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Fluctuating asymmetry (FA) which is defined as random deviation from perfect symmetry of an
organism can be used to judge the viability of an organism and the possibility to survive in natural
population. In order to estimate the FA in Auxis thazard (Lacepede, 1800), the number of rays in pectoral
fins and measurement of four body metric characteristics were determined on both sides of body in 55
individuals from one population of Auxis thazard (Lacepede, 1800) collected from waters of Muscat City,
The Bay of Oman. Units of asymmetry were determined as absolute value of difference between counts
on both sides of body. Results indicate that the level of asymmetry of the preorbital character was higher
than those of the rest of the characters studied. The possible cause of the asymmetry in this species has
been discussed in relation to different pollutants and their presence in the area. The usefulness of
information in future taxonomic studies on A. thazard (Lacepede, 1800) has also been addressed. A trend
of increase in the asymmetry values with the fish length was noticed in the preorbital and head lengths.

Bilateral asymmetry - Oman Bay-Sultanate of Oman - Auxis thazard

dmjiniugnn wuhdbinphwi (HU), hisp npnoymid £ npybu opquithquh pugupdwy uhdbinphughg
Yuduyulub otinnud, upnn k oquunugnpéyt) guwhwwntint hwdwp opquithquh fhuntbwlnipniup b phwljui
wnunijjughuynid gnjuinlibint Jupnnmpimin: Auxis thazard (Lacepede, 1800)-h $U-u npnokynt hundwp Odwith
dngh Unitujup Uhpht opowyjunng optiphg punpduws Ukl ynunyjughuwgh 55 wnwidiyuliutph dwupdh Eplne
Ynnutpnud npnodty B Ypdph nnuplh dwnwquypubph phyp b, juuwpdl) o dwpdiuh 4 dbwpwtufui
pumpwugntph swhndubp: Npubku wuhdbnphugh dhwdnp pugnigly E dwpduh Gplne Yondtph ndyuutph
dhol tnws wwpphpmipjut pugwpdwl] wpdbpp: Upmgynitpubpp gnyg & wwjhu, np bwjuwopphunwy
wuwpwdbtnph wuhdbnphugh dwjupnulp gipuquignid E dauwgus hbnwgnunjus wupudbnpph duljup-
nuljutpp: Uy mbuwlubph dnn wuhdbnphugh htwpudnp wuwngwep imuppbp whinnndusnipnitibpt u b
nputg wnuynipmniup dhpwduypnid: Fhipynud £ iwl whnkjuwndmpeinit Auxis thazard (Lacepede, 1800) wmuju-
qu nwpunindhl htnugnuinmpyniabph dwuhb: Lognud b iwl wupdbnphugh diswgdwt dhnnd” jupe]ws
Ajut dwpduh huywbiu twpiwopphwwy, wytiytu k) qjup Epjupnipeiniihg:

Eplhinnuwih wupdbuphw - Odwbp éng - Odwlih Unyypwiunn - Auxis thazard

®nykryupyromas acummerpus (PA), xoropas ompenesnsercsi Kax IIPOU3BOJIBHOE OTKIOHEHHE OT
W€ bHOM CHMMETPHH OpTaHW3Ma, MO)XeT OBITh HCIIOJNB30BaHA /IS OLEHKU >KU3HEAEATeIbHOCTH
OpraHu3Ma M CIIOCOGHOCTH BBDXXHTH B ecrecTBeHHOUN momyssuuu. C mensio ompemenenus PA y Auxis
thazard (Lacepede, 1800) Ha
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obeux CTOpOHax Tena y 55 MHIMBHAYYyMOB u3 omuHou mnomyasuuu Auxis thazard (Lacepede, 1800)
oTo6pansIx u3 Bog BOKpyr Cutu Myckar y mo6epesxpss OMaHCKOTO 3a/IMBa, OIIpe/ieIsINCh YHCIIO Jydei y
IPYAHOrO IUIABHUKA U H3MepeHHe deThbIpex MOP(OIOTHYECKMX 4YepT Teld. EIMHWIA acHMMeTpHU
oIpejiesAiach KaKk abCOJIOTHOe 3HA4YeHHe PasHUIBI MeX[y JaHHBIMH Ha 00eHX CTOpOHax Tena. Pesyis-
TaTHI [I0KA3aJIH, YTO YPOBEHb aCHMMETPUU IIPeOpOUTAIBHOTO IIapaMeTpa ObLI BBILIe YPOBHEH OCTaIbHBIX
M3y4eHHBIX I1apaMeTpoB. Bo3MOXHas IpUYMHA aCHMMETPUH y STHX BHIOB OOCYXIAeTCS B CBS3H C
Pa3HBIMHU 3arpsA3HEHMSMH U HUX HAJIWYMEeM B cpefie. YKasaHa Takke uHboOpManus o Oyaymux
TAKCOHOMUYECKUX HccrefoBaHusx Ha Auxis thazard (Lacepede, 1800). A Takxe oTMedYeHA TeHAEHIIVS
yBeJIM4eHNUs aCHMMETPUH B 3aBUCKMOCTH OT IPeOPOUTANBHOM AIMHBL U IJIMHBI TOIOBBI PHIOBL.

ZIBycroporaa acummerprs - Omarckui 3aaus - Cyaranar Omana - Auxis thazard

Fluctuating asymmetry (FA) has been recommended by a number of studies as a sensitive indicator for
detecting environmental disturbance [21, 26, 28 and 33]. It is a morphological deviation from normal asymmetry
which can be quickly detected at low levels of stress before levels high enough to cause widespread morbidity or
changes in community structure are reached [11]. Positive correlations bey tween FA and environmental stresses
have also been observed in various aquatic studies [15, 16, 17, 18, 22, 23, 30 and 34].

The only published study on the fluctuating asymmetry studies on Omani fish species is that of [18] and
[6, 7]. Therefore, the present study is considered addition to the studies of asymmetry already present on Omani
fish fauna. The objectives of the present preliminary study were to determine: (1) if bilateral asymmetry occurs
in the chosen characters; (2) the extent of asymmetries; (3) the direction of the asymmetrical development, as
shown by one side tending to have a larger number of elements; and (4) the possible usefulness of information in
future taxonomic studies of A. thazard.

Materials and methods. Fish specimens of Auxis thazard were collected from Muscat coastal area, Oman Bay. The five
bilateral characters used to compare asymmetry were as follows: (1) Length of the pre-orbital distance (mm): measured from
mouth to the anterior edge of the orbit. (2) Length of the post-orbital distance (mm): measured from the posterior edge of the
eye to the posterior edge of the operculum. (3) Orbital diameter (mm): measured from the anterior to the posterior edges of
the eye. (4) Number of pectoral fin rays: a count of the total number of pectoral fin ray, including the most upper ray. Meristic
characters: (5) Head length (mm): measured from mouth to the posterior edge of operculum. Most characters were counted
and measured under a binocular dissecting microscope. For specimens too large to fit under a microscope, a magnifying glass
was used.

The statistical analysis included calculating the squared coefficient of asymmetry variation (CV?Z) for meristic
and metric characters according to Valentine et al. (1973):

CVZ% = (S 1 X ].OO/X r+ 1)2

where Sr1 is the standard deviation of signed differences and X:.1is the mean of the character, which is calculated by
adding the absolute scores for both sides and dividing by the sample size. To obviate scaling problems associated with growth
in metric characters, each measurement was divided by suitable general size measurements, e.g. head length was used as the
standardizing measurement. Each of the metric characters was treated as such before obtaining the signed differences.

Results and Discussion. The results of asymmetry data analysis of the previously listed characters of A.
thazard collected from Muscat coastal area, on the middle region of Oman Bay are shown in Tab.1. The highest
value was recorded for the preorbital length and the lowest value for the head length.

The percentage of the individuals showing asymmetry in the preorbital length character was the highest
among the percentages recorded for the five characters (89.27 % of the total fish studied) and the lowest
percentage was for the individuals with asymmetry in head length (69.55% of the total fish studied).
Individuals of A thazard were grouped into
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length classes (Tab. 2). An increasing trend in the asymmetry value with fish length is obtained for preorbital and
head lengths.

Table 1. Squared coefficient asymmetry (CVZ2) values and character means
(X vs1) of Auxis thazard

Character CVZ N Character | % of individuals
mean with asymmetry

Preorbital length 15457 | 55 22.96 89.27

Postorbital length 1635 | 55 56.55 87.09

Eye diameter 55.74 55 16.39 81.82

Number of Pectoral Fin ray | 47.33 55 22.36 74.39

Head length 12.11 49 95.40 69.55

Table 2. Squared coefficient of asymmetry and character means (X:-1)
by size class of Auxis thazard.

Size Class | N | CVZ | character mean Xr+1 | % of individuals with asymmetry

Preorbital length
32.1-33.0 1 0 23.80 100.00
33.1-34.0 2 55.03 19.38 100.00
34.1-35.0 5 67.54 20.89 80.00
35.1-36.0 7 70.45 22.77 85.71
36.1-37.0 14 81.44 21.17 78.57
37.1-38.0 6 85.57 23.22 100.00
38.1-39.0 5 86.95 22.75 50.00
39.1-40.0 2 92.03 26.14 100.00
40.1-41.0 5 98.79 25.36 100.00
41.1-42.0 7 99.03 25.25 80.00
42.1-43.0 1 100.00 21.00 100.00

Total 55

Postorbital length
32.1-33.0 1 0 49.75 100.00
33.1-34.0 2 9.25 48.83 100.00
34.1-35.0 5 18.85 50.82 100.00
35.1-36.0 7 10.33 53.86 85.71
36.1-37.0 14 16.63 54.16 85.71
37.1-38.0 6 15.61 56.63 66.67
38.1-39.0 5 1.38 60.25 100.00
39.1-40.0 2 18.56 61.45 100.00
40.1-41.0 5 10.12 61.45 85.71
41.1-42.0 7 19.82 62.53 100.00
42.1-43.0 1 0 63.25 100.00

Total 55

Eye diameter
32.1-33.0 1 0 16.70 100.00
33.1-34.0 2 35.14 16.70 100.00
34.1-35.0 5 128.83 14.61 80.00
35.1-36.0 7 32.19 16.44 100.00
36.1-37.0 14 58.55 15.76 71.43
37.1-38.0 6 81.39 16.79 100.00
38.1-39.0 5 20.16 15.75 50.00
39.1-40.0 2 39.90 18.05 80.00
40.1-41.0 5 42.92 17.01 85.71
41.1-42.0 7 42.62 16.78 80.00
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42.1-43.0 1 0 17.00 0

Total 55

Head length
32.1-33.0 1 0 85.15 100.00
33.1-34.0 2 9.26 83.65 100.00
34.1-35.0 5 13.34 85.85 80.00
35.1-36.0 7 14.09 92.16 42.86
36.1-37.0 14 18.09 91.42 78.57
37.1-38.0 6 19.85 95.68 50.00
38.1-39.0 5 20.10 97.50 50.00
39.1-40.0 2 21.16 102.89 100.00
40.1-41.0 5 24.05 104.09 85.71
41.1-42.0 7 25.48 105.52 80.00

42.1-43.0 1 26.97 100.50 100.00

Total 55

Number of pectoral fin ray
32.1-33.0 1 0 24.00 0
33.1-34.0 2 125.29 22.00 50.00
34.1-35.0 5 135.03 21.60 100.00
35.1-36.0 7 25.45 22.60 60.00
36.1-37.0 14 47.05 21.96 64.29
37.1-38.0 6 19.07 22.90 60.00
38.1-39.0 5 10.10 22.25 50.00
39.1-40.0 2 13.71 22.60 80.00
40.1-41.0 5 24.57 22.10 100.00
41.1-42.0 7 53.39 22.90 80.00
42.1-43.0 1 0 24.00 0

Total 55

The results of the asymmetry direction as whether individuals are left-handed or right-handed have
shown that all the characters studied are dextral. For pectoral fin ray count, bilateral asymmetry occurred in
74.39 of the total of 55 A.thazard examined. Of specimens exhibiting asymmetry, 66.2% had larger right side
counts. As to the preorbital, postorbital lengths, orbital diameter and head length, the bilateral asymmetry ex-
hibited was 89.27, 87.09, 81.82 and 69.55 respectively. Of these asymmetric specimens, 348.5%, 459.5%, 345.7%
and 348.9% are right sided respectively.

There is some variation in the asymmetry values among the five morphological characters studied in A.
thazard. Since the present work is only a preliminary investigation about the asymmetry in some metric and
meristic characters of A. thazard and since fish specimens were obtained from only one locality, it is impossible
to evaluate the level of asymmetry of those characters and to determine if they are higher or lower than the
average. Further studies are required that involve fish samples from polluted and non-polluted localities in the
Bay of Oman in order to compare the asymmetry values of various characters. However, based on previous
studies in this field, it is possible to conclude that there is a direct correlation between environmental stress due
to pollution and asymmetry in this species. Such environmental factors are present in the waters of the coastal
area of the Bay of Oman [1, 2, 12, 13, 19 and 31]. Character like preorbital length has shown showed higher
asymmetry value than those of the remaining characters. High asymmetry value for this character was also
recorded in several freshwater and marine fish species [3, 5, 15, 16, 17, 18]. Such agreements in results of asym-
metry might indicate the vulnerability of this character to the immediate changes in the environment. On the
other hand, the low asymmetry values obtained for the remaining four characters used in this study, might be
explained on the basis that these characters are designated with high functional importance and are highly
canalized during ontogeny thus giving low level of FA [22, 26].

Several characters of functional importance might be affected by asymmetry [14] among these characters
the size of the fins. The functional value of the pectoral fins is employed in the important role that they play in
locomotion and thus the efficiency of predator eva-

22



ASYMMETRY STUDY IN AUXIS THAZARD (LACEPEDE, 1800) (FAMILY: SCOMBRIDAE) COLLECTED...

sions probably depends on their functionality [14]. Oxygenation of the eggs during parental care is another
important role of the pectoral fin, and recently [20] have demonstrated that the area of the pectoral fins
correlates with paternal quality in sticklebacks Gasterosteus aculeatus L. With the asymmetry value recorded for
pectoral fin ray count of A. thazard, it is quite possible for such asymmetry to hinder the basic functions of the
pectoral fin.

Several authors have discussed the effects of the asymmetry on body proportions [9, 24 and 29]. The effect
of asymmetry on the preorbital length might increase or decrease this area in the fish skull. Such changes might
lead to differential enlargement which is restricted to the nasal pole of the eye. If such enlargement happened,
retinal expansion will takes place [35]. Moreover, by having more space in the naso-temporal region this might
affect fish visual acuity [35, 10].

The individuals of A. thazard appeared to be right-handed for the five characters chosen in this study. It is
not possible at this stage to judge whether left handed or right handed individuals are the naturally successful
individuals as such dextrality in these characters might interfere with important biotic functions of the fish [35].

In taxonomic and racial studies involving pectoral fin ray count, pre- and postorbital lengths, head length
and orbital diameter interchanging counts and differences in dimensions from left and right sides of A. thazard
introduces an additional source of variation to taxonomists who depend on these characters in separating this
species or its populations. Bilateral asymmetry has shown to create problems to fish taxonomists [27] and
taxonomists of animal groups other than fish such as owl [25].

The origin and cause of asymmetry in fishes can depend on several factors, one of which is environmental
stress which at low levels enhances asymmetry in fish [8]. Metal impact on development of meristic characters
and bones in fishes has already been demonstrated by [8]. Pollution of sea water and sediments by hydrocarbons,
heavy metals, pesticides and organic matter is not unusual for the coastal environment of Oman Bay as reported
elsewhere for the recent twenty years [1, 2, 12, 13, 19, 31]. Other environmental stressors can be natural events,
various population phenomena [8] and conditions that can trigger nutritional deficiencies such as various
pathogens. It is highly possible that these factors may be in action in Oman Bay waters as they seem to be
common in many aquatic environments.

Several authors have shown a relationship between the coefficient of asymmetry and fish length [5, 3, 4,
15, 18, 6, 7] where there was a trend of increase in the asymmetry value with the increase in fish length. This
trend is probably the result of incomplete development; character means are always lowest in smaller size classes
[32]. The same results were obtained by [32] in selected fish species collected from California, U.S.A. and by [6, 7]
in the carangid fish species, Decapterus russelli, Callionymus margaretae and Leiognathus equulus collected from
the coastal north region of Oman Bay, Oman.
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