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Abstract

Age and growth parameters were determined for the king8sriberomorus commerdat six locations in the Sultanate
of Oman. During 2 years of sampling, 1244 kingfish were collected, from which 962 sagittal otoliths were sectioned and read.
The fishery is characterized by a prevalence of 0+, 1+ and 2+ year classes, which made up approximately 90% of the total fish
collected. Maximum fork lengths, weights and ages for all sexes combined were 166 cm, 40.4 kg and 20 years, respectively. Sex
specific differences were evidentin length, weight and growth. Growth parameters show thaSecoatenersofi., = 140.44,
K=0.309,tp=—1.501) grew at a slower rate but reached a greater asymptotic length than male_fisth18.80,K =0.595,
to =—0.730). There were significant differences in growth between regions with Ash-Shargiyah recording the greatest asymptotic
length (., =172.82) and Al-Wusta the lowedt(, =122.596). Fish from Al-Wusta also grew at a much greater iate((.796)
than those from the other five regions. A comparison of VBGF values using length frequency data and age at length data at
one region, Muscat, revealed differences in all three growth parameters. Catch curves reveal large differences in total mortality
(2) between geographic regions, with the highest recorded at Al-Batinah (1.321)eampared with 0.405 yeat at Muscat.
Large discrepancies in age structure, growth parameters and annual mortality between regions suggest overexploitation of this
species may have already occurred in places like Al-Batinah and Dhofar. However we recommend that mortality e&timates (
M andF) be used with caution until catch curve data for different fishing gear is made available.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The kingfish, Scomberomorus commersoccurs
S Corresponding author. Tel.: +968 2 441 3333x3699: along the entire coastline .of the Sultanate of Oman,
fax: +968 2 441 3418. from the Musandam Peninsula in the north to the
E-mail addressmcilwain@squ.edu.om (J.L. Mcllwain). Yemeni border in the south. It is the most sought af-
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ter table fish in the Arabian Peninsula region and its months and 2 years old, respectively. These estimates
popularity and high market price has resulted in heavy were reassessedbudley et al. (1992)vho examined
exploitation of regional stocks in recent yeasiflley sectioned otolithsn(=37) and found that growth .
et al.,, 1992; Siddeek and Al-Hosni, 1998; Al-Hosni commersomas extremely rapid up until 2 years of age.
and Siddeek, 1999This fishing pressure has seen a Recalculated length was 70—80 cm and 100-110 cm for
rapid decline in Oman’s kingfish catches from a peak fish 1 and 2 years old, respectively. The most recent
of 27,834t in 1988 to 2559t in 200Afon., 200). study fitted von Bertalanffy growth estimates to quar-
Kingfish are targeted by traditional fishermen, operat- terly length frequency data collected over a longer pe-
ing from small fibreglass boats (4-10 mlength overall), riod than previously reported (1987-1993)-Hosni
or large wooden dhows (<25 m length overdijidley and Siddeek, 1999Calculated seasonal rates of total
et al., 1992; Al-Oufi et al., 20Q0Five different types mortality showed exploitation ratios to be indicative of
of fishing gear are used in the fishery, although drift over fishing.
gillnets and trolling lines are preferre@ydley et al., Given that kingfish are found along the entire coast-
1992. Size of the mesh and length of the drift gillnets line of Oman, a major limitation of the previous studies
varies according to geographic locatiddlgereboudt in Oman was the collection of data from one landing
et al., 2004. Presently there is no legislation regulat- site in Muscat. Most of these, with the exception of
ing Oman’s kingfish other than a general ban on the Dudley et al. (1992)included length frequency analy-
use of monofilament gillnets. Consequently, there are sis to estimate population parameters. Therefore the
no restrictions on the numbers or size&ofcommerson  major objectives of the present study were to anal-
landed by traditional Omani fishermen. yse the patterns of growth fd8. commersonysing
Estimates of growth parameters f& commer- age based techniques, from several key landing sites
son using either length or age-based information, spread along the coast of Oman. A study examining
vary greatly between geographic locations (see sum- age, growth and mortality rates 8f commersoover
mary tables irGovender, 1994; Al-Hosni and Siddeek, this spatial scale has not previously been attempted in
1999. In eastern Australia, where spawning lasts for the northwest Indian Ocean region. The specific aims
3 months, annuli are laid down from June to August, of this study were (1) to describe and compare sex spe-
3—-4 months prior to the peaks in spawning, with ev- cificlength/weightrelationships for each of six regions,
idence of a narrower, secondary increment laid down (2) to compare the age structure ®f commersobe-
earlier in the yearicPherson, 1992In South Africa, tween these same regions, (3) to describe the region
where spawning is protracted, it has been suggested thaspecific and sex specific growth curves, (4) to quantify
two annuli are laid down each year, although this as- mortality for each region using catch curves and (5) to
sumption was based on a small sample gizeZ) from construct age/length keys using length/frequency data
a mark-recapture prograns6vender, 1994 Despite of total catch at each landing site.
the variation in estimates of growth between locations,
age-based growth studies 8f commersofrom Aus-
tralia, South Africa and Oman all suggest rapid growth 2. Materials and methods
in juveniles Pudley et al., 1992; McPherson, 1992;

Govender, 1994, 1995 2.1. Sampling
Because of its economic importance in the Sultanate
of Oman,S. commersohas been the focus of several A total of 1245 fish were randomly purchased from

fisheries studied{udley and Arundhati, 1989; Dudley  fishermen between January 2000 and December 2001.
et al., 1992; Bertignac and Yesaki, 1993; Siddeek and This was done on a bi-monthly basis at several land-
Al-Hosni, 1998; Al-Hosni and Siddeek, 1999The ing sites within six regions (Musandam, Al-Batinah,
earliest study calculated growth parameters using von Muscat, Al-Shargiyah, Al-Wusta and Dhofar) encom-
Bertalanffy models fitted to monthly length frequency passing the entire coastline of Omdrg. 1). Total
data collected over a 3-year period from 1987 to 1989 (TL), fork (FL) and standard lengths (SL) were taken
(Dudley and Arundhati, 1989 Their data suggested to the nearest cm and total weight (TW) to the near-
length at age to be 60cm and 75-80cm for fish 18 est 0.1 kg was measured for all fish purchased. The
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Fig. 1. Location of the six regions whef commersowere sampled. Black areas indicate the extent of the fishing grounds for each region.

sex was initially determined for each individual macro- 2.2. Otolith processing

scopically and then confirmed with histological prepa-

rations Claereboudt et al., 2005The sagittal otoliths Prior to grinding, weights were taken (to the nearest
were also removed from each fish, cleaned with alco- 0.001 mg) only of intact whole otoliths. One sagittal
hol and stored in a cool dry place in preparation for otolith from each fish was then embedded in epoxy
processing. In addition to the biological data collected resinand athin transverse section (300) taken using
from purchased fish, length (FL) and weight (TW) data a Low Speed Isomet saw and incorporating the core of
were also collected from every fish£ 3800) landed the otolith. A grinding wheel fitted with silicon carbide
during each visit to the landing site. This resulted in a paperwas used to remove excess resin on the face of the
total of 5045 fish being measured from the six regions section and to provide a polished face for viewing. The
during the 2-year study. section was then mounted on a glass slide for reading.



286 J.L. Mcllwain et al. / Fisheries Research 73 (2005) 283-298

All otolith processing and reading was conducted at the as the dependent variable, otolith weight as the covari-
Marine Science and Fisheries Center, Muscat. ate and sex as the categorical variable.

For fish older than 1 year, the annual opaque zones Von Bertalanffy growth function (VBGF) curves
were counted using a compound microscope on low L; = Ly (1 — e X(—1)) were fitted to length at age
power with transmitted light. For fish with no obvious data for each region and individual sexes using the

first annuli, daily rings were counted (s&tothers, Maximum Loglikelihood function in Poptools, an add-
1987 using the same microscope on a higher power in software to Excel (CSIRO, Canberra, Australia). The
(400-1006« magnification) with transmitted light un-  likelihood profile estimation function was used to cal-

der oil immersion. Annuli and daily increments were culate the 95% C.I. for each curve. The VBGF curves
counted along the same transect from the nucleus tofor region and sex were compared using the analysis of
the outer edge of the otolith. Two independent readers residual sums of squares (ARSS) methGtién et al.,
counted the annual and daily increments separately and1992).

without knowledge of the other reading or length data. A VBGF curve was also fitted to the monthly length
The relative precision of age estimates between readersfrequency data collected from the Muscat landing site
was calculated used an index of the average percentagever a 2-year period using the ELEFAN routine in the
error (IAPE) Beamish and Fournier, 1981Readings FiSAT computer packag&@ayaniloetal., 1995ELE-

that did not agree on the number of annuli were re- FAN uses a non-parametric method of curve-fitting that
moved from the database leaving a final total of 962 passes through the most number of modes, giving esti-

otoliths for analysis. mates ofL,, andK (Al-Hosni and Siddeek, 1999
The annual instantaneous rate of mortaliy Wwas
2.3. Validation of otolith increments estimated for each region and sex using age-based catch

curves Beverton and Holt, 1957; Ricker, 195 he
Marginal Zone or Edge Analysis was used to vali- slope of the regression provided an estimat&.dfhe
date the annual deposition of the opaque zone on thenatural logarithm of the number of fish per age class
otoliths of S. commersopurchased at Muscat during was plotted against age with the slope of the line of
the 2-year sampling period. The growth zones on the best fit,b equal to the annual instantaneous rate of total
outer edge of the otolith were recorded as either hya- mortality orZ. The first age classes, which represented
line or opaqueRadebe et al., 2002The frequency of  fish not fully vulnerable to the fishing gear, were notin-
the opaque zones was then plotted against the month ofcluded in the analysis, given that different fishing gears
the year to determine the period when the opaque zoneare used in the different regions. Similarly because the

was deposited. older year classes (>10 years) were often poorly rep-
resented, they were not included in the curve fitting.
2.4. Data analysis Natural mortality M) was calculated using the equa-

tion of Pauly (1980)which incorporates water temper-

For each region, the relationship between length ature and the VBGF growth parameters andK. The
(FL) and weight (TW) was estimated for 3979 mean annual water temperature for the Gulf of Oman
of the purchased and landed fish using linear re- is 28.3°C (including Musandam, Al-Batinah, Muscat
gression analysis. To linearize the power curve and Ash-Shargiyah), and 27.€ for Arabian Sea (Al-
(W=alLP) that best described this relationship, both Wusta and Dhofar) (Claereboudt, unpublished data).
variables were transformed using log The line
of best fit for the linear relationship was described
by loge TW =logea+loge FL. Analysis of covariance 3. Results
(ANCOVA) was used to compare the relationship be-
tween transformed FL and TW among regions with 3.1. Length weight relationships
weight as the dependent variable, length as the covari-
ate and region as the categorical varialzar( 1996. The slopes of the length-weight regressions
ANCOVA was also used to compare the relationship differed significantly among regions (ANCOVA;
between otolith weight and age between sexes with ageFs 397,=38.22; P<0.05) and between sexes (AN-
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Table 1

Results of the linear regression analysis describing the length-weight relationships for each of the six regions

Parameter n a b P FLmin-max TWiin-max Av FL (s.e.) AvVTW (s.e.)

Region
Musandam 601 6.18 10°° 3.049 0.975 37.9-152.0 0.49-29.00 96.29 (0.72) 7.68 (0.16)
Al-Batinah 748 1.56¢ 10°° 2.841 0.941 49.5-157.0 0.96-27.30 73.51 (0.54) 3.56 (0.11)
Muscat 1479 9.74 1076 2.961 0.960 47.0-165.0 0.80-40.40 83.52 (0.66) 6.40 (0.20)
Ash-Shargiyah 384 1.2%10°° 2.889 0.956 50.5-162.0 1.30-28.00 94.60 (1.07) 7.50 (0.26)
Al-Wusta 501 1.25¢10°° 2911 0.982 42.0-150.0 0.71-27.01 87.75 (1.10) 6.98 (0.23)
Dhofar 266 6.16¢ 10°° 3.051 0.978 50.8-166.0 1.17-38.20 84.96 (3.88) 5.69 (0.98)

Sex
Females 690 9.4% 1076 2.950 0.981 39.6-153.5 0.49-27.49 81.75 (0.76) 4.95 (0.61)
Males 555 1.1510°° 2.909 0.984 37.9-146.2 0.51-26.01 79.93 (0.81) 4.64 (0.14)

FL =fork Length, TW =total weight. Measurements are cm for length and kg for weight.

COVA; Fi11244=14.72; "P<0.01). Al-Batinah included in the analysis, ages ranged between 0 and 20

recorded the smallest average length of 73.51cm Years. Daily growth increments were counted on 256
compared to the largest average in Musandam at fish with no annuli, representing the 0+ age class. Age
96.29 cm Table 1. For all individuals measured, the ~ at length data included in the VBGF models incorpo-
minimum and maximum FL recorded was 37.9cm rated both the annuli and daily increments.

and 166.0 cm at Musandam and Dhofar, respectively. ~ The Edge Analysis revealed strong seasonality to
The average weight d8. commersowas smallest in the deposition of the annuli as indicated by the pres-
Al-Batinah at 3.56 kg, almost half that of Musandam, ence of an opaque zone at the otolith margiiy(2).
which recorded the highest average weight of 7.68 kg. From early fall to late winter (September to Febru-
The remaining regions had average weights of be- ary) approximately 80% of fish landed in Muscat had
tween 5.69 kg (Dhofar) and 7.50 kg (Ash-Shargiyah). opaque margins. Deposition of the hyaline zone oc-
The minimum and maximum TW was 0.49kg and curred predominately during the spring and summer
40.40kg from Musandam and Muscat, respectively. months (March to July). There appears to be no re-
For purchased fish, on average females were longerlationship between the timing of either the opaque or
and heavier than male3gble 1. The longest female  hyaline zone and seawater temperature.

fish recorded was 153.5 cm FL compared to the largest ~ The slopes of otolith weight and age were not sig-
male at 146.2 cm FL. The heaviest individual fish was nificantly different between sexes (ANCOVR; 633=
also a female at 27.5 kg compared to the heaviest male

at 26 kg. 5 15 40
3.2. Otolith interpretation and relationship = 801 las O
with age T gl Py
The sagittae 06. commersoare the largest of the % 401 g
three pairs, has two elongated rostra, one longer than (& it tos 5
the other, and a slightly rounded posterior end. When -
viewed under transmitted light, sectioned otoliths 04— . ‘ - 20
clearly showed annuli as opaque zones that appeared FEEE @S VRS E S

darker than the adjacent hyaline or translucent zones. _
The first of these opaque zones or annuli was usually F'9- 2- The percentage frequencybicommersofiom Muscat with

h wider than the remainder and more difficult to an opaque zone at the otolith margin. Grey line is seawater tempera-
mu_c . ture measured during 2001 at Muscat using a Vétridinithermo-
define. The IAPE value was 2.8%, representing good graph 12 bit, at 9 m, with a reading every 20 min. Numbers represent

reproducibility between readings. Of the 962 readings sample size for each month.
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Fig. 3. Relationship between otolith weight (g) and age (years) for
each sex. All regions have been combined. Fig. 4. Age frequency distributions & commersobased on sex.
All regions have been combined.

0.004; n.s.) Fig. 3). Approximately 75% of the vari-
ability in otolith weight could be attributed to age for
both female and mal8. commersqrand when all data
were combinedTable 2.

and 90% of fish from Al-Batinah and Al-Wusta were

found in the 0+, 1+ or 2+ classes, respectivélig( Sb

and e). These two regions were also characterized by

a dominance of the smaller length classes, particularly

fish 60—70 cm FLFig. 8 and e). Musandam and Ash-

Shargiyah recorded the lowest frequency of these 3-

The sex ratio ofS. commersoin all age classes year classes with 83 and 64%, respectiveig(5a and
o C o_ o d) and a greater number of fish 90-110 cm Fig( 6a

was not significantly different)”=0.2431, df.=7; and d). The greatest number of fish over 5 years old oc-

b in 1hs aler age lazses, with no maie fish alder CUTEd M Ash-Shargyeh (7%) follwed by Al-Wusta
ias i g » Wi : (6.6%) and Muscat (4.7%).

than 10 years. The oldest fish sampled was a 20-year-
old female. In the first 5-year classes, which dominated

the sample, there were more malesinthe O+ and 2+ year
classes, and more females inthe 1+ and 3+ year classes.

T_he five younge;t age classes _domlnated in all six dicated that male and femae commersohad signif-
regions sampled, with 96% of all fish between the 0+ icantly different VBGF growth curvesF o= 5.739;

ang S:tzlassesli(g. ?1 I;I'h|s '? g:otr;]ﬁtrhmedbby thz re- t*** P<0.001). Overall, males attained a smaller length
fu Sﬂ? d te ?ge- etn%'th eysdt:h 0 i eto dserve tlageti than females but had faster growth towarlg
ength datatrom otoliths and the estimated age atleng (Table 4 Fig. 7a and b). Growth was rapid in male fish

for the entire landingable & and b). Within these until 4 years when it slowed considerably, compared

m’e domlr:antt classes, thetre W.e re cliar d|ff¢ re?clesgg with females, who continued relatively rapid growth
e age structure amongst regions. Approximately until 7-8 years then slowed.

The VBGF curves fitted to length-at-age data varied

3.3. Age and length distributions

3.4. Growth models

The analysis of residual sums of squares (ARSS) in-

Table 2 PP : , _ .
The relationship between age (year) and otolith weight (g) for male iLgnlflcantIy between regions (ARS&,5'943— 14'556’
and femaleS. commerson P <0.001). Overall, the total sample comprised only
Sex N Equation 2 eight |nd|V|duaIs greatgr than 10 years, resultmg inun-
derestimates df .. This was clearly the case in four
Female 359 Age =115.310tOWt = 2.11 0.1 ot the six regions (Musandam, Muscat, Al-Wusta and
Male 277 Age = 95.230toWt — 1.47 0.746 9 , ' '
Dhofar) where estimates bf, were less than the max-
Total 636 Age = 107.930toWt — 1.86 0.745

imum FL (Tables 1 and ¥ In two of these regions,
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Fig. 5. Age frequency distributions & commersohy region.

Muscat and Dhofar, no fish older than 10 and 5 years est growth coefficient (0.796), reachihg, by 4 years
respectively were sample#ify. 8 and f). Fish landed  after which growth slowed considerabki¢. 8).

in Ash-Shargiyah had the lowest growth coefficid€k ( Monthly length frequency data from Muscat show
but reached a larger asymptotic length than other re- distinct modes during the 2 years of sampling with a
gions (Table 4 Fig. &). In contrast, fish caught in Al-  clear progression of these modes over this time period
Wusta had a smaller asymptotic length compared to (Fig. 9). The smallest year class appeared in September
other regionsl{,, =122.596), but recorded the great- 2000 at45 cm and was distinct until October/November
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The observed age-length key 8r commersofrom (a) the otolith study and (b) the estimated age distribution of the entire landing

Length Age (years)

Total

(cm)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
(a) The otolith study
40 20 20
50 84 9 93
60 89 63 152
70 55 139 19 1 214
80 8 130 61 14 213
90 1 52 46 21 2 121
100 5 32 19 7 1 64
110 1 13 15 7 1 1 1 2 1 42
120 2 8 3 4 2 1 1 21
130 1 1 3 2 1 2 1 11
140 2 2 1 1 6
150 1 1 1 3
160 1 1
Total 257 399 171 73 25 8 6 2 4 1 8 21 1 0 1 0 1 0 o0 2 962
(b) The estimated age distribution of the entire landing
40 33 33
50 341 37 378
60 518 367 885
70 118 297 41 456
80 19 302 141 32 494
90 5 236 204 95 9 548
100 33 212 126 46 7 424
110 5 71 82 38 5 5 5 11 5 230
120 13 51 19 26 13 6 6 134
130 12 12 36 24 12 24 12 131
140 24 24 12 12 72
150 5 5 5 15
160 5 5
170 0
Total 1033 1276 669 360 157 67 49 17 37 5 70 17 6 5 12 5 17 3805

The lengths are the lower limits of each 10 cm length class.

2001 at 70-95 cm. The growth parameters described by
the VBGF in ELEFAN differed to those described by
the VBGF estimated using the non-linear least squares
method applied to length at age dafalfle 4. The
former method estimated a grealtgs, a slightly larger

K value and largetp.

3.5. Mortality estimates

Al-Wusta was the only region whose 0+ age classes
were fully recruited to the fishery and included in the in-
stantaneous rates of total mortali) estimated from
the catch curvesHg. 10. Estimates of Z varied signifi-

cantly between regions, from 0.373 ye&(r = 0.637)

in Muscat to 1.321yeat (r2=0.960) in Al-Batinah
(Table 9. Estimates of natural mortalityM) from
Pauly’s (1980)egression equation were greater than
those of the total annual mortality in Musandam, simi-
lar in Muscat and lower in Al-Batinah, Ash-Shargiyah,
Al-Wusta and DhofarTable 5. The estimates of fish-
ing mortality ) reveal that the Al-Batinah population
was fished at a higher rate, 0.878 yelatthan other re-
gions. Estimates of Z for females and males were rel-
atively similar (0.901 and 0.892 yedh. However E)
estimates for each sex reveal females are fished more
intensely than males.
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(a) Musandam (b) Al-Batinah
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FL (cm)
Fig. 6. Size frequency distributions 8t commersohy region.
4. Discussion produced clearly identifiable, opaque increments that

were validated as annuli using Edge Analysis. Growth
In the pastScomberomoruspecies have been aged curves constructed for each of six locations revealed a
using whole rather than sectioned otolithdapooch significantly different age structure for kingfish along
et al.,, 1987; Sturm and Salter, 1990; McPherson, the coastline of Oman. In Dhofar and Muscat, we did
1992; Govender, 1994; Begg and Sellin, 1998t not find individuals older than 5 and 10 years, respec-
seeSchmidt et al., 1993; DeVries and Grimes, 197 tively. Along the Al-Batinah coast, 95% of the catch
However in this study, we chose to section the otoliths was comprised of 0+ to 2+ age classes whereas in Ash-
of S. commersofor greater precision. These sections Shargiyah these same age classes made up only 64%
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Table 4

Growth parameters{95% C.l.) calculated separately for each region from VBGF, using length-at-age data

Parameter Leo (cm) Cl (cm) K (yearl) Cl (yearl) to (yearl) Cl (yearl) r2

Region
Musandam 118.11 108, 129 0.514 0.33,0.83 —1.152 —0.54,-1.99 0.585
Al-Batinah 163.08 145, 186 0.184 0.13,0.25 —2.205 —-1.69,—2.89 0.634
Muscat 140.62 128, 159 0.286 0.19,0.41 —1.740 —1.75,-2.55 0.667
Muscat (ELEFAN) 173.25 na 0.310 na na
Ash-Shargiyah 172.82 154, 203 0.127 0.08,0.18 —-4.211 —3.05,-5.99 0.716
Al-Wusta 122.59 118, 128 0.796 0.67,0.94 —0.315 —-0.22,-0.44 0.897
Dhofar 150.31 124, 302 0.261 0.07,0.48 —-1.726 —0.99,-3.24 0.779

Sex
Females 140.44 143, 160 0.309 0.16, 0.23 —-1.501 —-2.49,-3.19 0.718
Males 118.80 126, 146 0.595 0.22,0.34 —0.730 —1.94,-2.62 0.696
Combined 146.4 140, 153 0.216 0.19.0.25 —2.618 —2.38,—-2.88 0.654
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Fig. 7. von Bertalanffy growth curves fitted & commersolength-
at-age data for (a) females and (b) males.

of the catch. These differences could have come about
through regional differences in gear type use, overex-
ploitation at the local scale resulting in extinction of
the older year classes or a combination of both.

Drift and set gillnets account for approximately
75% of the gear types used to exploit Oman’s king-
fish (Claereboudt et al., 2004The frequency distribu-
tion of gillnet mesh sizes varied significantly between
the six locationsKig. 11). Mesh sizes (defined here
as stretched mesh size) were smallest in Al-Batinah
and Muscat, where nets with a mesh size less than
12 cm accounted for approximately 75% of the total
nets deployed by fishermen. The observed differences
in mesh sizes among locations probably contributed to
the differencesin age and size classes, as frequent use of
small mesh nets by fishermen in Al-Batinah and Mus-
catwould resultin a bias towards younger, smaller fish.

Unfortunately, the observed variation in selectivity
of the different gear types and sizes among locations

Table 5
Estimates of instantaneous rates of total mortaly fatural mor-
tality (M) and fishing mortality ) for each of the six regions

Region Z(yearl) SE.@ Myear? F (year?)
(Pauly)
Musandam 0.407 0.099 0.661 -
Al-Batinah 1.321 0.190 0.443 0.878
Muscat 0.373 0.151 0.397 0.007
Ash-Shargiyah 0.693 0.122 0.488 0.204
Al-Wusta 0.522 0.082 0.305 0.217
Dhofar 0.822 0.189 0.407 0.414
Females 0.901 0.092 0.376 0.525
Males 0.892 0.319 0.490 0.402
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Fig. 8. von Bertalanffy growth curves fitted & commersolength-at-age data for each of the six regions.

give biased parameter estimates of the VBGF growth which has, in some cases, supported a genetic differ-
curves and confounds a comparison of growth curves ence Begg and Sellin, 1998Follow-up ageing studies
between locations. In Al-Batinah and Dhofar, where for the Oman kingfish fishery should incorporate data
older age classes were rare, estimateés,pfvere prob- collection that records how individual fish were caught,
ably too low andK values over-inflated. However, by  enabling a directand meaningful comparison of growth
eliminating selectivity as a confounding factor, a direct rates among locations. Doing so may offer some insight
comparison of growth rates among locations might be into the stock structure of this species, if differences in
possible. For this and oth&comberomoruspecies, growth rates among locations were detected.
differences in growth rates between regions has indi-  Differences in selectivity between regions would
cated stock separatioRdble et al., 1987; Sutter etal., also influence estimates of instantaneous total mor-
1991; McPherson, 1992; DeVries and Grimes, 1997 tality because the catch curve method, using single
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age-frequency distributions, assumes that catchability first reproductionClaereboudt et al., 2095T his fast-

is equal across all age classétillforn and Walters,
1992 Russ et al., 1998In addition to problems with
gear selectivity, mortality estimates in king mackerel
(Scomberomorus cava)ldrom the Gulf of Mexico
were compromised by the migratory nature of the
species and lik&. commersqrihe females live longer
and grow bigger than maledMé&nooch et al., 19871t

is therefore recommended that mortality estimaigs (
M and §)) given here be used with caution until catch

curve data for different fishing gear is made available.

In countries where minimum size and bag limits
have been implemented, (8. commersomre often
under sampled, resulting in poor predictions of growth

growth strategy during the early stages most vulner-
able to predation is typical of large-prey species like
Scomberomoru@lenkins et al., 1985; Begg and Sellin,
1998. Our results are in general agreement with other
studies from the region. In Kuwals. commersogrew

to between 44.5 and 52 cm in the first 5 months and in
Oman size at age was found to be 50-60cm for 6-
month-old fish Brothers and Mathews, 1987; Dudley
etal., 1992.

Sex specific differences in length, weight, growth
and longevity were evident during this study. At most
landing sites, there was a female bias in the catch, which
may be attributed to gear selectivitiClaereboudt

for this age class using techniques such as the VBGF et al., 2004. Growth parameters revealed females grew
(McPherson, 1992However, the absence of minimum  at a slower rate but reached a greater asymptotic length
size limits on kingfish in Oman gave us a unique op- than male fish. Greater representation in the older year
portunity to sample large numbers of fish less than 1 classes (>10 years) suggested females also lived longer
year old. VBGF curves fitted through data which in- than males. Rapid initial growth in male kingfish sup-
cluded counts of daily increments for fish less than ports reproductive data collected on the same individ-
1 year old suggested the life history 8f commerson  uals, where males reached size at first maturity faster
stocks in Omanis comprised of two distinct phases. The than females Claereboudt et al., 2005In the only

first phase is distinguished by extremely rapid growth other growth study ofS. commersomhere sex was
from the larval stage to 18 months of age. The sec- also differentiated, the results obtained were similar
ond phase can be described as the period when growthto ours. Femal&. commersofrom eastern Australia
slows considerably. The start of the second phase co-were also found to reach a highkeg, and displayed
incides with the time at which kingfish reach age at smallerK values than male fish from the same region
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Fig. 10. Age-based catch curves for each of the six regions using annuli counts of oto@hBofts used in the regression;)] points not
used in the regression).

(McPherson, 1992 These observed sex-specific dif- of opaque bands being laid down annually. Instead, he
ferences in growth are probably related to differing in- proposed that for this South African population, which
vestment in gametogenesis by the two sexes. displayed a protracted spawning season, opaque bands
Like Oman, South Africa’s. commersofishery is are probably laid down twice a year. This is unlikely
comprised primarily of young fish. From a large sam- to be the case in Oman, where spawning occurs over
ple size 6=637) no individuals were recorded older a relatively short period from April to May in both the
than 5 years of age3ovender, 1994 Govender sug-  Gulf of Oman and the Arabian Se@l@ereboudt et al.,
gested the observed growth rates for this fishery were 2009. Furthermore, visual inspection of the otolith
underestimates as they were based on the assumptiomargins from fish sampled at Muscat reveals a large
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Fig. 11. A comparison of mesh size for drift and set nets used by kingfish fishermen in each of the six regions.

proportion of fish deposit the opaque zone once a year gins occurring in SeptembeGovender, 1992 These
during the winter months. observed differences in the timing and longevity of
Although the timing of the formation of the opaque zone formation fo5. commersoftom these three loca-
zone in this study was similar to that recorded from tions probably came about through differences in clas-
other geographic regions, the length of time during sification between observers and differences in otolith
which this formation took place was much greater preparation. Classification of the otolith edge can be
than observed elsewhere. For 6 months (September toaffected by factors such as light conditions, magnifi-
February) more than 75% of the fish were forming an cation or variability in human interpretatioB¢ckman
opaque zone on their otolith edge. In eastern Australia, and Wilson, 199% Similarly the timing of the opaque
the opaque zone is apparent for 3 months (June, July,zone formation has been found to be different between
August) just prior to the onset of spawning in late spring  whole and sectioned otolith€&ampana, 1984and by
(October, November)McPherson, 1992 The timing as much as 2 months in another specisgcavalla
appeared to be delayed by 2—3 months for fish in South (Collins et al., 1989 We recommend a more detailed
Africa, with peaks in the formation of the opaque mar- study that examines the timing of the deposition of
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opaque and translucent material for kingfish in Oman, final draft. This project was fully funded by the Fish-
preferably using a technique like marginal increment eries Research Fund of Oman.
analysis Campana, 2001
Of the otoliths examined in this study, more than
0 .
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