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Abstract: The age and growth of Indian oil sardine Sardinella longiceps in Muscat area was 
determined by examining the sagittal otolith. The seasonal and sub-seasonal increments were observed 
and interpreted as daily and sub-daily increments respectively. The Von Bertalanffy growth model was 
well fitted to the length at age for both sexes pooled data while sub-daily rings excluded from analysis 
when reading the otolith increments. The growth parameters were estimated as K = 5.0 yr-1 and L∞ = 
250 mm (TL). Similarly, the sub-daily rings were considered as daily rings in the analysis, representing 
a better fit to the length age data and growth parameters which were obtained as K = 2.4 yr-1 and L∞ = 
235 mm (TL). The study examined the two given analyses when counting without and with sub-daily 
increments. It showed some significant differences in age and growth rate of the given analyses 
between 7 and 16 months of life span of the species. The latter age was more appropriate and 
reasonable when counting total ring as this species seemed to live for more than a year as these species 
attained maturity at the end of the one year. 
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INTRODUCTION 

 
 The Indian oil sardine Sardinella longiceps is a commercially important small pelagic resource in the Indo-
Pacific region. It is widely distributed along the coast of Omani waters. Though, this species forms a 
considerable proportion in the fish catches of Oman, no detailed studies on the biological characteristics of this 
fish have been attempted. Hence, a study was carried out to investigate the age and growth based on otolith 
microstructure.  
 Recent studies on otolith helped to provide a reliable estimate of age information with accurate and 
precision of clear growth pattern in life stages. There are only few of studies on age based on otolith 
microstructure of Sardinella species in tropical waters (Dayaratne and Gjosaeter, 1986, Brother, 1995). In 
contrast, a number of growth studies have been carried out on Sardinella from the Indian Ocean. However, most 
of age and growth estimations based on length frequency data analysis (LFD) and modal progression that 
showed some large discrepancies of the growth estimates (Siddeek et al. 1994, Raja, 1972; Yohannan et al. 
1998). In fact, most of growth estimates by LFD has contributed to be fast-growing species at short longevity, 
obtained an average length of 14-27 cm and they were overall appeared to live within 1-4 years. Not many fish 
of Sardinella longiceps species in the Sultanate of Oman and the Arabian Gulf region has been investigated for 
aging suggested by otolith microstructure. Aging with the help of otolith is the most preferred and accurate 
technique till to date. In addition, otolith is the first organ in fish that records daily events in the life stages of 
fish (Geffen, 1992). The growth of otolith is affected by day / night cycles and by seasons (summer/ winter 
cycles) (Campana and Nelson, 1985). Hence, the reading of otolith can be related to age-length of the fish which 
is eventually the important parameter to understand age and longevity of the species. The finer rings developed 
within the thick growth increments seemed to be sub-seasonal increments (Pannella, 1980, Dayaratne and 
Gjosaeter, 1986, Brother, 1995, Green et al, 2009). However, aging of S .longiceps is difficult due to thin growth 
increments and the strong appearance of sub-seasonal increments in the otolith growth. Thus, the study is 
conducted to understand the age and growth as well as examine the seasonal, sub-seasonal increments and life 
history events in the whole of sagittal otolith of S .longiceps in Muscat, Sultanate of Oman.  
 
Methodology: 
 Samples of S .longiceps were collected at random twice a month from artisanal catches mainly by beach 
seine of 47 mm stretched mesh size along the Muscat coast (figure. 1) for a period of one year from October 
2008 to September 2009. About 20 otoliths were collected every month between January and September 2009 
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from various size ranges of fish. The overall size range of fish varied between 47 mm and 220 mm. The total 
number of otolith collected was about 186 samples that would be used for reading.  
 

 
 
Fig. 1: Map showing sampling sites of Sardinella longiceps in Muscat area (Matrah, Mina al Fahl and As Seeb). 
(http://www.atfp.org.ae/english/countries/oman/oman.htm). 
 
Otolith Extraction and Preparation: 
       There are a number of techniques for otolith removal from the fish. A frontal head cut at the level of the top 
of the eye was established for the removal of sagittal otolith (Brothers, 1987). However, the otolith removal of 
small sized specimens was carried out under a binocular microscope through the gill cavity due to their small 
otolith. Then, the otoliths were cleaned in the water container under a binocular microscope prior to grinding. 
Each dried otolith was stored in a plastic capsule. The date and identification number were labeled on the plastic 
capsule. Photomicrographs were taken from optical and SEM (Scanning Electron microscope) instruments.  
 
Preparation of Epoxy and Examination: 
 The cleaned otoliths were stored in 70% ethanol and were allowed to dry for a while to show up seasonal 
and sub-seasonal increments (Dayaratne and Gjosaeter, 1986). The juvenile otoliths were kept for one to two 
hours, while older otolith for three hours for clarity. Then, the processed otoliths were fixed on a glass slide with 
epoxy chemical compound to keep the otolith in position. The otoliths fixed with the convex side up showed the 
rings more clearly than those mounted with the concave side down. Then, the slides were incubated in an oven at 
60 0C for overnight. Though, growth markings on small sized otoliths were visible even before grinding; larger 
sized otoliths were ground and polished to improve clarity of the rings for seasonal growth increments. The 
otoliths were ground on the 200-300 grit and polished on 400-800 grit carbimet paper discs containing water 
using Diamond Abrasive Equipment to improve the visibility of growth rings.  
 
Otolith Reading: 
 Otolith microstructures were read under a transmitted and reflected light microscope with 100x, 200x, 400x 
and 1000x magnifications. The rings were counted from the nucleus towards the posterior edge of the otolith. 
The oil immersion (Castrol oil) was dropped in the otolith centered the slide in order to increase the visibility of 
the microincrements.  If the rings in the outer edge of an otolith could not be detected, rings were counted in 
different direction of otolith by following clear rings from one area to another (Dayaratne and Gjosaeter, 1986). 
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In addition, first and second readers were established in order to obtain precision in counting otolith rings. Only 
the more appropriate readings were accepted, if not, the reading would be rejected.  
 
Back Calculation of Spawning Season: 
 Spawning season of S. longiceps was established from estimates seasonal growth increment (Dayaratne and 
Gjosaeter, 1986 and Thorrold, 1988). The birth-date was established by back-calculated of estimated age from 
the day of sample was collected. Thus, the percentage frequency distribution of these birth-dates was used to 
estimate spawning season.  
 
Age Based Otolith: 
 The Von Bertalanffy growth model was fitted to the length at age data represented as Lt =L∞  (1-e-k(t-t0)) 
where Lt is the average predicted length at time t, L∞is the hypothetical asymptotic length, k the growth 
coefficient, t0 the hypothetical time at which fish length equals 0 and t is the age. The growth parameters were 
estimated by Excel program for growth parameters estimation (the VBGF plotting sheet).  
  
Results: 
Otolith Morphology: 
 The following morphological characteristics of lengths of otolith, rostrum, antirostrum, otolith width and 
posterior and anterior end as well are shown in figure 2. 
 

 
 
Fig. 2: Otolith morphology of S. longiceps species. The external features of a fish measuring a total length of 

210 mm from Oman Sea, Muscat. The sample was viewed under Scanning Electron Microscope (SEM) 
at 35x magnification (scale bar 500 µm) of the model JEOL (JSM-5600 LV). 

 
 Age and Growth (Without Sub-seasonal Increment): 
Counting of Rings: 
 Growth increments with otolith of S. longiceps were almost clear throughout the otolith axis. However, the 
increment clarity decreased towards the outer edge of the otolith in larger size than 150 mm total length. The 
maximum number of 194 growth increments was observed in a fish measuring 220 mm total length.  
 
Increments Interpretation:  
 Otolith microstructure was detected around the nucleus in whole otolith. One opaque and one hyaline zones 
were observed and considered as one ring under a transmitted microscope where opaque appears as dark and 
hyaline as light (Green et al, 2009). The fast growth occurred during the early growth after hatching. During fast 
growing period, there was increase in the size and thickness of the growth increments and was well spaced 
between ring increments (fig. 3). After that, the increment thickness became thinner, reduced in space and 
narrow between rings towards the outer edge. The finer rings that occurred in the later growth period represented 
the slow growth period.  
 The sub-seasonal increments are detected between the daily increment widths. Moreover, these sub-seasonal 
increments were not counted (Dayaratne and Gjosaeter, 1986, Brother, 1995, Green et al, 2009 & Neilson, 
1992). They occur in a dense and considerably in early and mid-growth which shows difficulty in differentiating 
between daily and sub-seasonal increments during counting the rings. The sub-seasonal increments are 
distributed greatly around the otolith area that deposited more than once (2-3 times per day) are indicated as 
black lines between the daily increments width (fig. 4).     
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Fig. 3: Seasonal increments in whole otolith from a juvenile S. longiceps otolith (67 mm TL) in Muscat. The 

image was taken under a reflected light microscope of 400x. The rings were counted under a 
transmitted microscope showing opaque (dark) and hyaline (light) zones.   

 
 The blue arrows represent seasonal increments that are well spaced in the primary growth. The otolith 
primordium (center) is indicated as the red arrows. 
 

                                             
 
Fig. 4: Seasonal increments in whole otolith of Indian oil sardine (180 mm TL). Note that during the slow 

growth period, the rings become finer. The sub-seasonal increments were also detected between 
increment widths represented by black lines. The image was taken under a reflected microscope of 
400x.  

       
Length-Age Data Regression: 
 About 175 otoliths were used for reading purposes. Almost 10 specimens were eliminated from analysis as 
otoliths increments became unclear. The total lengths of S. longiceps obtained for different age classes ranged 
from 50 to 220 mm.  The Von Bertalanffy growth curve was fitted to length at age data for sexes pooled data 
(fig. 5). The growth parameters were estimated as K = 5.0 yr-1, L∞ = 250 mm and t0 = -0.11. The growth 
equation can be expressed as: Lt = 25{1-exp [-5.0 (t + 0.11) }] . 
 

 
 
Fig. 5: The Von Bertalanffy growth curve fitted to length at age data for S. longiceps.  
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 The study shows that species may live for less than one year (around 7 months). The fish grows to 75, 185 
and 210 mm at the end of 3rd, 6th and seven months respectively are represented in figure 6 and table 1.  
 

 
      
Fig. 6: The Von Bertalanffy growth curve fitted to length at age data for S. longiceps.            
 
Table 1: Age length key for S. longiceps in the Muscat region.                           

Age class (month) 
TL (mm)  1 2 3 4 5 6 7 Total 

50   8      8 
60   26 4     30 
70   7 9     16 
80   4 2     6 
90    1     1 

100          
110          
120          
130          
140          
150     1    1 
160     1 3 2  6 
170     12 14 4  30 
180     12 9 2  23 
190     10 13 1  24 
200     8 4 1 2 15 
210     6 4 1 3 14 
220        1 1 

n  0 45 16 49 48 11 7 175 
Mean TL (mm)  0 65 75 180 185 185 210  

 

 Age and Growth (With Sub-seasonal Increment): 
Growth and Increment Interpretation: 
 Growth increments with otolith of S. longiceps were observed and counted under a reflected light 
microscope reconsidering the sub-seasonal rings in counting. One opaque and one hyaline zones were observed 
and considered as one ring where opaque appears as light and hyaline as dark (Green et al, 2009) (figure 7). The 
Juvenile growth increment was estimated around 4-6 months corresponding to the size range from 50 to 80 mm 
total length. While the maximum age of adult species was obtained as 16 months according to a size range of 
205 mm total length. The growth increments were clearly estimated while sub-seasonal treated as seasonal 
increments when counted (figure 8). 

 
Fig. 7: Seasonal increments in whole otolith of S. longiceps (135 mm TL) in Muscat. The rings were counted 

under a reflected light microscope of 400x showing opaque (light) zones and hyaline (dark). 
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Fig. 8: Seasonal increments in whole otolith of S. longiceps in Muscat. The sub-seasonal rings were     

reconsidered and counted as daily rings under a reflected light microscope of 400x and 1000x. 
 
Length-Age Data Regression: 
 A total of 186 otoliths were examined for otolith reading. About 33 samples were excluded from analysis as 
otoliths could not read and broken. The total lengths of S. longiceps obtained for different age classes ranged 
from 50 to 220 mm.  The Von Bertalanffy growth curve was fitted to length at age data for sexes pooled data 
(figure 9). The growth parameters were estimated as K = 2.4 yr-1, L∞ = 235 mm and t0 = -0.31 (Appendix 7, 
Fig. 7.1). The growth equation can be expressed as:   
Lt = 235{1-exp [-2.4 (t + 0.31) }] . 
 

 
 
Fig. 9: The Von Bertalanffy growth curve fitted to length at age data for S. longiceps.  
 
 The study shows that species may live for one year and half (around 18 months). The fish grows to 170, 195 
and 205 mm at the end of 8th, 12th and 16th months respectively are represented in figure 10 and table 2.  
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Fig. 10: The Von Bertalanffy growth curve fitted to length at age data for S. longiceps. 
 
Table 2: Age length key for S. longiceps in the Muscat region.  

  Age class 
(month) 

              

TL 
(mm) 

 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total 

50  6 14 9             29 
60  1 8 8             17 
70   1 7             8 
80    3             3 
90                  

100                  
110                  
120                  
130                  
140     1            1 
150                 0 
160      5 3 2         10 
170      6 9 6 1 2       24 
180      5 4 1 7 3 1      21 
190       5 4 3 1 1 1     15 
200        2 4 4 4 1 1 2   18 
210         1 1 2   1  1 6 
220          1       1 
N  7 23 27 1 16 21 15 16 12 8 2 1 3 0 1 153 

 
Mean TL    

(mm) 

55 60 65 140 170 17
5 

180 190 195 195 195 200 205 0 210  

 
Back-calculation of Spawning Season: 
 The spawning season of S. longiceps was determined by back-calculation of birth-dates from the day of 
capture. The back-calculation of birth-dates was based on a monthly basis of samples collected during the period 
from February to September 2009 (figure 11). It is shown that species seemed to spawn along the year and the 
spawning season tends to start earlier from January to April and later period from June to December. In fact, the 
spawning peak could not be well identified according to the frequency distribution of birth-dates shown in figure 
11. 
 
Discussion: 
Sub-seasonal Growth Increment Interpretation: 
 Otolith is widely used to estimate age and growth. In the present study these rings were presumed as daily 
increments of the sagittal otolith of oil sardine (Dayaratne and Gjosaeter, 1986). The slow growth rate in later 
age might be affected by environmental changes that fish is subjected to certain stress conditions like diseases, 
red tide and storm that may influence the growth pattern of this species (Pannella, 1980, Dayaratne and 
Gjosaeter, 1986).  
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Fig. 11: Back-calculated birth-dates showing the spawning season of S. longiceps.  D: date of sample collected; 

N: total number of otolith examined. 
 
 The finer rings developed within the thick daily increments seemed to be sub-daily increments (Pannella, 
1980, Dayaratne et al, 1986, Brother, 1995, Green et al, 2009). Moreover, these sub-daily increments were not 
counted (Dayaratne and Gjosaeter, 1986, Brother, 1995, Green et al, 2009 & Neilson, 1992). Pannella (1974) 
suggested these sub-daily increments mainly decreased in later growth. Moreover, sub-daily increments 
disappeared when the image becomes unclear led to underestimation of age and overestimation of growth rate. 
This was explained by that sub-daily increments were not counted and were not treated as daily ring as well. 
Brother (1995) was able to estimate the age of S. longiceps of about seven months of growth in Omani waters. 
Moreover, the same species was conducted in Sri Lanka and Gulf of Aden by which the lifecycle was 
determined as 5-10 months (Dayaratne and Gjosaeter, 1986). The K recorded as 5.6 yr-1 in the Gulf of Aden 
was a quite high due to high primary productivity associated with monsoon seasons. These findings were 
relatively in agreement with the observation of the present study in age and growth rate (K) estimations (table 3). 
 In contrast, Morales- Nin (1988) noted a lower growth rate of the same species of 1.22 yr-1 and L∞ as 19.3 
cm (TL) using scanning electron microscopy (SEM). She concluded the misuse of light microscopy not in 
appropriate technique may produce some errors in age estimation. Scientists have worked on otolith 
microstructures in counting rings found a group of inconsistencies between scanning electron microscopy and 
light microscopy from some species (Neilson, 1992). Some width increments are below 1µm which could not be 
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detected by light microscopy; while SEM has a capability to obtain a high resolution below that limit and thus 
SEM was preferred (Neilson, 1992). However, the light microscopy was recommended in such analysis to meet 
the objective of the study was to detect the growth micro-increments for age validation and life history events of 
the species (Green et al, 2009).    
 
Table 3: Recent reviews of estimated growth parameters and length at age of S. longiceps by otolith microstructure from tropical waters 

obtained from various authors (Sub-daily rings were not included in the analysis).   
Area Author L∞ 

(mm) 
K (yr-1) T0 Max. 

Increment 
(day) 

Size range 
(mm) TL 

Longevity 

 
Oman 

 
Brother,1995 

 
- 

 
- 

 
- 

 
- 

 
110-190 

 
2-7 months 

Gulf of Aden Dayaratne and Gjosaeter, 1986 145 5.62 - 0.027 150 130 5 months 
Sri Lanka Dayaratne and Gjosaeter, 1986 163 2.77 -0.025 300 141 10 months 

Oman 
 

Present study 250 5.0 -0.11 200 50-220 2-7 months 

 
 Seasonal Growth Increments Interpretation: 
 The second aspect was the sub-daily increments considered as daily increments. The study showed that 
species may live for more than 16 months of its lifespan. The K value was almost reasonable and estimated as 
2.4 yr-1 and L∞ =235 mm. The higher growth rate may be affected by South-east monsoon seasons between 
Arabian and Oman Sea which increase the nutrients availability as well as phytoplankton that probably enhance 
the growth of sardines. Since the S. longiceps species considered as short-lived species and the sub-daily 
increments have not been yet proven in tropical fisheries, the later were considered and counted as daily rings in 
the analysis. Although recent studies indicated that sub-daily increments would present in the sagittal otolith of 
S. longiceps species, but those studies still not yet being validated as sub-daily rings (Dayaratne and Gjosaeter, 
1986, Brother, 1995). According to Green et al (2009) validation is necessary to differentiate between daily and 
sub-daily increments while aging the fish. 
 According to Gaughan and Mitchell (2000) studied the age and growth of the tropical sardines, Sardinella 
lemuru, off the mid-west coast of Western Australia based on whole and sectioned otolith macro-and 
microstructure. They showed growth rate was low at 0.86 yr-1 and L∞ obtained as 164 mm (FL). Hence, they 
found that species would live for six to seven years and considered as long- lived and slow growing tropical 
species. However, as a result of poor validation of annually rings formation, it showed that otolith increments 
did not exceed 322 days of its life. According to the present study, although the S. longiceps otolith was the 
same in shape to that of Sardinella lemuru and the theoretical length (L∞) was approximately similar, the growth 
rate (K) varied for the both species. It was concluded the absence of some significance sizes affected the 
representation of age groups, so that the monitoring of commercial catch would help to validate the age classes 
more properly. 
 
Back-calculation of Spawning Season: 
 There were few studies have been attempted to determine spawning seasons based on back-calculation of 
age according to otolith micro-increments of S. longiceps species. This technique is capable to provide a reliable 
estimate of age based on daily increments (Dayaratne and Gjosaeter, 1986, Thorrold, 1988). In addition, it would 
infer to some information associated to spawning seasons periods and life history events of individual as well 
(Green et al, 2009). In the present study, the births dates were established to observe the spawning seasons of 
Indian oil sardine in Muscat. The back-calculation shows two spawning seasons in a year. The minor one 
seemed to spawn from January to April and major one occurred from June to December. However, the following 
months from October to January were not present in otolith examined, and thus in this case the spawning peak 
could not be identified by back-calculation. In the present study, the validation was achieved by back-calculation 
of spawning season observation. The back-calculation technique was a good indicator of age validation and 
considered as a method of validation that provided an evidence of accuracy of aging in the analysis (Dayaratne 
and Gjosaeter, 1986; Geffen, 1992). 
 
Conclusion: 
 To overall, the S. longiceps would live for more than one year where sub-daily rings were considered in 
aging the fish. It was suggested the lifespan (16 months) was more appropriate and satisfied in the present study 
as these species appeared to be short-lived and fast growing species. This could be supported by the evidence as 
these species reached maturity at the end of the year (Dayaratne and Gjosaeter, 1986). The validation suggested 
by back-calculation was sufficient to indicate the accuracy of growth increment in the sagittal otolith. Further 
study is recommended of otolith marking validation experiment of this species to understand the daily and sub-
daily increments and provide more reliable age estimates. 
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