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ABSTRACT

The study of margins of pectoral spine sections of Mystus gulio indicated annual nature of
rings. From a critical study thereof it was found that age could be accurately determined.
The results obtained by the present method agreed highly with those obtained by Petersen’s
method. The spine radius and the total length of fish were shown to be related, by an equation.
The differences in growth between the sexes were found to be statistically non-significant, while
the weight of the fish was found to increase almost as the cube of the length. The sex ratio did
not significantly differ from 1 : 1, the females appearing to mature first at 62 mm, length, The
fish exhibited high feeding activity du.rmg August and November, while the activity was low
during May, June and Jualy.

INTRODUCTION

Mystus gulio (Hamilton) (Fam.: Bagridae), commonly known as Tengra
in Bengal, is distributed widely ‘in the seas, estuaries and tidal waters from
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Sind, India and Burma to the Malay Archipelago and Ceylon as also Sumatra
and Siam’ (Day 1878). This species forms a fishery of value in the Hooghly
estuary. The species is cultured widely in the paddy fields and brackish-water
areas of deltaic Bengal, where it constitutes a valuable culture fishery also.
Though Day (1889) recorded ‘a stuffed specimen in the Calcutta Muscum,
18 inches (460 mm.) in length’, the biggest specimen encountered in the
commercial catches during the years under study was only 199 mm. in length.

The usefulness of scales and other hard parts of the body in the determi-
nation of age of tropical fishes has not yet passed the realm of controversy.
Scales have been used for the estimation of age of some tropical fishes with
varying degrees of success (Jhingran 1959, Pantulu 1956, Pillay 1954 and
1958, Seshappa and Bhimachar 1954), and the validity of rings, checks or
‘annuli’ in age determination is still open to doubt. No published accounts
of the estimation of age and growth of catfishes in India exist, and this appa-
rently is the first time that pectoral spines have been used for the determi-
nation of the age and growth of a tropical fish. The use of bony structures
for age determination in fishes from temperate regions has been widely accep-
ted. Appleget and Smith (1951), Chugunov (1926), and Menon (1950), among
others, have reviewed various methods of aging fish by bones. Sneed (1951)
and Marzolf (1955) used pectoral spines for the estimation of age and growth
rate of channel catfish and Clugston and Cooper (1960) for determination of
growth of madtom. :

MATERIALS

The material for this study was drawn from samples of fishes from the
commercial catches of the Hooghly estuarine system from 1955 to 1958.
Random samples were collected at fortnightly intervals from nine fixed sam-
pling centres located along the 120-mile stretch of the Hooghly estuary, three
centres on Rupnarain (a tributary of Hooghly) and one on Matlah (Text-fig. 1).
The entire stretch of the Hooghly could be divided into three distinct zones
on the basis of salinity : (i) an upper zone (between Medgachi and Khusigoli)
which had only traces of salinity during practically all the months of the year,
(i) a middle zone (comprising the area between Khusigoli and Diamond
Harbour) where salinity ranged between traces and about 0-20 per cent and
(iii) a lower zone (the area between Diamond Harbour and Frasergunge) where
the salinity ranged between 0-948 por cent and 3-211 per cent. Most of the
specimens were collected from bagnets (Bhin-jals), long-lines and seines
(Bher-jals) operated in the estuary all the year round. About 80 pectoral
spines were studied for the estimation of age. The other studies, viz. length
frequencies, length-weight relationship, food studies, sex-ratio, etc., were based
on the analysis of about 2,000 specimens.
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Texr.rre. 1. A map of Hooghly estuary showing the area of investigation

and sampling centres.

MeTHODS

In all cases, total lengths from snout to the tip of the longest ray of the
lower lobe of the caudal fin were measured to the nearest millimetre. Weights
were recorded to the nearest tenth of a gramme in a ‘trip’ type of balance.
Sex and condition of the gonad were determined by external (Mookerjee
et al. 1940) and internal examination. Pectoral spines were removed entire,
with the bases intact. This was easily accomplished by initially cutting
through the cleithrum and then wrenching the spines out by rotating them
clockwise. Transverse sections of the spines were made, uniformly in all
cases, immediately behind the terminus of the triangular notch at the base
of the spine. It was ascertained that sections at this point retained all the
annular zones. Sections were made with the help of an ordinary ‘fret-saw’
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to which double-wire saw blades (60 teeth per inch) were fitted. The two saw
blades were separated by the insertion of small pieces of Bristol-board of
desired uniform thickness at either end, the thickness of the spine sections
made depending on the thickness of the Bristol-board pieces introduced.
The spines for sectioning were held firmly between the jaws of a small table-
vice. It was possible to obtain sections as thin as 0-3 mm. by this method and
these sections did not require any further grinding. With a little practice
as many as 15 sections could be made easily in an hour’s time. Earlier
workers, Leonard and Sneed (1951), Sneed (1951), Marzolf (1955) and Clugston
and Cooper (1960), used circular power-driven saws to section spines mounted
on cellulose acetate slides with cement. The sections were then mounted on a
slide in Canada balsam and read under the low power of a microscope. Mea-
surements were made with the aid of an ocular micrometer. In a majority
of cases ‘checks’ could be clearly seen under ordinary transmitted light.
In a few instances, however, where ‘checks’ were not very clear, polarized
filters were used. In the following account, fish in their first year of life were
recorded as belonging to age-group 0, those in their second year of life to
age-group I, in their third year to age-group II and so on, whereas fish which
completed their first year ot life were recorded as age 1 and so on.

AGE AND GROWTH

Pectoral spines as indicative of age

An examination of the cross-section of spines revealed the existence of
alternating opaque and transparent zones around a central medullary cavity
(vide Plate XII). To use the spine sections for back calculation of length, it
_ was necessary to decide the correct centre of origin of growth of the bone
from where measurements of annual increments could be made. It was
ascertained by measurement that the diameter of the medullary cavity
remains the same at least in the length ranges of fish studied. Since there
should be positive correlation between the growth of the part of the body
utilized for determination of age and the growth of the fish, it was considered
appropriate to take the measurements from the point of commencement of
the bony region at the periphery of the medullary cavity. Hence all the
measurements were taken from this point along the line of maximum growth
(vide Text-fig. 2) to the edge of the section for total spine radius. One opaque
and one transparent zone are taken to indicate one year’s growth, and measure-
ment of the radius of each ring was taken from the centre of growth to the
termination of the respective transparent zones. The line of maximum growth
usually lay at an angle of 35° to the horizontal line and clarity of the rings
along this line was the determining factor for its choice for measurements.

4
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TeXT-F16. 2. Diagrammatic representation of spine section showing annuli and axis of mea-
surement. M = medullary cavity, C = centre of growth, 1, Iy, I3 = radius
of respective annual rings from the centre of growth, r,, g, 74 = annual rings.

Sneed (1951) assumed the relationship of body length to diameter of the
cross-section of the spine to be a straight line in the study on the growth of
channel catfish. A correlation coefficient of 0-97 was obtained by him between
total fish length and spine radius. As it is necessary to establish the true
proportional relationship between the growth of the spine and that of the fish
to be able to back calculate the growth of the fish from the spine sections,
measurements of spine radii (in micrometer divisions) were plotted against
the lengths of corresponding individual fish. The relationship between the
spine radius and total length was found to be linear (Text-fig. 3). The
regression equation was calculated to be

Y = —0-8706+1-2273 X,

where Y is the spine radius and X is the total length of the fish (r = 0-877).

Nature of rings.—As mentioned earlier, alternating broad opaque and

narrow transparent zones could be made out in the spine sections .(Plate XII).

For a justification for the determination of age from these checks, it is neces-

sary to establish the annual nature of their deposition. Study of the outer

margins of the spine sections during different months of the year showed
4B
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(a) Section of a pectoral spine from 101-00 mm. long M, gulio, showing two annuli.

(b) Enlargement of a part of a section of pectoral spine from 144-00 mm, long fish, showing
four annuli.

(¢) Section of a pectoral spine from 168:00 mm. long fish, showing five annuli,
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Texr-F16. 3. The relationship between spine radius and total length; points represent observed
values,

that during the months of May to August all the margins of the sections were
invariably transparent, whereas during November and December in 100 per
cent of the sections examined the margins were opaque (Text-fig. 4). Further,
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TeXT-F16. 4. Histogram showing the percentage of spine sections with transparent margins
during different mopths.

the average breadth of the transparent zones was narrowest in March and
broadest in August, whereas the breadth of the opaque zones was narrowest
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in October and broadest in April. This disposition of the opaque and trans-
parent zones was taken to indicate the annual nature of the deposition of the
‘checks’ and that the transparent zones were laid during the months of May
to August. It is interesting to note in this connection that M. gulio migrate
up the estuary into the middle and upper zones during.the pre-spawning
months of February to July. Hence it is quite possible that in immature
individuals the stress consequent on the migration and acclimatization to
changed environmental conditions in the upper and middle zones of the estuary,
and in mature specimens the additional physiological stress brought about
by sexual maturation, cessation of feeding and spawning, are the causative
factors for the deposition of these transparent zones in M. gulio.

Having established the proportional relationship between the spine radius
and total length and having ascertained the annual nature of the occurrence
of the transparent zones, each of these ‘checks’ was taken to indicate a year’s
growth in the life of the fish, Only such of these ‘checks’ which pass entirely
round the section were regarded as annuli. Such of the transparent areas
which were patchy, broken and appeared only for short lengths were consi-
dered as false annuli. The frequency of occurrence of such ‘false annuli’,
however, was very rare. The number of ‘checks’ in each spine section, its
total radius and radii up to the termination of each transparent zone were
recorded against the length of the individual fish.

Determination of growth.—An examination of points around the regression
line of spine radius on total lengths (Text-fig. 3) revealed a fairly wide
variability in the length of the radius at any given length of fish, on either
side of the line of best fit. Hence it was felt that any formula which
agsumes the spine radius to be exactly of the theoretical size is bound to give
erroneous results in respect of those where the radius deviates from the
empirical size. So the following formula, where estimates of length at age
‘n’ are independent of actual size of the radius but only depend on the ratio
of the total radius of the spine to the radius at age ‘n’ has been used in the
present investigations:

log I, = log },+b (log r,—log 7,),

where [, = length at age ‘n’; [, length at the time of capture; r, radius
of the spine at age ‘n’; 7, = radius of the spine at the time of capture and
b = slope of the regression line. In effect in this formula the value of the
intercept has been eliminated and back calculations were made along the slope
b (Smith 1955). Lengths at intermediate ages were calculated by this formula
individually in each case and the results are detailed in Table I. The mean
lengths as estimated by back calculation at ages 1 to 5 were found to be
47-42; 87-66; 109-33; 130-00 and 158-67 respectively (Text-fig. 5).
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TaBLE I

Mean back calculated lengths (mm.) at the end of each year of life of M. gulio

Age at 1 Number ! | Age
capture | of fish | i
| 1] e s ] £ s
| | ] |
I 10 L5317 | .
I 42 4963 1 92:62 | !
w1 9 | 8648 | 1 | .
| i 47 | 8574 | 111.93 12551
v o s | 344 8480 | 10142 | 13449 | 15867
! \ . 1 1
: |
Total 80 Mean | 4742 | 87-66 | 10933 l 130-00 158-67
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TexT-FIG. 5. Growth curve of M. gulio, obtained by fitting von Bertalanffy equation. Open
circles represent lengths at different ages as estimated by the equation, triangles
and crosses represent lengths at ages as estimated by length frequency analysis
and spine studies respectively.

Agreement with Petersen’s method

Agreement with Petersen’s method is one of the tests of validity for the
use of any structures for age and growth determination. As is well known,
in a population of a species of fish having a single restricted spawning season
the individual lengths of fish of each age-group are approximately ‘normally’
distributed and the modes of the length frequency distributions of successive
age-groups in a sample are separated along the length axis. In Mystus gulie
these conditions' are almost completely satisfied in that the fish has a single
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restricted spawning season (vide page 217) during the months of June-July every
year. A length frequency histogram based on the measurements of about
2,000 specimens, collected during all the months of the year from 1955 to 1958,
is shown in Text-fig. 6. The different age-groups in the polymodal fre-
quency distribution were separated by the use of probability paper (Harding
1949 and Cassie 1954) (Text-fig. 7). The usual difficulty in gauging the
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TexT-F1G, 7. Probability plot of the length frequency distribution of M. gulio, showing the
method of separation into its theoretical normal curve compononts.

age of the smallest length-group was obviated because of the data available
from spine studies. The ‘0’ group individuals were not represented in the
length frequency histogram as they appeared to form the pre-recruit phase
in the fishery and hence did not appear in commercial catches. The results
of analysis of size frequency distribution are shown in Table II. As is evident
from Table V, there is a high degree of agreement between age estimations
from the spine sections and length frequency studies.

Tasre II

Results of analysis of size frequency distributions by the
use of probability paper

. Mean length Standard
Age in years (mm.)g deviation (mm.)
1 47-00 7-39
2 72-00 12-10
3 107-00 15-46
4 141-00 10-35
5 169-50 9-40
6 188:50 7-66
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Differences in growth between sexes

Lengths at ages were calculated separately for males and females, based on
the back calculated values of spine sections. The results shown in Table ITT
indicate the existence of small differences in mean lengths at different ages
between the sexes. To assess whether these apparent differences are signi-
ficant both the mean values as well as the differences were tested separately
for significance by student’s ‘¢’ test (Smedecor 1956), which revealed that
these differences are not significant (vide Table III). Hence the combined
mean values of growth for both the sexes were used in fitting the growth

equation.
Tasre III

Comparison of means of back calculated lengths of males and females at different ages

. ‘t’ at
Agein | 2 3 4 5 | Ave. | S.E. [DF.| @ | 19, | Infer
years lovel | emee
Males .. | 46:30 | 89-59 |106-75 |123-62 |153-65 | 103-982 Not
} 25198 8 | 0-0621| 3-355 { signi-
Femalos .. | 4948 | 86-48 |115-43 |121-33 |155-04 | 105546 ficant
Difforenco | 318 | 314| 80| 220 139 .. 4513 4 | 0-3466 4-604 | Do.

Fuiting of von Bertalanffy growth equation

Since the growth increments in lengths of M. gulzo were generally similar
in pattern to that described by the equation of organic growth of von
Bertalanffy (1957), this growth equation was fitted to the data. Briefly,
von Bertalanffy (1938, 1949, 1957) showed that if growth is the net result
of the interaction of two generally opposing processes, those tending to increase
the mass (anabolism) and others tending to decrease it (catabolism), then an
equation is obtained which.gives a linear relation between length at time ‘¢’
and at time ({+=z).

lt= loo(l —G—K(t-to))’

where [/, = length at age t; [, = asymtote of the curve of growth in length;
e = base of the naperian logarithni; K = a constant equal to 1/3 of catabolic
coefficient ; ¢ = age of fish; 7, = arbitrary origin of the growth curve.

‘A geometrical interpretation of the pattern of growth in length similar to
that given by von Bertalanffy’s equation has been developed independently
by Ford (1933) and Walford (1946)’ (Beverton and Holt 1957). The formula
on which the graphic method of Ford-Walford was based assumed that the
successive increments added to length yearly, decrease in magnitude in geo-
metric progression till a limiting value of total length (ultimate length) is
approached. Ford-Walford plots of lengths at age ‘n’ against lengths at age
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n+1 for M. gulio gave a straight-line relationship (Text-fig. 8). The line
was fitted by least squares method. ‘K’ value for von Bertalanffy equation
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TeEXT-FI¢. 8. Ford-Walford plot of growth of M. gulio.

was calculated by the slope of the line since K = e™*. The y axis intercept in
this line is I, (1—K) from which I, was calculated (Ricker 1958). The point
on the z axis where this line cuts the 45° diagonal from the origin also yielded
l value. ‘fy’ was calculated by plotting log e (I,,—1) against age (Text-
fig. 9). The value of ‘¢’ where it has an ordinate of I gave the estimate of
o’ (Beverton 1954). Thus the various parameters were calculated to be as
under:

fo = —0-2099; K = 0-06378; I, = 564:73.
Hence the von Bertalanffy growth equation for 3. gulio would be
lt=564.73(1_e—0'06378(t+0'2099)).

The theoretical lengths at different ages as calculated by this growth equation
(Table IV) showed a very high degree of agreement with lengths at ages
caloulated both by spine studies and length frequency studies (vide Table V).
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TABLE IV

Lengths (mm.) at different ages as calculated by von Bertalanffy
growth equation

B | . Increments in
Ageinyears | Length in mm,

| g length (mm.)
]

1 41-96 —

2 7426 32-30

3 104-59 30-33

4 133-22 28-63

5 159-54 26-32

6 ! 184-72 25-18

Tests of validity of the method

The validity of the method of estimating age of M. gulio by the use of

pectoral spine sections was tested in various ways as summarized below:

(@) In general, there was a high degree of agreement between the age
estimations by Petersen’s method and back calculations from spine
sections. The observed differences between means of back cal-
culated values and modes of length frequencies were not found
to be significant.

(b) Agreement was very good between the theoretical growth (von
Bertalanffy’s equation) and growth back calculated from pectoral
spine sections. In the length ranges studied the theoretical growth
equation adequately described the actual growth (Table V).
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TABLE V

Comparison of estimates of lengths at different ages by various methods

i
Length in mm. as estimated by—

Age ‘ | | T
’ : Spine sections ‘ Length frequency .; g‘:g?vt]}?‘xegﬁxl:afryt
| i )
1 ) 47-42 47-00 41-96
2 8766 7200 74-26
3 109-33 107-00 104-59
4 130-00 141-00 133-22
5 158-67 169-50 159-54
6 — 189-07 184-72

i

i i f

(¢) It was established by study of the margins of spine sections that the
occurrence of the ‘checks’ was annual.

(d) A true proportional relationship existed between the growth of the
fish and that of the pectoral spine throughout the life of the fish.

LENGTH-WEIGHT RELATIONSHIP

The data used in this analysis was obtained as elaborated earlier (vide
page 199). This study was based on nearly 2,000 specimens ranging between
37 and 177 mm. in total length. The weights of fish were taken along
with the guts and gonads. The length data were grouped into 5 mm. size-
classes and the mean weights of all the individuals in a particular size-class
were taken to be the weight of the midpoint of that class interval. A scatter
diagram of weight on length (Text-fig. 10) suggested that the relationship
confirmed to the general formula expressing the relation between length and
weight of fishes, viz.

W = al” or

log W = log a+n log ! (where W = weight, ! = length of fish and ‘e’ and ‘»’
are constants). The values of the constants in respect of M. gulio were com-
puted to be

a = 0-00001034 ; n = 3-0094.

Hence the equation expressing the length-weight relationship of M. gulio
would be
W = 0-00001034 x [3:0094,

The regression of log-weight on log-length was found to be linear (Text-
fig. 10). The coefficient of correlation was calculated to be r = 0-9958,
indicating a high degree of correlation. The value of the exponent ‘n’ indi-
cated that the weight increased at a rate almost equal to the cube of the

length.
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Relative condition

The relative condition factor ‘K,” (Le Cren 1951), which can be expressed
as K, = W/W (where W is the observed weight of the fish and W is the
‘smoothed mean weight, ‘which can be computed for each length-group or read
off an accurate graph’ (Brown 1957), was calculated for each length-group sepa-
rately (Text-fig. 11) and for all the length-groups together during the different
months of the year. The relative condition for different months was calcu-
lated separately for immature and mature (Table VI) individuals (Text-figs.

TaBre VI

Monthly fluctuations in the Kn values of tmmature and mature individuals

K values

Month i
§ Immature Mature

i
January S 0-7028 1-0133
February A — 1-:0065
March L 1-3453 0-9649
April o — 1-0094
May Lo — 1-0903
June o — 1-0621
July o 10928 10564
August R 1-0232 1-0672
September .. 0-8146 0-9793
October .. 0-9689 0-9606
November .. 1-0618 0-9434
December . 1.0627 0-9148

12 and 13). The relative condition (K ) was estimated in preference to the
ponderal index (K = 100. w/I3) since in the former the effects of lengths and
correlated factors on condition were eliminated.

MEAN Un VALUES

04

LA S S B S S S Sa AL Ty

—r— =T T
» 82 87 aa L in [ 142 is? 1m
TOTAL LENGTH N MM,

TEXT-FIG. 11. Mean ‘Kq’ values at different lengths.
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The K, value for different length-groups (Text-fig. 11) showed that the
condition was very high in the smallest size-group (viz. 37 mm.). As the fish
grew in size, there appeared to be a rapid decline in condition up to a length of
51 mm. after which there was a sudden recovery (Text-fig. 11). Such a sudden
increase is usually associated with the onset of sexual maturity and in the case
of M. gulio the earliest maturing size was found to be 62 mm. (vide page 216).
Thereafter the increase and decline of relative condition with length appeared
to be ¢yclic in nature. The fish appeared to attain peak condition at four
different lengths, i.e. 72, 92, 122 and 172 mm, Immediately after each ‘peak’
condition was attained the fish appeared to lose condition suddenly, after
which there was a gradual recovery leading to another peak. In the immature
size-groups (viz. 37-57 mm.) the observed fluctuations in relative condition
could probably be attributed to the feeding activity and the amount of food
present in the guts of the fish. The smallest size-groups (37-42 mm.) which
had a high relative condition were available in the estuary mainly during the
months of July and August. These months constituted a period of high feeding
intensity for these size-groups because of the swarms of Megalopa larvec that
‘invade’ the estuary during that period. Almost all the fish examined in
those months had their stomachs gorged with these larvae. Immature fish
of bigger size-group (i.e. 47-57 mm.) were predominant in the estuary during
the subsequent months, i.e. September to January, a period when the intensity
of feeding was found to be not so high (vide infra) as in July and August.
Further, during these months the entire stock of the species emigrated to the
lower zone of the estuary from the upper and middle zones. Presumably the
stress associated with this migration might also be a contributory factor for
the gradual lowering of condition in these size-groups. The sudden recovery
at 62 mm. and the subsequent cyclic nature of the increase and decline in relative
" condition appeared to be dependent purely on the sexual maturity and condi-
tion of gonads. The cyclic increase in the weight of the body due to an
increase of weight of the maturing gonads, succeeded by a sudden decrease
in gonad weight due to spawning, were reflected in the fluctuations of the
relative condition. Hence the number of ‘peaks’ and ‘valleys’ in the relative
condition curve may well be an index of the number of spawnings during the
life of the fish.

The seasonal cycle in relative condition (Text-figs. 12 and 13) showed
that the mature M. gulio attained peak condition in June, July and August
and then they gradually lost condition till December, after which there was
a sudden recovery. The high condition during June to August was apparently
due to the developing gonads, probably at the expense of the rest of the fish,
and the low condition in the subsequent months was probably due to spawning.
In the case of immature individuals, however, the picture was slightly differ-
ent. There were condition peaks, one in March and the others during
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TexT-FIG, 12, Monthly fluctuations in ‘K»’ values for immature M. gulio.

November and December. No data were available for February and April
to June since these size-groups were not represented in the estuary during
these months. Le Cren (1951) found that nearly all the differences between
seasonal values of relative condition for mature and immature perch were due
to cyclical changes in gonad weight.
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TExT-FIG. 13. Monthly fluctuations in ‘K»’ values for mature M. gulio.

SEX AND MATURITY

Sex dimorphism in M. gulio was recorded by Mookerjee et al. (1940).
The males have a well-defined protuberance ‘with a free tapering end’ behind
the vent, whereas in females there is an additional aperture behind the anal
opening. Sex of the individual fish was determined both by external exami-
nation of the secondary sexual characters and by examining the gonads after
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dissection. The observed ratio between the males and females in the commer-
cial catches during the years under study was found to be 1:1-25. A chi-
square test (Snedecor 1956) on the ‘null hypothesis’ that the sex ratio between
males and females was 1 : 1 showed that there was no significant difference
between the hypothetical ratio and the observed ome (22 = 1-2185; p:
== 1-9599). Hence it is reasonable to believe that the sex ratio in the
population is about 1 : 1.

Relation between maturity and length.—For studies on maturity, only indivi-
duals collected during the pre-spawning months of May to July were considered,
to obviate errors due to late spawners. All individuals rated as belonging
to the I1I or more advanced stages of maturity were considered to be mature.
In assigning the stages of maturity the scale adopted by the International
Council for the Exploration of Sea (Wood 1930), with slight modifications to
suit the species under study, was followed. The relation between maturity
in the females and the length of fish is shown in Text-fig. 14. Tt was observed
that all females less than 62 mm. in length were immature and the percentage
of mature females increased with length up to 102 mm., after which all the
individuals examined were found to be mature.
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TexT-FIg, 14, The relation of percentage maturity to length of female M. gulio.

Seasonal cyele of maturity and spawning.—A study of the seasonal cycle
of maturity in females (Table VII) showed that gonads begin to mature during
the months of January to May as evidenced by the occurrence of ovaries in
stage IIT during these months. An interesting feature was that generally
individuals over 92 mm. in length began to mature early in the season, i.e.
January to March, whereas those smaller than 92 mm. were found to have III
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TasLe VII
Seasonal cycle of maturity

Percentage age of females in stage of maturity

|
Month 1 L nr | Iv v ‘ VI l Spent
January 28-8 28-8 4244 — —_ E —_ , —_
February — — — — e
March — 272 272 285 17-1 —_
April —_ — 14-3 28-8 56-9 - =
May _ — 1 123 | 308 56-9 — —
June — — -— 143 57-1 286 | —
July . — — —_ 272 363 | 166
August .. | — — — — — — | 1000
September ., —_ — — — — —_— =
Qctober . — 100-0 — — — —_ -
November . . — 100-0 — — — —_ .~
December .. 33-3 66-7 — — —_ = -

stage gonads only in April and May. This appears to indicate that in indi-
viduals which had already spawned once or more in their life development
of gonads (recovery) commences early in the season, while in individuals
attaining maturity for the first time the development of gonads commences
later in the season. Females in the VI stage of maturity and oozing males
were obtained mostly during the months of June and July, indicating that
spawning takes place during these months. Occurrence of spent individuals
during July and August lent support to this conclusion. The availability of
individuals in advanced stages of maturity (i.e. V/VI) and spent ones, only
in the region lying between Treveni and Uluberia (middle zone) in the Hooghly,
Kolaghat-Anantapur in the Rupnarain and Port Canning in the Matlah,
indicated that the fish spawn in these areas.

Foop HaBITS

The study of food habits was based on the analysis of the stomach contents
of over 2,000 fish. The different food items were identified as far as possible,
up to the genus. The condition of ‘feed” was determined by the degree of
distension of the stomach (Job 1940), where stomachs in different degrees of
fullness were classed as gorged; full; £ full; § full; } full and empty, respectively.
The volumes of different items of diet were determined by displacement
method. The prevalence of each item of food during different months was
estimated by the occurrence method (Hymnes 1950) where the number of
stomachs in which each type of food item encountered was expressed as a
percentage of the total number of stomachs examined during the month
(Table VIII).

’
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The principal groups of food items found in the stomachs were prawns,
fish, Megalopa larvae of crabs, kitchen refuse, insects, crabs, copepods and
cladocerans. In addition, items like snails, faecal matter, maggots, nudi-
branchs, amphipods and mud, which occur comparatively rarely, were listed
under miscellaneous items. Considering the volume of individual groups of
food items in proportion to the total volume of food consumed during the
entire period, it was found that prawns accounting for 30 per cent predomi-
nated as a single item of diet. Fish ranking second accounted for 27 per
cent and Megalopa larvae 13 per cent. The relative predominance of other
items, viz. kitchen refuse, insects, crabs, copepods and cladocerans and
miscellaneous iteins, was 10 per cent, 5 per cent, 3 per cent, 2 per cent and
10 per cent respectively.

Prawns, which formed the principal diet of the species, occurred among
the stomach contents during all the months of the year (vide Table VIII)
and predominated over the other items of food during February, April and
May. The most common species of prawn preyed upon by the fish was
Acetes indicus. Young of Metapenaeus lysianassa and M. brevicornis were also
found to be eaten by the fish, though less frequently. Prawns formed the
more common diet of the fish in the lower zone of the Hooghly estuary and
in the Matlah than in other regions.

Fish, mostly the larval and young clupeids, gobieds and sciaenids, were
found among the stomach contents during the months of March and April
and July to December, when they never predominated over the other items
of diet. Generally, fish also formed the food of the species mainly in the
lower zone of the Hooghly and Matlah estuary.

Megalopa larvae of crabs (mainly Varuna spp.) were found to be eaten
in large numbers during the months July, August and September. During
this period swarms of these larvae enter the estuary and probably form an
easy prey. These larvae were more abundant among the stomach contents
of fish obtained from the middie and upper zones.

Insects, both terrestrial and aquatic, were found to be consumed practically
during all the months of the year except May and June. Copepods and
cladocerans were found in the stomachs of only young fish measuring less
than 70 mm. during the months of July and August. Kitchen refuse consisting
of grains of cooked rice, pulses, vegetables, etc., was found among the stomach
contents during March, July, August, November and December. All these
items of food were more common among the gut contents of fish obtained from
the middle and upper zones of the estuary.

Judging from the condition of feed (Table IX), it appears that the fish
fed actively during the months of March, August and November. May,
June and July constituted the period of poor feeding activity, which was
obviously due to the presence of a large number of individuals with maturing
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TasLe IX

Percentage frequency of condition of feed during different months

Frequency in percentage of specimens with stomachs

Month
Empty Traces 3 full # full } full Full Gorged
Jan, .. 40-0 20-0 — — 20-0 130 70
Feb. .. — — — — — —_ —
Mar. .. 11-2 2.5 11-2 ’ 150 13-7 16-2 30-2
Apr, . 344 9-4 11.8 ! 11-8 | — 236 90
May .. 50-0 — —_— i 500 | — — —
June .. | 1000 — — — ! — — —
July .. 22-4 16:5 18-0 | 8-7 —_ 174 17-0
Aug. .. 14-3 11-2 56 13:0 8-7 18-6 286
Sept. 26-3 10-5 13-2 13-2 53 13-2 183
Oct. 20-0 20-0 20-0 14-3 2:8 5-6 17:3
Nov. 6-4 14-9 17-0 21-3 85 277 42
Dec. 333 93 4-7 11-3 | 93 7.3 24-8
{

gonads in the catches during these months. During the pre-spawning months
the gonads attain such large size in relation to the body cavity that active
feeding would be a physical impossibility.

Fisuery IN THE HoOGHLY

Mystus gulio forms part of the catches of different types of gear operated
in the estuary, such as bagnets, long-lines, hand-seines, cast-nets, stake-nets,
traps, etc. (Hornell 1924 ; Naidu 1939). However, the maximum catches of
the species were obtained by bagnets and long-lines.

Catch composition during different years.—Text-fig. 15 delineates the
size composition of the catches during different years. The biological year
of the fish (from August to July) rather than the calendar year was taken
into consideration while depicting the size composition, as it was considered
that the former would be more realistic since new recruits entered the fishery
during the month of August. Six year classes (I-VI) contributed to the fishery
during 1955-56. The bulk of the fishery was constituted by the IT and IIT
year group individuals, which accounted for 40-35 per cent and 39-58 per
cent of the total catch respectively. During 1956-57 and 1957-58 the VI
year class was not represented in the catches which were constituted by I to V
year classes. While in 1956-57 I and II year classes were dominant in the
catches, IT and III year classes were dominant during 1957-58. No data were
collected for 1958-59. During 1959-60 also, when only I to IV year classes
contributed to the catches, IT and III year groups were dominant.

Catch composition during different months.—Text-fig. 16 delineates the
‘average length frequency distributions of individuals contributing to the
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catches during different months of the year. The figures on which the histo-
gram is based represent the combined data for the years 1955 (August) to 1958
(July). Mature and spent adults ranging between 117 and 197 mm. in length
representing IIT to IV year classes constituted the catches during July. I year
class individuals having a modal length of 52 mm. predominated the catches
during August, when a few of the ‘0’ and II year class were also caught.
In September the ‘0’ year class disappeared and IT year class was represented
int increasing numbers. The IIT year class having a modal length of 102 mm.
appeared during October and the IV and V year classes during November and
December respectively. All these year classes, i.e. I to V, continued to contri-
bute to the catches till March, the strength of bigger age-groups increasing
and that of smaller age-groups decreasing with progression of time. The I
year class, which hitherto formed a very significant part of the catches,
practically disappeared by April and similarly 1I year class by July. I1I
and IV year classes formed the dominant size-groups in June and July res-
pectively. In August the bigger size classes (i.e. II1 to IV) were not at all
represented in the catches. Some of the interesting features in the size
composition of the catches during different months were (i) a gradual appear-
ance, almost in a chronological order, of the bigger year classes in the catches
from August onwards, (ii) a gradual increase in the strength of bigger year
classes and a decrease in that of smaller year classes as months progressed
and (iii) a sudden appearance of V and VI year classes in the month of July
and their disappearance in subsequent months (Table X). These features
indicate an immigration into and an emigration from the estuary of the
species during different months. That such an immigration into the estuary
is for the purpose of spawning is clear from maturity studies elaborated
elsewhere (vide page 217).

Catch composition in different zones of the estuary

Lower zone.—The species was represented in the catches from the lower
reaches of the lower zone during the months August to February. From
August to October the catches were composed of immature individuals of I
and II year classes. Older fish belonging to IIT to V year classes in the early
stages of maturity (II and III) appeared in the catches in addition, during
November to February. During the rest of the months, i.e. March to July,
the species was not represented in this zone.

Middle zone—Immature and maturing individuals belonging to II and
I1I year classes started appearing in the eatches of the middle zone during
January and February every year. From March to June, in addition to the
appearance of the IV year class, the numerical strength of the earlier size-
groups increased considerably. In July, V and VI year class individuals
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Texr-rie. 16. Size frequency distribution of M. gulio in the commercial catches during different months (data pooled for corresponding months from
September, 1855, to August, 1958).
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appeared in the catches. From September to December, barring stray speci-
mens, the species was not represented in the catches from this zone.

Upper zone.—The species was represented in the catches from this zone
only during July to September. In July the catches were composed mainly
of mature adults of the III to V year classes. During August to September
only I year class individuals were represented in the catches. :

The pattern of occurrence of different year classes in the various zones
during different months of the year leads to certain interesting conclusions.
It appears that the species generally frequents the lower reaches of the lower
zone of the estuary and probably the inshore areas during the months of
August-September to January-February. Immigration into the middle and
upper zones of the estuary commences in January and continues up to July.
During the post-spawning months the fish emigrates back to the lower reaches
of the lower zone and possibly inshore areas.
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SoMMARY

1, The use of pectoral spines for the determination of age and growth of Mystus gulio was
critically examined. It was established (for the first time in a tropical fish) that age could be
determined accurately from the ‘checks’ on the pectoral spine sections.

2. No corrections were found to be necessary for allometry for back calculation of growth
from these annuli. An equation has been derived to describe the relationship between spine
radius and total length of the fish, which has been used for back calculation of lengths. Back
calculations were made, in this case, along the slope of the regression line, with the help of the
formula log 15 = log 1;+b (log r»—log 7t), where estimates of lengths at age ‘%’ were independent
of the actual size of the radius, but only depended on the ratio of the total radius of the spine
to the radius at age ‘n’.

3. It was ascertained by a study of the margins of spine sections that the rings were annual
in nature and therefore could be used for age determination. The probable factors responsible
for the deposition of these annuli were indicated.

4. A high degree of agreement was observed between age estimations by Petersen’s method
and study of spine sections. The application of ‘¢’ test revealed that the observed differences in
growth between the sexes were not significant.

5. The growth increments in length of M. gulio were found to be similar in pattern to that
described by the equation of organic growth of von Bertalanffy. Hence this growth equation
was fitted to the data. It was observed that in the length ranges studied the theoreticel growth
equation adequately described the actual growth of the fish., The theoretical growth equation
for the species was estimated to be

Ip = 564.73(1_3—0'06378(14-0'02099)).

6. The tests of validity of the method were described and it was concluded that sections
of pectoral spines provide a valid method of determining age and growth of Mystus gulio.

7. Studies on the length-weight relationship indicated that the weight of the fish increased
at & rate almost equal to the cube of the length (W = 0-00001034 [3-:0094), Relative condition
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(K») at different lengths of the fish and the monthly fluctuations in relative condition for mature
and immature fish separately were estimated. The significance in the fluctuations in Ky were
discussed in detail.

8. The sex ratio of M. gulio was not found to be significantly different from 1:1. Females
appeared to mature first when they attained a length of 62 mm. The percentage of mature
individuals increased with length, thereafter up to 102 mm.,, after which all the individuals
examined were found to be mature. The seasonal cycle of maturity of the fish was described.

9. The fish appeared to feed mainly on prawns, fish, Megalopa larvae, kitchen refuse, insects,
crabs and copepods and cladocerans. It was observed that feeding activity was high during
the months of August and November and low during May, June and July.

10. Size-age composition of the catches of M. gulio during different years, different months
and in the different zones of the estuary was described. Inferences were drawn on the basis
of the above observations regarding the migration of the fish from the lower reaches of the lower
zone of the estuary and inshore areas into the middle and upper zones for spawning.
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