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RELATIONSHIPS BETWEEN FISH LENGTH AND
OTOLITH LENGTH, WIDTH AND WEIGHT OF THE
INDIAN MACKEREL Rastrelliger kanagurta (CUVIER,
1817) COLLECTED FROM THE SEA OF OMAN

L.A Jawad", A. Ambuali, ].M. Al-Mamry', H.K.Al-Busaidi

Summary

The relationships between otolith dimensions and fish size (Fish total and fork lengths)
for the teleost species, Rastrelliger kanagurta (Cuvier, 1817) collected from the vicinity
of Muscat City at Oman Sea were examined and found to be linear. Otolith morphometric
observations included length, weight and width were correlated with the total and fork
lengths of the fish. Regression models relating each otolith morphometric parameter to
the two fish lengths are provided. The significance of each parameter for estimating fish
length was examined. The length, width and weight of otolith appeared to have the best
discrimination for estimating total and fork length of fish as well as the easiest parameters
to measure.

Keywords: Otolith dimensions, fish length, Rastrelliger , Oman Sea, Sultanate of Oman

INTRODUCTION

The Indian mackerel, Rastrelliger kanagurta (Cuvier, 1817), is a small pelagic fish caught
mainly with gillnets. This species is very important in the fisheries along its geographical
distribution and particularly in Oman (Al-Abdessalaam, 1995). Only during the
year 2009, the total landing of this species reached to around 11 000 tons M inistry
of Fisheries Wealth,2010).

In all bony fishes (Osteichthyes) there are three pairs of otoliths, or ear stones: the
sagittae, asteriscus, and lapillus. Otoliths are mineral inert components made of calcium
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carbonate in the form of aragonite, in a protein matrix. They are located within the inner
ear where they contribute to several physiological processes, such as audition, meca-
no-reception and equilibration (P o p p e rand C o o m b e, 1982) which allow fishes
to achieve a better perception of their own environment. Except in Cypriniformes and
Siluriformes, the sagittac are the largest pair of otoliths in most bony fishes (Pa x t o n,
1998). Fisheries biologists have used otoliths and in particular sagittae in registering the
information of age, reproduction and migration (M orat etal., 2008). Otoliths are also
involved in the ecological studies (C a m p a n a, 2005), stocks assessment (Tracey et
al.,,2006; Gonzalez—Salas and Lenfant, 2007), and determination of the diet
of predatory fishes (Lilliendahland Solmundsson,2006).

The demonstration of the significant positive relationship between otolith size and
fish size could goes back seventy years ago when Trour(1954)and Templemann
and Squires (1956) who attempted to study this relationship in the cod species Borre-
ogadus saida and haddock Melanogrammus aeglefinus.

For most species, the relationship between otolith dimensions and fish length can be
described by a simple linear regression. Otolith weight also has been correlated with fish
length(Hunt, 1979; Lychakov et al., 20006).

Studies regarding otolith dimensions and fish weight-length relationships have not
been conducted for Omani fishes. Thus, this information is needed not only to provide
baseline biological information for many important species, but to be able to carry out
diverse studies, for example, to analyse the diet of piscivores in the region, to determine
which fishery resources were used by early Omani and to provide information to recon-
struct ancient marine environments. The objective of this work at hand is to study the
relationships between fish length and otolith measurements for the Indian mackerel in the
waters of the Sultanate of Oman. Moreover, this study will hopefully mark the birth of a
guide to the identification of Omani fish otoliths.

MATERIALS AND METHODS

Fish specimens were collected during the period March-May 2008 from the coastal wa-
ters of Muscat City at the Sea of Oman. A single population of R. kanagurta was used in
the analysis presented in this study. All specimens were identified, and then total length
(TL; most anterior point to the posteriot tip of caudal fin) and fork length (FL; most an-
terior point to the inflection point between the upper and lower lobes of caudal fin) were
measured to the nearest millimetre. Sagittae were (total of 46 individuals, i.e., 92 otoliths)
removed through a cut in the cranium to expose them and then cleaned and stored dry in
glass vials and the left and right otolith were considered separately. Sagittac specimens
were collected from different fish length groups and triplicate specimens from each len-
gth group were collected to ensure that the obtained sample is more representative and
the estimated parameters are more robust. Specimens with obvious evidence of calcite
crystallization (Stron g et al., 1986) or other aberrant formations were rejected. Each
sagittae, systematically placed with the sulcus acusticus oriented through the observer
and its length was determined using hand-held vernier callipers and defined as the longest
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dimension between the rostrum and postrostrum axis (nomenclature of Smal e et al.,
1995) and width as the dimensions from the dorsal to ventral edge taken at right angles
to the length through the focus of the otolith. Individual otolith weight (in milligram) was
determined using an electronic balance. The relationship between otolith length, width,
weight and fish lengths (TL and FL) were determined using least squares regression anal-
ysis.

RESULTS

The range of the total and fork lengths of the specimens used in this study is 238-315 mm
and 211-283 mm respectively with a mean of 283.5 and 257.8 mm respectively. The fish
lengths available for the species in question were those observed in commercial fisheries
and research surveys but the extremes of length ranges were undersampled.

Regression of the difference between left and right otolith on fish total length indi-
cated slopes did not differ significantly from zero (P > 0.05) with a correlation of 0.023,
0.002 and 0.001 for length, width and weight respectively. Similarly, the correlations
obtained for the regression of the difference between left and right otolith on fork length
were not significantly different from zero (P > 0.05) The correlation values were 0.026,
0.002 and 0.003 for otolith length, width and weight respectively. Results of regression
analysis are given in Table 1.

Table 1. Results of regression analysis of the difference between left and right otolith
dimension of fish total and fork lengths of Rastrelliger kanagurta. Significance level was
set at 5%.

Tablica 1. Rezultati analize regresije razlike izmedu lijeve i desne dimenzije otolita
ukupne i vilica duzine kod Rastrelliger kanagurta

Parameter Intercept Slope Correlation Significance
Total length — ukupna duzina

Otolith Length-duZzina 284.14 18.895 0.023 P>0.5
Otolith Width-$irina 283.72 11.557 0.002 P>0.5
Otolith Weight-masa 283.46 140.05 0.001 P>0.5
Fork Length — vilica duzina

Otolith Length-duzina 258.41 19.236 0.026 P>0.5
Otolith Width-8irina 257.72 3.319 0.002 P>0.5
Otolith Weight-masa 257.88 208.86 0.003 P>0.5

The range in observed values for otolith length, width, and weight of the species in
question are 4.41-6.01lmm, 1.63-2.39nn, and 0.001-1.008g respectively.

A linear regression model was used to determine the relationship between the fish
total and fork lengths and the three otolith dimensions used in the present study. Results
of regression analyses are given in Table 2.
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Table 2. Results of the regression analysis of fish total and fork lengths on otolith
dimension of Rastrelliger kanagurta. Significance level was set at 5%.

Tablica 2. Rezultati analize regresije otolita ukupne i vilica duzine kod Rastrelliger
kanagurta

Parameter Intercept Slope Correlation Significance
Total length-ukupna duzina

Otolith length-duZzina 108.02 32.945 0.449 P<0.5
Otolith width-Sirina 105.87 89.673 0.539 P<0.5
Otolith weight-masa 209.08 8383.2 0.697 P<0.5
Fork length-vilica duzina

Otolith length-duZina 102.75 29.103 0.395 P<0.5
Otolith width-$irina 90.905 84.235 0.536 P<0.5
Otolith weight-masa 192.22 7383.3 0.609 P<0.5

Plots of the relationships between otolith dimensions and fish total and fork lengths
are given in Figures 1-6.
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Fig.1. Total length-mean otolith length relationship in Rastrelliger kanagurta

Slika 1. Odnos izmedu ukupne duzine i srednje vrijednosti duzine otolita kod
Rastrelliger kanagurta
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Fig. 2. Fish total length-mean otolith width relationship in Rastrelliger kanagurta

Slika 2. Odnos izmedu ukupne duzine riba i srednje vrijednosti Sirine otolita kod
Rastrelliger kanagurta
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Fig. 3. Fish total length-mean otolith weight relationship in Rastrelliger kanagurta

Slika 3. Odnos izmedu ukupne duzine riba i srednje vrijednosti teZine otolita kod
Rastrelliger kanagurta
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Fig. 4. Fish fork length-mean otolith length in Rastrelliger kanagurta

Slika 4. Odnos izmedu vilica duzine riba i srednje vrijednosti duzine otolita kod
Rastrelliger kanagurta
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Fig. 5. Fish fork length-mean otolith length relationship in Rastrelliger kanagurta

Slika 5. Odnos izmedu vilica duzine riba i srednje vrijednosti duZine otolita kod
Rastrelliger kanagurta
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Fig. 6. Fish fork length-mean otolith weight relationship in Rastrelliger kanagurta

Slika 6. Odnos izmedu vilica duzine riba i srednje vrijednosti teZine otolita kod
Rastrelliger kanagurta

DISCUSSION

P axton (2000) recognised an arbitrarily otolith size range. In this range, he suggested
that members of the suborder Scombroidei have generally small otolith 0.08-3.27 % SL.
The result of the present study showed that the otolith of Rastrelliger kanagurta has a
range of 1.9-2.1 % SL which falls near the bottom lower limit of the small otolith category
of Pax ton (2000). The members of the suborder Scombroidei are epipelagic fishes (F r
oese and Pauly,2010). Popperetal. (1988) suggested that the small to very small
otolith is might be due to low signal to noise that limits signal detection and rough seas in
surface waters may generate so much background noise that acute hearing is impossible.
On the other hand, P a x t o n (2000) came to a conclusion that rough seas may cause he-
avy otoliths to move too much in the sacculus. He also concluded that acute colour vision
in well-lit surface waters (many epipelagic fishes have large eyes) may be so important
that the disadvantages of the ratio of the low signal to noise and the too much movement
in the sacculus are more important than acute hearing in calm water.

Results indicated that otolith linear dimensions and weight were related to fish length
by linear regression model and the increases in linear dimensions and weight appeared to
keep pace with increases in fish length. These results agree with those of H un t (1979)
on several species collected from Northwest Atlantic Ocean and several other authors (H
arvey etal,2000; Morat etal, 2008). This linear relationship will continue until the
fish reaches maximum size; thereafter the otolith increases only in thickness Ay din et
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al. (2004). This linear correlation between body length and otolith dimensions is stronger
in younger individuals than that of the older fish. However, the level of this correlation
also depends on some other factors such as feeding and habitat conditions (Beamish
and McFarlen, 1987;Geldiay and Balik, 1996).

The lack of significant difference between the left and right otolith is consistent with
the observation that the otolith pair are mirror images of each other (Hun t, 1979).

A relationship between otolith dimension and fish length has been used in identifying
prey size from stomach content samples (R o s s, 2005). Hark on e n (1986) discusses
some of the problems associated with this technique. Unlike other authors (Hunt, 1979),
results of this study suggested that otolith dimensions and weight are considered the most
appropriate for this task. However, given that both otolith weight and linear dimensions
were strongly correlated with the fish length, it may be more appropriate to select only
one for prediction of fish length. For fish total length and fork lengths and of the two, oto-
lith weight and width are the preferred choice because precision of the estimate is higher
than that for otolith length.

R 0 s s (2005) has stated some sources of error in the estimation of fish size from
otolith size and suggested they should be recognized. The linear otolith-length to fish-len-
gth relation may depend on the growth rate in some species M ugiyaand Tanaka,
1992;Secor and Dean, 1989) or become curvilinear in some larval or juvenile fishes
(West and Larkin, 1987). Alternatively, the linear relation may change at intervals
relative to fish size (Frost and L o wry, 1981) or ontogenetic stage (Ha re and C
o w e n, 1995) in some species. Thus, extrapolation may lead to significant error in the
estimation of fish size, although most of these error sources were identified from larval or
early juvenile fishes. Erosion of the otolith recovered from feces or regurgitated digestive
pellets might add additional biases to the process of fish length estimation (R o s's and J
ohonson,2000).

Fish size-otolith size relationships will be useful for researchers examining food ha-
bits of piscivores and size of fish in archacological samples. Many more species and sizes
of fish should be sampled to cover the full ranges of fishes involved in these studies.
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Sazetak

ODNOSI IZMEDPU DUZINA RIBE I DUZINA, SIRINA I MASE
OTOLITA INDIJSKE SKUSE Rastrelliger kanagurta (CUVIER, 1817)
IZ OMANSKOG MORA

L.A Jawad", A. Ambuali?, ].M. Al-Mamry', H.K.Al-Busaidi

U ovom radu utvrdeni su linearni odnosi izmedu velicine otolita i veli¢ine ribe (totalne
duzine i duZzine vilice) za vrstu koStunjaca, Rastrelliger kanagurta (Cuvier, 1817) priku-
pljenu iz okoline grada Muscata u Omanskom moru. Morfometrijska istrazivanja otolita,
koja su ukljucivala duzinu, tezinu i Sirinu, korelirana su s ukupnom duzinom i duzinom
vilice ribe. Regresijski modeli koji se odnose na svaki morfometrijski parametar otolita
napravljeni su na dvije duzine ribe. Ispitan je znacaj svakog parametra za procjenu duzine
ribe. Duzina, Sirina i masa otolita pokazali su se kao najbolje sredstvo za procjenu ukupne
duzine i duzine vilice ribe, kao i najlaksi parametar za mjerenje.

Kljuéne rije¢i: dimenzije otolita, duzina ribe, Rastrelliger, Omansko more, Sultanat
Oman
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