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Weight-length Relationships, Gonadosomatic Indeces, Sex Ratios and Relative
Weight of the Omani-Indian Oil sardine, Sardinella longiceps (Valenciennes1847) 

from Al-Seeb Area; Sultanate of Oman

Al-Jufaili Saud
College of Agricultural and Marine Science, P. O Box 34 Al-Khod 123, Sultanate of Oman

Abstract: This study presents the weight-length relationship and spawning period of the Omani Indian Oil
sardine Sardinella longiceps (Valenciennes 1847) which inhabits the near shore zone along the Omani coast.
A total of 1744 specimens were collected between January 1997 to February 1998 from Al-Seeb; a suburban
area situated by the sea in Muscat, Oman. Samples were obtained on a monthly basis from beach seine and
gillnet catches. The female to male sex ratio was obtained to be 0.6. The monthly variation in the
gonadosomatic indexes indicates that the fish spawn in March; August and February. The overall length-weight
relationships were found to be W = (8.13×10G6)×L3; W = (9.07×10G6)×L3; and  for the W = (8.43×10G6)×L3

combined sexes; female; and male; respectively. The length at which 50% of the sardines were estimated to be
172 mm (43.48 g) for the combined sexes; 169 mm (41.3 kg) for females; and 167 mm (39.74 g) for males.

Key words: Gonadosomatic indeces, Oman, relative weight, sardinella longiceps, sex ratios, weight-length
relationships

INTRODUCTION

The Indian oil sardine Sardinella longiceps; locally
called Uma; is distributed almost all over the Omani
coast. There are five different sardine species recorded
within the Omani waters including Sardinella albella
(Valenciennes    1847)    S.    melanura   (Cuvier   1829),
S. sindensis (Day 1878), and S. gibbosa (Bleeker 1829).
It is reported that more than 95% of the total Omani
sardines' landings are from the Indian oil sardine (Dorr III
et al., 1990). 

The traditional fishermen in Oman target sardines
using beach seines, gillnets, and purse seines. However,
these gears are very limited as they can only operate in
waters with depths up to 5 m. In general, sardines in
Oman are used for human consumption, fertilizer, and
food for cattle.  

`The Omani coastal fishery is categorized into small
pelagics; large pelagics; demersals; shellfishes; and sharks
and rays.  During the period 1994-2007 the small pelagics
contributed 39 and 21% to the total Omani fisheries
landings and values respectively. During 1994-2007
sardines alone contributed 76 and 51% to the total small
pelagics landings and values, respectively. Al-Batina and
Muscat regions contributed the highest to the total
landings; among other Omani regions; Musandam;
Muscat; and Sharqiya and Al-Wusta regions. Total
sardines prices ranges from 114 to 225 Omani Rials per
ton depending on where the sardines are coming from. On
the other hand; Al-Batina and Muscat regions contributed

the most in the total sardine values (Fig. 1). Except for the
study of Siddeek et al. (1994) no detailed investigation
was conducted on the Weight-length relationships,
Gonadosomatic indeces, Sex ratios; and Relative weight
of the Omani-Indian oil sardine, Sardinella longiceps
(Valenciennes, 1847). Hence; the current study aims to
estimate and determine some of these parameters which
can be used by the Omani government for sardine stock
appraisal and for future developing proper and responsible
management strategy. 

MATERIALS AND METHODS

SA total of 1744 specimens were collected at a
monthly basis from the Al-Seeb area from January 1997
to February 1998. The samples were collected at random
from coastal gillnet and beach seine catches. Samples
were brought to the Sultan Qaboos University lab for
analysis. The sardine were analyzed for total length; to
nearest mm; from the tip of the mouth to the longest lobe
of the caudal fin. The fish weight and its gonad were also
recorded to the nearest 0.01 g using an electronic balance
(Mettler PE 360). Further, the samples were analyzed for
sex and for maturity stages by the naked eye. Five
maturity stages were allocated based on color and
appearance of gonads (Nielsen and Johnson, 1995) (Table
1). Stages 1 and 2 were considered as immature; while the
rest stages as mature. The percentage mature was
estimated using the following formula (also followed by
Siddeek et al., 1994, for the same species):
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Fig. 1: Total Omani sardines landings (1994-2007)

Table 1: Five phases of sardine gonad maturation (Nielsen and Johnson, 1995)
Maturity stages Description
Stage 1 The gonads are very thin and thread like and they arecloser to the vertebral column. They appear transparentand slightly reddish

for females and brownish for males
Stage 2 The gonads are larger and fill almost half of the body cavity. Ovaries are reddish; veins can be seen by naked eye. Testes are

turning from brown to white.
Stage 3 The gonads are larger and fill almost half of the body cavity. The gametes are in mature form with eggs typically round and

transparent. The female gonads are yellowish, while the testes are creamy whitish.
Stage 4 The gonads are much larger and fill most of the body cavity. Both eggs and milt flow freely from the body with little or no pressure

applied to the abdomen. The ovaries are bright yellowish with visible red veins; the testes are creamy white.
Stage 5 This is the spent phase. The testes and ovaries are partly or fully emptied of most mature gametes and reduced in size and weight

Mature fish% Per Sample = 
(Number of fish stages 3, 4, and 5/
Total number of fish in the simple)×100

The sex ratio was examined by using the quantity
F/(M+F), where F is the frequency of the female
individuals and M is that of females. The length at 50%
maturation was estimated by applying the cumulative
frequency (f, %). 

The GSI index was estimated using the following
equation used by other studies (Valdes et al., 2004;
Siddeek et al., 1994):

GSI = (Ground weight/fish weight) × 100

Length weight relationship was obtained using the
equation in Pauly (1984); which is logarithmically
expressed as

Log(W) = Log(a) + bLog(L)

where; W is fish weight in grams, L is total fish length in
millimeters, “a” is constant of proportionality and “b” is
a constant that explains the rate of change of weight with
length. Relative weight; an easy measure for the fish
condition; was calculated for the combined sexes using
the following formula: 

Wr = W/(a’×Lb’)

where; Wr is the relative weight of fish; W is the actual
weight of the fish; L is the fish length, and a’ and b’ are
constants      estimated    from     all   data      combined.

RESULTS

Length composition and maturity stages: The total
length  composition  of  the sample collected is shown in

Table 2: Shows the monthly sex ratio. The females presented
a high proportion in all the months except in June
1997 and January 1998 samples

Month Total Females Males Female ratio
(T) (F) (M) (F/T)

J-97 127 70 57 0.55
F-97 123 67 56 0.54
M-97 101 55 46 0.54
A-97 184 106 78 0.58
M-97 110 59 51 0.54
J-97 106 48 58 0.45
J-97 52 36 16 0.69
A-97 79 64 15 0.81
S-97 203 126 77 0.62
O-97 94 94 1.00
N-97 75 55 20 0.73
J-98 60 27 33 0.45
F-98 29 19 10 0.6
Weight-length relationship
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Fig. 2: Total length distribution of the frequency of the Indian oil sardine; Sardinella longiceps for samples collected from Al-Seeb
area (Jan. 1997 to Feb. 1998)

Fig. 2. The total length ranged from 109 to 219 mm for
the female sardine, and from 129 to 209 mm for the male
sardine. The mean lengths of male and female
sardinesduring the sampling period were 166.0±18.3 and
164.7±20.1 mm; respectively. The smallest male fish
sampled was 120 mm while the largest was 215 mm. On
other hand, the smallest female fish sampled was 100 mm
while the largest was 220 mm. The monthly total length
composition (Fig. 3) had a wide range in January 1997,
the 109-219 mm and 159-209 mm for the female and
male; respectively. In this month almost all maturity
stages were represented; except for stage five (Fig. 3).
This is also true in January 1998. Another wide range was
found in December 1997, 109-209 mm and 129-199 mm
for the female and male; respectively; and similarly all the
maturity stages were presented. More large sardines were
found in January; February, March, April, and December
1997 and January and February 1998 (Fig. 3).  On the
other hand, different maturity stages were almost
represented in various months. 

Sex ratio:. The female ratio in these both months
F/(F+M) were 0.45. In October 1997 the sample did not
have any male sardines. The overall annual female ratio;
without the consideration of the October 1997 sample;
was obtained to be 0.6. Table 2: Monthly sex ratio of the
Omani Indian Oil sardine; Sardinella longiceps; by sex for
samples collected from Al-Seeb area; Oman (January
1997 to February 1998)  Figure 4 a, b and c   shows  the
weight to length relationship for combined sexes, female
and male sardines. The empirical equations obtained were
as follows:

W = (8.43×10G6)×L3 For the combined sexes
W = (8013×10G6)×L3 For  females
W = (9.07×10G6)×L3 For males

The “b” values calculated for the entire samples and
for each sex were all equal to 3.0. This value was used
therefore for the further calculation of the length weight
relationship based on maturity stages. Figures 5 a, b and
c; a detail of Fig. 3; show the distribution of body weight
for three mature states and each sex. In the immature
state; maturity stages 1 and 2; the mean weight and length
were 33.14 g and 155.02 mm for the females and 36.07 g
and 160.89 mm for the males. On the other hand; in the
maturity stages 3 and 4 (Fig. 4b); the mean weight and
length were 49.06 g and 175.67 mm for females and 46.33
g and 173.05 for males.

GSI and L50%: Figure 6 shows the relationship between
Total Length (TL) and the cumulative frequency (f, %).
The length at which 50% of the female mature was
estimated to be 169 mm with estimated weight of 41.3 g;
while 167 mm for the male with an estimated weight of
39.74 g and 172 mm for the combined sexes with an
estimated weight of 43.48 g. 

The monthly variation in the gonadosomatic indexes
(Fig. 7) indicates that the fish spawn in March; August
and February.

Relative weight Wr’: The mean relative weight Wr’
ranged between 0.9-1.03 and peaked in February to April
and October to December. The sardine relative weight
were not stable during May to September (Fig. 8).

DISCUSSION

Excluding the June-97 and January-98 the female
sardines dominated the landings during the sampling
period as the overall annual female ratio was identified to
be 0.6. these results could indicate the vulnerability of
females  to  the  fishermen  gear  more than the males or
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Fig. 3: Monthly frequency distribution of the total length (mm) and maturity stages of the Omani Indian Oil sardine; Sardinella
longiceps; by sex for samples collected from Al-Seeb area; Oman (January 1997 to February 1998)

Fig. 4: Length (mm) weight  (g) relationship of the Omani
Indian Oil sardine, Sardinella longiceps for samples
collected from Al-Seeb area; Oman (January 1997 to
February 1998).

early recruitment of females to the fishing grounds than
the males.

The length at 50% maturation of the Omani-Indian
Oil sardine Sardinella longiceps for the combined sexes;
female; and male were found to be 172, 169 and 167 mm.
These   estimates   were  found  to  be  within  the  range

(a) The Immature Stage (Maturity Stages; 1 and 2)

(b) Pre-Spawning State (Maturity Stages 3 and 4)

(c ) Spawning and Spent State (Maturity Stages 5 and spent)
Fig. 5: Length (mm) weight  (g) relationship of the Omani

Indian Oil sardine, Sardinella longiceps  for three
mature states and for each sex for samples collected
from Al-Seeb area; Oman(January 1997 to February
1998)
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Fig. 6: Relationship between fish total length (TL. mm) and the
cumulative frequency (f) of the Omani Indian Oil
sardine, Sardinella longiceps for samples collected from
Al-Seeb area; Oman (January 1997 to February 1998)

reported by Nair (1973); 150-174 mm total length. These
lengths are higher than what was identified by Siddekk
back in 1994; 159 mm total length. Both; current
estimates and Siddeek estimates; were greater than the
length at first capture obtained by Siddeek (1994); which
was 149 mm total length. These findings may be an
indication and confirmation of a growth-overfishing in Al-
Seeb sardine coastal fisheries as a result of the use of
beach seine and gillnets with smaller mesh sizes.

Although the monthly variation in the gonadosomatic
indexes indicates that the fish spawn in March; August
and February these results however cannot be confirmed.
Siddeek (1994) in addition to the current results reported
a spawning peak in April and October. All these spawning
peaks were found to be within the spawning season
reported for Sardinella longiceps by others like Siddeek
(1994); Dorr III (1991) and Bal and Rao (1984) which
were nicely supported by the fish relative weight
presented in the current study. The spawning seasons
reported in different citations were not found to be
prolonged as it is known about the sardines (Nair, 1973).

These scattered spawning peaks indicate that sardines
are batch spawners and their estimated spawning season
depends on the sampling time and method and the
associated environmenta and geographic conditions. 
Under the length weight relation and unlike the intercept;
the slope “b” between the different and the combined
sexes showed no variation. The calculated “b” value for
the combined sexes, female, and males equaled 3.00. This
indicates that the Omani Sardinella longiceps grows
isomatrically. This no-variation in the “b” values could
also indicate stable environmental conditions in the
sampling area within the sapling period.

Fig. 7: Monthly variation of the gonadosomatic index (GSI) foreach sex (male MGSI and Female FGSI) for the Omani Indian Oil
sardine, Sardinella longiceps for samples collected from Al-Seeb area; Oman (January 1997 to February 1998).
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Fig. 8: Mean relative weight (Wr’) of S. longiceps against months (January 1997-February 1998)
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