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Effects of Changes in Fishing Effort on Yield of
Kuwait’s Commercial Fish Stocks

J. U. LEg*
Mariculture and Fisheries Department, Food Resources Division
Kuwait Institute for Scientific Research

An assessment of Kuwait's commercial fish stocks: hamoor (Epinephelus tauvina), zo-
baidy (Pampus argenteus), nakroor (Pomadasys argenteus) and sheiry (Lethrinus nebulo-
sus), was conducted using length-frequency data, mean growth and mortality estimates ob-
tained during 1981~1988. The length-cohort analysis indicated that increases in fishing ef-
fort would not lead to long-term gains in yield of the stocks at the current estimate of
natural mortality rate (M). At high M which was assumed arbitrarily, some benefit in yield
could be obtained, especially for hamoor and sheiry. At low M, the yield of all stocks dec-
reased with increased fishing effort. Increases in fishing effort resulted in significant dec-
line in spawning stock size for all the stocks. Yield-per-recruit analysis indicated that, un-
der low M assumption, a higher yield can be obtained for zobaidy and nakroor by reducing
fishing effort. At moderate M, decreases in fishing effort brought gains in yield per recruit
of the stocks, but it was not substantial compared with the present level of M. At high
M, most of the stocks reached the maximum yield-per-recruit. Overall, increased fishing
effort either will not be associated with large long-term gains in yield or, in some stocks,
might cause a decline from the present level.
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Introduction

Commercial fishing has been conducted for
valuable fish species since the early 1960s in
Kuwait’s waters using traditional fishing gears such
as fish traps for hamoor (Epinephelus tauvina) and
hamra (Lutjanus coccineus), and gillnets of various
materials and mesh sizes for zobaidy (Pampus ar-
genteus) and suboor (Hilsa ilisha). Biological inve-
stigations on the important fish species of Kuwait
and data collection on catch and effort by different
fisheries were initiated in 1980 to assess the stocks
of fish and to formulate coastwide management st-
rategies. The earlier assessments of the stocks, ba-
sed on the 1981~1987 fishing season data, were
carried out using production models (Samuel et al,,

1987; Mathews et al, 1989) and the dynamic pool
yield-per-recruit models (Baddar and Morgan, 19
84; Morgan, 1985). Also a stock evaluation for the
major species in the fish trap fishery was carried
out by Lee and Al-Baz (1989) and Lee and Baddar
(1989).

The general consensus of the earlier studies on
Kuwait’s commercial fish stocks was that, under
present conditions and practices, most of the spe-
cies were reached at a maximum sustainable yield
level. A higher yield could be expected by simulta-
neously increasing the age at first capture and fi-
shing mortality, but concern was expressed regar-
ding the danger of spawning stock depletion (Lee
and Al-Baz, 1989).

Length-composition analysis is a useful technique
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to assess the effects of changes in both fishing ef-
fort and mesh size on fish stocks that cannot be
aged (Jones, 1984). Although the fish species, ex-
cept zobaidy, in this study have been easily aged
by annual marks in saggital otoliths (Williams, 19
86), age-cohort analysis could not be applied be-
cause only short-time series of data on age compo-
sition were available. Length-cohort analysis, there-
fore, was used to predict long-term effects of cha-
nges in fishing effort on yield and relative spaw-
ning stock size. It also identifies the recommended
exploitation level for the stocks by the application
of the Thompson and Bell's (1934) yield-per-rec-
ruit model.

Methods and Data

Analytic Method
Length-cohort analysis is based on the method of
Jones (1984). The basic equation is:

Ni = (Nit1 Xu+Ciivn) Xo @

where N; and Ni+; represent numbers at sea with
lengths Li and Li+1 cm, respectively, and Ci+ is
the catch in number in the range between L; and
Li+1 cm, X, is given by:

X1 =[{Loo— L)/ (Loo— Li+ ) IM* @)

where L. and K are the asymptotic length and
growth coefficient from the von Bertalanffy growth
function, respectively, and M is the instantaneous
rate of natural mortality.

Given Xi from Equation 2 and C; i+ using Equa-
tion 1, numbers in year-class attaining each length
group can be obtained, and it is possible to esti-
mate fishing mortality rate for each length class
based on the numbers. Fishing mortality rate esti-
mated for each length class was then used to dete-
rmine the long-term effects on yield according to
the procedures described by Jones (1984). Relative
spawning stock size per recruit was also estimated
with 10,000 individuals, at mean size at first matu-
rity in the same manner as in the length-cohort
analysis. In analyzing effects of changes in fishing
effort, the main assumption is that changes in fi-

shing effort (percentage changes) will cause the
same effect on fishing mortality rate at each length
class. Percentage changes in fishing mortality give
a range arbitrarily, from 40% decrease to 100%
increase, based on the value which averaged each
year’s fishing mortality from 1981 through 1988.

Maximum yield-per-recruit curve was produced
with 10,000 individuals for ages from age at first
capture to age at which most fish leave the fishery
using the method of Thompson and Bell (1934),
assuming that mortality coefficients between ages
remain constant. A weight-growth equation was
used to estimate mean weight for each age:

Wt:Woo(l — e'K(l*to))Ii (3)

where W,=mean weight (g) at age t; W, =asymp-
totic weight, which is obtained from a length-weight
conversion using the value of Lo; t,=age at zero
weight. The mean weight obtained for each age
was used to convert the yield in number by age to
the yield in weight.

Length-composition Data

The following fish stocks were selected from le-
ngth-cohort analysis: hamoor (Epinephelus tau-
vina), zobaidy (Pampus argenteus), nakroor (Po-
madasys argenteus) and sheiry (Lethrinus nebulo-
sus). Other species were not included because le-
ngth-frequency compositions and biological parame-
ters were insufficient or not available to apply le-
ngth-cohort analysis.

The length-frequency distributions of the four
species have been obtained monthly since 1981
from fish measurements at Kuwait’s fish markets.
Fig. 1 shows the time series of data during 1981~
1988 on the combined length composition for each
species.

For length-cohort analysis, it is required that the
input length composition should be representative
of the fish population with constant recruitment.
Jones (1984) suggested that a useful approximation
to represent length compositions of fish populations
could be obtained by using the average length co-
mposition over a period of as many years as possi-
ble. As approximations, therefore, the length com-
positions shown in Fig. 1 were used in the analysis,
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assuming that recruitments of the stocks were con-
stant between years.

Growth Data

Length-at-age compositions were available for the
stock of hamoor for 1981~1988 and sheiry for 19
84~1985 (Fig. 2). The von Bertalanffy growth fun-
ction of hamoor and sheiry was provided for each
year by various authors (Baddar and Morgan, 19
84; Baddar, 1987; Lee and Baddar, 1989). Even
though the values of asymptotic length (L,,) and
growth coefficient (K) obtained from the best fit
of the von Bertalanffy growth function are not ne-
cessarily required for length-composition analysis
(Jones, 1984, 1990), growth parameters of hamoor
and sheiry were selected from estimates using re-
cent data on length-at-age compositions (Table 1).
These were considered to be a representative of

Hamoor (Epinephelus tauvina)
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Zobaidy (Pampus argenteus)
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)
7 1 19 26 31 a7

Fork Length (cm)

Fig. 1.
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Table 1. Growth parameters of the von Bertalanffy
growth function and length (L)-weight (W)
relationship of four fish species

, Lo _ W=,
Species (om) K to . b @
Hamoor” 99.06 015 -034 00147 3022 15640
Zobaidy 3310 050° - 0.049° 3.04° 2,000
Nakroor® 9400 0.18 - 0015 297 10960
Sheiry® 6273 019 -036 0017 300 4450

— Not estimated
— Data sources:
D Lee and Baddar (1989);
% Samuel et al. (1987);
% Mean values from Morgan (1985) and Al-
Baz and Bawazeer (in press);
9 Morgan (1985);
9 Bawazeer and Al-Baz (pers. comm.);
9 Baddar (1987)

Nakroor (Pompadasys argenteus)
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17 32 47 62 77
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Sheiry (Lethrinus nebulosus)

20

1984 - 88
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42 &7 77
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Length compositions of four fish species combined for 1981~1988.
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the population growth. In cases where age data
were not available such as for zobaidy and nakroor
(Table 1), values from the literatures were used
to obtain appropriate growth estimates. These va-
lues also were regarded as average estimates. Le-
ngth composition for length classes greater than L,
were not included in the length-cohort analysis be-
cause these length classes could not be fitted to
Equation 2, but the proportion to the total was
small or negligible (Fig. 1).

M/K and F/Z

The predicted natural mortality rate (M) from
statistical methods and the growth coefficient (K)
from the age and length data (Table 1) were used
to obtain the ratio of M/K. The value of M for each
fish species was estimated by applying the follo-
wing equations:

In L(M+3K)/M1/K=0.38 tmax ()
(Alverson and Carney, 1975), and
logie M=-0.0066—0.279 logio Loot
0.6543 logiy K+0.4634 logy T )
(Pauly, 1980)

where tn,—=maximum age in the samples; T=
mean water temperature. A value of 22.8C, which
was observed as an annual mean bottom tempera-
ture from Kuwait's waters in 1982, was used. Be-
cause the M values obtained for each fish species
were from indirect methods, two different values of
M were selected to determine if a different choice

Hamoor (Ephinephelus tauvina)

1981 -
N = 3946

1988

1 8 10 16 20 26
Age (Y1)

of M would affect the analysis of long-term effects
of changes in fishing effort.

Total mortality rate (Z) was obtained from catch
curves on both length- and age-frequency distribu-
tions (Figs. 1 and 2) for each species by regressing
the natural logarithm of the number of fish (In N)
against the respective age. The length-frequency
compositions were grouped into appropriate length
intervals; then the mid length of each size group
was converted to relative age using the values of
L., and K (Table 1), setting t,=0, of the von Ber-
talanffy growth equation (Pauly, 1983). A linear re-
gression was fitted to the frequencies of relative
ages on the right hand side of the catch curve from
the peak age in the age-frequency data. The slope
of the regression was an estimate of Z. A simple
method (Srinath, 1986) was also used to estimate
Z, based upon the length-frequency data with size
at first capture and growth parameters of the von
Bertalanffy formula.

Z/K=-In(1— q‘,¢+dt)/1n(Loo— 1)/ (Loo— lt.t+dt) ©
where, Qu+a= Ct.t+dt/ § Ci

Cu+a=numbers caught in the interval (t, t+dt);
2; G:=cumulative catch from the largest length
group to size at first capture (I.); I and ly+a=le-
ngths at ages t and t+dt.

The estimated Z was assumed to be constant re-
gardless of age groups, and fishing mortality rate
(F) was obtained from F=Z—M. The Z and F va-
lues were used to estimate the ratio of F/Z requi-

Sheiry (Lethrinus nebulosus)

20

1984 -~
N = 167

1985

Age (Y1}

Fig. 2. Age compositions of hamoor (Epinephelus tauvina) combined for 1981~ 1988 and sheiry (Lethrinus nebu-

losus) for 1984~1985.
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red for the largest length group.

Results

Changes in Yield and Spawning Stock Size

The analysis of the hamoor stock indicated that,
an increase in fishing effort would bring some ad-
vantage in yield at the most reasonable value of M
(Fig. 3a). If the value of M was lower (M=0.10),
then yield decreased upon increase in fishing ef-
fort. For high M (0.20), an increase in fishing ef-
fort would result in large increase in yield. When
fishing effort was reduced from the current level,
however, the yield decreased for all values of M.,
Relative spawning stock size with 10,000 individuals
at age at first capture declined as fishing effort inc-
reased for all values of M (Fig. 3a).
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Fig. 3.

For zobaidy and nakroor (Figs. 3b and 3c), there
was a negligible increase in yield with increase in
fishing effort up to a certain level for moderate va-
lues of M (0.75 and 0.40, respectively) and then a
decrease with further increase in fishing effort. For
low values of M (0.50 and 0.20), the yields decli-
ned at higher fishing effort. The yield of zobaidy
remained at more or less the same levels when fi-
shing effort was reduced approximately 20% and
then decreased with further reduction in fishing
effort when M is low (0.50). But, yield of nakroor
increased with a decrease in fishing effort at low
M (0.20). For high values of M (1.0 and 0.60), the
magnitudes of gains in yield were increased with
increased fishing effort, but not proportional to the
increase in fishing effort. Relative spawning stock
size of zobaidy and nakroor decreased as fishing
effort increased for all values of M (Figs. 3b and
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Effect of fishing effort on yield and spawning stock at three different natural mortality rates (M). Solid
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30).

For the stock of sheiry (Fig. 3d), increased yield
could be expected at increased fishing effort when
the values of M were 0.19 (moderate estimate) or
0.25 (a high value). When M was low (M=0.10),
the yield appeared at more or less the same level
with increased fishing effort. Relative spawning
stock slowly decreased despite intensification of fi-
shing effort for the moderate and high values of M
(0.19 and 0.25), but it decreased rapidly with inc-
reased fishing effort for low M (0.10) (Fig. 3d).

Yield-per-Recruit Analysis

Yield-per-recruit analysis was done for the four
stocks incorporating the mean total mortality coef-
ficients (Z) and the three different values of M in
Table 2. Under low M assumption, all the stocks
appeared to be over-exploited, especially zobaidy
and nakroor, while decreased fishing mortality
would lead to substantial increase in yield per rec-
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ruit of zobaidy and nakroor (Figs. 4b and 4c). For
the moderate values of M derived from Equations
4 and 5, it is necessary to reduce fishing effort for
all fish species to achieve maximum yield-per-rec-
ruit., For high M, the stocks studied appeared to be
moderately exploited. It is suggested, in general,
from yield-per-recruit analysis that under low M
assumption, a higher yield can be obtained by re-
ducing fishing. When M was moderate, decrease in
fishing effort brought gains in yield-per-recruit of
the stocks but it was not substantial compared with
the presently estimated level of yield per recruit.
For high M, most of stocks reached the maximum
yield-per-recruit.

Discussion

An application of production models to commer-
cial fish species of Kuwait is hampered because of
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Fig. 4. Yield per recruit for the age at first capture of four fish stocks. Arrows indicate the levels of mean fishing
mortality rate during 1981~1988 and bars represent the levels of the maximum yield-per-recruit in each

value of natural mortality rate.
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Table 2. Mortality rates, mean size at first maturity and age at first capture of four fish species

Total mortality rate (Z)

Natural mortality rate (M) Mean size Age at

Species Agg' length- Srinath  Value Values estimated Values used r?lgtﬁ;istty caf;:';itre
composition converted method  used Eq4) Eq() Low Moderate High (em) (yr)
Hamoor (;1;3 NA NA 0.33 015" 034 010 015 0.20 619 34
Zobaidy ND 151 150 150 0552 103 050 075" 100 20° 107
Nakroor ~ ND 087 081 0.4 ND 040 020 040 0.60 30° 2.19
Sheiry 0.37 034  023* 035 0.19 0.45 010 019 0.25 367 277

* Not used in calculating average value of Z due to low value compared with other two.
Y Lee and Baddar (1989); 2 Al-Baz and Bawazeer (in press); ¥ Morgan (1985);

9 Assumed; ® Gopalan (1969); © Bawazeer and Al-Baz (pers. comm.);

NA: Not applicable ND: No data available
the wide variations of relative stock abundance as
well as the narrow range of fishing effort data (Sa-
muel et al, 1987). As Gulland (1989) pointed out
that changes in catch per unit of effort do not seem
to reflect changes in stock abundance, yield-per-re-
cruit dynamic pool model could be one of the most
suitable method to establish management guideli-
nes in Kuwait.

Yearly length-compositions for each species did
not show much difference in its proportion by le-
ngth-class to the total number of samples and also
range of distribution during the study periods (Fig.
1). This seemed to imply that recruitments of the
populations were constant between years. As for
population parameters estimated and selected to
apply length-cohort analysis, values of M for ha-
moor and sheiry estimated by Equation 5 were hi-
gher than the Z values. These values of M were
not taken into account in analysing. Estimates of M
for zobaidy obtained from Equations 4 and 5 were
quite different. Therefore, moderate values of M
were chosen for this species, which were 50% of
the estimate of Z. In general, it is known very dif-
ficult to obtaine true M for any marine living re-
source. In cohort analyses, the effect of error in M
on stock size estimates can build up to quite high
levels (Sims, 1984). The choices of M will affect
changes of a fish stock and stock-recruitment rela-
tionships when fishing intensity changes significan-
tly or M fluctuates (Hilden, 1988). Two different
values with the predicted M were used in this
study.

” Lee and Al-Baz (1989);

At low and moderate M, yield-per-recruit analy-
sis indicated that reducing fishing effort to an app-
ropriate level would bring the maximum yield-
per-recruit for all the stocks. At high M, the length-
cohort analysis showed increased yield but the
yield-per-recruit model did not indicate much, if
any, increase in yield at increased fishing effort.

Zobaidy was assessed using a length-related me-
thod by Morgan (1985), who believed that this
stock was not heavily exploited and that an inc-
rease in yield per recruit might be expected if fi-
shing effort was increased. Another stock evalua-
tion of zobaidy (Al-Baz and Bawazeer, in press)
using the Beverton and Holt yield-per-recruit mo-
del suggested that the best management strategy
was either to increase age at first capture or to de-
crease fishing mortality. It was clear from the re-
sults of both length-cohort and vyield-per-recruit
analyses in this study that increased fishing effort
under low and moderate M would not bring further
gains in yield for the zobaidy stock, but at high M,
some increase in yield was expected.

The nakroor stock was evaluated for the first
time in this study, based on preliminary growth
and population parameters from the length-based
method. More precise analyses of zobaidy and nak-
roor could be carried out when age compositions
are available.

Stock assessments in this study were based only
on the effects of changes in fishing effort. Effects
of changes in mesh size were not considered due
to lack of data on mesh selectivity (fish traps for
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hamoor, nakroor and sheiry, and gillnets for zo-
baidy). Assessments from length-cohort analysis
and yield-per-recruit model appeared more or less
not to be agreed each other {e.g., hamoor) or sho-
wed much different results (e.g., sheiry). Length-
cohort analysis included data on length frequency
of fish smaller than size at first capture in the le-
ngth composition, but calculation of yield-per-rec-
ruit was made for ages from age at first capture to
maximum age in age-frequency distribution. There-
fore, the results obtained from length-cohort analy-
sis might be affected from the small size frequency
data less than size at first capture. The length-co-
hort analysis applied in this study is an approxima-
tion because of the absence of data on the effects
of changes in mesh size on mesh selectivity. It
seems reasonable to conclude, however, that inc-
reased fishing effort either will not be associated
with large long-term gains in yield or, in some sto-
cks, might cause a decline from present levels.
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