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Abstract.—An alternative ap-
proach, Central Location Measure, to
estimating the growth parameters from
length-frequency data was proposed
and applied to green tiger prawns,
Penaeus semisulcatus, from Kuwait
waters. The proposed method estimates
mean length at age by defining a cen-
tral location around the mode of the
length-frequency distribution for a co-
hort and then estimates the growth pa-
rameters by using the method of the
nonlinear least squares. The variances
and covariances for the growth param-
eters derived from the nonlinear-fitting
technique enable statistical compari-
sons of growth performance between
sexes, cohorts, or populations. Boot-
strap simulations indicated that the
proposed method was satisfactory in
estimating the growth parameters for
green tiger prawns, and that, therefore,
it may be applied to other short-lived
crustacean species with discontinuous
recruitment. Significant differences in
growth between male and female green
tiger prawns in Kuwait waters were
detected by using a multivariate test
(P<0.005), and annual variations in
growth were more obvious in males
than in females, indicating that growth
of males may be more vulnerable to
environmental changes.

Manuscript accepted 12 September 1995.
Fishery Bulletin 94:145-155 (1996).

An alternative approach to
estimating growth parameters from
length-frequency data, with
application to green tiger prawns

Xucai Xu"*
Hussain M. A. Mohammed

Mariculture and Fisheries Department, Kuwait Institute for Scientific Research

P O. Box 1638, 22017 Salmiya, Kuwait

“Present address: Department of Mathematics and Statistics, Simon Fraser University
Burnaby, B.C. V5A 156, Canada

Growth parameters for crustacean
populations are usually estimated
from length-frequency data because
of the lack of reliable methods for
ageing decapods. Pauly and David
(1980) integrated Petersen’s method
(Petersen, 1891) and Modal Class
Progression Analysis (George and
Banerji, 1964) into a single ap-
proach named ELEFAN I, which
has been implemented in the com-
puter software of Compleat ELEFAN
(Pauly, 1987; Gayanilo et al., 1989).
It has been widely applied in growth
studies, especially in the tropical
and subtropical areas. Shepherd
(1987) proposed the SLCA method
which performs a similar analysis
to ELEFAN I in that both methods
estimate the growth parameters by
detecting the peaks and troughs in
the length-frequency data; SLCA,
however, applies a different good-
ness-of-fit function in model estima-
tion (Holden and Bravinton, 1992).
Harding (1949), Cassie (1954),
Tanaka (1956), Hasselblad (1966),
Bhattacharya (1967), MacDonald
and Pitcher (1979), and Sparre
(1987a) developed methods for
analysis of length-frequency distri-
butions based on the normal distri-
bution assumption of the length-fre-
quency for each cohort. McNew and
Summerfelt (1978) discussed the
case when the length distribution
at each age was not normal. Some

computer programs (Abramson,
1971; Young and Skillman, 1975;
Sparre, 1987b; Sparre et al., 1989)
were developed for implementing
these parametric methods. A diffi-
culty in applying probability distri-
butions to separate each age group
is that the breaking points between
age groups can be quite ambiguous
owing to the problems of overlapping
distributions. Schnute and Fournier
(1980) proposed an approach using
biological structure as constraints to
eliminate the ambiguity.

All the above methods are based
on information on the central loca-
tion of the length-frequency data.
There are many ways to measure
the central location of a distribu-
tion, such as the mode if the distri-
bution is symmetric, the median,
the mean, and the trimmed mean.
The mean is sensitive to outlying
values in a sample, whereas the
mode and median are insensitive to
these outliers. The trimmed mean
is a compromise between the mean
and median in the sensitivity to
outliers (Devore, 1987) and might
be preferred in order to obtain a rep-
resentative location of the length
distribution of an animal by a
sample. For a species with multiple
overlapping cohorts in length dis-
tribution, however, it is impossible
to estimate the mean, median, and
trimmed mean without an assump-
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tion of the mixture of the components in the distri-
bution. Following the idea of the trimmed mean and
the idea of the mode, one is able to define a central
location which is located around the mode with a
certain amount of spread. A central value can be es-
timated from this spread and used to represent the
mean length for the cohort at time i. The estimated
mean length from several length intervals around
the mode should be more robust than the mode in
representing the growth of a cohort, especially when
the length distribution is skewed, which is often the
case for small-size samples. In this study, an ap-
proach using the mean length, estimated from the
central part of the distribution, for estimating the
parameters of a seasonal von Bertalanffy growth
equation was proposed and applied to green tiger
prawns, Penaeus semisulcatus, in Kuwait waters.
With the proposed method, which might be termed
the Central Location Measure, one is able to apply
the methods of the linear or nonlinear least squares
in order to estimate the growth parameters with
variances and covariances and thus to study the sta-
tistical differences in growth performance between
sexes and between cohorts.

Materials and methods

The seasonal growth model and the fitting
technique

Various versions of the seasonal growth models which
incorporate some parameters defined by season into
the von Bertalanffy model (von Bertalanffy, 1938)
have been proposed (Ursin, 1963; Pitcher and
MacDonald, 1973; Cloern and Nichols, 1978; Pauly
and Gaschiitz!). Among these models, Pauly-
Gaschiitz’s model is the most widely used:

Lt _ L" 1 exp[—K(t—to+%sin2n(t—t,)J] @

where L, = the length at age ¢; L_ is the asymptotic
length; K = the intrinsic growth rate; ¢, = the age at
which the length of the animal is 0; and ¢_ and C are
the parameters defining the seasonal growth patterns.

The seasonal growth model (Eq. 1) was fitted by
using the nonlinear least squares method with SAS

1 Pauly, D., and G. Gaschiitz. 1979. A simple method for fit-
ting oscillating length growth data, with a program for pocket
calculators. Int. Coun. Explor. Sea, Council Meeting 1979/G:24,
26 p.

Proc NLIN (SAS, 1992). A SAS program for fitting
the seasonal growth model with the method of the
nonlinear least squares is available upon request. A
multivariate test, Hotelling’s T2 statistic (Johnson and
Wichern, 1992), was used to test the hypothesis of no
differences in growth between two populations, i.e. H:
B,=PB,, if the assumption of the equality of the two co-
variance matrices holds; otherwise, an alternative sta-
tistic, T'2, for unequal covariance case (Johnson and
Wichern, 1992; Hanumara and Hoenig, 1987) was used:

T2 = (B, -ﬁz)l(D1 +D,)(B1- ), 2)

where ﬁ and D, = the vectors of the estimated growth
parameters and the estimated covariance matrix of
the growth parameters, respectively, for population
i. The null hypothesis, H,: B,=p,, is rejected if
T ){a » » Where p is the d1mens1on of multinormal
populat1ons The hypothesis of equality of m covari-
ance matrices, H: X, = 3, = ... =¥, was tested by
using an approx1mate chi- squared statlstlc MC!
modified from Morrison (1990, p. 297), for which

m
M= z (n; - )In|S|- Z(n,——l)ln|S,;|
i=1

i=1
and

2
1 2p°+3p-1
cl=1-——F E—,., 1

6(p+Dim-1 )
i= Z; n;

where n, is the sample size for population i; In indi-
cates natural logarithm; S, (the estimate of ¥) is set
as S;=n; D, in this study as suggested by Hanumara
and Hoenig (1987); S is the pooled estimate of the
common covariance matrix of the estimated growth
parameters; and |S| represents the determinant of
the matrix S.

Bernard (1981) and Hanumara and Hoenig (1987)
discussed the application of Hotelling’s 72 in com-
paring the growth of fish; however, the statistics pro-
posed by Bernard (1981) and Hanumara and Hoenig
(1987) were different by a constant multiple, because
they treated the covariance matrix of the growth
parameters differently. In this study, the estimated
covariance matrix of the growth parameters has the
same form as that proposed by Hanumara and
Hoenig (1987), therefore the latter was used.

The approach to obtaining length-at-age
data

To estimate the parameters in model 1 (Eq. 1), one
needs a set of length-at-age data. The method pro-
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posed in this study to obtain length-at-age data in-
cludes the following steps: 1) arrange the monthly
length-frequency samples in sequential order (the
data series should begin with the month in which
the new recruitment is first detected); 2) identify the
mode representing the newly recruited cohort in the
length-frequency distribution of the first month (this
should be the smallest in size in the length distribu-
tion); 3) follow the movement of this mode from month
to month to find its location in the time series; 4)
define the width of the central location spreading
from the mode in each month; 5) use the length data
in the range of the central location to calculate the
mean length weighted by the frequencies (this mean
length is considered to be the mean length at month
i); and 6) according to the information on the spawn-
ing season, define the birth-month, a, for the cohort
(then the age for that cohort in month i can be esti-
mated by age= i—a). A length-at-age data set is then
established. Like that in other length-frequency
analysis methods such as ELEFAN I (Pauly et al.,
1984), age here should be considered relative age
instead of true age. One might be able to adjust it if
information on the observed spawning season for
each year was available. The change of relative age,
however, would only change the location but not the
shape of the growth curve. Note that step 3 might be
difficult for a long-lived species with highly overlap-
ping cohorts at old ages or for species with continu-
ous recruitment and thus result in multiple peaks
in the length-frequency distribution (Brothers, 1979).
For a species with distinct modes and discontinuous
recruitment in one year, like green tiger prawns in
Kuwait waters, the modal progression of a cohort can
be easily followed from month to month. This will be
shown below. Step 4 involves making subjective de-
cisions regarding the width of the central location. If
the length distribution is fairly symmetric around the
mode and the cohorts in the length distribution do not
highly overlap, the estimates of growth parameters
should not be sensitive to the subjective selection of
the width. The overlap index proposed by McNew and
Summerfelt (1978) can be applied as a guideline to de-
fine the degree of overlap among the adjacent age-class
distributions. The Cental Location Measure should
work like the trimmed mean for a single cohort case.

Data collection

In order to obtain a series of monthly length-fre-
quency samples that are representative of the popu-
lation, monthly research vessel surveys were carried
out from May 1986 to July 1990 in Kuwait waters
with RV Bahith, a stern trawler (679 tons in gross
tonnage) of the Kuwait Institute for Scientific Re-

search. Surveys were interrupted in June 1986 and
December 1988 because of logistical problems. Each
monthly survey included 7 to 10 fixed stations in
Kuwait waters and each tow lasted from 30 to 50
min. All shrimp were sorted and weighed prior to
examination of the entire catch (or a 3- to 6-kg sub-
sample) to determine species composition and length
frequencies. Carapace length, rear margin of the or-
bit to the posterior edge of the carapace (Dall et al.,
1990), was measured to the nearest 1 mm.

Kuwait waters were partitioned into three areas
(Kuwait Bay, Middle Area, and Southern Area) on
the basis of species distribution and geographical con-
siderations (Xu et al., 1995). The relative size ratios
of the three areas of Kuwait Bay: Middle Area: South-
ern Area were 3: 4: 5, respectively. These ratios were
used as weighting factors in the compilation of
monthly length frequencies from the data of each
sampled station.

Results

Length at age

The monthly carapace length (CL) frequency showed
distinct modes and clear modal progression for the
1986, 1987, 1988, and 1989 spring cohorts of male
and female green tiger prawns. The central location
of the length distribution in each month was defined
by spreading the distribution from the mode up and
down for 2-3 mm. Tables 1 and 2 provide part of the
monthly length-frequency data for male and female
shrimp, respectively, to show the central locations
(bold numbers) used to calculate the mean length.
For alength distribution with a mode located in one
interval, three intervals from the mode to each side
were selected. Otherwise, for a mode located in more
than one interval, two intervals from the mode to
each side were selected. The number of sampled
shrimp was usually small for the new recruits owing
to gear selectivity, and for the oldest shrimp owing
to low abundance. The width of the central location
in these cases was defined by recognizing a breaking
point at which the smallest number was observed,
e.g. 20 mm in May 88 and 32 mm in August 89 for
males (Table 1). If two peaks are located closely (e.g.
June and July 1988 for females), a moving average
over three intervals was used to define the mode.
For example, the mean numbers of shrimp over 22—
24, 23-25, 24-26, and 25-27 mm were 59, 62, 62,
and 58, respectively, for July 1988 females; there-
fore the mode was defined from 23-26 mm. If two
peaks from the same cohort were located far from
each other (e.g. September 1988), they were consid-
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Table 1

Monthly carapace length (CL) frequency of male green tiger prawns, Penaeus semisulcatus, in Kuwait waters sampled by RV
surveys in 1988 and 1989. The bold numbers indicate the range of the central location used to calculate the mean length.

1988 1989
CL
(mm) May Jun Jul Aug Sep Oct Nov Jan Feb Mar Apr May Jun Jul Aug
12 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0
13 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
15 4 0 0 0 0 0 0 0 0 0 0 12 0 1 0
16 2 0 3 0 0 0 0 0 0 0 0 17 0 0 0
17 4 1 7 0 0 0 0 0 0 0 0 19 0 0 0
18 3 3 7 0 2 Q 0 0 0 0 0 23 5 0 0
19 3 8 24 0 0 0 0 0 0 0 0 9 6 3 6
20 0 28 24 3 2 0 0 0 0 0 0 6 3 6 8
21 1 48 46 4 15 0 0 (4] 0 0 0 9 25 12 25
22 1 52 59 13 51 0 0 0 0 0 0 9 24 17 35
23 1 59 66 29 59 0 0 0 0 0 0 4 52 30 70
24 1 43 59 44 a9 2 0 0 0 0 0 0 75 42 96
25 1 35 55 78 75 4 1 1 0 0 0 2 159 34 173
26 0 26 21 72 68 4 3 0 0 0 0 0 32 23 255
27 2 6 31 94 120 8 6 1 0 0 1 0 16 22 343
28 4 6 10 110 180 27 6 1 1 1 3 1 10 12 127
29 5 7 1 56 230 48 12 2 1 2 4 1 18 3 46
30 6 6 1 21 169 83 27 4 5 3 5 1 3 3 1
31 5 6 1 12 87 54 40 19 9 16 14 2 2 3 1
32 3 2 0 1 10 12 42 16 19 24 48 7 4 3 1
33 5 2 0 3 1 4 17 14 17 25 46 7 4 3 1
34 3 1 0 1 0 0 11 6 3 6 25 4 5 7 2
35 1 1 0 1 0 1 2 4 2 4 7 2 4 5 3
36 2 1 7 1 3 0 1 0 1 2 4 3 1 1 3
37 0 0 0 0 3 0 0 0 2 1 4 1 0 1 0

ered to represent different recruitments, and only
the one that could be followed based on biological
grounds was used in growth parameter estimation
(Schnute and Fournier, 1980). Recruitment was usu-
ally first detected in May or June for the spring co-
hort and a minor recruitment in September or Octo-
ber in some years (Tables 1 and 2). The birthday of
the spring cohort, based on the spawning study of
Mohammed et al. (1981) was considered to be Janu-
ary 1. The age of the 1986 spring cohort on 18 May
which was the survey date was then calculated to be
4.58 months or 0.38 yr. The ages of the cohort in the
following months were calculated in the same way,
and the weighted mean carapace length for the co-
hort at each month or age was then calculated by
using the defined central range (Table 3).

Estimation of the seasonal growth
parameters

The growth parameters, L, K, t,, C, t,, were esti-
mated for males and females of the 1986, 1987, 1988,
and 1989 spring cohorts (Table 4). The hypothesis of

equality of the covariance matrices between sexes or
cohorts was rejected in all cases except for the com-
parison of 1986 and 1987 females (Tables 5 and 6).
Therefore, the differences between vectors of the growth
parameters were tested by using Equation 2 for all the
pairs except for the 1986 and 1987 females which were
tested with Hotelling’s T2. Significant differences in
growth between male and female shrimp were detected
(P<0.005) for all four cohorts (Table 5). The differences
in growth of female shrimp between cohorts were not
significant except for the 1986 and 1988 cohorts
(P<0.05). The vectors of growth parameters for male
shrimp differed significantly between 1986, 1987, and
1988 cohorts, but the growth of the 1989 cohort was
not found to be significantly different from the others.

Discussion

Accuracy of the proposed method

The bootstrap technique (Efron, 1982) was applied
to examine the effects of variations in length fre-
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Table 2

Monthly carapace length (CL) frequency of female green tiger prawns, Penaeus semisulcatus, in Kuwait waters sampled by RV
surveys in 1988 and 1989. The bold numbers indicate the range of the central location used to calculate the mean length.

1988 1989
CL
(mm) May Jun Jul Aug Sep Oct Nov Jan Feb Mar Apr May Jun Jul Aug Sep
12 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0
13 2 0 \ 0 0 0 0 0 0 0 0 2 0 0 0 0
14 1 0 0] 0 0 0 0 0 0 0 0 4 0 0 0 0
15 2 2 0 0 0 0 0 0 0 0 0 10 2 0 0 0
16 2 1 3 0 0 0 0 0 0 0 0 15 0 0 0 0
17 3 2 7 0 0 0 0 0 0 0 0 11 0 0 0 0
18 4 5 17 0 0 0 0 0 0 0 0 23 0 0 0 0
19 3 6 13 0 0 0 0 0 0 0 0 15 0 0 0 0
20 2 10 7 1 0 0 0 0 0 0 0 6 1 3 11 1
21 1 20 28 1 3 0 0 0 0 0 0 2 0 6 6 1
22 0 43 46 0 7 0 0 0 0 0 0 10 3 11 18 1
23 0 53 68 3 21 0 0 0 0 0 0 6 2 20 20 1
24 1 37 65 8 16 0 0 0 0 0 0 6 1 26 46 3
25 0 51 53 31 37 0 0 0 0 0 0 2 23 28 70 17
26 0 33 69 25 44 0 0 0 1 0 0 2 5 22 47 13
27 1 22 53 37 63 1 0 0 1 0 0 0 18 23 94 16
28 1 15 51 50 42 1 1 0 0 0 0 0 39 28 131 17
29 0 8 23 41 33 3 1 0 0 0 0 0 0 23 92 29
30 0 10 24 60 67 4 3 0 1 0 0 0 8 25 107 38
31 0 4 18 52 84 10 2 0 0 0 0 0 3 17 115 83
32 0 1 12 58 75 9 6 0 0 0 0 1 0 14 107 140
33 0 1 14 34 99 14 9 1 1 1 1 0 0 10 71 128
34 1 0 0 31 81 25 7 2 1 1 2 0 0 14 50 166
35 0 2 0 29 81 36 13 4 1 0 3 0 0 4 23 110
36 1 1 0 16 63 30 9 4 1 2 1 2 1 1 18 138
37 1 1 0 10 74 42 16 4 2 3 3 1 1 1 7 82
38 2 2 4 8 40 49 24 6 2 4 3 0 0 2 2 66
39 1 1 1 3 20 31 34 3 4 3 3 0 0 5 2 20
40 1 1 0 3 19 16 36 8 4 3 3 1 0 1 2 25
41 1 3 0 2 0 21 31 10 4 10 7 1 4 1 5 16
42 3 0 0 0 3 10 29 10 ] 14 9 2 3 1 17 0
43 1 0 0 1 4 0 20 7 7 15 12 2 4 1 0 0
44 4 1 1 2 0 4 13 5 4 17 16 4 3 1 1 0
45 2 3 1 1 0 2 9 3 3 15 18 8 8 2 1 0
46 2 1 1 1 0 1 5 2 3 12 11 4 3 4 0 0
47 4 2 7 1 1 1 0 1 3 7 9 4 4 2 0 0
48 2 1 7 0 0 0 1 0 0 4 5 3 2 2 2 2
49 1 0 0 1 2 0 1 ] 0 1 1 1 0 1 0 0
50 1 0 0 0 1 1 0 0 0 1 1 1 0 1 0 0
51 0 0 0 (1] 1 0 0 0 0 0 0 0 0 0 1 0

quency on the growth estimates by the proposed
method. The monthly length-frequency data in Table
1 were resampled 100 times with replacement and
thus 100 length-frequency data sets were generated
which were used to estimate the growth parameters
with the proposed method in this study. The bias
caused by the variations in length-frequency distri-
butions was estimated from 100 bootstrap estimates
compared to the true value, i.e. bias = estimate — true
for K, ¢, C, and t_, and bias = (estimate — true)/10 for
L_, . The boxplot (Fig. 1) showed that the bias distri-

butions were fairly symmetrical, and the medians of
the biases in bootstrap estimates for growth param-
eters, shown as a bar in the box of the boxplot, were
located very close to the center of the box and to the
horizontal zero line. The means of L_, K, ¢, C,and ¢,
from 100 bootstrap estimates were 35.88 mm, 1.98
yrl, —0.06 yr, 0.73, and —0.41 yr which were very
close to the true values (Table 4). The bootstrap simu-
lations indicated no trend of over- or under-estima-
tion of the growth parameters by the proposed
method. The proposed method works well for green
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tiger prawns in Kuwait waters because this species
is short lived and has only one main recruitment (van
Zalinge, 1984) so that different cohorts can be recog-
nized clearly and the central location of the length
distribution for each cohort can be defined easily. This

method may be used for other short lived species with
discontinuous recruitment.

The sensitivity of the growth estimates to the sub-
jective selections of the spread width of the central
location was investigated with the length-frequency

Table 3

Carapace length (CL) at age of male and female green tiger prawns, Penaeus semisulcatus, in Kuwait waters for cohorts 1986-89.

1986 1987

1988 1989

Age CL¢g CL ¢ Age CL 3
Month (yr) (mm) (mm) (yr) (mm)

CL? Age CL 3 CL ¢ Age CL g CL ¢
(mm) (yr) (mm) {mm) (yr) {mm) (mm)

May 0.38 19.39 21.11 0.36 —

Jun — — - 0.44 23.26
Jul 0.565 25.04 27.92 0.55 24.41
Aug 0.61 26.95 30.02 0.61 27.16
Sep 0.73 28.11 32.65 0.69 27.84
Oct 0.78 29.32 37.41 0.78 29.67
Nov 0.86 30.07 39.28 0.86 29.26
Dec 0.94 30.65 40.60 0.97 31.57
Jan 1.03 31.42 40.90 1.05 32.30
Feb 1.11 30.35 40.29 1.12 32.33
Mar 1.19 31.41 43.44 1.20 32.10
Apr 1.28 30.69 44.82 1.28 32.73
May 1.36 31.32 45.28 1.39 33.15
Jun 1.44 32.75 45.33 1.49 33.46

15.23 0.39 16.91 1771 0.39 17.55 17.54
24.22 0.49 22.86 23.94 044 23.57 23.58
25.64 0.53 23.02 2472  0.52 24.26 25.02
30.74 0.63 27.24 30.77  0.60 26.36 28.39
33.33 0.70 28.57 32.98 0.70 28.40 33.97
36.80 0.78 29.84 3764 0.83 30.28 39.09
40.04 0.85 31.38 40.11 0.89 31.67 42.63
42.70 — -_ - 0.95 31.47 41.99
41.94 1.03 31.92 41.59 1.04 31.89 41.37
43.03 1.12 32.16 42.48 1.11 3171 42.91
43.14 1.21 32.36 43.89 1.19 31.93 43.27
44.53 1.29 32.64 44.47 1.29 32.43 44.03
46.77 1.39 32.73 45.30 1.37 32.48 45.05
45.76 1.44 33.69 44.82 1.48 33.41 45.39

Jul 1.55 34.31 45.40 1.53 34.45 47.37 1.52 33.99 46.13 1.52 33.33 45.06
Aug 1.61 33.86 46.34 1.63 34.23 47.13 1.60 34.76 47.86 1.587 34.63 45.68
Sep 1.69 — 46.71 1.70 — 49.24 1.70 — 47.78 — — —
I The survey date was 28 July 1990.

Table 4

Growth parameters of green tiger prawns, Penaeus semisulcatus, in Kuwait waters estimated by using the proposed method. SE
represents the standard error. L_ is the asymptotic length; K is the intrisic growth rate; ¢, is the age at which the length of the
animal is 0; and ¢, and C are the parameters defining the seasonal growth patterns.

L SE K SE £ SE t, SE c SE
Cohort (mm) (yr'h) (yr) (yr)

3 37.83 1.92 1.15 0.26 -0.39 0.13 —0.43 0.03 0.96 0.18
1986

Q 49.71 2.53 1.75 0.48 0.04 0.11 —0.22 0.12 0.25 0.23

é 37.51 3.02 1.26 0.57 -0.39 0.30 -0.30 0.06 0.45 0.31
1987

? 51.13 2.30 1.81 0.41 0.10 0.08 -0.34 0.08 0.30 0.25

3 35.88 0.76 1.95 0.27 -0.05 0.07 —0.42 0.03 0.75 0.16
1988

? 51.60 1.51 1.62 0.21 0.05 0.05 —0.32 0.03 0.564 0.14

é 34.63 1.27 2.33 0.78 -0.01 0.16 —0.48 0.10 0.49 0.36
1989

? 47.95 3.44 2.15 0.98 0.09 0.16 -0.25 0.09 0.55 0.36
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data in Table 1 by using five scenarios, i.e. modes,
1-2 mm, 2-3 mm, 3—4 mm, and as wide as possible
to spread from the mode to each side. Scenario 1 is
similar to the modal progression analysis (George
and Banerji, 1964) and scenario 3 is the selection
used in this study. The growth estimates for the five
scenarios were very similar, and the growth curve
estimated with scenario 3 was located in the middle
of the five curves (Fig. 2). The insensitivity of the
proposed method to the subjective selection of the
spread width, as mentioned in the Material and
Methods section, may be due to the fairly symmetri-

Table 5

Test of equality of covariance matrices of growth param-
eters between sexes using the statistic MC-! and test of
differences in growth between sexes of green tiger prawns,
Penaeus semisulcatus, in Kuwait waters using the statis-
tic T2,

Cohorts 1986 1987 1988 1989
Statistic 91.45 9555 57.95 74.14
v 15 15 15 15

H,Zs=Xo P< 0.005 0.005 0.005 0.005

Poosus 328 328 328 328

Statistic 392.53 664.87 445.76 281.05
v 5 5 5 5

Hy:Bs=By P< 0.005 0.005 0.005 0.005
Pooss 167 167 167 167

cal length distribution around the distinct mode of
the cohort. The spread from the mode can only go up
and down for 2-3 mm for the old age classes (e.g.

Bias
=
1 L
—_—
e — —
-

L | 1
AsymptoticCL. K t C t

Growth Parameters

Figure 1
Boxplot of the bias in the estimates of sea-
sonal growth parameters, based on 100
bootstrap simulations compared with true
values.

and 1987 cohorts of female and 72 for the rest.

Table 6

Test of equality of covariance matrices of growth parameters between cohorts using the statistic MC™! and test of differences in
growth between cohorts of green tiger prawns, Penaeus semisulcatus, in Kuwait waters using Hotelling’s 72 for the pair of 1986

Cohorts 1987 1988 1989
1986 47.09 (P<0.005) 99.20 (P<0.005) 124.79 (P<0.005)
38 1987 —_ 115.99 (P<0.005) 122.66 (P<0.005)
1988 — —_ 69.48 (P<0.005)
HO:Z-=2',j
' 1986 18.92 (P>0.1) 47.37 (P<0.005) 67.96 (P<0.005)
? 1987 —_ 46.94 (P<0.005) 52.74 (P<0.005)
1988 — — 81.85 (P<0.005)
1986 16.19 (P<0.01) 26.73 (P<0.005) 6.26 (P>0.25)
é 1987 —_ 37.49 (P<0.005) 8.02 (P>0.1)
1988 — — 6.46 (P>0.25)
Ho:ﬂ-=ﬂ-
o 1986 1.45 (P>0.1) 12.30 (P<0.05) 6.59 (P>0.25)
? 1987 — 1.50 (P>0.9) 4.28 (P>0.5)
1988 — — 4.54 (P>0.25)
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Figure 2
Growth curves estimated with five scenarios of width se-
lection of the central locations by using the proposed
method with the data in Table 1. The legend indicates the
width of the spread from the mode to each side.

June and July 1989) in order to avoid the overlap-
ping part with other cohorts; therefore, the ranges
of the central locations for these length distributions
were the same for scenarios 3, 4, and 5. This may
reduce the variations in growth parameters esti-
mated by the five scenarios and indicates that the
spread of 2—3 mm is a reasonable choice.

Comparison between the ELEFAN |,
Bhattacharya, and proposed methods

Statistical tests with the modified Hotelling’s 72 sta-
tistic (Hanumara and Hoenig, 1987) and Equation 2

indicated no significant difference (P>0.1) in growth
parameters estimated by the proposed method and
the Bhattacharya method (Table 7) with the same
length-frequency data. The Bhattacharya method
estimates the population density function of the
length-frequency distribution for a cohort on the ba-
sis of the normal assumption; therefore, the method
requires very complicated calculations and involves
a subjective selection of the estimated population
density function (Pauly and Caddy, 1985). The pro-
posed method, however, avoids the tedious calcula-
tions. Therefore, the sophisticated computer pack-
ages for length-frequency analysis are not necessary
with the proposed method. Moreover, at least for the
oldest age class of green tiger prawns, to define the
width of the central location is more objective than
to define the population density function. The
Bhattacharya method has an advantage over the
proposed method in that it estimates the mean length
at age with standard deviation, which can be used to
estimate the degree of overlap among cohorts
(McNew and Summerfelt, 1978).

It is impossible to compare the proposed method
with ELEFAN I by an analytical approach because
ELEFAN I cannot estimate the variances of the
growth parameters. The growth parameters esti-
mated by using ELEFAN I (Table 8) with the same
length-frequency data were similar to those esti-
mated by the proposed method, although the para-
meter K estimated by ELEFAN I tends to be lower
(six out of eight) and the parameter C tends to be
higher (six out of eight). The simulation studies by
Rosenberg and Beddington (1987) and Isaac (1990)

represents the standard error.

Table 7

Growth parameters of green tiger prawns, Penaeus semisuleatus, in Kuwait waters estimated by using Bhattacharya method. SE

L, SE K SE ty SE t, SE C SE

Cohort (mm) (yr'h (yr) (yr)

3 39.01 1.87 1.08 0.22 -0.39 0.12 -0.45 0.03 0.80 0.15
1986

? 48.91 1.77 1.85 0.39 0.04 0.08 -0.21 0.06 0.43 0.17

3 36.20 2.59 1.43 0.68 -0.36 0.31 -0.27 0.06 0.57 0.34
1987

? 51.29 2.60 1.49 0.36 -0.07 0.11 -0.23 0.03 0.69 0.20

3 35.42 0.62 2.16 0.27 -0.01 0.06 —0.44 0.03 0.76 0.16
1988

Q 51.00 1.76 1.68 0.26 0.06 0.06 -0.32 0.03 0.51 0.17

3 34.39 1.10 2.89 1.06 0.11 0.16 -0.57 0.15 0.47 0.32
1989

? 47.02 2.83 2.48 1.16 0.14 0.16 —0.22 0.12 0.52 0.33
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Table 8
The growth parameters of green tiger prawns, Penaeus
semisulcatus, in Kuwait waters estimated by using
ELEFAN I. WP represents winter point.
L K WP

Cohort (mm) (yr1) (yr) C

é 36.13 1.5 0.50 0.7
1986

? 49.87 1.6 0.40 1.0

é 36.83 1.5 0.10 0.6
1987

? 52.13 1.6 0.45 0.5

é 37.13 1.6 0.10 0.8
1988

? 50.88 1.6 0.20 0.6

3 36.13 14 0.20 0.8
1989

? 49.00 1.7 0.20 05

suggested that ELEFAN I underestimates the true
value of K, and Rosenberg and Beddington (1987)
concluded that ELEFAN I estimated K reliably only
if the true value of K was known within about 25%.
ELEFAN I also tends to have multiple maxima of
the score function (Rosenberg and Beddington, 1987;
Isaac, 1990), as found for the SLCA method (Basson
et al., 1988; Isaac, 1990), which makes it difficult to
select the best set of growth parameters from the
multiple solutions. The proposed method has the
advantage over ELEFAN I in that it applies a non-
linear least-squares technique with the Gaussian it-
erative method (SAS, 1992) for solution searching,
which is more sensitive in defining the best set of
growth parameters and which estimates variances
and covariances for the growth parameters so that
the growth between cohort and sexes can be com-
pared statistically.

Castro and Erzini (1988) studied the effect of dif-
ferent recruitment patterns on ELEFAN I (Pauly and
David, 1980) and modal progression analysis imple-
mented in LFSA (Sparre, 1987b) with simulated
length-frequency data. The results were generally
encouraging, and ELEFAN 1 produced better esti-
mates than did modal progression analysis for the
case of multiple recruitment per year. However, for
both methods, multiple recruitment makes it diffi-
cult to estimate growth parameters (Castro and
Erzini, 1988). The recruitment pattern of green ti-
ger prawns in Kuwait waters is relatively simple and
the degree of overlap between cohorts is low. It would
be worthwhile to test the performance of the proposed
method for species with more complicated recruit-

ment patterns and high overlapping cohorts with real
or simulated data.

Implication of the variations in growth

The highly significant differences in growth between
sexes of green tiger prawns is not surprising because
female shrimp grow to be much larger than males.
Female and male green tiger prawns in Kuwait wa-
ters are distributed in the same area and experience
the same environmental changes, but the annual
variations in growth curves between cohorts are more
obvious for males than for females (Table 6). These
variations suggest that the responses of the female
and male shrimp to environmental factors might be
different, and that the growth of males may be more
vulnerable to environmental changes. A possible rea-
son that females are less sensitive to environmental
change is that they have more energy reserves that
can be utilized to maintain homeostasis by shifting
from anabolism to catabolism (Pickering, 1981). Fe-
male shrimp grow faster and become larger than
males, have lower natural mortality, but with a
higher market demand suffer higher fishing mortal-
ity (Xu et al., 1995) compared with males. All these
differences between female and male shrimp should
be taken into consideration when monitoring the
shrimp fisheries, estimating the population abundance
and biomass, and formulating management policy.
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