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Abstract—The scalloped spiny lobster Panulirus homarus supports numerous traditional diving,
trap and trammel net fisheries in the Western Indian Ocean. Commercial catches made in 2003
to 2005 in the Arabian Sea region of Oman (a coastline of ~1100 km, comprising Dhofar and
Al-Wusta) were sampled for length and sex composition, and female reproductive condition.
On average, lobsters caught in Dhofar were larger than in Al-Wusta, and length-based estimates
of growth parameters, size at maturity and natural mortality were consistent with fast-growing
tropical lobsters. Compared to historical data from Oman dating from the late-1980’s (with peak
catches of >2000 t/yr) and mid-1990’s, recent landings, average lobster size and size at maturity
were considerably lower. A length-based cohort analysis suggested that fishing mortality does not
impact on lobsters <60 mm carapace length, but that it has depleted those >80 mm. The spawning
biomass ratio (Bsp/B) of <25% is sensitive to increases in fishing mortality. Existing regulations
are not regularly enforced, and the situation in Oman appears to be typical of lobster fisheries
in the northwestern Indian Ocean, where few well-founded management plans exist and several

declines in catches have been reported.

INTRODUCTION

The scalloped spiny lobster Panulirus homarus is
widely distributed in the tropical and subtropical
waters of the Indo-West Pacific, where it inhabits
shallow (1-90 m) rocky substrates and coral reefs
(Holthuis 1991). Three geographically separated
forms are recognized based on colour and abdominal
sculpturation, namely P. homarus homarus from
eastern Africa to Japan, Indonesia and Australia,
P. homarus rubellus from Madagascar and
southeastern Africa, and P. homarus megasculptus
from the northwestern Indian Ocean, including
Somalia and the Arabian Sea (Berry 1974;
Holthuis 1991). All three forms may overlap and
co-occur with other nearshore Panulirus species,
i.e. P. ornatus, P. versicolor, P. longipes and P.
penicillatus (Holthuis 1991). The tropical and
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sub-tropical Panulirus species generally grow
fast, mature within 2-3 years of settlement to the
seafloor, may moult and reproduce several times
per year, and carry large numbers of comparatively
small eggs (see review by Phillips and Melville-
Smith 2006).

Abundances of tropical spiny lobsters are
generally low and few countries in the Indo-West
Pacific have high volume fisheries (Munro 2000).
Nevertheless, the high product value of spiny
lobsters on local and export markets ensures
that they are caught wherever they can be found,
mainly by traditional (artisanal) fishers using a
variety of fishing methods including capture by
hand or spearing, tangle nets or traps (Munro
2000; Phillips and Melville-Smith 2006). Accurate
data on landings by the traditional fisheries of
the region are extremely sparse — catches are
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often not reported, or in other cases landings
consist of several species that are grouped (Munro
2000, FAO 2005). Nevertheless, the information
available does suggest a decline of the total lobster
landings of the western Indian Ocean (FAO Area
51; van der Elst et al. 2005), and several alarming
declines from country statistics in the northwestern
Indian Ocean. Landings from Indian fisheries for
tropical Panulirus lobsters (several species, incl.
P. homarus) have declined sharply since 1985
peak catches (Radhakrishnan et al. 2005) and in
Yemen catches of P. homarus are also at a fraction
of earlier levels (approx. 300 t/yr compared to
>1200 t in the early 1990s; Anon 2004). Catches in

Somalia appear to have declined significantly since
the 1990s (Fielding and Mann 1999), and Mohan
(1997) showed a decline in the size composition of
catches made along the Dhofar coast of Oman.
The fishery for Panulirus homarus in the
Sultanate of Oman originated from incidental
catches made around Masirah Island in the early
1970’s, and expanded in the 1980’s to the Arabian
Sea coast between Masirah in the north and Dalkut
in the south (16 to 21°N; see Fig. 1). Fishers
use traps and tangle-nets from small motorized
fibreglass boats, and catch predominantly P.
homarus, with negligible amounts of other lobster
species. Reported landings have declined from over
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Fig. 1. The Arabian Sea coast of Oman showing the Dhofar and Al-Wusta regions and the locations of the lobster landing

sites covered in this study
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2000 t/yr in the 1980’s to between 200 and 500 t/yr
after the turn of the century (Fig. 2; Anon 2001,
2006). Catches are exported to Dubai (United Arab
Emirates) and other international markets to earn
foreign exchange of approximately $US 35 million
per year. Present regulations include a 2-month
fishing season (15™ October — 15™ December),
minimum legal size (MLS) of 80 mm carapace
length (CL), and bans on using nets or retaining egg-
bearing females, but they are not regularly enforced.
The biological and population parameters needed
to determine plausible management strategies are
either unknown, or based on limited research done
more than a decade ago (Al-Abdulsalaam 1989;
Johnson 1990; Johnson and Al-Abdulsalaam 1991;
Mohan 1997).

The objectives of this study were to assess
the present status of the spiny lobster stock and
fishery relative to historical information from
Oman, and to compare the local situation with
similar lobster fisheries in the northwestern Indian
Ocean. Length-based data were used to assess
spatio-temporal trends in size composition and size
at sexual maturity, estimate growth and mortality
rates, and assess the impact of fishing on population
biomass and yields in Oman. The results of this
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study are intended as a benchmark against which
the success of future management strategies can be
measured.

MATERIAL AND METHODS

Sampling strategy and analysis of size
composition and length-mass data

Lobsters landed by commercial fishers during the
October to December fishing seasons of 2003 to
2005 were sampled at landing sites in Al-Wusta
(Dugm, Ras-Madrakah, Haitam, Lagbi) and in
Dhofar (Shuwaimiya, Sadah, Mirbat, Salalah,
Raysut, Mughsyl, Dalkut) (see Fig. 1). Sampling
frequencies / site were irregular, and additional
catches confiscated during January to October were
sampled whenever available. All lobsters landed
at a site on a given sampling day were sexed,
and measured mid-dorsally from the transverse
ridge between the frontal spines to the posterior
carapace edge (CL+0.1 mm) using a vernier
calliper. Student’s two-sample t-tests or ANOVA
were used to identify differences in CL between
years (2003, 2004 and 2005), regions (Al-Wusta,
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Fig. 2. Reported landings of Panulirus homarus in Oman between 1981 and 2005. No data were available for 1982 to
1984. Records were obtained from Al-Barwani er al. (1989) and Statistics Yearbooks (Anon 2001 & 2006)
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Dhofar) and sexes (0=0.05; Zar, 1984). A sub-
sample of 157 undamaged specimens covering a
size range of 37.7-100.6 mm CL were weighed
(Whole Mass; WM=1 g) for calculation of length-
mass relationships.

Size at maturity

Female lobsters were categorized as being immature
(no ovigerous setae present), mature with a tar-spot
attached but no egg-mass, and mature with an egg-
mass attached to the abdomen. Two methods were
used to estimate size-at-50% maturity — the ratios
of females with ovigerous setae to the total number
of females per 2-mm CL interval (‘setal’ method),
and the ratios of egg-bearing (or berried) females
to the total number per 2-mm CL interval (‘berry’
method) (see Groeneveld and Melville-Smith
1994). In both methods females with a tar-spot were
assumed to be mature. For the berry method only
females collected during the October to December
main breeding season were used and the proportions
of egg-bearing females per 2-mm interval were
adjusted to range between zero and 1 (p,/ p,, %
n. where p, is the proportion of egg-bearers in the
i™ interval and p___is the interval with the highest
egg-bearing proportion). A logistic curve:

f =1/[1+exp(a—bxCL)],

was fitted in each case, where f_ is the frequency
of mature females and a and b are constants
obtained by a non-linear search algorithm (using
a least squares fitting procedure) provided by an
Excel software package (Microsoft 1997). The
CL-at-50% maturity (L, ) was determined by back
calculation.

Growth

The von Bertalanffy growth parameters K (y'), L,
(mm) and t; (yr) were estimated from the length-
frequency data using the Fisheries Management
Science Programme (FMSP) Fish Stock Assessment
software (LFDA, Windows-based version 5.0;
MRAG, UK). Two sets of length frequency data
were used: a pooled year-wise dataset analysed
by the Shepherd’s Length Composition Analysis
(SLCA) for each year separately; and disaggregated
length-frequency data for specific sampling
episodes over the 2003 to 2005 period. In the latter

analysis, three alternative fitting methods, SLCA,
PROJMAT and ELEFAN 1 (Pauly 1987) were used
to estimate the parameters. In both cases, a non-
seasonal growth curve was selected.

Mortality estimates

The instantaneous total mortality (Z) was estimated
from three equilibrium length-based approaches,
using the same underlying model but differing in the
way parameters are estimated (methods described
in Sparre and Venema 1998), i.e.: linearized
length-converted catch curves (Pauly 1983; 1984a;
1984b), after using the inverse von Bertalanffy
growth equation to convert length data into age;
the Beverton and Holt (1956) equation relying on
the functional relationship between Z and the mean
lengths of lobsters under full exploitation; and the
modified Wetherall et al. (1987) method, which
also gave additional estimates of L_. All these
methods are standard and equations are therefore
not shown. Estimates were obtained for each of the
three years separately and for all data combined.
It is assumed that the frequency distributions of
our samples reflect the behaviour of cohorts, that
recruitment and mortality rates are constant, and
that the population is stable.

Empirical methods used to estimate natural
mortality (M) were its relationships with K, L, and
L_ (Beverton and Holt 1959), longevity (Alagaraja
1984), and age at maturity (Rikhter and Evanov
1976), all shown in Sparre and Venema (1998).
The intantaneous fishing mortality rate (F) was
computed as F=Z-M, and the exploitation rate (E),
as E=F/Z.

Yield and biomass

Jones’ length-based cohort analysis (Jones and Van
Zalinge 1981) was used to estimate F-at-length after
raising the pooled length-composition samples to
the average annual catch taken over the 2003 to
2005 period (378 t/yr), using the length-weight
regression for both sexes combined. A length-based
Thompson and Bell model, with inputs F-at-length
arrays, constant recruitment to the smallest length-
group (20-25 mm CL), a range of natural mortality
estimates (0.59-0.89 y') and the parameters of
the length-mass relationship was used to predict
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survivors per length(age)-class (Nt), equilibrium
biomass and yield for a range of fishing mortality
(F)-factors between O (unfished) and 4 (4 times
present fishing mortality). Spawning biomass (B,
or mature females capable of bearing eggs) was
calculated as a proportion of the biomass per length
category (0.5xB,, . +0.25xB, +0.125xB,,
, assuming that 50% of the biomass/length class
between 70-120 mm CL (B, ,,,..) Will be females,
that 50% of females of 65—70 mm CL will be mature
(B,s,,,)» and that 25% of females of 60-65mm
(B,,,,,,) Will be mature; see results of size at maturity
analysis below. Based on an average annual catch of
378 t/yras Yield (Y), the MSY was calculated using
Gulland’s (1965) formula of MSY=0.5xZ(Y/F).
To assess the influence of unreported catch on the
biomass estimate, the model was re-run assuming
that the un-reported catch was equal to the reported
catch (i.e. a total catch of 756 t per year).

RESULTS

Size- and sex composition, size at maturity
and length-mass relationships

Of the 15,773 lobsters sampled over the three years
of the project, 77% were captured in the Dhofar
region, and the remainder originated from Al-Wusta,
where a large percentage of samples (52% in 2004

and all of 2005) consisted of lobsters confiscated
from fishers outside of the October—December
fishing season (Table 1). The majority of lobsters
sampled from legitimate and confiscated catches
were smaller than the MLS of 80 mm CL in both
regions and all three years (Table 1; Fig. 3).

The mean lobster size of catches made along
the Arabian Sea coast was 75.4+10.9 [S.D.] mm
CL (range, 22.6-127.4 mm), and lobsters from
Dhofar were significantly larger than those from
Al-Wusta (77.0£9.9 mm versus 69.8+12.5 mm;
t=31.72, p<0.001) (Table 1). Males were larger than
females in Dhofar (78.2+9.9 mm versus 75.9+9.7
mm; t=13.24, p<0.001) but smaller than females
in Al-Wusta (67.9+12.9 versus 71.8+11.7 mm;
t=9.46, p<0.001). No decline in size composition
was obvious over the three years in Dhofar, but
in Al-Wusta both male- and female size declined
sharply after 2003 (ANOVA: F, . ,=135.8, p<0.001
for males and F271768=127.3, p<0.001 for females;
Fig. 3).

The pooled sex ratio for both regions and all
three years combined was close to parity (0.49:0.51),
and the proportions of males and females were also
equal in pooled samples from Al-Wusta (0.5:0.5)
and Dhofar (0.49:0.51), respectively. However,
males were in a distinct minority (0.31:0.69) in Al-
Wausta in 2003, for which a relatively small sample
size of only 675 lobsters was available (Table 1).

Table 1. “The numbers of Panulirus homarus sampled in Al-Wusta and Dhofar in 2003 - 2005, showing the
minimum, maximum and mean sizes (CL, mm), sex ratios, proportion of samples from confiscated catches made
outside the October - December fishing season, and the proportion of samples with a CL < 80 mm MLS”

Area Year n CL(min) CL(max) CL(avg) S.D. Sexratio  Confisc. CL<MLS
(mm) (mm) (mm) (mm) M : F (Prop.) (Prop.)
Al-Wusta
2003 675 50.2 116.6 79.3 8.6 0.31 : 0.69  0.05 0.54
2004 1958 22.6 102.9 67.4 13.2 0.53 : 0.47 0.46 0.78
2005 939 40.0 102.6 68.0 9.9 0.59 : 041 1.00 0.89
All 3572 22.6 116.6 69.8 12.5 0.50 : 0.50 0.52 0.76
Dhofar
2003 2675 30.2 118.8 77.4 8.2 0.44 : 0.56 0.00 0.68
2004 3777 33.6 127.7 78.2 11.0 0.47 : 0.53 0.02 0.57
2005 5749 28.8 1234 76.1 9.7 0.53 : 0.47 0.14 0.70
All 12201 28.8 127.7 77.0 9.9 0.49 : 0.51 0.07 0.65
All data 2003-2005 15773 22.6 127.7 754 10.9 0.49 : 0.51 0.17 0.68
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Fig. 3. Length composition (CL in mm) of Panulirus homarus sampled in 2003 to 2005 in the Dhofar and Al-Wusta

regions

The smallest female with a tarspot (which
implies that it had mated) was 52.8 mm CL and
the smallest egg-bearing female was 54.6 mm.
Estimates from the logistic curves suggested that
50% of females reached physiological maturity
(ovigerous setae present and mating can occur) at
59.4 mm CL and that functional maturity (females
able to bear eggs) occurs at 65.7 mm (Fig. 4).

Functional maturity was reached at similar sizes in
Dhofar (65.6 mm) and Al-Wusta (63.9 mm) (Fig.
4).

The length-mass relationships fitted to the data
were non-linear (Fig. 5) and consequently data
were log-transformed prior to testing for significant
differences between sexes. Females became
progressively heavier than males with increasing
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CL (t=0.49, df=153, p>0.05 for slopes; t=5.41,
p<0.001 for elevations).

Growth

The Von Bertalanffy growth parameters estimated
for both sexes combined from the length frequency
data, ranged from between 126.8 and 136 mm
for L, 0.28 and 0.50 y' for K, and 0.3 to 0.9 y

for t, (Table 2). The L, values are realistic when
compared to the maximum observed CL of 127.4
mm, and were further confirmed by an independent
estimate of 128 mm for pooled data using the
Wetherall et al. (1987) method. Mean growth
parameter estimates were 128.9 mm for L , 0.33
y'and —0.35 y after omitting the outlier values
(Table 2).

Table 2. Summary of Von Bertalanffy growth parameters estimated with Shepherd’s Length
Composition Analysis (SLCA), and the PROJMAT and ELEFAN 1 software (FMSP stock
assessment software, MRAG). The outliers and Wetherall estimate (marked with *) were
not included in the average parameter values

Method Year Leo K t0
(mm) yr-1 yr
SLCA 2003 131.0 0.28 -0.43
SLCA 2004 126.8 *0.59 *-0.90
SLCA 2005 129.5 0.25 -0.30
SLCA 2003-2005 130.0 0.40 -0.41
PROJMAT 2003-2005 127.0 0.31 -0.31
ELEFAN 1 2003-2005 *136.0 0.41 -0.30
Wetherall et al. (1987) method 2003-2005 *128.0 _ _

Average parameter values 2003-2005 128.9 0.33 -0.35
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Mortality rates

The length-converted catch curve based on all
data suggested that lobsters younger than 4 years
had a relatively higher total mortality (Z=2.07 y)
than older lobster (1.20 y'), and that the average
mortality (Z+95% confidence interval [CI]) over
the fully exploited length range was 1.48+0.66 y!
(n=9 for regression with lowest CI). The underlying
assumption of the catch curve, that ZAt<1, was
not valid for all points, and the approximation
is therefore a crude one. The Beverton and Holt
(1956) and Wetherall et al. (1987) estimates of Z
were slightly higher than those from the length-
converted catch curve, but with a single exception
(2.91 y', 2005) fell within the 95% confidence
limits of the catch curve values (Table 3). Excluding
this outlier, an average value of Z was estimated to
be 1.86 y'.

Length-based cohort analysis and
predictive Thompson and Bell model

Fishing mortality (F)-at-length arrays, obtained
from the length-based cohort analysis, showed a
low impact of fishing on length-classes <60 mm
CL, and highest impact on those between 70 and
90 mm CL, irrespective of the value of M selected
between 0.59 and 0.89 y' (Fig. 6). Consequently,
the F-array resulting from an average M=0.74 y'!
was selected as the reference input for the predictive
length-based model.

Equilibrium predictions of survivors per length-
class and yield for a range of fishing strategies
(expressed as the fishing mortality factor with
F-factor=1 indicating the present strategy) suggest
that survival of lobsters <50 mm CL will remain
unaffected by fishing, and that the threshold

Table 3. Summary of total mortality estimates (Z + 95% conf. int; per year)

Method 2003 2004 2005 Combined
Catch curve 1.63 (0.97) 1.54 (0.59) 1.81 (0.57) 1.48 (0.66)
Beverton and Holt 2.08 1.76 1.99 1.92
Wetherall er al. (1987) 1.91 2.1 2.9% 2.21
Average parameter estimate 1.86

* Not used to calculate average value

Beverton and Holt (1959) found that values of
the M/K ratio generally lie between 1.5 and 2.5;
thus, assuming a K of 0.28-0.5 y' for P. homarus,
M values range from 0.42-1.25 y!. Estimates of
M from empirical methods were 1.90-2.12 y!
(Beverton and Holt method with a CL interval of
63—70 mm at 50% maturity), 0.76-0.89 y' (Richter
Evanov formula with an age interval of 1.7-2.0
years at 50% maturity), and 0.59-0.84 y! (longevity
method with a 1% survival rate after 5.5 years
[CL=110 mm)] or after 7.7 years [120 mm]). When
excluding the elevated Beverton and Holt estimate,
the range for M was 0.59-0.89 y!. Using average
values of Z (1.86 y') and M (0.59-0.89 y'), the
fishing mortality (F=Z-M) lies between 0.97 and
1.27 y!, and the exploitation rate (E=F/Z) is at 0.52
t0 0.68.

length, where fishing at any F-factor>0 will affect
survival, is 50-60 mm CL (Fig. 7). Increasing
F above the present level will drastically reduce
survival above 70 mm CL (Fig. 7b). Biomass
projections (Fig. 7¢c) suggest that the total biomass
in an unexploited population (F-factor=0) would
be ~1940 t, comprising individuals in a wide size
range of 60—115 mm CL. At the present level
of fishing mortality (F-factor=1) the biomass
projection is reduced to ~1050 t, with most of the
biomass concentrated in the 50-80 mm CL range.
Assuming an unreported catch of 378 t in addition
to the reported catch per year (i.e., total catch =
756 t), increases the present biomass estimate from
1050 t to 2094 t. F-factors>1 will further reduce the
biomass contained in length-classes >70 mm CL.
Spawning biomass as a proportion of biomass (Bsp/
B) at F-factor=1 is expected to be ~25% of pristine,
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but any increase above F-factor=1.5 will reduce this
ratio to <18% (Fig. 8). The yield curve is relatively
insensitive to changes in effort above F-factor=1,
however Gulland’s (1965) method suggested an
effort reduction of about 27% to achieve an MSY
of 276.8 t per year.

It is important to remember, however, that the
equilibrium conditions assumed for the model (i.e.
constant recruitment, growth and mortality) are
rarely achieved in reality, where environmental and
fisheries forces are not constant. The limitations
of the model, and particularly the potential
consequences of increased fishing pressure on
smaller size classes (theoretically insignificant
based on the model; see above) should therefore
be viewed with caution.

DISCUSSION

A first glance at the catch history of P. homarus
in Oman between 1981 and 2005 suggests an
exploitation pattern that is fairly commonly
observed in lobster fisheries world-wide, i.e. the
commercial discovery of a new resource and rapidly
increasing catches to far above sustainable levels
(1981-1989 in Oman), a steep decline (here 1990—

1995), and then a more stable period at a fraction of
the peak catches. The latter phase usually follows
on management interventions to curb fishing effort,
and a local lengthy 10-month closed season each
year appears to have succeeded, at least partially,
in stabilizing catches. Nevertheless, the average
annual catch for the 1999-2005 period remains at
~20% of that reported for the late 1980s (see Fig.
2). No decline in the average size of lobsters caught
off Dhofar was apparent for the 2003—2005 period,
thus providing some support for an equilibrium
at a reduced abundance level. Such a temporal
equilibrium over the sampling period is one of the
main assumptions of the length-based methods used
in this study (Hilborn and Walters 1992).

Data were pooled from numerous landing
sites in Dhofar and Al-Wusta to obtain an overall
perspective of the fisheries in these two regions.
This may have introduced some bias because of
high variability in population size structure between
sites (Johnson and Al-Abdulsalaam 1991; Mohan
1997), but was necessitated by incomplete coverage
of sites in each year between 2003 and 2005. It is
important to note that the MLS of 80 mm CL is
not observed in the fishery, and that size selectivity
by fishers (but not by gear) could therefore be
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discounted. The mean CL in Dhofar (77.0+£9.9
mm) was ~3 mm smaller than at the height of the
fishery in 1987-1988 (79.9 mm CL, n=4519; data
recalculated from Al-Abdulsalaam 1989), and
than in 1994-1995 (80.2 mm CL, n=1072; Mohan
1997). The relatively small reduction in mean size
of captured lobsters since the late 1980s in Dhofar

is somewhat surprising, given the large decrease
in catches between these two periods, although
there may have been substantial reductions in size
prior to 1989 (Johnson and Al-Abdulsalaam 1991;
Mohan 1997).

A much sharper decline in mean lobster size
was observed in Al-Wusta, from 87.6 mm CL in
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1988 (n=293, females only, data from Johnson
1989) to 78.7+£8.4 mm (2003 females, n=469) and
to 68.5£9.5 mm (2005 females, n=383), although
the exact location of the 1988 sample is unknown
and may have been a site with particularly large
lobsters. Nevertheless, the Al-Wusta region is close
to the northern distribution limit of this species in
the Arabian Sea, and is therefore presumably a
less favourable lobster habitat than Dhofar — hence
the smaller mean sizes compared to Dhofar in our
study and the more pronounced declines in size
structure.

The estimates of size at sexual maturity
of female P. homarus from the present study
are similar to those made by other researchers
throughout its distribution range in the western
Indian Ocean (Table 4). The bulk of these studies
confirm that maturity is reached at a relatively
small CL of between 50 and 70 mm CL. The higher
estimates of 80-85 mm CL by Al-Abdulsalaam
(1989) and Johnson and Al-Abdusalaam (1991) are
as a result of a using allopatric growth of walking
legs as an estimator of maturity, rather than egg-
bearing. Size at maturity, growth rates, fecundity
and population size structure of spiny lobsters vary
substantially over time and space in relation to their

harvesting, fluctuating natural productivity and
changing population densities (MacDiarmid and
Sainte-Marie 2006). This was also observed for
the recent data in Oman, with spatial differences
between the Al-Wusta and Dhofar estimates (see
Fig. 4). A large reduction of 8.2 mm was observed
when comparing size-at-50% egg-bearing from the
recent Dhofar data (65.7 mm CL) with similar 1988
data (73.8 mm CL; logistic curve recalculated from
Dhofar data sourced from Al-Abdulsalaam 1989).
The larger sizes at 50% egg-bearing in Dhofar
extended to the 1994/95 period when it ranged
between 69.2-75.9 mm CL at three sites (Mohan
1997). The considerable reduction in size-at-50%
egg-bearing since 1988 is presumably linked to
the change in population structure as a result of
harvesting.

The von Bertalanffy growth parameters L_, K
and t, estimated in the present study were based
on seasonally disjunct data, thus to obtain robust
estimates, the combined data on males and females
were used with several different estimation models.
The growth curve that was selected compares well
with those from other studies of P. homarus in
Somalia and Oman in the late 1980s (see Fig. 9).
The growth study from Kenya used captive lobsters
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Table 4. Estimates of size-at-50 % egg-bearing of female P. homarus from various locations in the western

Indian Ocean

Country (Region) Estimate Reference

CL (mm)
Oman (Al-Wusta) 63.9 mm This study
Oman (Dhofar) 65.6 mm This study
Oman (Dhofar) # 73.8 mm Al-Abdusalaam 1989
Oman (Dhofar) 69.2 - 75.9 mm Mohan 1997
Iran (Persian Gulf and Sea of Oman) 63 mm Fatemi 2001
Yemen (East Aden)* 60 - 70 mm George 1963
Somalia (Puntland) 58 mm Fielding and Mann 1999
South Africa (Eastern coast)* > 54 mm Berry 1971
Kenya 63.4 mm Kulmiye et al. 2006
Sri Lanka 59.5 mm Jayakodi 1989

# Raw data recalculated using a logistic curve

* Empirical estimates based on egg-bearing proportions per length class
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Fig. 9. Von Bertalanffy growth curves calculated for Panulirus homarus in this study, Dhofar in 1988 (Al-Abdusalaam
1989), Somalia in 1998 (Fielding and Mann 1999) and for captive P. homarus homarus in Kenya in 2001-2003 (Kulmiye

and Mavuti 2005)

(Kulmiye and Mavuti 2005) and the results are
therefore not directly comparable. It appears that
P. homarus reaches sexual maturity at an age of
approximately 2 years and its maximum size at

8-10 years after settling as pueruli on the seabed.
The natural mortality (M) range obtained in the
present study (0.59-0.89 y') also compares well
with estimates from other work, i.e. 0.6 y! off South



172 A. AL-MARZOUQI ET. AL.

Africa (Fielding 1997), 0.6-0.85 y off Somalia
(Fielding and Mann 1999) and 0.63-1.44 y! off
Yemen (Sanders and Bouhlel 1984).

The exploitation rate (E) generally gives an
indication of the state of exploitation of a stock
under the assumption that the optimal value is E
=~ 0.5, which in turn assumes that the sustainable
yield is optimised when F=M (Gulland 1971). In the
present study, estimates of F (0.97-1.27 y!) were
higher than those of M (0.59-0.89 y') and E thus
ranged between 0.52-0.68, higher than the optimum
level. A moderate reduction in effort may therefore
be needed to reduce the exploitation rate to around
0.5. However, the assumption that sustainable yield
is optimised when F is similar to M has proved to
be false in certain situations, and this criterion was
used as indicative only.

Considering that initial catches in the fishery
were above 2000 t/yr, with some estimates placing
it at >3000 t/yr in 1985 and 1986 (Al-Barwani
et al. 1989), the pristine biomass may have been
considerably above 3000 t prior to commercial
exploitation. The current biomass estimate of ~1050
t at the recent exploitation level places biomass at
<30% of pristine, and probably closer to 20%. It is
important to note that the pre-exploitation population
would have consisted of larger individuals (see
Fig.8), and that larger females generally carry more
eggs and spawn more times per year than smaller
individuals (Berry 1971). The reproductive capacity
of the present population is thus considerably
reduced both in terms of the relative numbers of
spawning females at any particular time, as well
as smaller clutch sizes, on average.

The shallow-water lobster fisheries in the
northwestern Indian Ocean have several factors in
common: a high value product and relatively easy
access to fishers with small craft and simple fishing
gear; declines in reported catches, and possibly
depletion of stocks (this study); a lack of species-
specific biological and fisheries data on which
to base assessments and management strategies
(Munro 2000; van der Elst et al. 2005); and weak
compliance where regulations do exist (this study,
Fielding and Mann 1999; Radhakrishnan et al.
2005). The declines in landings and stock depletions
together with the heavy reliance on fishing of coastal
communities in the northwestern Indian Ocean
region clearly creates a fundamental problem,

where fisheries managers and governments may
struggle to reconcile socioeconomic expectations
of fishing communities with sustainable utilization
of fish resources.
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