32 77-68 44 40-90 59-10 .
March , . . 26 4615 53-85 - 492857 71-43 10 30:00 7G-00 54 51-85 48:15
April . . . 48 3333 66-67 4440905910 .. .. .. 6 16-6783.38"
May . . . 12 41-66 58-34¢ . 15 53.33 46-67. 10 30-00 70-00 .. .. ..
June . . . W0 33.33 66:67 13 6153 98°37 12 58-34 4166 12 33-33 66-67
Juy .. 20 40-00 60-00 vl e 5200080400 2 .. 100-00
August . . . 6 66-67.33-33 17 29-41 70-59  7.28-57 7143 44 43.18 5662
 September . . oo .. 1533:3366-67 13 46-15°53-85 " 144265 57.15
October . . . 91  28-57 71-43 10 20-00 80-00 16 43:75 56-25 . 16 5655 4375
November . . 27  44-44 55-56 13 98-37 61.53 20 40-00 60-C0 8 12-5 87.50
December -~ . . 29 38.46 65-52 154000 60-00 9 55-55 #4-45 12 4166 58-34
Tora . 226 37-6162-39 ' 260 8615 63-85 153 9660.63.40 228 44-29 5571

Spawning giround and occurrence of post-larvae :

[t was not possxblc to make collections of cggs and larvae of this spe.c:es in the inshore
waters. Post larval forms and small Juveniles 25 to 40 mm in length were gbserved in catches
of the ‘Dol’ net operated in 20-40 metres depth around Bombay during June and July, Mature
and ripe specimens examined during these investigations were landed by the bull-trawlers which
fised mostly in 25-Bo metres depth in the Cutch, Dwaraka and Veraval regions, This suggests
that the spawaing may take place in the offshore waters, The post-larvae and Juveniles seem
to eater the inshore waters by June or July where they remain for six to eight months i.e. till

January or February during which period they are landed in fairly large numbers by the ‘Dol
nets at Versova and Sassoon Docks.,

DISCUSSION .

The studies on ova diameter frequencies in ‘ghol’clearly indicate that the spawning season
for this speciey is protracted and that the eggs are spawned in asleas? fwo batches in the same season,
It is unlik<ly that the species spawns a second time as the second - batch of maturing eggs
represented by mode 4! in the ova diameter frcquency curves for stage V and VI ovaries is
not clearly and sharply separated from the eggs (mature or ripe) represented by mode b.

\ .
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Since the larger eggs in stage VI ovary observed in June are in a fully ripe condition, spawning
is not delayed and the first batch of eggs may be shed in the same month i.e. June or atleast in
the begianing of July followed by the second batch subsequently, probably in August or early
September, the time interval being short. At the close of the breeding season, the early
ripeaing odcytes left after the last spawning, without undergoing further ripening, after a
short time, are reabsorbed as the ovary enters the spent stage as indicated by the disintegrat-
ing ova in the spent ovaries, On the basis of observations made by Hickling and Rutenberg
(r936); Walford (1932); Dejong (193g); Prabhu (1956) and others the following four types
of spawning can be distinguished.

A. Spawning taking place only once a year during a definite short period. The mature
ova in the ovary are distivetly separated from the immature egg stock.

B. Spawning taking place only once a year, but with a lorger duration. The range
in size of the mature ova, irrespective of the number of modes representing them,
has been found to be pearly half the total rarge in size of the entire intraovarian
eggs. :

C. Spawning twice a year. In addition to the ripe batch of eggs, another batch of
eggs which has undergone more or less half the process of maturation, becomes
evident,

D. Spawning throughout the year, but intermittently. In this type the different bat-
ches of eggs in the ovary are not sharply differentiated from one anotber thereby
indicating that the passing of one hatch of eggs into next stage is more or [ess a con-
tinuous process,

In P, digcanthus the presence of two batches of eggs rot sharply separated from each
other may superficially indicate that it belo~gs tg the type ‘D’ of spawning mentioned above.
In an intermitte~t spawnaer, spawning mare or less throvghovt the year, more number of
batches of eggs undergo maturation. But i1 this case the presence of only two batches indicates
that it may rot spawa throvghout the year botir a defi ~ite period of longer duration {protra-
cted} in two batches. More over in the avaries of P. diacanthus the fully ripe eggs were not ob-
served taroughout the year or atleast dvii~g most of the months, The ripe eggs were observ-
ed in the ovaries only during the period May to Seutember and not during other periods.
The ratge in size of the mature ova irrespective of the number of modes representing them,
in P. diacanthus has bee ~ observed to be rearly ha'f (25 to 50 md) of the total range (1 to 50 md}
in size of the entire intra ovarian eggs in the whole ovary. These facts indicate that P. die-
canthus shows the B type of spawning. At least it may be said that it exhibits a modified B
type of spawning i.e. spawning taking place once a year, but with a longer duratien wherein
the ova are shed in atleast two baiches.

The partially spent ovarics refered earlier are those wherein the first batch of eggs has
been shed and the second batch nnt yet developed to the ripe condition. These may be shed
after a short time. The possibility of the reabsorption of the second batch of eggs in case they
faitto develop to the ripe condition before the close of the spawning season cannot be completely
ruled out.

_ According to Fulton (189gg) the presence of intermediate group of ova in Jarge numbers
is associated with a prolonged spawning season and this appears to hold good in P. diacanthus,
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The following points clearly show that P. digcanthus has a prolonged spawning season
during which at least two batches of eggs are spawned.

1. Mature and ripe specimens were observed from April to August and completely
spent or partially spent ones from June to September. From October to March only spents
or recovering spents in stages I or Il were encountered during the period of this investi-
-gation,

2. Completely spent ovaries (with only immature oocytes and few disintegrating mature
or ripe ova) and partially spent ones (with a batch of unspawned mature ova) occur during the
same period-June to September. This cannot happen if there is a second spawning season,
All of them should be either completely spent or partially spent, unless there are different
races or populations with overlapping or different spawning periods, which cannot be said at
this stage.

3. In the ova diameter frequency curves the modes ‘a®” and ‘b’ representing maturing
or mature and ripe egps are not sharply separated from each other with the result all the eggs
under these modes (fig. 2E) can be considered as belonging to one gioup, the larger of which
havz Dzcome ripe earlier than the smaller ones. Some times ova represented by more than
one mode adjacent to each other actually may indicate ova in the same stage of maturity as
observed by Prabhu {1956).

4. Post-larvae and juveniles of P. diacanthus 25 to 40 mm in length were observed in the
‘dol’ net catches from June to August during the four years of this investigation. They were
not obsereved for a second time in the year.

5. The length trequency data for juvenile ‘ghols’ from the ‘dol’ net landings shows the
persistence of the modes for 2 or 3 months indicating prolonged recruitment due to prolonged
spawning season.

6. The ratio of maturing eggs to mature eggs in pooled ova diameter frequencies for
ovaries in stage IV shows a gradual decline from April 1958 to July 1958 indicating that more
than one batch of eggs may be spawned during the same spawning season.

7. Studies on the seasonal variation of gonad weight : body weight ratio and the condi-
tion factor {Ponderal index) afford corraborative proof.

FOOD AND FEEDING HABITS

The quantitative analysis was done by the points methnd (Hynes, 1950). In allotting
points the size of the fish and the fullness of the siomach were also taken into account, a full
stomach, irrespective of the size of the fish, receiving a toia! of about 20 points and a distended
(gorged) stomach recsiving a total of about 3o.  Finally the points were summed up and scaled
down to percentages, to give percentage composition of the food of all fish examined.
The prevalence of the each item of food in ihe diet during different months
was calculated by the occurrence method (Hynes, 1g50). In this method, the number of
occurrences of all items was summed and scaled down to a percentage basis to show the percen-
tage composition of the diet.

When the food was not subjected to much digestive action, identification of the ccm-
ponents up to genus and sometimes up to species was possible. Often the identification upto
the broader group only was possible vi;. Penaeid Prawns-carid prawns-diggested fish etc,
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TABLE VI—A

Moxthly prrcn?ags composition of different items of the stomach contents of P. diacanthus by the poinis method ﬁom
March 1958 to Man:h 1959

Topnds

Items March April May June  July  August Sept. Oct, Nov. Dec.  Jan. Feb  March Average
58 58 58 58 5é 58 58 38 58 58 59 59 59
PRAWNS | . . . 2-53 9.78 .. 83-00 89-69 8355 7i-42 77-43 8301 48-60 58;%4 - 769 23.07 66-75
Unid =atified prawns . . 2-5% 5-43 . 5-00 1185 50-76 71-42 26-58 25:47 5-30 17-89 4-61 .. 21.78
Unid=ntified carid prawns .. . . 19-00  5-57 404 .. 038 . .. 4.73 .- ve 2-31
Unidentified Penaeid prawns ., 2-17 . 19:20 10-72 1132 e 9.59 2-83 4-46 8-42 .. T 7-82
Hippolysmata ensirostris . .. . . 4-00 8-58 .. .. 2-59 .. 5-30  13-15 .. . 3-44
e indicus . . . e e .. 3000 53.21 8-0!; .. 3566 943 lz{l]g 68  3-07 e 2};2
etapenacus spp. . . . . s . 9-4 .. . .. B .. .e ..

Solcnoenramdg:l;s . e e 207 e ea N e ‘e 2-59 39415 12-2% -6-31 .e 23.07 6-88
er sp. . . e .. 6-00 . - . . .. .. .- .o . 0-23

issp, | . .. . - .. . . 6-13 .. 1-57 . .~ D62

PISHES J . 93-67 69-56 .o - 12-00 10-30  16-44 - 20-62 11-32 45-81 28-42 70-76 76-92 28.62
 Unidentified fish . . . 1418 L, 1-00 %72 8-35 . 1-29 3-30 .. 3-68 15-38.  3.51.

. Lattarius lactarivs - | . 93 67 11-95- .. s s . . 0-5t . .e 2-10 . 50-76 4-41
“Frichiurus sp, . ... 326 L A . . - e . - . ve 376 0-B9

- Diholithny . .. 21-73 . . s R .. PR - . .. ee. 078
Sciavmids ﬁhmussp. . .. 16-300 L. e ae 2-69 . 077 . .. ‘e . 30-76 .. 1-99
'demcmushcptadactylus e e 2407 . e e 5-39 . 2-33  0-94  3.07 .. 7-69 - 2:26
B - macclellandi | - e .. 300 .. . . 9-46 o~ 41-89 526 23-07 e 9-81
S ia dussumieri - ., e e s . 5-00 5-57 . . .- . . . 5.23 .. 0-93
_ ﬁm‘.‘howellasp. . e s cea es 3-00 . - .- 064 . . . . .. 6-3]
S SP. & G . e _... - s . . - 1'29 s . e .r . .- 0'39
-EelvMuracnesox sp | . s .e e e . 0-51 3-77  0-83 .o . . 0-58
eus sp. . T e e - . ‘e . .. %gg 3-30 .. . s .- 1-13.
'Hatpodonnehereus AN . .. ‘e .- . . )+ .. - .. . . a-27
-'Gyno;imsm - . ) .t .. . . . - . . 17-36 . .. 1-29
_ OTH‘ER GRUS'I‘AGEA . 1-26 1195 .. 5-00 . e 28-57 1-94 424 5-58 12-62 21-33 et . 461
Squl'la sp. . . e . .e 400 . . 28-57 - 1-03 4-24 4-46 6-84 3-97 .. 2-26
Crabs . 1-26 11-95 .e 1-00 . . . 0-90 01N 1-05 . 1-0t
Portunid craba, Ncpnmes sp. .. .. . . . . . . 473 1846 .. 0-82
MOLLUSG? . . . 2-53 8-68 .. - . 1-41 . .. .- .. 0-50
Sepia sp. . . . . 2-53% 7-60 . .- . - . I-41 . s .- . 0-46

. . . .. 108 . . . e . . . . . 0-03

sh¥
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N : : : TABLE VI—B

sy Monthly perceniage composition of different items of the stomach contents of P. diacanthus by the points method from =
April, 1959 to March 1960
IHems . April  May  June  July  August Sept- Octo- . Novem- De;:m- January February March Average
ember ber ber r
59 59 59 59 59 50 59 59 59 60 60 60
PRAWNS | -, - | . .- .. .. .. 8472 8300 5520 46-26 50-00 - .. 6671
Unidectified prawns . . .. .. .. .. 41-78 13-80 10-85 5-60 .. .. .. 19.49
Digested  unidengified . carid .. . .. .. - 9-26 2.8 .. 0-41 16-66 .. . 3-86
prawns Digested unidentified
penacid prawns | . . . . .. .. .. 18-44  16-2 9-50 2-48 .. .- .- 11-81
Hippolymata ensitostris . .. .. . . .. 1484 7-8 542 497 .. .. - 8-53
Acetesindicus -, |, | . . . .. .. 028 17-0 2-03 13-48 .. . .. 7:23
Metapenaeus spp., . . . .. . 2.0 3-39 .. .. .. ve 1-12
Solenocera indicus . . - . 22-2 11-53 . 9-33 .. . .. 9-29
Leander spp., " . .. . .. .. .. 1-2 .. .. .. .. 0-26
Parapenaeopsisspp., . . .. .. .. .. .. 4-52 .. 3333 .. 1-34
Metapenacopsis novae-guinac .. .. .. o .. .. 3-61 .. . . . 0-71
Parapenaeopsis hardwickii | .. e .. . . . 4-29 4-36 .. .. . -84
Atypopenaeys compressipes . .- o .. .. L .. .. . 4-35 . .- . 0-94
Alpheids ~, ", T, | .- - .. .. . .. .. 1-03 .. .. .. 0-22
FISHES e e 100 100 .- .. e 12-68 15-4  36-42 4647 .. . . 2821
Polynernus heptadactylus . .. .. .. .. .. 1-15 4.6 217 4-14 . - . 2-83
Anchoviellaspp.,”. . .. .. .. .. 6-48 .. ) .. .. .. . 2-02
Smallsciaenids -Johnius spp., . .. .. . .. .. 317 06 0-82 .- . . 1-30
Lactarius lactarius . .. 80-82 .. .. .. .. .. 14 v .. . .. - 2-92
Rastrelliger kanagurta . | .. 60-00 . . . . .. .. - .- .- 0-53
Otolithusspp., . . . .. 40-00 X ) .. i, .. .. .. .. Y .. 6-35
Harpodon neherens | . SO . . 1-87 3-8 .. .. .. .. . 1:43
Unidentified ish = . <, -,  (9.38 .. . N ) .. 5-0 7-69 2-90 .. .. 3.27
Bregmaceros macclellandi |, .. . o .. .. 20-13 35-89 .. .. . 11-76
—Apegon poverafasciatus | . .. . . .. .. 0-67 . e . 0-13
Muraenesox spp., (young eels) .. . . ) o 090 1-24 .. .. 0-44
Trypauchen vagina . . - . .. 226 .. - - - 0-44
Coilia dussumieri , . . . .. .. . .. . .. 2.08 145 .. .. 071
OTHER CRUSTACEA , N - .. . . . 2-59 1-6 7-91 5-80 16-66 e . 4-22
laspp.,. ., . . . .- . .. 259 1.6 791 580 .. - .. 3.99
Crabs-charybdis callianasa . . .. . .. .. .. . .. e 16-66 - . . 0-22
MoLLuscs , |, ., ' v - - - - - . 0:45  1:45 38.33 . .. 0-85
iaspp., . . ., . . . . .. . .. 045 e e . .. 0-08
Loligospp., . . ., . .- . . . . .. .. .. 1-45 .. .- .. 081
Octopus Spp., . . . .. . .. . L . . . .. 33-33 . . 0-44

1
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Mon-‘fz{y peruntags mmpo.tm:m of different items of . the stomach contents of P. diacanthus by the points method Sfrom

TABLE VI—C

April 1960 to March 1961

=~

April May June  July August Septem- Octo- Novemn- Decem~ January F.b uary Ma ch Average
Ttema ber ber ber ber
: 60 60 60 60 60 60 60 60 60 6l 61 61
PRAWNS .. 3500 9584 91-71 96-77 9504 76-97 43-89 5192 73-33 Nil Nit 8121
Unidentified prawns (dxscsted) e e 92-45  2-07 24-19 12-07 iB-42 12-21  4-80  £-66 .- 21-87
Unidentified carid prawns . . . . . ' .. . . . . -
Unidentified penacid prawns , .. 500 1-13 12-85 27-41 712 7-89 190 .. . . 6-83
Hippolysmata ensirostris - -, .. 10:00 7% .. 12-90 35-84 460 .., 12-50 4000 1267
Acctesindicus |, ., . 1000, 66-8% . 10-09 13-15. 12:97 1730  26-66 21-76
Metapenaeussp. . . . e 1-50 32-25 .. . 1-32
Solenacera indicus . . . .. . .. . . 3-06  9-60 . 0-£9
Leandersp. . . .. 10-00 . . 3-96 . .. . 121
Parapenacopsis styllfera . . . - i, . o 20-79 .- 6-48  7-69 . - 7-16
Parapenacopsissp, . . A ; 9-84 5.3¢  30-92 725 . . 7-21
Parapenacopsis hardwickii . ] ] .. .. 1-97 .. . . 616
Alpbeids | | . .. .. 5-18 . . . . . -10
F.SHES . . .. ©5-00 3-77 Wil 3.22  2.97 21-71 54-19 4134 2666 Nil 85-70  15-53
Unidentified fish . . . .- . 3.77 322 993  1-52 4-80 26-66 71-42 3-19
Polynemus heptadactylus .’ e . . 331 205 . ¢-7
Anchoviellasp, . . . . . .- - e

Small sclaemds-—-johnlus P . . . .. 763 . . i-10
Otolithus spp., . . . . . . . 1-98 . . . 0-43

.. Harpodon nehereus “. s . . . . 659 3-94 - . . - . ¢-58
Bregmaceros macclellandi = . .. 50-00 . ) o 41-22 36,53 . .. . €58
Young eels (Muraenesox sp) 15-00 . ) . 076, . i4-28 0-38
Coilia dussumieri , . . .. .. . . 0-39 i1-31 . 0.22
Thrissocles sp. . . . .. . . . .. 3-31 . 0-27
OTHER CRUSTACEA . . . . 0-37 310 1:98  1-31  1-90 672 .. 14-28 214
Squilasp. . . . . e . 3-10 198 1-31 190 - 1-92 - . 1-70

. 0-37 . 480 14-28  0-44

Crabs | . . . .

{447
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Prawns and fishes formed the major food items. Other crustanceans like crabs, Sgailla
spp., Alpheids, and molluscs like Sepia spp, Loligo spp.; gastropods (shell remnains) were observed
occasionally in smalt proportions. The following generafspacies of crustaceans, molluscs
and fishes were encountered in the course of this investigation in the stomach contents of P
digeanthus : '

Crustacea

Penacid Prawns @ Solenocera indicus
Metapenaeus Spp., Acetes indicus
Parapenacopsis Spp.,

Parapenaeopsis stylifera

Garid Prawns :

Hippolysmata ensirostris
Parapenacopsis hardwickii Leander stylifera
Atypopenaens compressipes Leander tenuipes.

Metapenaeopsis novae-guinae
Other Crustgcea :
- Alpheds Spp.,
Squilla Spp., o ' :

Crabs :
Neptunus Spp.,
Charybdis callianasa

Molluses :

Sepia Spp.

" daligo Spp.

Octopus Spp.

gastropod shell remains . . Oliva Spp.
Fishes : )

Order Acanthopierygii

Family Percidae .

1. Apogen nevemfasciatus.
Squampinnes

2. Drepane Spp.

Mullidae

3. Upenoides Spp.
Polynemtdae

4. Polynemus heptadactylus
- Sciaenidae

5. Fohnius Spp.
6. Otolithus Spp.

7. Otolithus ruber
Trichiuridae

8. Trichiurus Spp.
Carangidae o
q. Lactarius lactarius
Scombridae

10, Rastreiliger kanaguria
Gobidae

1, Ts_rypthsﬁ_ vaging . L.;glf L
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Order Anacanthini
Family Gadidae

12, Bregmaceros macclellandi Muraenidae

Pleyronectidae . 18, Murasnesox Spp.,

13. Cynoglossus Spp. 19. Neenchelys duitendijki
Order Phystostomi

Family Scopelidae
14. Harpoden neheveus
Clupeidae
15. Anchoviella Spp.
16. Thrissocles Sph.

17. Coilia dussumieri

Acetes indicus, Hippolysmala ensirostris, Solenocera indicus, Parapenacopsis stylifera.——were the
important prawn species that were often encountered in the stomach contents while among
fullout fishes Bregmaceros macciellandi ranked first, Polynemus hepladactylus, Lacterius laclarius,
Fohnius spp. coming next in the order of importance,

The monthly percentage composition of the different categories of food taken by P.
digcanthus for the years 1958 to 1661 analysed by the points and occurrence methods are given
in table VI (A, B, C) and VII {A,B,Q). The broad trends in the results of analysis by the two
methods appear to be similar,

In Figs. 10A, B and C are shown the monthly percentages of Prawn and fish items during’
the period 1958 to 1961, The percentage of prawns was high {70-g0%) from July to No-
vember, especially in the juveniles. From December onwards the percentage of prawn item
diminished and that of fishes increased. Fish items formed about 50%, of the stomack contents
in December. From March to May the percentage of fish items was high.

During September to November when prawns formed 80-909%, of the stomach contents
of the juveniles, peak landings of prawns were observed from the ‘do!’ nets. This suggests
that the high percentage of prawns in the stomachs of juveniles from *dol’ net during this period
may not be due to ‘selective feeding’ but may be due to the fact that they feed on whatever
was available in abundant quantities in the inshore waters,

The food and feeding habits of ‘ghol” was studied with reference to two size groups. 1.
Big and medium sized ones above 50 cm in length landed by the trawlers 2. Juveniles less

than 50 cm in length landed by the ‘Dol’ nets.  In all 1624 specimens were examined for these
studies.

Big  Ghols—A very interesting feature observerd was that 05% of the 679 specimens
examined from the trawlers, had their stomarhs exiroverted partly or fully and disgorged the
food. The monthly percentages of specimens with extroverted stomaches is given in table VIII.



Monthly percentage prevalence of different ite

TABLE VIiI—A

March 1958 to March 1959

ms of the stomach contents of P. diacanthus by the occurrence method from

Ttems Mar- Apri! May June  July Aug., Sept.  Oct, Nov. Dec. Jan. Feb, Mar- Average
: ch 58 58 58 58 58 58 58 58" 58 58 59 5 ¢h 59

PRAWNS ., . L 22-22 25-00 65-00 80-77 80.00 5000 75-61 V6-74 56-00 60-52 22-22 25-00 65-5%
Unidentified prawns . . 22-22 16-66 10-00 1923 51-42 50-00 34-14  32.55 12.00 21-05 11-11 .. 26-89
Unidentified carid prawns . . 10-000 7-69 2-85 . 162 r - 2-63 e .. 2-08
Uhnideéntified penacid pra- 4-16 10-00 7-69  11-4% .. 813 4-65% 10-00 7-89 . i 757
Hippolysmata ensirostris ° o 500 384 .. .. 081 .. 600 7-89 .. 234
Acetesindicus | . . . 25-00  42.30- . 5-70 . 29-26  16-27 1400 13-15 1l-11 i9-23%
Metapenaeus spp. . . .. B:57 .. o 200 . .. e 104
Solenocera indicus .., 416 . .. .. .. 1-62 18-60 12-00 5-26 25-60 5-22
Léander spp. .. .- 5-08 . . .. . ine .- e 326
Parapenacopsis spp. - . . . .. 4-65 2-63 6-78
FISHES . . 33-35 50'0{); 25-00 19-23  20-00 . 2[-13 18-60 34-00 23-68 55-55 75-00 26-65
Upidentified fish .. 16466 . 5-00 11-5%  i4-28 . 2-43 6-97 5-26 .. 25-00 554
Lactarivs lactarius -~ . 55-55 B-33 . .. .. . . 0-81 . 2.63 .. 25-00 2:61
Trichiugus spp. . . . S ale L. . ) .. X . .. . .. . 73.00 0-52
Ofolithus spp. . . 3-33 . . . ‘e . - . .. e . 0-52
Sciaenids—Johnius spp. . 8-33 . .. .. 2-85 . 2-43 . ' .o LE-lR . 1-82
Polynemus heptadactylus | 4-16 . .- . 2:85 .- 2-43 2-32 4-0 Y. ii-11 .. 2-34
Byegmaceros macclellandi | .. . 5-00 ‘. .. . 71 ..o 28 5-26 22-22 . 7-31
Coilia dussumieri . .- .. 1000 7-69 . . - . . S K3 81 .. i-3p
Anchoviella spp. . . . 5-00 . . .. 0-81 .. .e .. - . 0-52
Direpane spp. . . LT . . .. o s . - 081 ‘e - ‘e . .. 0-26
Eelk—Muraenesox spp.  » .. . ‘e . . .. 1-62 697  2-00 .. . .. 156
Upeneus spp. . . . . . .. . . .. 1-62 2.32 . . . - 0-78
Harpodon nehereus . . . . ve . . .. 0-83 .. . . . . 0:26
Cinoglossus spp. . . .. .. .. . . .. . . .. 10-52 e 104
OTHER CRUSTACEA - 12-50 0 00 10-60 . .. 50-00 3-25 465- 10-00 - 15-78 22-22 7-57
Squilla spp. . . . .. .. ae 50D . S0 5000 1-62 465 800 5§26 1111 3.39
Crabs . . . 11-11 12-50 e 300 .. . .. 1-62 2:00 2-63 P, . 2-34
Portunid crabr, Neptunes . . o . .. . . .e . . 7-89  11-11 1-04
MOLLUSGS . . .- 1z-set . . . . - . . .- .. .. 1-C4
Sepia spp. - .. .. 11-11 8-33 . . . . .- . . ‘e . .. .- 0-78
Gastropods - . .-, - ;.. 416 . . . . . . . .. . . 026

1p euoRIOsOpnasy ‘joyg, fo Lojg ayr fo swafsy auiog
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Monthly perceniage prevalence of differen

TABLE VII—B

items of the stomach con'ents of P. diacanthus by occurrence method from
-+ April 1959 fo March 1960 ..

Items

il May June  July Aug. Sept. Oct Nov. Dec. Jan. Feb. Macch Average
Apgg 59Y 59 59 5 59 59 59 59 60 60 60 60
PRAWNS . . . . . - . . .. 88-60 85-71 57-81 61-97 50-00 . e 7242
Unidentified prawns | . . . . . . 5316 238 1406 11-26 et .. 25-78
Unidentified carid prawns . . . . .. 7-59 317 .. 140 25-00 . . 3-48
Unidentified penacid prawns . . .. .. .. 15-18 1587 9-37 2-81 .. . . 10-45
Hippodysmata ensirastris . .. . .. - .. I1-39 793 625 2.8l - . . 69
Acetesindicus |, . . .. . . .. 1426 15°87  9-37  22.53 ) Do11-89
Metapenacus spp., . .- e .. .. .. .. 1-58 4-68 .. .. .. 1-39
Solenocera indicus . . .. .. . .. .- .. 15-87 9-37 {2.67 . .. 8-71
Leander spp., . . i .. o . 1-58 . o .. . .. 0-34
Parapenacopsia spp., . . .- .. . . 1-56 oo 2500 . .. 0-69
Metapenacopsis novae-guinae. . . . . . E-56 . . . o 034
-Parapenaeopsis hardwickit | . .. . . I-56 5321 .. . .. 1-04
Atypoptnacus compressipes . . . . . . 1-04
Alpheids .- . . . “ . 1- . . . 0-34
FISHES , . . . . 10000 104 . . 8-86 12-69 34-57 30-98 . . .. 27-87
Polynernus heptadactylus .. .- . . . 1-26 o 312 2-81 . . . 1.374
Anchoviella spp., . . . . . . - . 2-53 . .. .. - - .. 0¢-69
Small sciacnids—Johnius spp. ‘e . . . 379 1-58 .. 1-40 . .. 1-74
Lactarius lactarins . . 7500 .. .. . .. 1-58 .. .. . . .o 1-39
Rastrelliger kanagurta . .. 50-00 ‘e . . . . . . . .. 0-34
“Otolithus spp., . . . .. 50-00 . . .. .. . . . . .. 034
Harpodon nebhereus . . .. . . 1-26 1-58 .. .. . . . ¢-69
Unidentified fish |, . . 25-00 . .- . ‘e 7-93 937 5-63 . .. 5-57
Breymaceros macclellandi | .. . e . . . . 12-50 18-30 . o . 7-31
Apogon novemfasciatus | . e .. .. . 1-56 .. . . .. 0-34
Younge-Exls-Muraenesox spp., . . .- - . . 1-56 1-490 . .. .0-69
Trypauchen vagina , . . . . . - .. 468 - . w104
- Coilia dussumieri , . . T . . - L. . 1-56 . 140 . ... _e... 069
* OTHER CRUSTACEA . . . . 2:53 1.15 G625 5-63 25.00 . . 4.18
Squillaspp.,. . . . ‘.. . . 2-5%5 1715 625 563 Lo .. 882
Carbs-charybdis callianasa . . . .. .- . o 2500 0-34
MOLLUSGS . . . . . . 1-56 t-40  25-00 . .. 1-04
Sepia sop., . . . . .. . 1-56 .. .. .. .. 0-34
Loligo spp.,. . . . . . PO KT L1 .. ae 0-34
Octopus spp., . . . . . .. .. 25-00 . . 0-34

|
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TABLE VII-C

Monthly percentage prevalence of differeat items of the stomach contents of P. Ciacanthus by the occurrence method from
April 1960 to March 1961

Items April  May  Junc  July Aug.  Sept.  Qct, Nov,  "Inx¢,  Jan. - Feb. Ma:ch Average
60 60 60 60 0 60 60 60 60 61 6) 61
PRAWNS . . . . .. 66-66 92-00 9512 83-33 90:-19 70-37 56-75 '56-25 65-66 . .. 77-¢8
Uj:ii(lmtiﬁcg:l prawns . N .. . 8G-00 4.87 16-66. 19-60 22.22 2]-62 6-25 16-66 . . 22-47
Unidentified carid prawns . o L . . . L . . . ..
Unidentified penaeid prawns . .. 1666 400 21-95 33-33 7-84 7-40 2-70 . . . - 9-17
Hippolysmata ensirostris . .. 16-66 400 . 16-66 27-45 3-70 .. 1875 '33.33 .. .. 10-55
Acetes indicus . . . .. 16-66 .. 5609 .e 15-686 14-80 13-51 12-50 16-66 N .. 20-18
Metapenacus sp. ., . . .. 400 .. 16-66 . . . . . .. 091
Solenocera indicus . . s - . .- o . . 5-40 1250 e . . 1-82
Leander sp. | . . . .. 16-66 e .. .. 1-96 . . .. - . .. 09
Parapeuacopsis stylifera . . . . - . 1372 e 540 6-25 . . - 4-58
Parapenacopsis sp. . . e . e 12-19 ‘e 3.92 18-51 8-10 - .. o .. 6-88
Parapenacopsis hardwickii -, .- .. o ‘e ‘. - 330 . . . .- . 0-46
Alpheids . ., . - . 2:43 .. . . . . .. 0-46
FImES . R . . . ' .. 33-33 4-00 Nil 16-66 5-88 2592 40-54 31-25 33-33 .. 66-66 17,43
Unidentified fish , . . . .. 4-00 e 16-66 .e 11-11 2.70 6-25 "33-23 .. 3833 4.-58
Polynemus heptadactylus . . . . . . . 370 270 .. s . . 0-91
Smal} sciacnids—Johnius sp, . .. e . . .. .. 270 . - .. .. 046
Otolithus sp.’ . . . . . . .. .. 196 .. . S .. - 0-46
Harpodon neherews | . e ‘e .. 1-s6  3-70 .. .. . .. .. 0-91
Bregmaceros macclellandi .. 16-66 .n .. .. .. oo 29.72 0 25.00 .. .. .- 7-33
Youn1y eels (Muraenesox sp.} . .. 16-66 .. . .. .. .. 2270 .. . .. 3333  1.37
Coila dussumierei .. . - e . 196 370 . . . " .. 0]
Thrissocles sp, . . . .o . . . .. T 3-70 e . .. . 0-46
(OTHER CRUSTACEA . .. . 4:00 2-43 .y 3-92 3-70 2.70  12-50 .. .. 33-93 4.1}
Squillasp. , . . . . - . .. 352 3350 270 625 .. . .. 249
Crabs , . ., . . .. e 430 2-43 .. o . .. 625 .o .. 3335  1.82
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Fig. 10A, Monthly percentages of prawn and fish items from the stomach contents of Preudps:iatn 1 dincontlus
dusing 1958-1959,
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Fig. 108, Monthly peresntages of prawn and fish items from the stomach contents of Pseuos iaena diacenthu
during 1959-1960,
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Fig. 10G, Monthly percentages of prawn and fish jtems from the stomach contents of Psewdoscigena
diacanthus during 1960-61,

The percentage of specimens with extroverted stomachs amongst juveniles from ‘dol® net land-
ings was very small and insignificant. Hence the studics on the food and feeding habits of big
and medium sized ‘ghols’ can only be of doubtful validity, The small percentage of big ‘ghols’
which had food in their stomachs showed that fishes and prawns formed the major food, items,
The percentage of prawn items in the food was not high as in juveniles, Judging from the
percentage of fish itern it can be said that the adults show a strong piscivorous tendency..

The intestinal contents of 174 big ‘ghols’ with extroverted stomachs were examined
and almost all of them had digested food in the intestine indicating that they had ndt been
starving. Remnants of fish and prawns formed the major items of the intestinal content
while remnants of crabs squids, shell of srnall blbvalvcs a.nd gastmpods were obscrvcd occas
sionally. ‘

Juveniles—From a study of 594 juveniles from the ‘dol’ net landmgs at Bombay, the
intensity of feeding was observed to be more from September to December. In table IX

are shown the monthly percentage of juveniles with empty stomachs, During 1958 and 1959
91 MFRLMand. {64



Monihly percentage of P. diacanthus (above 5

TABLE VIII
0 em.) with extroverted stomachs from the landings of the trawlers

Year 1958 1959 1960 1961
Total No.of 9% of Total No.of 9 of Total No.of 9 of Total No.of 9% of
Month eXa- extro- extro- exa-  extro- extro exa-  extro- extro- exa-  extro- exiro-
mined  verted  verted mined verted  verted mined verted verted mined verted  verted
sto- stoe sto- sto- sto- st0- sto- sto-
machs  machs machs  machs machs  machs machs  machs
January o ; 27 26 96-20 33 33 100-00 10 10 100-00
February . . - 41 40 97-50 5 5 100 -00 31 34 100 -00
March .40 37 92450 10 10 . 100-00 32 30 96-80
April . . 18 42 87-50 46 42 él 30 . . ,. - .
Ma;/ | . . . 13 13 100-00 15 . .14 93-30 10 10 10000 . . .
June .. . . 33 33 100000 13 13 100-00 12 1 9160 . .
Juiy‘ . | 54 34 100-00 . . . 5 5 10000 .. . .
August . . . - R 32 100 -00 17 17 100-00 7 7 100 -00 . .
September . . . . 15 15 10000 13 11 8t60 .,
October . . . . 21 is 8570 10 10 10000 15 7 4660 . .
qucmbcr . . 18 17 94:50 13 13 100-00 15 12 80-00 . . .
'IDoocmben; . 27 - 27 100-00 9 9 100-00 6 6 10000 . .. .
- Total 226 216 95-58 246 236 95-94 131 117 89-32 76 74 97-37
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the percentage of empty stomachs, was low from September to December. In September
1958 and November 1959 there were no empty stomachs in the specimens examined. In
1960 the percentage of empty stomachs was comparatwely low from June to December and
was practically nil in August and October, The numbers of juvenile ‘ghols’ landed by, ‘dol’
nets gradually decreased from January. onwards and by March they practically disappeared
from the catches. This suggests that the post-larvae and juveniles enter the inshore waters
in June-July and remain there till January or February during which time they actively feed
mostly on prawns. The peak landings of prawns front the inshore waters (‘dol’ net} was
observed to be high from September to November and from January onwards the prawn
landings gradually declined reaching the minimum by March., The juveniles, perhaps move
to the deeper waters due to scarcity of prawns, their major food item, from February-March,
It cannot be said at this stage whether the movement of the juvenile ‘ghols’ is directly related
to the abundance or movement of prawns. Their similar seasonal abundance in the inshore
waters nay be incidental also.-: Prawns formed the major food item of the juveniles of other
species like Otolithoides brunneus, which were caught from the same locality,

P. diacanthus is an active carnivorous feeder, prawns and fishes forming the major
food items. The slightly oblique jaws, the enlarged distantly placed conical teeth rcscn&bling
the canine teeth of Otolithus spp,, in the jaws are suggestive of the same. It may not be a strict
bottom feeder but may feed on anything that swims off the bottom :

Jacob (1948) states “‘shoals of Seiaena diacanthus are observed to follow shoals of Ras-
trelliger kanaguria {mackerel) antl on one occasion an entire mackerel was obtained from the
s omach of this fish”. During the present investigation also, Ra:tre!!igeif kanagtiria was observed
once on 11-5- 1959 from the stomach of a spccnmen 86 ‘5 cm. in length landed by the bull
trawlers. :

DI SCU SSION

Disgorging the food and extroverting the stomachs during trawling or hauling
up is not uncommon in dermersal fishes, Mohamed (1955) observed that Sciaena diacanthus
and Otolithus ruber often showed extroverted stomachs while Polydactylus indicus taken from the
same place in the same haul did not show disgorging of the food and extroversion of the stomachs,

Extroverting the stomach and disgorging its contents had been observed in gadoids
{Menon, 1950), European hake (Hickling, 1927) and flathead in Australian waters (Fair-
bridge, 1951). The incidence-of extroversion and disgorging of'the stomach contents was
only 0+89% in Gadus minutus {(Menon, 1950). According to Fairbridge (1951} a large proportion
of flathead disgorge their stomach ‘confents’ whén biought t6 the surface. This observation
seems to be similar to that found in ‘ghol” but the percentage of extroverted spoma.chs may not
be as high as in this species (95%). Aflalo and Martson (1904) explain that many fishes have
the habit of throwing their last meal when.captured as a result of shock sustained. Philips
(1929) has also observed the same in the trout and Hardy (1924) more or less agrees with
these observations.as fax as young herring is‘con¢erned. “Job (1940) mentions that live speci-
mens when suddenly t.’nrown into the preservmg fluid very ofteri vomit the food materials in
the stomach. : : -



_ TABLE IX :
Monthly percentage of emply stomachs in the juvenile P. diacanthus (less than 50 cm) from the ‘dol’ net catches at Bombay
| Year 1958 1959 1960 1961
Total No. of % of Total No.of % of Total No. of % of Total No.of % of
Monb a1 G Y mmed soml son med epY Y SR emy stem:
achs achs achs achs achs achs achs achs
Januvary . . . - . . 8 Nil Nil . . . 2 Nil Nil
Febraary . . e 2 NI N . . e
April . . . .- - . e - - ‘e .- .. .- . .-
May . . . .. ] ) ; - .. 1 Nil Nil .. . ..
June . . . 13 1 7-69 - ‘e . 21 1 4-76 .s . .
July 3 . 35 11 31-42 .- . . 34 5 470 ., - ..
August . . 35 6 17-14 . . 5 N Nil . .- .
September . . 2 Nil Nil 126 47 37-30 50 7 14-60 . - .
October . . 69 10 14-49 54 7 12-96 3 Ni Nil .. . -
November . 25 4 16:00 25 Nil Nil 21 1 4-76 .. e -
December . . 27 4 14-81 24 1 4-16 7 1 1428 . .e .
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The following may be the probable causes for the extroversion and disgorging of the
stomach contents ohserved in ‘ghol’ :

1. Due to shock at the time of capture or trawling. The fish after entering the net,
especially the cod end, are strangled due to lack of space and experience a shock.
They struggle violently and try to escape through the meshes and in trymg to do
so vomit their previous meal by regurgitation,

2. Due to sudden change of pressure from the deeper waters to surface when quickly
hauled up. At depths of 40 metres the pressure is considerably high, about 4
atmospheres. When ‘ghols® under this pressure are quickly hauled up to the
surface where the pressure is only 1 atmoshphere, this quick change in pressure
may lead to the sudden expansion of the body cavity due to which the stomach
and a part of the oesophagus may be forced out (extroverted) disgorging the food.
This quick change in depth and pressure along with other factors connected with
such a change in environment may disturb the normal physiology of the fish directly
or indirectly which may be responsible for the extroversion of the stomach, so
characteristic of this species. P. diacanthus may be more susceptible for quick
changes in pressure and environment while other species like Polydactylus indicus,.
Otolithoides brunneus etc. may not be so. That is probably why most of the ‘ghols’
from the trawler catch have extroverted stomachs while the other species taken
from the same locality, depth, and haul do not have, Théugh regular data could
not be collected, there are indications that the incidence of extroverted stomachs
may not be so high in the ‘ghols’ from the ‘dol’ net landings.

Hickling (1927%) states that the habit of disgorging the stomach contents, is in the hake,
correlated with the condition of the fish and also with the depth from which it is trawled.

Tandon (1960) has observed that the absence of food in the sfomachs of ‘choo Parai’,
Seleroides leptolepis from Tangachimadam was not due to any regurigitaion when hauled up
but due to difference in the time Qf catching as the fish showed indications of cessation of feeding
during night, In the present case trawling was done mostly during day time (6 AM. to 8
P.M.} and this suggests the reverse. i.¢., the feeding in‘ghol’ may be confined to night and stopped
during day time. This could not be verified in the course of these studies by conducting
night trawling operations. It seems quite unlikely that this may be a reason for the high pti-
centage of extroverted stomachs in ‘ghols’. Comparative studies on the incidence of extro-
verted stomachs in ‘ghols’ caught by different nets at different times and places to find out
whether this could throw light on this problem was not possible for various réasons, -

SUMMARY
1. The extent of distribution of Pseidosciaene discanthus is givcn '

2, The welght of the fish was found to increase as an exponcntlal function of its length
and described by a general equation of the form W=ALE’ -

There is no significant difference between the length-weight relationships of male and
female fish ; but the length-weight relationship of the juvenile fish is significantly different



456 ' ' INDIAN JOURNAL OF FISHERIES

from the males and females (adults) the respective equatlons being :
Adults : W=o0-012861.2-9420 . .
(Males and Females) :
Juveniles : W=o0-005626 L3%.1654 )
3. A classification of the different stages of maturity has been given.

4. The study of frequency distribution of intraovarian eggs indicate that the fish has
a single prolonged spawning period extending from June to August or September and that the
eggs are spawned in at least two batches during the course of the spawning season. This is
further supported by the studies on the seasonal variations in the gonad weight : body weighy
ratio and condition factor.

5. The gonad weight : body weight ratio values were found to be high during April
to June and declined there after reaching the minimum in November or December,

6. The fluctuations in the Ponderal index indicate the size at maturity to be about 75-0
cm. From the percentage of mature specimens in different size groups it has been infered
_ that the fish matures for the first time at an average length of 85:0 cm.

7. The ‘K’ {Ponderal index) values were observed to be high from April to June, falling
down suddenly in July-August. This fall has been assumed to be conséquent upon the low
lcvel of condition due to increased matabolic strain of spawning,

8. From a study of the growth rate of gonads the length of ovary was found to increase
at a greater rate than testis. The relation between the breadth of gonads and length of fish
was not proportional probably due to spawning and maturation events,

9. The fecundity estimates showed disparities which is due to the fact that the eggs
are spawned in more than one batch, The maximum and minimum fecundity estimates were
68,68,638 and 17,43,010 respectively. The number of eggs per gram sample of ovary spawned
in one batch may vary from 4,000 to 5,000, ) .

10. A consistent preponderance of females throughout this mvcstlgatlon was noticed
in the trawler landings. _ ‘

11. Prawns and fisbes formed the major food items. A list of the different organism
found in the gut contents and the monthly percentage composition of the different component
of food are given. 95%, of the ‘ghols’ examined from the trawler landings bad extroverted sto= |
machs and the intestinal contents of those examined had remains of prawns and fishes mostly,
The feeding intensity in the juveniles from the inshore waters (*dol’ net catchcs) was observed
to be high from September to December.

12. The probable causes for the extroversion of the - stomachs in thc ‘ghols’ from thc
trawler catches bave been discussed.
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