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INTRODUCTION 

A sound knowledge of age and growth of fishes is of prime importance 
in the management and forecast of their fisheries. Conflicting views have 
been expressed regarding the age and the life span of the oil-sardine based on 
the studies of the growth-checks of its scales, otoliths and the length-frequency. 
Hornell and Nayudu (1923) concluded that the fish attains sexual maturity and 
adult size of 15 cm. at the end of one year and that the life span of the oil-
sardine is limited to 2\ years, based on the growth-rings .of the scales. Devanesan 
(1943) detected the, first growth ring on the scales of fish of 6.5 cm. in length 
and six of them in fish of 8.7 cm., and. suggested that nine and fourteen "rings" 
may be expected in the fish of 15 and 18 cm. group respectively and that the 
fish might live for fourteen years, ^air (1949), working on the oil-sardine 
otoliths, stated that the fish live for three years; and later (1952) stated that 
it is probable that the growth-checks detected on the otoliths of the oil-sardine, 
especially the first two, are formed during the summer when the phytpplankton is 
scarce and that the third ring formed in some is either due to the same cause or 
due to the suspension of their feeding activity during spawning. Nair (1960), 
in a review, suggested that the average life span of the fish is "about 3 to 4 
years." Chidambaram (1950) studied the length-frequency of the fish and con
cluded that its life span is four years. For resolving the' above-said divergences 
of views on age and growth it was felt desirable to undertake a detailed study of 
its scales; and, therefore, the scale data and the length-frequency data were 
simultaneously collected at Calicut and Cochin. Balan (1959) in a preliminary 
note based on scale-studies and length frequency data indicated that the biggest 
fish have, without dpubt, completed three years of their life. 

In the present paper, a more critical §tudy is made of the extensive data 
on the structure of scale, the distribution of scale-rings, fish length—scale length 
relationship and size frequency distribution collected from 1955 to 1965. 

MATERIAL AND METHODS 

The material for this study was collected from the commercial catches 
(caught in the boat seines MathikoUi vala, Odam vala, Thangu vala and also 

* Present address: Central Marine Fisheries Research Sub-station, Ernakulam-6. 
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the gill net), from January 1955 to December 1958 at Calicut and from January 
1959 to March 1965 at Cochin, covering a period of ten years. 

The data on the gear used for the capture, date and place of capture, the 
total-length*, weight, sex and sexual maturation of each fish have also been 
maintained simultaneously. 

Scales were pulled out with forceps, cleaned in water and mounted dry 
between two glass slides without damaging them and were labelled. These scales 
were examined under the binocular microscope and the number of scale-rings and 
other details were recorded. 

SARDINELLA LONCICEPS 

FIG. 1. Body regions from where scales were examined, Region 1 indicates the selected 
area. 

The examination of the scales from 13 regions (Fig. 1) of the fish, as 
suggested by Phillips (1948) in Sardinops caerulea, was carried out. And, from 
the study of six scales collected from each of these regions of the fish, it was 
found that the scales occurring in the pectoral region (just above the tip of 
pectoral fin when it is held horizontal, i.e., region 1 in Fig. 1) were most reliable 
for the purpose of age-deterrnination, on the grounds that the scale size as well 
as the number of rings occurring in them showed the least variation. Further, 
over 90% of the rings observed on the scales of this region were quite distinct 
and well-defined compared to the rings fotmd on the scales occmttng in other 
regions. Also, the number of regenerated scales was the least in that region. 
Therefore, six scales from this region of each individual sardine were collected 
regularly and a total of 2.931 fish were studied counting the number of rings 
noticed in each scale during the period of investigation. Table I gives the 
details regarding these. 

*Length from tip of snout to tip of ventral caudal fluke. 
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For' studying the tish length—scale length relationship, the distance from the 
foci** or centres of scales to the inner margins of each year's growth {i.e., the 
inner margin of each scale-ring) was measiured accurately by means of an ocular 
micrometer that was set in a microscope. All the measurements were made 
under the sanicmagnification, and as consistently as possible along the median 
axis from foci to anterior margins of the scales. The length measured from 
Ipcus to outer edge of the scale, along the median axis, gave the total-length 
of the scale. 

• ' • ' . ' 

The length-frequency data collected simultaneously from 1955 to 1958 at 
Calicut and from October 1958 to March 1965 at Cochin, from boat-seine 
catches have been utihsed for comparison with the scale-data to see the extent 
tp which the former are reliable for accurate age-determination. 

STRUCTURE OF SCALES 

The scales of ^ardinella longiceps are cycloid and exhibit variations in size 
IB the different regions of the body. The scales which occur in the pectoral 
axillary region are the biggest and are rather oblong in shape. The sclerites or 
circuli found on the scales are transverse in disposition (especially those on the 
scales of pectoral region); but those on the scales occurring nearer the dorsal 
side. i.e., along the horizontal line passing through the upper margin of oper
culum, are slightly circular in their pattern of arrangement. These circuli are 
interrupted by the conspicuous scale radii which are nearly horizontal in distri
bution. Generally the nucleus of the scale is not conspicuous. Therefore, the 
nucleus or the focus in the scales of this fish would mean the arbitrary middle 
point on the lowest horizontal circulus. A scale-ring is seen as a semi-circular 
mark which breaks the continuity of the circuli. Most of the rings were quite 
clear in appearance, while a few were less so. Besides the true rings, a few 
"false" rings were also observed. Those false rings appeared as indistinct marks 
[similar to those described by Walford and Mosher (1943), for Sardinops caerulea]. 

. The true rings can be distinguished by the following characteristics {vide 
aiSti iealan. 1959): 

(1) A clear-cut discontinuity or break of the circuli discernible along the 
entire course of the ring. 

(2) They are concentric with the border of the scale, and are distinctly 
separated from each other. 

(3) At times a ring may be discontinuous, being broken at different points; 
but the broken segments form more or less a semi-circular pattern and p(»sess 
the features mentioned under (1) and (2). 

'I'Focus is the arbitrary middle point at the lowest circulus of the sculptured part of the scide. 
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Eventhough these rings normally occur in the sculptured part of the scales, 
at times they may be seen extending into the unsculptured posterior part also: 
such a characteristic feature is generally associated with deep and thick rings. 

The narrow posterior unsculptured portion of the scale presents generally 
a ragged or even frayed appearance. " 

At times it would appear a particular ring has failed to form on. the 
sardine scales, as was reported in South African Pilchard (Nawratil. 1958) and 
Australian Pilchard (Blackburn, 1949); it is rather diflScult to say whether |any 
particular ring has failed to form on the scales. ^ 

While the rings were not well-defined in certain scales, they were clearly 
discernible in many others collected from the same region of the same individual. 
Observations of Lee (1920), Creas^r (1926) on Sunfish, Van Oosten (1929) on 
Leucichthys (Coregonid), PhiUips (1948) on California Sardine, Blackburn (1949 
& 1950) on Australian Pilchard. Davies (1957) and Nawratil (1958) on South 
African Pilchard and Joseph (1962) on California Corbina and spotfln Croaker 
lend support to this finding. % 

Sometimes scales collected from the same individual fish revealed one ring 
and a few others indicated two rings; in such cases, rings indicating the largest 
number were taken as the correct. 

DISTRIBUTION OF SCALE-RINGS 

Examination of the data and samples collected has given support to the 
recognition of these rings as annual and indicative of the age of the individual 
from which the scales were taken (Balan, 1959). Based on these scale-xings, the 
year-class compositions of the populations of the oil-sardine have been examined. 
Table I shows the distribution of growth-rings pertaining to the samples (a tot-1 
of 2.931 individuals) collected during January 1957—December 1964. 

The results of these scale examinations showed that (1) most of the indi
viduals had "rings" developed at the outermost margins of their scales by March-
June every year, 

(2) these rings first appeared at the edges of scales and gradually went 
deeper in the scales as further growth progressed at the margins. i.e., the marginal 
increment increased in size until the next ring was formed, and 

(3) young specimens of the new brood "were without any ring in their scales, 

More widely spaced circuli were noticed after the formation of each ring, 
thereby indicating that there was fast growth followed by a temporary cessation 
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in growth. Thus it has been clearly observed that the fast growing (wider) circuli 
are alternating with the annuli, year after year. It is, therefore, in line with the 
observations of Menon (loc. cit.). Van Oosten (loc. cit.), Lee (loc. cit.). Joseph 
(loc. cit.), Nawratil (loc. cit.). Davies (loc. cit.). Blackburn (1949) and many other 
investigators in regard to various species of fishes. 

It is obvious from Table I that the scales of the fish below 12.0 cm. do not 
possess any ring. Fish with one ring are dominant at 14.5 cm. The largest 
number of fish with two rings were found in the size group 17.0-17.9 cm. and 

, those with three rings were found in the size group 1'8.0-18.9 cm. 

It may be added that the fish having one ring start appearing from 12.5 cm.; 
in the case of 2-ring fish, they start at about 14.0 cm. onwards; but in the case 
of fish possessing three rings, they start appearing normally from 16.5 cm. 

I There is some degree of overlap in the case of the age-groups I and II at 
lengths between 15.0 and 16.0 cm., and between II and III at lengths between 
,18.0 and 19.5 cm. Extensive overlapping of sizes have also been observed in 
Australian Pilchard by Blackburn (1949. p. 67) and in the channel catfish by 
Appelget and Smith. (1951). 

.It is of interest here that the trend of ring distribution observed during 
the six years (1959 to 1964) of investigation is similar to that of 1957-1958 period 
(as already reported, Balan 1959) to a great extent. 

BODY-SCALE LENGTH RELATIONSHIP 

In order that the growth-checks found in scales (or otoliths) may be of use 
in age determination, it is necessary to find out first that the fish and the scale 

, grow collaterally. Unless this is so. it will not be possible to back-calculate the 
;̂  size of the fish at different ages. 

I The growth-checks may be periodic or non-periodic in nature. Only when 
they are periodic in nature, they may be taken to indicate the age, whatever niay 

.be the cause for such growth-checks. To find out if such growth-checks are 
Aperiodic in nature,"" generally results obtained from the studies of growth-checks 
are compared with the results obtained from length-frequency distributions and. 
if they are comparable, reliance could be placed on the annual nature of the 
rings. 

To see if a relationship exists between the size of fish and scale size, a 
scatter diagram showing the relation between these two is first drawn and this is 
given in Fig. 2. Apparently, the relationship is a linear one. So, a linear 
equation L = A + BS was fitted to fish length and scale measurements of 328 
M-sardine. where L is the length of fish in mm. and S the length of the scale 



TABLE 1 ô  

oo 
Distribution of scale-rings of 2931 oil-sardine from 1957 to 1964. 

(Figures in parentheses indicate pero6ntage$) 

No. of flshexam-
iaed. 

No. of Rings 
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2 • 

3 • 

7 0 
to 
7-9 
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4 
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8 0 
to 
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21 

21 
(100) 

• . - • 
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•• 
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48 
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17 
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Size Groups (in 
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(28 1) 

312 
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(5 1) 
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cm.) 
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279 
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(0-5) 
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(76-3) 
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389 

2 
(0-5) 

39 
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44 
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*Four nos. of fish (9 cm. group) were originally assigned as having one ring each by mistake. 
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TABLE II 

Showing Seasonal distribution of. scale-rings in various months. 

Jan. Feb. Mar. Apr. May Juno Jiily Aug. Sept. Oct. Nov. Dec. Total No. of 
Fish ^ 

—^ ^ _ ^ ^ I 
29 55 39 57 54 45 11 11 22 12 7 14 356 1 

S-
. -s, 

& 

i. 
ST 
5* 
a 
13. 
I 
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in micrometer divisions; A and B are parameters whose estimates are to be 
found from the data. In this connection, it must be stated that length measure
ments of fish and scale exist for over 2,900 fish. But, for the sake of convenience, 
the above 328 sets of measurements were chosen at random. The least square 
estimate of A and B are: A = 49.964 and B = 0.645. 

Taking these estimates of A and B, the length of fish at the time of formation 
of growth-checks (L^ ) could be easily found out if the relation between the 

size of the fish and the size of the scale is rewritten as L, =£5 
S ' 5 

where S is the total-length of the scale, "̂ t is the length of the scale up to the 
t*"" growth-check was formed. Using this formula based on 328 fish, the lengths 
of fish corresponding to the different growth-checks found in scales recalculated; 
but because of bulkiness of the material, it is not presented here. 

Looking into the back-calculated values of the fish corresponding to the 
successive growth-checks of the 328 fish it is found that the fish length varied 

n to X io so io 70 80 90 m m m tjo no is» ito no m m zoo la m 2W UtO >so 
SCALE LEHGTH (S) INHVCROMETER BIVISIONS 

FiQ. 2. Scatter diagram showing fish length—scale length relation. 
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from 10.6 to 16.0 cm. when the first ring was seen, and from 14.3 to 19*2 cm. 
when the second ring was seen and from 16.7 to 20.0 cm. when the third ring 
was seen. The average size of the fish when the first ring was found was 
14.3 cm., the corresponding values when the second and the third rings were 
found were 16.4 and 18.4 cm. respectively. Thus marked variations are noticeable 
in the lengths of the fish corresponding to each ring. According to Blackburn 
(1949. p. 82 in Australian Pilchard) "There is considerable variation in the lengths 
of the fish at the time of formation of each age-ring, some fish having insistently 
greater lengths than others at aU such periods throughout life, and in consequence 
seeming to have a faster growth." 

As in many other species of fishes, the growth-rate of oil-sardine up t«i the 
end of the first year of their life is quite fast as mentioned above. Nevertheless, 
relatively small values that have been obtained for a few individual cases of 
back-calculated one-year old fish may be due to the contraction of the central 
field of scales as was observed in Murman herring by Makushok (1963); according 
to him "Oiu: material limited as it is. shows that the contraction of the central 
field of the scale undoubtedly occurs. This is particularly distinctly secA.in 
the various age groups when the lengths are back-calculated for the first year 
of life (i.e. 10 as can be seen in Table 2" (p. 24). ^ 

PERIOD OF RING FORMATION 

To find out the time^of formation of rings, the following procedure was 
adopted. The average scale lengths up to the formation of successive, rings 
were found out. The average growth between the th and ( i+i)* rings 
was thus fri+l—ri)' H the scale shows some growth after the iu> ring and 

measures r. then t^y^^~ will give the approximate time that has elapsed 
r+l—n 

since the formation of the i„, ring and thus counting backwards from the 
time of collection of fish from which the scale was taken, the month of formation 
of the i'*ring could be found out. The results of such calculations on a random 
sample of scales from 356 individuals are presented in Table II. From the ^ t le 
it will be seen that the peak period, when the ring formation takes place,- is 
from February to June. Out of 356 fish whose scales were exammed in detail, 
it was found that 250 (forming 70%) had their ring formation during this period. 

Thus it may be generally accepted that the ring formation is annual in 
nature and the presence of the number of rings in the scales will be a valuable 
guide in the determination of age of the fish in years. 

It is interesting here that whether the consummation of the spawnmg act 
of the fish takes place or not. the rings have been observed to occur in the fish 
above the 15 cm. length in the normal course during the definite period, each 
year. At the most the ring formation may be synchronous with the period of 
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Spawning only of a few limited fish which spawn early at the very beginning 
(i.e., in May-June) of the season of spawning. Also, it may be pointed out that 
there is no evidence in these data to prove that there is a spawning check in the 
scales of the adult sardine unlike the one indicated for the Indian Mackerel, 
occurring along the west coast, by Seshappa (1958). 

LENGTH-FREQUENCY DISTRIBUTION 

The length-frequency data on oil-sardine collected from 1955 to 1965 have 
been examined and used to compare with the results obtained by the scale-
method. The details of the annual length-frequency distribution are given in 

Fio. 3 
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Annual length.frequency distributions of oil sardins for 1955-56—1957-58. 



TABLE III 

Annual length—frequency distribution of oil-sardine, from 1955-64 (modal values in cm.) at successive years. 

1955-56 

1956-57 

I year 

120 

120 

II 

160 

170 

III 

180 

190 

1957-58 130 

1958-» 140 

160 

15-0 

Not traceable 

16-5 

1959-60 

1960-61 

1961-62 

1962-63 

1963-64 

Avnage 

13-5 

14-5 

12-5 

12-5 

13-5 

130 

150 

16-5 

150 

16-5 

17-0 

160 

17-5 

17-5 

16-5 

Not traceable 

Do. 

17-5 

sa. 

3 

O 
13 
00 

OS 
'"J 
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the frequency curves (Fig. 3). It may be pointed out that small differences 
were encountered between the age-groups estimated by the scale-method and 
length frequency method. The modal progressions based on frequency percent
ages pooled for each year are described below. 

(a) At Calicut, in 1955-56, the mode representing the one^year old fish was 
at 12.0 cm. The mode corresponding to the 2-year old fish was at 16.0 cm; 
however, it showed further progression and stood at 18.6 cm. when the fish 
completed three years of hfe. 

In 1956-57, the corresponding length modes for the one. two and three years 
were 12.0, 17.0 and 19.0 cm. respectively, thereby indicating higher values for 
the latter two generations than in the previous year. 

In 1957-58, the one-year mode was at 13.0 cm.; the two-year class mode 
being at 16.0 cm. The mode to represent the three-year fish was" not traceable;. 
This was mostly due to the scarcity of the big-sized fish in the commercial catches. 

In 1958-59 at Cochin, the length of the fish at one year was 14.0 cm.; but 
when they attained two years they had the size of 15.0 cm. only, and the three-
year old fish were 16.5 cm. in length. 

In 1959-60, the one-year old fish recorded the size of 13.5 cm. which pro
gressed to 15.0 cm. when the fish attained two years. The 17.5 cm. size was 
attained at the age of three years. 

In 1960-61, comparatively faster growth was observed for the one-year old 
fish when it grew to 14.5 cm. The two-year old fish were 16.5 cm. in size; the 
fish attained the size of 17.5 cm. at the age of three years. 

In 1961-62, the one-year old sardine were only 12.5 cm. in length. While 
the fish completed two years, they grew to 15.0 cm. When the fish became 
three years old, they were 16.5 cm. long. 

In 1962-63, the size of the one-year old fish remained the same as in the 
previous year (12.5 cm.), while the two-year old ones attained 16.5 cm. The 
three-year old fish were not seen adequately represented in the catches. 

In 1963-64 season, the fish representing the one-year brood were 13.5 cm. 
in length. The two-year class was represented by the 17.0 cm, size. As in the 
previous year, the three-year old fish were not found suflSciently represented in 
the fishery. As was observed by Nair (1952) for the 1949-50 sardine season 
at Calicut, the 1957-58, 1962-63 and 1963-64 seasons were also conspicuous by 
the absence of the three-year old fish in the catches. It may be due to the 
non-fishability of the large-sized fish in sufficient numbers. 
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The average modal values calculated from the 1955 to '64 years' data 
indicated that the one-year olds were 13.0 cm. in total-length. The 16.0 cm 
size was attained on completion of two years. The growth, thereafter, appeared 
to be rather slow, and the modal size recorded was 17.5 cm. at the age of three 
years {vide Table III). 

Variations observed in the sizes of the fish constituting the different age-
classes in different years may, perhaps, be on account of the shifting of the 
period of spawning and/or of the post-larval recruitment; it is also in line 
with the remarks of Nair (1960). However, in this connection it may also be 
added that difficulties in the interpretation of different length ftiodes pertaining 
to different ages have been experienced also in the case of Pacific Pilchard by 
Walford and Mosher (loc. cit.) who observed, "Nothing can be told, by inspec
tion of frequency curves in figs. 1 & 3 about the ages of the fish larger than 
these sizes; they may be all one-year olds; or there may be an admixture of 
older fish." (p. 6) 

(b) The monthly progression of the size-groups during the different years 
from 1955 to 1965 are described in next page. 

(1) AT CALICUT 

In the 1955-56 season at Calicut, the oil-sardine having the mode at 8.5 
cm. entered the fishery in August followed by those of 12.0 cm. mode in 
September. In October and November, the large-sized fish having the modes 
at 18.5 and 18.0 cm. constituted the bulk of the catches and these fish undoub
tedly belonged to the older generations. In December and January (1956), 
the 18.5 and 19.0 cm. modes belonging obviously to older age-groups dominated 
in the catches. The fishery collapsed, towards the end of January, after the 
appearance of the fish having the 19.0 cm. mode. Thereafter, there was no 
sardine fishery till the end of June. Thus the pattern of occurrence of the 
size groups was somewhat peculiar during that season. 

In July of 1956-57 season also, the 18.5 cm. group constituted the mode in 
the catches, followed by 19.0 cm. group in August. In September. October and 
November, it is remarkable that the older generations continued to dominate, 
their modes persisting at 19.5, 19.5 and 20.0 cm. respectively. In December, 
though late, .the young fish having the mode at 11.5 cm. entered the fishery in 
good strength. In January, the mode progressed to 13.0 cm., being followed 
by the 13.5 cm. mode in February and March. In April and May, the mode 
grew to 14.0 cm. There was no fishery in Jime. In July, the mode progressed 
to 16.0 cm. Thus a total length incremeflt-of 4.5 cm. was noticeable from 
December to July. 



TABLE IV 

Monthly distribution of modal lengths (cm) of oil-sardine*, commencing from each year's season. 
(Figures in brackets indicate percentages) 
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At Calicut 
Months 
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56 

1956-
57 

1957-
58 

At Cochin 

1958-
59 

1959-
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62 
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1964-
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August 
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(120) 

1 2 0 
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18-5 
(160) 

1 8 0 
(220) 
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(31 0) 

18-5 1 6 0 
1 9 0 & (36-5) 
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1 9 0 
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(33 0) 

19 5 
(44 0) 

200 
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March 

April 

May 

June 

1 9 0 s 1 3 0 14-0 
(31 0) (140) (190) 

+ 
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+ 

+ 
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(33-0) 
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1 4 0 
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+ 
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13-5 
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14-0 1 4 0 
(33-0) (28-0) 

14-5 
(29-0) 

14-5 
(29-0) 

1 4 0 
(31 0) 

14-5 
(14-0) 

13-5 
(35-0) 

14-5 
(26-0) 

150& 15-0 
17-0 (32-0) 

(16-5) 

15-5 
(17-0) 

15-0 
(21-0) 

+ 

14-5 
(33-0) 

14-5 
(36 0) 

14-5 
(32 0) 

14-5 
(33 0) 

14-5 
(34-0) 

15-0 & 15-0 
16-5 (30-0) 

(16-0) 

16-0 
(30-0) 

15-5 
(31-0) 

1 2 0 & 1 7 0 
12-5 (31 0) 

(23-0) 

12-5 
(28-0) 

12-5 
(29-0) 

13-5 
(35-5) 

13-5 
(24-0) 

16-5 
(21 0) 

12-0& 13-0 
12-5 (30-0) 

(24-0) 

13-0 
(23-0) 

1 4 0 
(20-0) 

17-0 
(21-5) 

1 4 0 
(160) 

13-5 
(240) 

14-5 
(24-0) 

16-5 
(24-0) 

16-5 
(26-0) 

17-5 
(22-5) 

12-5 
(24-0) 

13-0 
(28-0) 

12-5 
(23-0) 

§ 
(Xj 

2 

p g 

* Boat-seine catches. 
+ Nil catch. 
. . No data available. 

o a w 
o' 
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The 1957-58 season commenced with the entry of the youngest fish in the 
catches in August in good bulk having the mode at 8.0 cm. This mode pro
gressed to 11.5 cm. in September, followed by 13.0 cm. in October. Though 
the modal length stood standstill at 13.0 cm. during the months of November 
and December it advanced to 14.0 cm. in January. In February and March 
the mode shifted slightly backwards (13.0 cm. and 13.5 cm. respectively). In 
April again the mode reached 14.0 cm. as in the previous year. In May and 
June, the mode indicated a slight progress by attaining 14.5 cm. Thus an 
overall increase in the modal length by 6.5 cm. was recorded during the ten 
months from August to June. 

(2) AT COCHIN 

At Cochin, the rich 1958-59 season commenced in October only. 

In October 1958 the fish with 14.0 cm. mode appeared in the fishery' and 
this size persisted (except in November when the mode was 16.0 cm.) till the 
end of January 1959. In February and March, the modal sizes were 14.5 and 
15.0 cm. respectively; in March, there was another mode at 17.0 cm. also; an 
increment of 3.0 cm. was, thus, noticed from October to March. Even though 
the modal size was at 15.5 cm. in April, it was only 15.0 cm. in May. The 
fishery collapsed by the close of that month. 

FIG, 

"" - u •'Ti 0—i;—Ti » n r-^—a jr-

4. Annual length-frequency distribution of oil sardine for 1958-59 and 1959-60. 

The fishery began in August in the 1959-60 season with the fish having 
12.0 cm. mode. In September and October, the modes were at 13.5 and 13.0 
cm. respectively. From >November, till the end of January 1960, the modes were 
at 13.5 cm. In February and March the modes were at 14.5 and 15.0 cm. 
respectively. The mode which was at 14.5 cm. in April progressed to 15.0 cm. 
in May; during that month there was an additional mode at 16.5 cm. also." 
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The mode in Jime was at 16.0 cm. only and the fishery closed by the end of 
that month. Thus an overall increase in length of 4.0 cm. was noticed from 
August to June, being 4.0 mm. per month. 

The fishery began in July in the 1960-61 season with the occurrence of 
juveniles having mode at 11.0 cm. which progressed to 12.0 cm. in the next 
month. In September, the mode was at 14.5 cm. It is remarkable that this 
dominant mode persisted till the end of April 1961. In April, May and June 
the modal sizes were at 14.5, 15.0 and 15.5 cm. respectively. In July and 
August, the modes were at 15.5 and 16.0 cm. respectively. In the course of 
13 months (July to August) an overall increase in size of 5.0 cm. was nbticeable, 
thus recording about 4.0 mm. per month; 

i 
B 
0 
(?l 
• 
U 

Fio. 5. Annual length-frequency distribution of oil sardine for 1960-61 and 1961-62. 

The fishery began with the juveniles having the mode at U.5 cm. in Sep
tember of the 1961-62 season, which progressed to 12.0 cm. in October. In 
November, there were two modes at 12.0 and 12.5 cm.: in December, the mode 
was at 12.5 cm. In January 1962, the two modes seen were at 12.0 and 12.5 
cm.; the latter mode continued in February. In March also, there were Two 
modes as in January at 12.0 and 12.5 cm. In April and May the modes were 
at 12.5 and 13.5 cm. respectively. In June and July, the modes remained at 
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13.5 and 14.5 cm. respectively. In August, there were two modes at 15.0 and 
16.0 cm. The increase in length during the eleven months from September to 
August was 4.5 cm., being about 4.0 mm. per month. 

In September of 1962-63 season, the modes were at 4.5 and 16.0 cm. in 
the beginning of the sardine fishery season. In October, the fish with a mode 
of 10.5 cm. appeared in the fishery. But in November and December, the mode 
stood at 12.0 cm. In January and February 1963, the large-sized fish supported 
the catches and their modes were at 17.0 and 16.5 cm. respectively. In March 
and April, the mode was only at 13.0 cm. In May, the mode shifted to 14.0 cm. 
In June and July the modes were at 17.0 and 17.5 cm. respectively. Thus it 
is seen that from October to July an increase ir modal values from 10.5 to 
17.5 cm. was noticeable. 

FIG. 6. Annual length-frequency distribution of oil sardine for 1962-63 and 1963-64. 

In August of 1963-64 season, the juveniles with the 13.0 cm. mode entered 
the fishery. In September and October, the mode progressed to 13.5 cm. It may 
be added that in November there were no boat-seine catches. In December and 
January (1964), the modes were at 14.5 and 14.0 cm. respectively. In February, 
the mode shifted to 13.5 cm. But in March, it progressed to 14.5 cm. again. 
In April, May and June, the modal values were 16.5, 16.5 and 17.5 cm. respec
tively. The modal increment recorded was 4.5 cm. from August to June. 

The juvenile fishery commenced from August, in the 1964-65 season, with 
the mode at 10.5 cm. In September and October, the modes indicated progress 
and reached 11.5 and 13.0 cm. respectively. The latter mode persisted in the 
months of November, December and February. But in January and March the 
mode shifted to 12.5 cm. {vide also Table IV). 



TABLE V 

Lengths (in cm) of oil-sardine at the various ages, as observed by different authors 

Authors Years Remarks 

I 
•s. 

I 
I 

HomcU & Nayudu (1923) 1 5 0 16-0 Suggested a life span of 2 | years. 

Devanesan (1943) 

Balan (pr^ent paper) 

6-5 Presumed a life span of • 14 
years when the fish are 18 cm. 
in size. 

Chidambaram (1950) 

Nair (1949, 1952 & 1960) 

Balan(1959) . . . . 

1 0 0 

10-0 

12-3 

14-5 

1 5 0 

16-3 

18-3 

1 9 0 

18-5 

20 5 Abo ut 4 years. 

. . The fish 21 cm long being in 
the fourth year. 

. . Based on length frequency only, 
completed 3 years. 

13-0 1 6 0 17-5 Based on only averages size . 
frequency from 1955-64. Fish 
(17-5 cm.) completed 3 years. 

14-3 16-4 18-4 Based on scale studies (by back-
calculation). 
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DISCUSSION 

Nair (1952) suggested that each of the first two "rings" observed on the oil-
sardine otoliths is formed during the summer period every year when the 
phytoplankton is scarce and that the third ring formed in some otoliths is either 
due to the same cause, or as a result of suspension of their feeding during 
spawning. Menon (1950) advanced the view that generally in fishes, there is an 
inherent physiological rhythm which is the. causative factor for the formation 
of these growth-checks. He later (1952-53) stated "It appeared that the rhythm 
of concentration and dispersion of the food material of the fish gives the marks 
in the scales, increasihg the growth, if there is concentration provoked with the 
phase of dispersion." Seshappa and Bhimachar (1951) attributed the monsoon 
rings formed in Cynoglossus semifasciatus to the lack of food of the sole during 
the monsoon period. In the case of Sardinops neopilchardus, Blackburn (1949) 
postulated that tiie I'ormation of rings may be regarded as a sudden check in 
growth due to assumption of shoaling habit of the species. 

It has already been shown that the period of ring formation is between 
February and June every year, though formation of rings continues in minor 
strength almost throughout the year. During this period, as was stated by 
Nair (loc. cit.), the annual rings in their scales may be formed due to the 
reduced feeding activity. Being synchronous with this planktonic scarcity, the 
rise in temperature of the environment in summer may act, in combination, as 
an additional causative factor towards the formation of rings in the scales. 
Opinion expressed by Hornell and Nayudu (loc. cit.) regarding this is also 
essentially in agreement with the former (food scarcity as the causative factor). 
Moreover, at present, it is difiicult to state whether the rings denote shoaling 
habit or spawning or any other activity of the fish. Since direct observations 
relating to the causes of ring formation have not been made, the above views 
are only tentative. 

Presence of only one ring (as a remnant) in some individuals above the 
16.0 or 17.0 cm. size may be due to the fact that there may be some tendencies 
of ring absorption in the adults of this species also as in the scales of Japanese 
carp Cyprinus carpio reported by Ichikawa (1953) consequent on their starvation 
and that reported by Gating (1953) in the shad. Alosa sapidissima. According 
to Blackburn (1949) "Great difficulty was encountered because of omitted and 
secondary rings on the scales, and these cases mostly did not seem to be con
fined to only certain scales from the same fish." (p. 81) 

False rings though present in a few scales are not quite significant as they 
are not useful in age-determination purposes. They may, perhaps, be the 
manifestations which register certain minor events in the life history of the fish. 
Views of Blackburn (1949) are also in line with this. 
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Compared to the results derived from the scale-method, relatively smaller 
length values (13.0 and 17.5 cm.) for the one-year old and the three-year olds 
respectively have been obtained from length-frequency distribution data. Since 
such small variations may arise due to sampling fluctuations, it is suggested that 
both the methods may be continued for the estimation of the relative abundance 
of the various year-classes in the commercial catches. 

SUMMARY 

The age and growth rate of the oil-sardine have been determined by exa
mining their scales (from 2.931 individuals) and length-frequency distribution 
from 1955 to 1965 at Calicut and Cochin. 

By measuring scales from a selected body area, the relationship between 
the fish-length and scale-length has been expressed as: 

L Sj -f A(l-Sj ) 

h - s s 
The back-calculated lengths of the sardine on the basis of detailed scale 

measurements showed that the fish attained average lengths of 14.3, 16.4 and 
18.4 cm. at the age of one, two and three years respectively. It is significant 
that generally those below the 12.0 cm. length had no ring in their scales. 

The growth is quite fast till the fish have completed one year. The period 
of ring formation is mostly between February and June every yeiar in all the 
age-classes, whether the fish have spawned or not. These evidences strongly 
indicate that these scale-rings are regular amnuli registering the age in years. 

Comparison of length-frequency distribution with the results of the scale-
method revealed that excepting for the two-year olds, the length modes repre
senting the one-year and the three-year old fish are silghtly lower than the values 
obtained through the latter method. 

ACKNOWLEDGEMENTS 

I am thankful to Dr. Jones. Director, for the valuable suggestions given during 
this work. I am grateful to Dr. R. V. Nair, for suggesting this problem and 
making improvements in the typescript, and to Dr. G. Seshappa for offering 
valuable suggestions in the script and Shri S. K. Banerji for scrutinizing the 
statistical part of the paper and for the benefit of discussions I had with him. My 
grateful thanks are due to Shri K. C. George for making available the length 
data collected by him from October '58 to December '58. at Cochin, 



684 INDIAN JOURNAL OF FISHERIES 

REFERENCES 

Anon, 1961 • • • • Herring. Selected articles from Soviet periodicals trans
lated from Russian. Published for National Scientific 
foundation, Washington D.C. and Dept. of Interior, 
by Israel Programme for Scientiiic translation. 1-1,55. 
Israel. 

Appelget, John and Smith Jr. 1951 The determination of age and rate of growth from verte
brae of the channel cat fish, Ictalurus lacustris pmctatus. 
Trans. Am. Fish. Soc. 80:119-139. 

Balan, V. 1959 • Age-determination of the Indian oil-sardine Sardinella 
longiceps Val. by means of scales. Curr. Sci. 28; 
122-23. 

-, 1961 Some observations on the shoaling-behaviour of the 
oil-sardine Sardinella longiceps Val. Indian J. 
Fish. 8(1):207-221. 

Blackburn, M. 1949 Age, rate of growth and general life history of the 
Australian pilchard (Sardinops neopilchardus) in New 
South Wales. Bidl. Commonwealth Sci. Industr. Res. 
Organ. No. 242: 1-86. 

-, 1950 Studies on the age, growth and life history of the pil
chard, Sardinops neopilchardus (Steindachner) in 
Southern and Western Australia. Australian J. Mar. 
Fresh. W. Res. I (2): 221-258. 

Gating, James P. 1953 Determining age of the Atlantic shad from their 
scales. Fish and Wild life Service. Fish Bull. 85, 
54: 187-199. 

Chidambaram, K. 1950 Studies on length-frequency of the oil-sardine Sardinella 
longiceps Cuv. & Val. and on certain factors influencing 
their appearance on the Calicut coast of Madras 
Presidency. Proc. Indian Acad. Sci. 31(5):252-286. 

Creaser, C.W. 1926 The structure and growth of the scales of fishes in 
relation to the interpretation of their life history, with 
special reference to the sun fish, Eupomotis gibbosus. 
Mus. Zool. 17: 1-82. 

Davies, D.H. 1957 The biology of the South African pilchard {Sardinops 
ocellata) Dept. of Comm. and Industr., Div. of Fish 
Investigational Rep. No. 24:1-52. Pretoria. 

Dannevig, A and Host, P. 1931 Sources of error in computing li, 1,, etc. from scales 
taken from diflTerent parts of the fish. / . Con. intnat-
Explor. de la Mer. 6 (1): 64-93. 

Devanesan, D.W. 1943 A brief investigation into the causes of the fluctuation 
of the annual fishery of the oil-sardine of Malabar, 
Sardinella longiceps Cuv. & Val., determination of its 
age and an account of the discovery of its eggs and 
spawning grounds, Moifras Fish, Bull. 28(l):l-38. 



Age and growth of Sardinella longiceps 685 

Hornell, J and Nayudu, M.R. 1923 A contriubution to the life history of the sardine with 
notes on the plankton of the Malabar Coast. Madras 
Fish. Bull. 17(5): 129-197. 

Ichikavm, R, 1953 Absorption of fish scales caused by starvation. 
Oceanogr. Works. 1 (2); 101-4. 

Rec. 

Joseph, David C. 1962 Growth characteristics of two southern California 
surf fishes, the California corbina and spotfin croaker, 
family Sciafcnidae. Calif. Dept. of Fish and Game, 
Fish Bull. No. 119: 1-54. 

Lee, Rosa M. 1920 A review of the methods of age and growth determination 
in fish by means of scales. Min. Agri. Fish., Fish. 
Invest. Ser. 2, 4(21): 1-3, 

Makushok, M.E. 1963 Materials on the characteristics of the Murman herring 
(Russian translation) Russkii Zoologicheskii. Zhurnal. 
8(4), 41-81, 1928. Published from Jerusalem, 1963. 
U.S. Dept. of Commerce, Washington 25, D.C. 

Menon, M.D. 1950 The use of bones other than otoliths in determining the 
age and growth rate of fishes. J. du. Conseil. Int. 
Pour. Vexplor. de la Mer. 16(3): 311-40. 

1952-53 The determination of age and growth of fishes^ of 
tropical and sub-tropical waters. Bombay nat. Hist. 
Soc. 51:623-635.' 

Nair, R.V 1949 The gi owth-rings on the otoliths of oil-sardine Sardinella 
longiceps Cuv. & Val. Curr. Sci. 18 (1): 9-11. 

1952 

1960 

Studies on the revival of the Indian oil-sardine fishery. 
Proc. I.P.F.C. Sec. 2: 1-15. 

Synopsis on the biology and fishery of the Indian sardin
es. Species synopsis No. 11, FAO Fisheries Biology 
Synopsis No. 16 (2): 329-414. 

Nawratil, O. 1958 Age studies and uge composition of Sardinops ocellata 
in the commercial catches 1952-1958, and a new method 
for the determination of the age of S. ocellata. Investi
gational Report No. 2. 

Phillips, J.B. 1948 Comparison of calculated fish lengths based on scales 
from different body areas of the sardine Sardinops 
eaerulta. Copeia, June 30(2):100-106. 

Seshappa, G. 1958 Occurrence of growth checks in the scales of the Indian 
mackerel, Raslrelliger canagurta (Cuvier). Curr. Sel., 
27:262-263. 

Seshappa, G. and Bhimachar, B.S. 1951 Age determinaticai studies by means of scales with 
special reference to the Malabar sole. Curr. Sci. 
20: 260-62. 

. 1955 

;f-| pCMFRI/M/67 

Studies on the fishery and biology of the Malabar sole, 
Cynoglossus semifasciatus Day. Indian J. Fish, 2 
(l):180-230, 



6S6 INDIAN JOURNAL OF FISHERIES 

Thompson. W.F. 1926 • • • The Californ'a sardine and the study of the available 
supply. Calif. Fish and Game. Fish Bull. No. 11: 4-66. 

Van Oosten. John. 1929 • • • Life history of the lake herring {Leucichthys artedi 
Le Sueur) of lal<e Huron as revealed by its scales with 
a critique on scale method. Bull. U.S. Bur. 
/•/.?A. 44:265-448. 

Walford. Lionel. A. and Kenneth Mosher. Studies on the Pacific Pilchard or Sardine (Sardinops 
194.1 caerulea) 2. The deternjination of the age of juveniles 

by scales and otoliths. Fish ami Wild life Service, 
Special Scienlific Report No, 20: 1-19 (Mimeo). 


