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ABSTRACT

Both the immature and maturing Trichiurus exhibit periodic
variations in muscle fat value. These are partly determined by
changes in the quality and quantity of food consumed.

Within certain limits, fat value increases with length.

Changes in size-composition have some influence on the monthly
fat values of the immature stock, but have no s1gmﬁcant effect on
those of the maturing group.

There is some evidence to mdicabe that the drop in fat content
of the maturing group observed during the January-April period is,
to some extent, related to the development of the gonads.

The author (Sekharan 1949, 1950) has previously reported on
the periodic variations in the fat content of the muscles of two
plankton feeders, viz., -Dussumieria acuta (Guv. and Val) and
Pellona hoevenii (Blkr.). This study deals with a carnivore Tri-
chiurus haumele (Forskal), the most common ribbon fish of the
Madras coast. Off Madras, it oceurs in dense shoals during the
period September to December, preying on post-larval and adult
teleosts and the larger crustacea. From about January onwards
there is decline in their abundance in the areas normally covered
by the local fishermen. An account of the biology of this species
has recently been given by Prabhu (1955). According to him the
fishery of the Madras region comprises four age-groups, viz., 1- to
4-year olds; spawning takes place in offshore waters in the month of
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June. YVijayaraghavan (1951) has investigated the food and feeding
habits of the fish and Mahadevan (1950) has described the histo-
logy of the alimentary tract. Some amount of work on the biology
of the fish has been done on the West coast also. (See Prabhu,
1955, for literature concerning the species).

Material and Methods

Ribbon fish are caught in Madras in boat-seines and shore-
seines; only the latter land their catches in fresh condition, and so
the material for this study was collected only from them. The
samples were obtained, from the landing place itself, usually once
a week, during the period August 1948 to June 1949 and August
1949 to June 1950. In the laboratory the gonads and alimentary
canal were dissected out and the fish preserved in 10% formalin
wherein they were kept for 7-10 days. The gonads were weighed
after removing the excess body fluids by a filter paper and then
preserved in 5% formalin. The classification of maturity stages
was modelled after the standards adopted by the International
Council for the Exploration of the Sea; the weight of the gonads
served to support this. The alimentary canal was also preserved
in 5% formalin for a later study of the contents. On a preliminary.
examination, it was seen that the fish feed mainly on teleosts and
larger crustaceans. As only broad groupings were necessary for
purposes of this investigation, the stomach contents were classified
into (a) crustacea, (b) teleosts and (c) the rest including digested
matter. The volumes of these categories were also determined,
usually by the displacement method.

The main method adopted for the assessment of the fat con-
tent of the muscles was the histological technique recommended by
Wilson (1939), whereby the fatness of a fish is judged by the ex-
tent of the area stained in a slice taken from it. That portion of the
body which gives the best picture of fat when stained is determined
first. From a comparative study of the slices of this part prepared
from a large number of fish, different degrees or grades of fatness
are defined. In subsequent analyses of samples every indivi-
dual is allotted one or the other of these fat degrees. To make
the fixation of fat values less arbitrary, the following procedures
were adopted: (1). The area of the most prominent, stained regions
in a slice was measured by a net-micrometer under a constant mag-
nification (6 X 3) and expressed in terms of a slice of standard
dimensions (height 100 mm, width 50 mm). Thus, the range of
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variation in the area of the relevant fatty regions in slices of dif-
ferent fat degrees could be determined. (2). After taking a slice
and preserving it in 10% formalin, a sample of body muscles was
prepared from a fresh fish and the fat extracted chemically, first
with redistilled rectified spirit and then with ether. Repetition of this
experiment gave the range of fat values indicated by the different

fat degrees (see tablel). The advantages of the methods described -

above over procedures which depend purely on chemical extraction
are obvious. (For further details of techniques adopted, see
Sekharan 1949 and 1950).

Distribution of adipose tissue

As mentioned earlier, attention here is confined mainly to fat
stored in and around the body muscles. Of the fat-storing tissues,
the most prominent ones are situated above the neural spine and a
little way down from the upper tip of the slice. In this region can

- be distinguished (a) a lower triangular area (b) a club-shaped area
above it and (c) a more dorsal coloured patch on either side of the
median septum. The total area of these tissues exceeded that of
others in slices taken from fishes of different fat degrees, and they
also could be conveniently measured. Hence only these tissues
were taken into account when calculating the area of fat-spread.

Among the other sites of fat storage, the muscle at the top of
the slice-which is divided by a septum into a crescent-shaped part
above and a small circular portion below is noteworthy. In fish of
poor fat content the two parts are distinct, but with increased ac-
cumulation of fat in the muscles, they merge into one another (see
fig. 1). Sub-cutaneous fat is not well developed in the ribbon fish.
It is arranged in very small patches opposite the septa that divide
the laternal muscles. Adipose tissue also extends along the septa
that traverse the muscles in upper region of the slice. In addition to
these, the centrum and the arches above and below it reveal colour-
ed patches.

Fat degrees: A preliminary examination showed that as in
the case of the flounder (Wilson 1939) slices taken from the widest
part of the body midway between head and tail gave the best pic-
ture of fat. The two faces of a slice varied little with regard to the
general appearance of fatness, nor did sex make any marked dif-
ference. After a careful and repeated comparison of slices prepared
from different samples, it was seen that the individuals comprising
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the population could be graded into eight degrees of fatness. Typical
slices representing the different fat degrees are illustrated in fig. 1.
In table 1, the second column gives the area of the median dorsal

Fig. 1.

Diagramatic representation of typical slices of the
ribbon fish of different fat degrees. (The numbers
refer to fat degrees)..

stained region measured under a magnification of 6 X 3 and ex-
pressed in terms of a slice of standard slice. The amount of fat
present in fishes of different fat degrees, as determined by chemical
extraction, is shown in column 3,
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TABLE 1
The relation of fat degrees to (1) the area of the median dorsal

adipose tissue in a slice of standard dimensions (100 mm. 50 mm.)
and (2) to the amount of fat as determined by chemical extraction.

The area of the median
dorsal adipose tissues.

(Measured wunder the Percentage of fat in
Fat Degrees magnification, 6 X 3, and fish of different fat
expressed in terms of degrees.

the number of squares
of the net-micrometer)

1 up to 250 up to 0°5
2 250-400 0-5-0-9
3 400-550 0-9-1:3
A 550-700 1-3-1-7
5 700-850 1-7-2-1
6 850-1000 2-1-2-5
7 1000-1150 2:5-2'9
8 1150-1300 or 2:9-3-5
above.

Grouping of Trichiurus

Primary grouping in the case of the ribbon fish was done with
reference to the scale of maturity. This was a reversal of the prin-
ciple followed in regard to Dussumieria and Pellona (Sekharan,
1949 and 1950), which were first classified according to size and fat
variations studied in relation to the period of the year, food and
maturity. For the ribbon fish two broad groups were recognised,
viz., immature and maturing. The immature group consisted of
fish whose gonads were in stages I and II; those in stage II and
above were included in the maturing group. It may be of interest
to add here that the commercial catches did not contain specimens
in stage VI (spawning). The samples collected during the period
of the study totalled 468 individuals. Table 2 gives the numerical
strength of the two groups in different months,
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TABLE 2

The number of immature and maturing Trichiurus
obtained in different months.

Month Immature Maturing
August 52 —
September 25 8
October 42 ‘ 15
November 27 18
December 19 39
January 14 29
February 10 17
March 15 15
April 56 13
May -24 12
June 21 —

Total 302 166

The Immature Trichiurus

Altogether 312 fish in stages I and II were examined from
August 1948 to June 1950 and they ranged between 20 cm. and
60 cm. in length. The immature fish formed the bulk of the catches
during the months August to November, and the larger ones among
them, especially those measuring 50 cm. and above, consisted mostly
of recovering spents whose gonads had reverted to stage II before
ripening again. After November, there is a distinct fall in the abund-
ance of the immature Trichiurus in the inshore waters, apparently
because the bigger sizes among them pass over into the maturing
group from this time onwards. However, from April to June the
percentage of fish in stages I and II rises again. This is to be attri-
buted both to the recruitment of very young specimens into the
fishery and to the gradual disappearance of the maturing group from
the coastal waters,
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The monthly fat values of the immature stock are represented
in fig. 2 and table 3. As there was no significant variation between
the two years with regard to the periodic trends of fatness, the
figures for corresponding months are combined. So also, the sexes
did not differ much in their fat content, and therefore they were
not treated separately.

AUGUST

by 0 G0}

LANL A e B JC RS e e e |

40% 30%, 0%, 55%

'FAT DEGREES

FAT DEGREES

DECEMBER

NOVEMBER

LN e e § l'l‘]

40% 80%

FEBRUARY

FAT DEGREES

FAT DEGREES

40% 80% 40% 80% 405 80%
Fig. 2,

The fat value of immature Trichiurus in different months.
(In terms of percentage number in each fat degree.)

In August about 20% of the fish were in fat degree 1 and 25%
were in degree 5 and above. The comparable figures for October
were 2% and 57% respectively, which indicates a rapid improve-
ment in the quality of the ribbon fish. Of the immature fish of
November, there were none in degree 1 and in December those in
degrees 5 and above constituted about 63% of the sample. It was
also noticed that fat degrees 1 and 2 were unrepresented during this
month. These lower degrees of fatness reappear in about 27% of
the fish included in the January sample, another striking feature
of which was the absence of degrees 7 and 8, It will be apparent
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from this that in January the immature fish suffered a drop in fat
value compared to their condition in December. This decline con-
" tinued during the succeeding months as well, and in April as much
as 45% were in degree 1 and there were no specimens in degrees
above 4, A slight recovery is indicated for the months of May and
June.

TABLE 3

The fat value of immature Trichiurus in different months.

Fat Degrees
Months Average
1 2 3 4 5 6 7 8

- August 10 9 11 9 6 4 1 2 33
September v 3 3.8 7 L A 4-5
October 7.4 B8 -f 8 T 2 4-7
November — 3 4 4 2 8 4 2 5-0
December — — 3 4 4 5 2 1 51
January 1 2 3 2 2 1 — — 4-4
February 2 1 1 3 2 1 — — 35
March 6 4 3 2 — — — — 2-1
April 25 16 10 & — — — — 19
May 7 6 6 3 2 — — — 2:5
June ] 6 4 5 4 2 — — — 2'6

The mean monthly fat degrees of the fish are given in table 3.
They also show that the immature stock were fattest in the months
November and December and leanest in April.

Fat content of immature Trichiurus in relation to length

As mentioned before, the immature stock available in the in-
shore waters embraced a wide range of size. In order to ascertain
whether fat content varied, to any extent, with length, the fish were
arbitrarily divided into four size-groups, viz., 20-29 cm., 30-39 cm.,

L]
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40-49 em. and 50-59 ecm. The average fat degrees of the various

length-groups during different months are indicated in table 4.
* TABLE 4

The relation of length to fatness in immature Trichiurus
(the number of fish in each length group is given within

~brackets)
Length groups
Months
20-29 cm. 30-39 cm. 40-49 cm.  50-59 cm.
August 1-8 (15) 32 (9) 38 (24) 51 (8)
September 2:0 (1) 36 (8) 49 (7). 5% (9)
October 42 (21) 51 (20) 50 (1)
November 4:4 (7 53 (20)
December 4-9 (15) 60 (4)
January 4-1 (9) 55 (2)
February ' 3-5 (10)
March 2:1 (15)
April 19 (41) 2-0 (15)
May 2:2 (9) 2:6 (15)
June 2:1 (8) 2-9 (13)
Average fat
degree . 1-9 34 4-8 52

It will be evident that among Trichiurus of maturity stages I
and II, the larger ones are consistently fatter. But the data also
- show that there are periodic variations in the size-composition of
the immature group. Hence, when the larger, fatter fish ripen
their gonads and enter the maturing group, or when there is a
recruitment of smaller sizes into the fishery, the average fat value
of the immature stock as a whole would fall. With a view to investi-
gating this aspect still further, the average length of the samples

S. 13 :
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examined in different months were calculated and compared with
the fat value of the stock. (See fig. 3). .

The mean size of the fish is more than 40 em. during the months
August to November, and it reaches the minimum in April. In
May and June there is another rise in average length. This might
to some extent explain the observed fluctuations in fat content of
the immature stock. However, this relation is not always apparent
and some of the discrepancies may be drawn attention to here.
Thus, though the highest level of fatness was noted in December,
the mean size of the fish of that month was considerably lower than
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Fig. 3.
Average fat degree (— — —), mean length (—+—-—) and food (teleosts)
(——) in immature Trichiurus.

that recorded during November. Similarly, both the February and
March samples had the same average length, yet the March fish
were much leaner than those of February. These instances point
to the likelihood of the fat cycle being influenced by other factors
as well, of which food is perhaps the most important.
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Food and Fatness in Immature Trichiurus

The results of analyses of the stomach contents are summarised
in table 5.

TABLE 5

Average volume of stomach contents and percentages of the chief
items of food consumed by immature Trichiurus in different

months.

Aasas The res

Months of stomach  Teleosts Crustacea m_cludlng
contents digested

(in cc.) matter
August 32 41% 17% 42%
September 4:2 40% 12% 48%
October 5-0 429 11% 47%
November 6-4 44% 4% 52%
December 6-8 45% 5% 50%
January 3-8 32% 16% 52%
February 25 29% 20% 51%
March 2:0 23% 22% 55%
April 15 24% 25% 51%
May 1-8 33% 22% 55%
June 1-9 35% 8% 57%

The fish appear to feed intensely during the period August-
December, if the average volume of the items recorded from the
stomach is an indication. Crustacea are taken only in small num-
bers, teleosts being the main item. This is the period of a rapid
build-up of fats in the tissues which reaches its peak in November
and December. During the months January to April there is a
marked fall in the quantity of food taken. The drop in volume
noted in January might, of course, be the partial result of the ex-
clusion of the larger size-groups form the immature stock. But the
same argument does not apply to the changes that occur in the
succeeding months, which are probably caused by a real decline
in the availability of food. It may be seen that crustacean items
gain added importance during the January-April season. At the
same time the teleostean constituents of the diet decrease steadily.
The loss in fat value is probably related to these changes in food.
In May and June there is an improvement both in the average
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volume of food and the quantity of teleosts consumed, which coin-
cides with an increase in the fat content of the muscles.
Maturing Trichiurus

Maturing fish (those in stage and above) are always relatively
large, measuring not more than 40 c¢m. in length, They shoal in the
inshore waters from September to January, gradually forsaking

.OCTOBER

40%%  80%/.

O, bt 19, €5, 0, -1,

DECEMBER

DE GR E E s

AT

0% 80

Fig, 4.
The fat value of maturing Trichiurus in differ-
ent months (in terms of percentage number in
each fat degree).

the area in later months. The June and July catches contain prac-
tically no ribbon fish of this category. The data presented in table
7 give a probable explanation for this. After February, the matur-
ing fish belong to stages above III; also, the ohserved weight of the
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gonads registers its peak in April and May. Spawning should there-
fore take place either in these months or in the immediately suc-
ceeding months, When fo this is added the fact that specimens in
stage VI have not been recorded from the catches, the conclusion
seems evident that in May, June and July, fish with ripening gonads
migrate to offshore waters, probably for spawning,

According to Prabhu (1955) Trichiurus is an offshore spawner.
He also states that the fish breed in June.

The monthly fat degrees of the maturing fish are 'shown in
fig. 4 and table 6. As before, the figures for the sexes as well as
the corresponding months of the two years are combined. Of the
fish collected during September, about 50% ranged between fat
degrees 6 and 8, and altogether 67% were above degree 3. The
maximum fatness was recorded in November when about 67%
were in degrees 6 to 8 and no specimens were seen in degrees 1 and
2. From December onwards, the number of fish in the lower fat
degrees rises and the condition of the April fish when about 77%
were in degrees 1 and 2 presented a complete contrast to what was
witnessed in November.

TABLE 6

The fat value of the maturing Trichiurus in different months.

Fat Degrees

Months Average
1 2 3 4 5 6 7 8

September —_- — 1 2 2 1 1 54
October — 1 2 2 3 2 4 56
November — — 1 3 5 3 4 6:0
December — 1 3 8 10 8 5 4 53
January — 2 5 3 9 5 3 2 4-9
February 3 4 2 5 1 — — 31
March 4 5 1 3 _ = - 26
April § 4 2 .1 — —m — == 1-8
May § 2 1 &I 2 1 — = 2.7
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When the monthly mean fat degrees were calculated they gave
the same general picture as described above. November showed
the highest average and April the smallest. In May only 12 speci-
mens could be collected and the mean fat value for that month
was greater than that noted for April. Taking into consideration
the smallness of the sample, the increase is possibly not significant,
However, the probability that it portrays a real upward trend can-
not be discounted, especially since the immature stock also exhibits
a similar phenomenon at this time.

I
Fatness and length of maturing fish

The maturing fish could conveniently be divided only info two
size-groups, viz., 4049 cm., and 50-59 cm. Their average fat values
are given in table 7.

TABLE 7

The relation of length to fatness in maturing Trichiurus.
(The number of fish in each length group is given within brackets)

Length groups

Months

40-49 cm, 90-59 cm.
September _ 5:2 (5) 57 (3)
October 53 (4) 58 (11)
November 59 (7 61 (11)
December 5:3 (20) 55 (19)
January ' 4-9 (24) 52 (5)
February 32 (9 30 (8)
March ' 24 (9) 26 (6)
April 2:0 (8) 1-6 (5)
May 28 (11) _ 10 (1)

Broadly speaking, the larger fish seem to be slightly richer in
muscle fats during the period September to January than the
smaller ones. It is, however, important to note that there is no
well-marked disparity between the two groups in this respect.
Barring May, when only one specimen was examined in the 50-59
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cm. group, the maximum value of the difference amounted only to
0-5 fat degree and it occurred in the months of September
and October. During the other months it ranged between 0-2 and
0-4 fat degree, which is perhaps well within the experimental error
inherent in the methods employed. It may therefore be surmised
that changes in size-compositicn would be of little consequence as
far as the fat value of the maturing group is concerned—a condi-
tion remarkably different from that of the immature stock.

The average lengths of the monthly samples are plotted in fig.
5. The October sample had the maximum mean size, but the peak
value for fatness was recorded in November. Again, the mean
size was practically the same in the months of March and April,
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) in maturing Trichiurus.

(=) and average weight of the gonmads (

while in February it was greater than that shown for January; and
yet, the fish become progressively leaner from January onwards.
Apparently, the fat cycle has to be explained in terms of other
factors. Of the latter, two most obvious ones, viz., food and matu-
rity are considered here.
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Food of maturing fish in relation to fat content

The maturing fish seem to maintain a uniformly high rate of
feeding from October to December. Teleosts which form the staple
diet are abundant at this time and the stomach always revealed a
large number of fish belonging to various families. Sometimes they
even formed 80-90% of the contents.

TABLE 8

The average volume of stomach contents and the percentages of
the chief items of food consumed by maturing Trichiurus
in different months.

Average .'I'he rest

Months f‘:)%l:infaig Teleosts Crustacea lﬁfé;‘ff:}lg
(in ce.) matter
September 56 . 45% 5% 50%
October 6-4 54% 3% 43%
November 5 61% 5% 34%
December 7-1 59% 6% 35%
January 6-2 45% 10% 45%
February 55 46% 8% 46%
March 4-9 40% 11% 49%
" April 4-2 35% 13% 529%,
May 52 44% 11% 45%

Crustaceans are taken only irregularly and that too only in
small quantities. The intensity of feeding and the abundance of
teleostean items probably contribute to a great increase in fat de-
position which reaches its peak in November. In December feeding
does not change appreciably either in quality or in guantity, but
the fat content or the muscles shows a downward trend. But from
January onwards the proportion of teleosts found in the stomach
drops, and the fish on the whole takes in less volume of food. Crus-
tacea continue to be a numeriecally important item of the diet, but
apparently are not fattening enough, and in April when the ribbon
fish is poorest in average fatness teleostean items decline to their

minimum value.
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Maturation in relation to fatness

In December, the intensity of feeding is almost the same as
before, especially as far as it applies to teleostean constituents; still
a lowering of fat value is noticed. Probably this is the result of
the fat expenditure necessitated by the growth of gonads (see fig.
5). From September to November the fish are in stage III and they
are very rich in fat because the loss, if any, from the muscles during
the transition from stage II to stage III would be small and could
perhaps be more than compensated for by the intensity of feeding.
Besides, it is possible that the fat required for the development of
the gonads came from the liver and other visceral organs which
have not been considered here.

The average weight of the gonads and the number of fish in
different maturity stages are shown in table 9. (In the table the
weights of both testis and ovary are combined to get the average).

TABLE 9

The stages of maturity and the average weight of gonads
of Trichiurus in different months

Ave.rage
Months Maturity stages \;:feﬁil:
I II 111 v v gonads
(in gms.)
September - - 8§ - - 0-17
October - — 15 — — 0-20
November —_ = 18 — — 0-25
December —_ - .35 4 — 0-40
January — — 6 20 3 0-52
February - — 2 9 6 071
March - - — 8 7 0-98
April _ = - 3 10 1-30
May — — — - 12 1-80

The gonads have an average weight of about 0:25 gm. in November,
and it goes up to about 0-40 gm. in December when some of the
fish enter maturity stage IV. These changes probably result in the

S. 14
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withdrawal of muscle fats which the fish is unable to replace in
spite of vigorous feeding. During January the number of fish in
stage IV increases and stage V is also touched, and by April the
majority are in stages IV and V. Progression of maturity is ac-
companied by a rather rapid increase in the weight of the gonads
and it coincides with the depletion of fat reserves. Fats are pro-
bably not deposited in the ova after stage V, and the month of May
when stage V is the dominant maturity scale, registers a slight
increase in the muscle fats of the stock.

Discussion

From a comparison of the results summarised in tables 3 and
6 it will be evident that maturing Trichiurus are on the whole fatter
than the immature ones. The two groups also vary with reference
to their diet,the former taking in more of teleosts and less of crus-
tacea than the latter. But this could perhaps be regarded as par-
tially incidental to the difference in their average lengths. This
aspect, namely the relation between food and length in the ribbon
fish has been investigated by Vijayaraghavan (1951). He divides
the population into two categories according to size, and finds that
the menu of the bigger fish includes a greater proportion of teleosts
and less of crustacea than that of the smaller ones. According to
Prabhu (1955) Trichiurus haumela is a selective feeder. He also
observes that fish of 46-62 cm. feed on fewer prawns and smaller
fish than the younger ones. A further dissection of his data shows
that the teleosts taken by fish less than 3%m. consist of Anchoviellg
spp., Dussumieria spp., Leiognathus spp. and rarely of Therapon
spp. and Caranx spp; but a wider rénge of species belonging to
various families is preyed upon by the larger individuals. The
maturing Trichiurus, as has already been explained, have a size-
range of 40-59 cm., while the immature fish vary from 20 to 59 cm;
however, within the latter group, specimens measuring more than
40 em. are rarely met with during the January-July season. Since
growth in length ensures a greater swimming power and a capacity
to handle a larger size-range and variety of prey, the maturing fish,
by virtue of their greater mean size, have an obvious advantage over
the immature stock, and their greater fatness should ‘be attributed,
at least partly, to their habit of consuming more teleosts than the
latter—an instance parallel to what was found in the case of D.
acuta and P. hoevenii (Sekharan 1949 and 1950). The possibility
of fishes exercising selection is not discounted here, but when it
occurs, especially in a carnivore like Trichiurus, it would undoubt-

.y
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at this time than they did during the preceding period, but still the
fish become steadily leaner. This again seems to emphasise the
importance of teleosts in the nutrition of the ribbon fish. It may
be mentioned here that the observations made during this study
on the feeding cycle of the fish find corroboration in their broad
outlines, in the investigations reported on by Vijayaraghavan
(1951) and Prabhu (1955). The former says that there is a defi-
nite increase in the volume of the stomach contents from September
to December, and in the data given by the latter the peak figure
for the volume of stomach contents is noted against the month of
December.

The relation between fatness and the quality and quantity of
food has formed the subject of many other studies on fishes. (Chan-
non and Saby 1932, Lovern and Wood 1937, Dixon 1937, Wilson
1939, Hickling 1947 etc.). A correlation between fat content of
plankton and that of herring has been established by Wimpenny
(1938). Dealing with the red mullet, Upeneus indicus Ramaswamy
(1955) has also dwelt on the influence on the fat value of food on
that of the fish. According to Chidambaram et al (1952), there are
two peaks of fat accumulation in an year for the Indian mackerel,
and they attribute this to feeding activity. They have also shown
that periodic variations occur in the size-composition of the com-
mercial catches of mackerel. In Trichiurus changes in size affect
the monthly fat values of the immature group, but are of little
significance as far as the other group is concerned.

The evidence advanced for proving the influence of maturity
on the fat content of the fish is of course rather indirect. The prob-
lem here is’complicated by the fact that the ripening of the gonads
and the decline in fat value occur simultaneously with a fall in the
quality and quantity of food. However, it is seen that the matur-
ing groups experiences a greater loss of fat than the immature stock
during the January-April period. They have much the same fat
value in April, though, when in peak condition, they differ marked-
ly. The greater extent of fat depletion suffered by the maturing
stock could perhaps be ascribed to an increase in metabolic require-
ments occasioned by the rapid development of the gonads. Hick-
ling (1947) also recognises the effect of the ripening of the testes
and ovary on the fat content of the pilchard. Most other workers,
however believe that there is little, if any, pre-spawning depletion,
and that a rapid exhaustion of muscle fats occurs after spawning.
With the available data, it is difficult to say whether spawning has
any effect on the fat content of the ribbon fish. But it must be



=

1955] FAT CONTENT OF RIBBON FISH 321

emphasised here that most of the fishes where such a phenomenon
has been demonstrated are known to abstain from food during the
spawning period.
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