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Abstract—The population biology
and status of the painted sweeplips
(Diagramma pictum) and spangled
emperor (Lethrinus nebulosus) in the
southern Arabian Gulf were estab-
lished by using a combination of
size-frequency, biological, and size-
at-age data. Transverse sections of
sagittal otoliths were characterized
by alternating translucent and opaque
bands that were validated as annuli.
Comparisons of growth characteris-
tics showed that there were no sig-
nificant differences (P>0.05) between
sexes. There were well defined peaks
in the reproductive cycle, spawning
occurred from April to May for both
species, and the mean size at which
females attained sexual maturity was
31.8 cm fork length (Ly) for D. pictum
and 27.6 cm (Ly) for L. nebulosus. The
mean sizes at first capture (21.1 cm
Ly for D. pictum and 26.4 cm Ly for
L. nebulosus) were smaller than the
sizes for both at first sexual maturity
and those at which yield per recruit
would be maximized. The range of
fishing-induced mortality rates for
D. pictum (0.37-0.62/yr) was sub-
stantially greater than the target
(F,p=0.07/yr) and limit (F};,,;;=0.09/
yr) estimates. The range of fishing-
induced mortality rates for L. nebu-
losus (0.15/yr to 0.57/yr) was also in
excess of biological reference points
(F,,;=0.10/yr and F};,;;=0.13/yr). In
addition to growth overfishing, the
stocks were considered to be recruit-
ment overfished because the biomass
per recruit was less than 20% of the
unexploited levels for both species.
The results of the study are important
to fisheries management authorities in
the region because they indicate that
both a reduction in fishing effort and
mesh-size regulations are required
for the demersal trap fishery.
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The painted sweetlips (Diagramma
pictum (Thunberg, 1792)), is a member
of the family Haemulidae and is
widely distributed throughout the
Indo-West Pacific, from the Red Sea
and East Africa to Japan and New
Caledonia (Randall et al., 1997).
Adults are found in shallow coastal
waters and coral reefs down to a depth
of 80 m, and juveniles are often found
in weedy areas (Smith and McKay,
1986). The diet of this species consists
of benthic invertebrates and fishes
(Sommer et al., 1996). It is a rela-
tively large tropical species attaining
100 em fork length and 6 kg in total
weight (Torres, 1991); consequently it
is exploited throughout its range with
a variety of gears, including hand-
lines, traps, and nets (Fischer and
Bianchi, 1984). Diagramma. pictum
has a gonochoristic reproductive mode
and spawning occurs annually with
one clear seasonal peak (Breder and
Rosen, 1966).

Fishes of the family Lethrinidae
are abundant in the coastal tropical
and subtropical Indo-Pacific (Young
and Martin, 1982). The spangled em-
peror (Lethrinus nebulosus (Forsskal,
1775)), is distributed throughout the
Indo-West Pacific from the Red Sea
and East Africa to southern Japan
and Samoa. It is found in a variety
of habitats including coral reefs, sea
grass beds and mangroves from near
shore to a depth of 75 m (Randall,

1995). Adults are either solitary or
are found in small schools, and ju-
veniles form large schools in shal-
low, sheltered sandy areas. The diet
of this species is mainly composed
of mollusks, crustaceans, polychaete
worms, and echinoderms (Fischer and
Bianchi, 1984).

As with other representatives of
the family Lethrinidae, L. nebulosus
is a protogynous hermaphrodite, and
sexual transformation from female to
male occurs over a wide range of sizes
(Young and Martin, 1982; Ebisawa,
1990). Lethrinids are considered to
have long spawning seasons, running
from spring to at least early fall, with
spring and fall peaks. Spawning oc-
curs after dark for most species in
aggregations along the inner or outer
edge of the fringing reef (Johannes,
1981). Lethrinus nebulosus is a large
tropical species reaching 80.0 cm total
length and 8.4 kg total weight (Ran-
dall, 1995) and is exploited through-
out its range with a variety of gears
(Fischer and Bianchi, 1984).

Both species form an important part
of fisheries landings in the southern
Arabian Gulf, where they are mainly
caught with dome-shaped wire traps
that have a hexagonal mesh of ap-
proximately 3.5 cm in diameter.
Traps are either set individually or
in strings from traditional wooden
dhows, sets are made to a maximum
depth of 40 m, and vessels fish an
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Figure 1

Study site (stippled area) showing the location of the Emirate of Abu Dhabi, off the coast of
which data were collected for the painted sweetlips (Diagramma pictum) and spangled emperor

(Lethrinus nebulosus) from commercial catches.

average of 210 traps each. Collection of catch-and-effort
data for the fisheries of the Emirate of Abu Dhabi in the
United Arab Emirates was initiated in 2001. However,
many species, including D. pictum and L. nebulosus,
are recorded to the family level, and therefore the use
of statistical catch-at-age methods can not be used for
conducting assessments at the species level. Landings
of haemulids (predominantly D. pictum) and lethrinids
(predominantly L. nebulosus), totaled 719 and 2911
metric tons, respectively, in the Emirate of Abu Dhabi
during 2003 (Grandcourt et al.l). Despite the limited
time scale for which catch and effort data are available,
there has been an overall increase in fishing effort and
catches since 2001.

Many of the fish populations in the Arabian Gulf have
been heavily exploited (Samuel et al., 1987), and fishing
effort may have already been above optimum levels for
most demersal species (Siddeek et al., 1999). The expan-
sion of the fishing fleet of the United Arab Emirates and
the lack of appropriate data on most stocks underscore
the need to assess the fisheries resources of the region.
The goal of this study was to evaluate the status of D.
pictum and L. nebulosus and to provide biological refer-

1 Grandcourt, E. M., F. Francis, A. Al Shamsi, K. Al Ali, and
S. Al Ali. 2004. Annual fisheries statistics for Abu Dhabi
Emirate 2003, 87 p. Environmental Research and Wildlife
Development Agency, P.O. Box 45553, Government of Abu
Dhabi, United Arab Emirates.

ence points and other pertinent information required for
management. Specific objectives included establishing
key demographic parameters by using validated age
estimates, identifying reproductive characteristics and
conducting yield-per-recruit analyses for the selected
study species.

Materials and methods

Study site and sampling protocol

Size-frequency data were collected from commercial
catches made off the coast of the Emirate of Abu Dhabi
in the United Arab Emirates (Fig. 1) between September
2000 and March 2003. Fish were selected at random
from landings and fork length (L) was recorded to the
nearest cm by using a measuring board. Monthly target
sample sizes were 500 individuals per species.
Biological data was collected from specimens pur-
chased from commercial catches between June 2002 and
May 2003. Samples were obtained from 30 individuals
of each species from a representative size range during
the last week of each month. Standard length (Lg), fork
length (Ly), and total length (L) were recorded to the
nearest mm by using a measuring board. Whole wet
weight was measured with an electronic balance and
recorded to the nearest g. The sex of a fish was deter-
mined by macroscopic examination of the gonad, which



Grandcourt et al.: Biology and assessment of Diagramma pictum and Lethrinus nebulosus in the southern Arabian Gulf 77

was removed and subsequently weighed to 0.1 g with
an electronic balance.

Sagittal otoliths were extracted, cleaned in water,
dried, and stored in seed envelopes. One of each pair
of sagittae was weighed to 0.1 mg, burnt on a hotplate
until it changed to a dark brown color, and embedded
in epoxy resin. Transverse sections through the nucleus
(of approximately 200-300 um thickness) were obtained
by using a twin blade saw. Sections were mounted on
glass slides and examined with a low-power microscope
and transmitted light.

Age and growth

The number of opaque bands in transverse sections was
recorded in addition to the optical characteristics of the
outer margin (opaque or translucent). The proportion
of samples with opaque or translucent margins was
calculated for each month and used to infer the timing
and periodicity of increment formation. The age at which
the first opaque band formed was calculated as the time
between the mean birth date and the time of formation
of opaque bands. Subsequently, the absolute age was
calculated as the age at formation of the first band plus
the number of opaque bands outside the first band and
the time between the formation of the last band and cap-
ture. In order to establish the relationship of the timing
of opaque zone formation with trends in sea water tem-
perature, time series data were converted by using the
scaling process given in Newman and Dunk (2003).

Growth was investigated by fitting the von Berta-
lanffy growth function (von Bertalanffy, 1938) to size-
at-age data using standard nonlinear optimization
methods. The model was fitted to pooled data and each
sex separately. The von Bertalanffy growth function is
defined as follows:

L,=L,1- ek (t-t9))

where L, = length at time ¢;
L = the asymptotic length;
k = the instantaneous growth coefficient; and
t, = the hypothetical time at which length is
equal to 0.

Growth curves were compared between sexes for each
species by using the analysis of residual sums of squares
method of Chen et al. (1992).

The growth performance index @ (Gayanilo and Pau-
ly, 1997) was calculated in order to provide a basis for
the comparison of growth characteristics in terms of
length:

D' = ¢ - 2/3 logy, (a),
where @ = log;, (k) + 0.67 log,, (W,) and W, = aL 3.
The constant, a, was derived from length-weight rela-

tionships and 2 and L _ were obtained from the von
Bertalanffy growth function.

Parameters of the length-weight relationship were ob-
tained by fitting the power function W = aLz® to length
and weight data where W is the total wet weight, a is a
constant determined empirically, Ly is the fork length,
and b is close to 3.0 for species with isometric growth.
Ratios of total length (L;) to fork length (L) were also
calculated for each species.

Reproduction

The mean size at first sexual maturity was estimated for
females by fitting the logistic function to the proportion
of mature fish in 2-cm (L) size categories. The mean
size at first maturity was taken as that at which 50%
of individuals were mature. Gonadosomatic indices,
calculated by expressing gonad weight as a proportion
of total body weight, were plotted against the sample
period by month to establish the timing and seasonality
of spawning. The mean birth date was estimated from
patterns in reproductive indices.

Population sex ratios were examined by using x2 good-
ness-of-fit tests. Independent tests were conducted to
determine whether sex ratios differed significantly from
unity for whole samples and for size and age categories
within samples. The probability level was set at 0.05
(=0.05) and Yates’s correction factor was used on ac-
count of there being only one degree of freedom for each
comparison. Juvenile retention was calculated as the
proportion of fish in aggregated size-frequency samples
below the mean size at first sexual maturity.

Mortality and selectivity

Size-at-age data were used to construct age-length keys
following the method of Ricker (1975) and these were
used to convert aggregated length-frequency data into
age-frequency distributions. The number of fish above
the age at which fish were fully recruited to the fishery
was calculated as a proportion of the total number of
fish. The annual instantaneous rate of total mortality
(Z) was subsequently determined with the age-based
catch curve method (Beverton and Holt, 1957). The
natural logarithm of the number of fish in each age
class was plotted against the corresponding age, and
Z (£95% CI) was estimated from the descending slope
of the best fitting line by using least-squares linear
regression. Initial ascending points representing fish
that were not fully recruited to the fishery were excluded
from the analyses.

The annual instantaneous rate of total mortality was
also estimated with the length-converted catch method
of Pauly (1983). Pooled length-frequency samples were
converted into relative age-frequency distributions by
using parameters of the von Bertalanffy growth func-
tion. The natural logarithm of the number of fish in
each relative age group divided by the change in rela-
tive age was plotted against the relative age, and Z
(295% CI) was estimated from the descending slope of
the best fitting line with least-squares linear regres-
sion. The estimates of Z from age-based and length-
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converted catch curves were compared by
using a modified #-test (Sokal and Rohlf,
1995).

Backwards extrapolation of the length-con-
verted catch curves was used to estimate
the probability of capture data. Selectivity
curves were generated by fitting a logistic
function to the plot of the probability of cap-
ture against size, from which values of the
parameters L;,, L,;, and the size at which
fish were fully recruited to the fishery (L,,)
were obtained.

Estimates of the annual instantaneous
rate of natural mortality (M) were obtained
for each species with the empirical equation
derived by Hoenig (1983). Maximum age
estimates of 31 years for D. pictum and 21
years for L. nebulosus from the literature
(Loubens, 1980; Edwards and Shaher, 1991)
were used because the maximum ages and
sizes obtained in our study were considerably
lower than other reported values.

The annual instantaneous rate of fish-
ing-induced mortality (F') was calculated by
subtracting the natural mortality rate (M)
from the total mortality rate (Z) derived from
age-based catch curves (F=Z-M). The calcu-
lation was also made for the upper and lower
95% confidence intervals for estimates of Z
in order to derive a range of fishing mortal-
ity rate estimates. The exploitation rate (E)

Photomicrographs of transverse sections through the sagittal oto-
liths of (A) Diagramma pictum, 56.0 cm Ly and (B) Lethrinus nebu-
losus, 45.7 cm L. Dots show opaque zones (scale bar=1 mm).

Figure 2

was calculated as the proportion of the fish-
ing mortality in relation to total mortality

(E=F/Z).

Assessment of the fishery

Relative yield and biomass-per-recruit analyses were
used to assess the fishery. Growth (k¢ and L), mortal-
ity (M), and selectivity (L;,) parameters were used as
model inputs, and knife-edge selection was assumed.
The Beverton and Holt (1966) yield-per-recruit (YPR)
model modified by Pauly and Soriano (1986) was used to
estimate the sizes at maximum yield per recruit (L, )
and to predict the effects of increasing the mean size
at first capture (L;;) to the mean size at first sexual
maturity (L, ,.) and that at which yield per recruit
would be maximized (L, ,,). Estimates of exploitation
rates representing 1) a marginal increase of relative
yield per recruit which is 0.1 of its value at the origin
(E,;) and 2) maximum yield (E_,,) were also derived
from the model. The exploitation rates corresponding to
Fand Fy, . (E ,and Ey, ;) were calculated and used
to estimate the relative biomass per recruit for each
species for L;), L .., and L from relative biomass-
per-recruit curves. Precautionary target (Fopt) and limit
(F;mit) biological reference points were calculated as
0.5 and 2/3 M, respectively, and used to infer resource
status by direct comparison with the fishing mortality
rates established for the study species.

Results

Age and growth

Alternating translucent and opaque growth increments
were observed in transverse sections of the sagittal
otoliths of D. pictum and L. nebulosus when viewed
with transmitted light under low-power magnification
(Fig. 2). For both species, one growth increment consist-
ing of an opaque and translucent zone was formed on
an annual basis. Opaque bands formed in the summer
months between May and September in association with
increasing sea water temperatures (Fig. 3); conversely
translucent zones were deposited in the autumn and
winter (October to February) in association with decreas-
ing sea water temperatures.

The maximum age estimates determined from counts
of opaque bands were 13 and 14 years for D. pictum
and L. nebulosus, respectively. Size-at-age relationships
were asymptotic in form and there was considerable
individual variability in growth (Fig. 4) (parameters of
the von Bertalanffy growth function are given in Table
1). A comparison of the growth characteristics between
sexes revealed that there were no significant differ-
ences in parameter estimates for both species (P=0.125,
df=319 for D. pictum and P=0.878, df =324 for L. nebu-



Grandcourt et al.: Biology and assessment of Diagramma pictum and Lethrinus nebulosus in the southern Arabian Gulf

losus). Values of the growth performance index
@ for growth in length were 2.81 for D. pictum
and 2.80 for L. nebulosus.

The length-weight relationship provided a
good fit to length and weight data for D. pictum
(W=1x10"5xL299) (r2=0.994) and L. nebulosus
(W=38x10-5xL2-88) (r2=0.992). Ratios of total
length (L) to fork length (Ly) were 1.11:1.0 for
D. pictum and 1.07:1 for L. nebulosus.

Reproduction

The mean size at first sexual maturity (L ,,) for
D. pictum was 30.7 cm Ly, for males (24.3-37.2 cm
95% CI) and 31.8 cm Ly for females (24.3-38.9
cm 95% CI). Those for L. nebulosus were 28.6
cm Ly (23.7-33.8 cm 95% CI) and 27.6 cm Ly
(19.6-35.6 cm 95% CI) for males and females,
respectively.

There was a peak in the gonadosomatic index
for both D. pictum and L. nebulosus females in
April, the main spawning period lasted until the
end of May (Fig. 5), and the mean birth date
was estimated as 1 May. There was a significant
(P<0.05) female bias in the overall sex ratios
(male to female) of 1:2.8 for D. pictum and 1:2.6
for L. nebulosus. The results of chi-square good-
ness-of-fit tests conducted for the sex ratios in
both age and size categories revealed that the
female bias was consistent across all categories
for L. nebulosus although the bias was removed
in the oldest age and largest size classes of D.
pictum (Tables 2 and 3).

The proportion of fish in aggregated size-fre-
quency samples that were below the mean size
at first sexual maturity for females (juvenile re-
tention rate) was 35.1% for D. pictum and 10.9%
for L. nebulosus.
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Figure 3
The proportion of otoliths with opaque outer margins for (A)
Diagramma pictum (n=348) and (B) Lethrinus. nebulosus (n=343)
and monthly sea temperatures off the Emirate of Abu Dhabi.
Note that the values have been converted to a standardized
scale to enable comparison of the trends.

Mortality and selectivity

Modal age groups in age-frequency distributions
derived from age-length keys and size-frequency data
were 3 years for D. pictum and 5 years for L. nebulosus
(Fig. 6). The proportion of fish above the age at which
fish were fully recruited was 13.8% and 45.7% for D.
pictum and L. nebulosus, respectively. There were no
significant differences between the total mortality rate
estimates derived from age-based and length-converted
catch curves for D. pictum (¢=0.81, P=0.43, 15 df) and
L. nebulosus (t=0.03, P=0.98, 11 df) (Fig. 7). Fishing
mortality rates were in excess of the natural mortality
rates, accounting for 79% and 64% of the total mortality
for D. pictum and L. nebulosus, respectively (Table 4).
The selectivity range derived from plots of the prob-
ability of capture at size was 25.0 cm for D. pictum
(18.0-43.0 cm) and 34.0 cm for L. nebulosus (13.0-47.0
cm) (Fig. 8). Values of the sizes where the probability of
capture was 50% (L), 75% (L;5), and 100% (L,,,) are
given in Table 5. For both species, fish were recruited

Table 1
Parameters of the von Bertalanffy growth function, coef-
ficients of determination (r2), and sample sizes (n) for Dia-
gramma pictum and Lethrinus nebulosus in the southern
Arabian Gulf.
D. pictum L. nebulosus
Fe- Fe-

Males males All Males males All
k 029 023 024 010 0.11 o0.11
L,cm(Ly) 606 638 630 699 652 662
¢, (y1) -1.2 -15 -14 -33 -29 -3.0
r2 0.86 0.83 0.84 091 0388 0.79
n 81 244 325 86 244 330
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The von Bertalanffy growth function fitted to size-at-
age relationships for (A) Diagramma pictum and (B)
Lethrinus nebulosus.
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Figure 5

Mean monthly gonadosomatic indices (+SE) for (A)
Diagramm pictum (n=359) and (B) Lethrinus nebulosus
(n=360).

Table 2

Results of chi-square goodness-of-fit tests on sex ratios within age categories for Diagramma pictum and Lethrinus nebulosus

(* significant at a=0.05).

Age category (yr) No. of males No. of females Chi-square (total) P
D. pictum
0-2 29 130 64.2 <0.01*
3-5 38 91 21.8 <0.01*
6-13 16 29 3.8 >0.05
L. nebulosus
0-2 34 93 27.4 <0.01*
3-6 29 88 29.8 <0.01*
7-14 27 69 18.4 <0.01*
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Figure 6
Age-frequency distributions for (A) Diagramma pictum
and (B) Lethrinus nebulosus derived from age-length
keys and size-frequency data.

to the fishery at a mean size (Lj,) which was smaller
than the mean size at which first sexual maturity was
attained (L ,,).

Assessment of the fishery

The size at which yield per recruit would be maximized
(L. Was 44.4 cm (Ly) for D. pictum and 36.9 cm (Ly)
for L. nebulosus. For both species, these values were
considerably greater than the mean size at first capture
and the mean size at first sexual maturity (Fig. 9).
The exploitation rate for D. pictum (0.79/yr) was
greater than that which would maximize yield per re-
cruit (0.57/yr) at the existing mean size at first capture
(Table 6). Furthermore, the same yield per recruit could
be achieved at a much lower exploitation rate and at
an increased relative biomass per recruit (Fig. 10).
The yield-per-recruit function also indicated that an
increase in the size at first capture to that which would

Table 3
Results of chi-square goodness-of-fit tests on sex ratios
within size categories for Diagramma pictum and Lethri-
nus nebulosus (*=significant at «=0.05).

Size Chi-
category No. of No. of square
(cm Ly) males females (total) P
D. pictum
20-34 26 128 67.6 <0.01*
35-49 41 93 20.2 <0.01*
50-64 27 43 3.7 >0.05
L. nebulosus
15-29 40 121 40.8 <0.01*
30-44 41 89 17.7 <0.01*
45-54 26 73 22.3 <0.01*
Table 4

Mortality and exploitation rates (+95 CI) for Diagramma
pictum and Lethrinus nebulosus.

D. pictum L. nebulosus

Total mortality

rate/yr (Z)
(Age-based 0.63 (0.50-0.75)  0.56 (0.35—-0.77)
catch curve)
(Length-
converted 0.69 (0.58-0.79)  0.56 (0.53—-0.60)

catch curve)

Natural mortality  0.13 0.20
rate/yr (M)

Fishing mortality =~ 0.50 (0.37-0.62) 0.36 (0.15-0.57)
rate/yr (F)

Exploitation 0.79 0.64
rate/yr (E)

Table 5

Probability of capture (selectivity) for Diagramma pictum
and Lethrinus nebulosus.

D. pictum L. nebulosus
Probability of capture cm (Ly) cm (Ly)
50% (L) 21.1 26.4
75% (L) 30.7 35.1
100% (L+,) 40.3 43.8
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Figure 7

Age-based catch curves (InF against Age) and length-
converted catch curves (In F/dt¢t against Relative age)
for Diagramma pictum (A) and Lethrinus nebulosus (B).
Dashed and solid lines show the regression equation
(y=bx+a) fitted to data for age-based and length-con-
verted catch curves, respectively. Only solid points are
included in the regressions.

Fork length (cm)

Figure 8

Selectivity curves for (A) Diagramma pictum and (B)
Lethrinus nebulosus, showing the mean size at first
capture at probabilities of 0.5 (L), 0.75 (L;5), and the
size at which fish are fully recruited to the fishery (L,,).

Table 6

Exploitation rates (E,; and E , ) at the existing size
at first capture (L;,), the size at first capture at sexual
maturity (L, ,,) and the size at first capture at maximum
yield per recruit (L__ ) for Diagramma pictum and Leth-
rinus nebulosus.

max

D. pictum L. nebulosus
Exploitation
rate L50 Lmat Lmax L50 Lmat Lmax
E,, (yr) 0.50 0.56 0.75 0.51 0.56 0.75
E . (yr) 0.57 0.65 0.81 0.63 0.65 0.86

maximize yield per recruit would be associated with
a substantial increase in yield at the current level of
exploitation. An increase in the size at first capture to
that at which sexual maturity occurs (L, ,,) was also
predicted to be associated with an increase in yield,
although to a lesser degree (Fig. 10).

The relative biomass per recruit for D. pictum at
the current exploitation rate was less than 10% of
that at the theoretical unexploited level. An increase
in the mean size at first capture to that which would
maximize yield per recruit was predicted to be asso-
ciated with a small increase in biomass per recruit.
Changes in the exploitation rate were predicted to
have a greater impact on biomass per recruit, which
was estimated to be above 50% of the unexploited
level at the optimum exploitation rate (E,,) (Table 7).
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Figure 9
Aggregated length-frequency distributions for (A)
Diagramma pictum and (B) Lethrinus nebulosus
showing the mean sizes at first capture (L), sexual
maturity (L), and the size at first capture which

would maximize yield per recruit (L, ).
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Figure 10

Relative yield and respective biomass-per-recruit curves
(descending lines) for (A) Diagramma pictum and (B)
Lethrinus nebulosus showing the existing exploitation
rate (E) and the exploitation rate at which the slope of
the yield-per-recruit curve is 0.1 of its value at the origin
(E, ;). Curves show the effect of increasing the existing
mean size at first capture (Lg,) to the mean size at first
sexual maturity (L ,,) and the size which would maximize
yield per recruit (L

max)'

Estimates of precautionary target and limit exploita-
tion rates (E,, and Ey;,.,) for D. pictum were 0.34 and
0.40, respectively.

The exploitation rate for L. nebulosus (0.64/yr) was
marginally greater than that which would maximize
yield per recruit (0.63/yr) at the existing mean size at
first capture (Table 6). The yield-per-recruit function
indicated that an increase in the size at first capture
to that which would maximize yield per recruit would
be associated with an increase in yield at the current
level of exploitation. An increase in the size at first
capture to that at which sexual maturity occurs (L ,,)
was also predicted to be associated with an increase in
yield, although to a lesser degree (Fig. 10).

The relative biomass per recruit for L. nebulosus at
the current exploitation rate was less than 20% of that

Table 7

Relative biomass per recruit at precautionary exploita-
tion rates (E,; and Ej;,;,) at the existing size at first cap-
ture (L), the size atfirst capture at sexual maturity (L ,,),
and the size at first capture at maximum yield per recruit

(L .y for Diagramma pictum and Lethrinus nebulosus.
Relative biomass per recruit
D. pictum L. nebulosus
Exploitation
rate L50 Lmat Lmax L50 Lmat Lmax
E . (/yr) 0.52 0.55 0.60 0.50 0.51 0.53
Eji Uyr) 044 048 0.53 0.39 0.40 0.45
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at the theoretical unexploited level. An increase in the
mean size at first capture to that which would maxi-
mize yield per recruit was predicted to be associated
with a small increase in biomass per recruit. Changes
in the exploitation rate were predicted to have a greater
impact on biomass per recruit, which was estimated to
be above 50% of the unexploited levels at the optimum
exploitation rate (E, ) (Table 7). Estimates of precau-
tionary target and limit exploitation rates (E,, and
E\; ;) for L. nebulosus were 0.33 and 0.43, respectively.
For both D. Pictum and L. nebulosus, the exploitation
rates predicted from the yield per recruit function (E
and E_, ) were equal to or in excess of values where
F=M (0.5) for all sizes at first capture.

The range of fishing mortality rates estimated for D.
pictum (0.37-0.62/yr) was substantially greater than
both the target (F,,,=0.07/yr) and limit (¥};,;,=0.09/yr)
biological reference points. The range of fishing mortal-
ity rates for L. nebulosus (0.15/yr to 0.57/yr) were also
in excess of the biological reference points for this spe-
cies (Fopt=0.10/yr and Fy,,,,=0.13/yr).

Discussion

Age and growth

The formation of alternating translucent and opaque
growth zones in fish otoliths has been associated with a
variety of factors, including seasonal variations in water
temperature, photoperiod, feeding, and reproduction
(Moe, 1969; Reay, 1972; Panella, 1980; Manickchand-
Heileman and Phillip, 2000). Although the mechanisms
of growth-increment formation are poorly understood,
the deposition of the opaque zone in tropical species
generally occurs in the spring and summer months
during periods of accelerated growth, whereas the trans-
lucent zone is formed when there is reduced metabolic
activity (Beckman and Wilson, 1995). The formation of
opaque and translucent zones in the sagittal otoliths
of D. pictum and L. nebulosus determined in our study
follows this generalized pattern.

The southern Arabian Gulf exhibits marked sea-
sonal variability in oceanographic characteristics; sea
water temperatures can exceed 34°C in summer and
fall to 21°C in the winter (Sheppard et al., 1992). The
close association of the formation of opaque zones with
increasing seawater temperature indicates that tem-
perature could be the principal environmental signal
stimulating the deposition of these growth zones. Other
allied variables, such as productivity and subsequent
food availability, may also be associated with seasonal
growth-rate oscillations and the formation of growth
increments. The validation of the annual periodicity
of increment formation adds to a growing body of evi-
dence (Fowler, 1995) and dismisses the misconception
that annuli do not form in the otoliths of reef fish due
to a lack of seasonality in the tropics (e.g., Sparre and
Venema, 1992). Nevertheless, the edge analysis method
used should ideally be conducted over a 2-year cycle and

could have been more rigorous with the use of larger
sample sizes and by conducting the analyses for indi-
vidual ages. Furthermore, it is important to distinguish
between the validation of increment periodicity and
absolute age (Campana, 2001). Although our study has
provided empirical evidence for an annual pattern of
increment formation, the absolute age of the study spe-
cies remains to be validated. Validation of the absolute
age could be achieved through independent means such
as a mark-recapture study and the chemical marking of
juvenile fish of known age.

The maximum number of opaque bands counted for
D. pictum in the present study (13) was considerably
less than the maximum age of 31 years estimated by
Loubens (1980) for this species in New Caledonia. Like-
wise, our longevity estimate of 14 years for L. nebulosus
was less than that of Mathews and Samuel (1991) (20
years) and of Edwards and Shaher (1991) (21 years) for
this species in the northern Arabian Gulf and Gulf of
Aden, respectively. Our longevity estimates therefore
were most likely to have been underestimated owing
to the absence of fish close to the maximum reported
sizes for these species.

A method of validating growth parameters involves
the comparison of growth performance indices (@) in
terms of growth in length with other estimates obtained
for the same or a similar species (Gayanilo and Pauly,
1997). Values of @ for D. pictum available from other
studies have ranged from 2.88 (Loubens, 1980) to 3.24
(Baillon and Kulbicki, 1988), and an estimate of 3.07
has been obtained for this species in the Gulf of Aden
(Edwards et al., 1985). The estimate obtained in our
study (2.81) compares with the lower end of this range.
Values of @ for L. nebulosus have ranged from 2.55
(Kuo and Lee, 1986) to 3.41 (Baillon, 1991), and an es-
timate of 2.87 obtained for this species in the northern
Arabian Gulf in the waters off Kuwait (Baddar, 1987)
compares well with our estimate of 2.80. Although the
growth parameters in our study would appear to be of
the right order (by comparison), improvements in our es-
timates could have been made by the addition of larger
specimens close to the maximum size for both species.

Despite its widespread use, the von Bertalanffy
growth function may not be suitable for hermaphro-
ditic populations (Appeldoorn, 1996). Growth analyses
have shown distinct differences in the sizes of equal-age
males and females of protogynous species (Moe, 1969;
Nagelkerken, 1979; Garratt et al., 1993), and experi-
ments have shown what are considered to be growth
accelerations leading to sex change (Ross et al., 1983).
Failure to account for growth spurts in yield models
can result in significant over estimation of both maxi-
mum yield and optimal effort (Bannerot et al., 1987).
Although L. nebulosus is a protogynous hermaphro-
dite (Young and Martin, 1982; Ebisawa, 1990), the
results of the analysis of residual sums of squares in
our study indicated that there are no differences in the
growth characteristics between sexes and that the use
of growth parameters from pooled data would therefore
be justified in yield-per-recruit analyses.
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Reproduction

Simulation models and evidence of the effects of fish-
ing have shown that protogynous species are far more
vulnerable to fishing pressure than comparable gono-
choristic stocks (Huntsman and Schaaf, 1994). For
protogynous species, in which males tend to be larger
than females on average, there are indications that
size-selective fishing mortality may result in the dif-
ferential loss of larger males (Sadovy, 1996) and the
possibility that insufficient males remain in the repro-
ductive population to fertilize eggs from all females
(Koenig et al., 1996). In this context, L. nebulosus may
be particularly vulnerable to such effects because the
female-biased sex ratios were consistent throughout all
the age categories and size classes. The overall female
bias and removal of the bias in the oldest and largest
age category for D. pictum is generally representative
of the sexual structure of a protogynous population.
Given these characteristics, histological confirmation
of the reproductive mode of this species should be
considered.

The well-defined spawning period of D. pictum and
L. nebulosus between April and May supports the view
that seasonal reproductive cycles are common among
tropical fishes (Robertson, 1990; Montgomery and Gal-
zin, 1993; Sadovy, 1996). There were high levels of ju-
venile retention for D. pictum (35.1%) because fish were
recruited to the fishery before the mean size at which
sexual maturity occurred, indicating a need to increase
the mesh size of traps.

Mortality and selectivity

Estimates of natural mortality derived from other stud-
ies of D. pictum range from 0.43/yr (Edwards et al.,
1985) to 0.67/yr (Baillon and Kulbicki, 1988). The com-
paratively low value of M obtained in our study (0.13/yr)
can be attributed to the difference in methods used, but
errors in other estimates from the empirically derived
formula of Pauly (1980) may have occurred because the
relationship has tended to overestimate M, especially
for slow growing species (e.g., Ralston, 1987; Russ et
al., 1998). Similarly, our value of the instantaneous
natural mortality rate for L. nebulosus (0.20/yr) was
lower than other estimates that range from 0.279/
yr (Edwards et al., 1985) to 1.18/yr (Baillon, 1991).
Although estimates of M derived from the Hoenig (1983)
relationship have been shown to provide a reasonable
approximation of M in tropical demersal fishes (Hart
and Russ, 1996; Newman et al., 1996), errors in this
parameter were potentially the greatest source of error
in our assessment.

Upward bias in estimates of the total mortality rate
(Z) may have occurred if larger fish were less vulnera-
ble to the fishing gear or if adult fish underwent migra-
tions, for example. A survey of the biomass of demersal
species in the Arabian Gulf waters of the United Arab
Emirates showed that there were no seasonal changes
in the abundance of L. nebulosus and the haemulid

Plectorhinchus sordidus (Shallard?). This finding indi-
cates that ontogenetic or spawning-associated migra-
tions would unlikely be altering the size and age com-
position and subsequent estimates of Z for the species
investigated. Although size-specific selectivity cannot
be discarded as a possible explanation for the small
proportion of larger and older fish in size-frequency and
biological samples, the impact of fishing on the size and
age structure of the respective populations is considered
a more likely reason for these observations and is likely
to be the probable cause given the historic absence of
regulation in the trap fishery.

Because the size at first capture (21.1 cm Ly) was
considerably smaller than the size at which yield per
recruit would be maximized (44.4 cm Ly) for D. pictum,
an increase in the mesh size for the trap fishery should
be considered by management authorities especially
given the high rate of juvenile retention for this species.
The same is applicable for L. nebulosus with a mean
size at first capture of 26.4 cm Ly and size at maximum
yield per recruit of 36.9 cm L.

Assessment of the fishery

The use of yield-per-recruit models may be particularly
restrictive for fast growing tropical species with high
rates of natural mortality because the curves may not
reach a maximum within a reasonable range of fishing
mortality values (Gayanilo and Pauly, 1997). Although
the species examined in our study were relatively slow
growing and had low rates of natural mortality, failure
of the yield-per-recruit model may still have occurred at
the upper end of the fishing mortality range.

Gulland (1970) suggested that in an optimally ex-
ploited stock, fishing mortality should be about equal
to natural mortality, resulting in an exploitation rate
of 0.5/yr. However, exploitation rates should be very
conservative for relatively long-lived reef fish (Newman
and Dunk, 2003), especially given that potential yields
may be over estimated by a factor of 3—4 where F=M
(Beddington and Cooke, 1983). With a range from 0.5
to 0.86/yr, the exploitation rates derived from yield-per-
recruit analyses (E; and E ) are considered to have
overestimated the associated fishing mortality rates.

The relative yield-per-recruit analyses indicated that
an increase in the size at first capture of D. pictum and
L. nebulosus to that which would maximize yield per re-
cruit would be associated with increases in yields at the
existing exploitation rates. However, the existing exploi-
tation rate for D. pictum (0.79/yr) was greater than that
which would maximize yield per recruit (E_, =0.57/yr).
Although the exploitation rate for L. nebulosus (0.64/yr)
was comparable to that which would maximize yield per

2 Shallard, B. 2003. Distribution and abundance of demersal
fish stocks in the UAE, 211 p. Technical Report 1. Fish
Resources Assessment Survey Project of Abu Dhabi and UAE
Waters. Bruce Shallard and Associates and Environmental
Research and Wildlife Development Agency, P.O. Box 45553,
Government of Abu Dhabi, United Arab Emirates.
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recruit (0.63/yr), given that E _, was probably overes-
timated, the results indicate that growth overfishing is
also occurring for this species.

The specified precautionary target (Fopt=0.5.M) and
limit (F);,;,=2/3.M) values are considered to be more
appropriate biological reference points in light of the
constraints of the yield-per-recruit model. The range
of fishing mortality rates estimated for D. pictum
(0.37-0.62/yr) was substantially greater than both the
target (Fopt=0.07/yr) and limit (F);,;,=0.09/yr) biologi-
cal reference points, and the existing exploitation rate
(0.79/yr) was more than double the optimum level (0.34/
yr). The range of fishing mortality rates for L. nebulo-
sus (0.15/yr to 0.57/yr) were also in excess of the biologi-
cal reference points for this species (¥, =0.10/yr and
F;n:=0.13/yr) and the exploitation rate (0.64/yr) was
approximately double the optimum target level (0.33/
yr). This result clearly indicates growth overfishing for
both species and, in combination with the results of the
yield-per-recruit analyses, demonstrates that effort re-
ductions are also required in the fishery because target
reference points cannot be achieved by modification of
the gear-selectivity characteristics alone.

A critical limitation of the yield-per-recruit model is
the assumption that there is no relationship between
the size of the spawning stock biomass and recruit-
ment (Buxton, 1992). Even if the size at first capture
is less than the size at first sexual maturity, the stock
size may approach zero at high levels of fishing mor-
tality in spite of predictions of high levels of yield per
recruit. It is therefore important to consider the size of
the spawning stock biomass across the range of fishing
mortality rates when interpreting results. The relative
biomass per recruit of D. pictum and L. nebulosus at
the estimated fishing mortality rates was particularly
low at less than 10% and 20%, respectively, of unex-
ploited levels. If the critical spawning stock biomass
is between 20% and 50% of the unexploited levels, as
suggested by King (1995), recruitment overfishing is
likely to be occurring for both species. This is most
clearly seen in the age structure for D. pictum, for
which only 13.8% of the total number of fish were above
the age at which fish were fully exploited by the gear
(ages 4-13 years). For this species, the majority of the
yield was derived from the newly recruited age class
representing fish that had just become fully vulnerable
to the gear.

The relative biomass per recruit at the exploitation
rates that were equivalent to F,; corresponded to 52%
and 51% of the theoretical unexploited biomass levels
for D. pictum and L. nebulosus, respectively. The associ-
ated levels of fishing mortality are therefore considered
appropriate target reference points, given the present
fisheries policy which is aimed at resource conserva-
tion and stock rebuilding. Accordingly, the results of
our study are important to fisheries management au-
thorities in the region because they indicate that both
a substantial reduction in fishing effort and an increase
in mesh-size of traps are currently necessary for the
previously unregulated demersal trap fishery.
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