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How Should We Randomly Sample Marine Fish Landed at Korea Ports
to Represent a Length Frequency Distribution of Those Fish?

Min Gyou Park and Saang-Yoon Hyun*

College of Fisheries Science, Pukyong National University, Busan 48513, Korea

In Korea, marine fish landed at ports are randomly sampled on a periodic basis (e.g., daily or weekly), and body sizes
(e.g., lengths and weights) of those sampled fish are measured. The motivation for our study is whether or not such
measurements reflect the size distribution, especially the length distribution of fish landed (= a population), because
such length measurements are key data for a length-based assessment model. The current sampling method is to
sample fish landed at ports by body size group (e.g., very small, small, medium, large, very large), using the sampling
weights as the number of boxes by body size group. In this study, we showed that length composition data about fish
sampled by the current method did not represent the length frequency distribution of the fish landed, and suggested
that an alternative sampling method should be applied of using the sampling weights as the number of fish landed by
body size group. We also introduced a method for determining an appropriate sample size.
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Fig. 1. Process of arranging fish landed.
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Table 1. List of symbols
Symbols Definition Setting values
i Index for individual
C The number of fish landed. 0.1 and 1 million
X Lengths (cm) of all fish landed.
w weights (gram) of all fish landed.
a B Parameters in the allometric length (in cm)-weight (in gram) relationship. g: gggg
o2 Variance of error term in allometric relationship. 0.01¢?
h One of the five size groups.
C, The number of fish landed which belong to size group h.
[A/Box Body weight of fish landed in a box. 18 kg
Box, The number of boxes, which belong to size group h.
m Index for sampling method.
w Weight of size group h of sampling method m.
S Sample size. 100, 200, ..., 1000
Sy Sample size of size group h of sampling method m.
k The number of length classes. 40
Lm Length composition data obtained by sampling method m.
o Samples at /- th length class, collected by sampling method m.
1-r Length composition rates of the total catch.
U Mean of body length of fish landed. 10, 30, 50 cm
o Standard deviation of body length of fish landed. 20 cm
min Minimum body length of fish landed. 10 cm
max Maximum body length of fish landed. 50 cm
S1-54 Scenarios for length distribution of total fish landed.
m-T4 Scenarios for the number of fish landed per day for three days.

Values used in the simulation are under “Setting values”.
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Table 2. Simulation scenarios of the length distribution of a popu-
lation (i.e., a total of fish landed)

Scenarios Length distribution of Total catch

S1 Normal (1=10, 0=20, min=10, max=50)
S2 Normal (1=30, =20, min=10, max=50)
S3 Normal (1=50, =20, min=10, max=50)
S4 Uniform (min=10, max=50)

Length distributions of all fish landed were generated under four
scenarios with the assumption that a total of all fish landed was 0.1
and 1 million, respectively. u and o are denoted as the mean and
the standard deviation of a truncated normal distribution, respec-
tively. The shape of a length distribution differs by scenario: (1)
S1, skewed to the right; (2) S2, symmetrical; (3) S3, skewed to the
left; (4) S$4, uniform.
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Table 3. Scenarios about the number of fish landed during three
days in a row

Fish landed day (No. ]
Scenarios per day (No.) Total fish
Day 1 Day 2 Day 3 (No.)
i 150,000 100,000 50,000
2 50,000 200,000 50,000
300,000
3 50,000 100,000 150,000
T4 100,000 100,000 100,000

In all scenarios, a length distribution of fish landed on Day 1, Day
2, and Day 3 was assumed to be the length distribution under S1
(skewed to the right), S2 (symmetrical), and S3 (skewed to the
left), respectively.
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Fig. 2. Comparison in estimates (1) of composition between the current and alternative practices with 200 sample size under four scenarios
when a total of all fish landed (C) was 1 million individuals. The first row shows the length frequency of fish landed set under each scenario.
The second and third rows are results from current and alternative practices, respectively. Open circles are true compositions and points (-)
are the mean values of estimates by length class and the vertical bars are the standard deviations of estimates from 1,000 replicates.

Table 4. Sampling weights used by the current practice (w,“™") versus those used by the alternative practice (w,">*") set under each sce-
nario when a total of all fish landed (C) was assumed to be 1 million individuals

Scenarios Body size groups () Sum
VSG SG MG LG VLG
Box, 504 1,877 3,824 5,224 5,278 16,707
s w, Curent 0.03 0.11 0.23 0.31 0.32 1
C, 325,324 278,086 202,467 126,125 67,998 1,000,000
w, Proposal 0.33 0.28 0.20 0.13 0.07 1
Box, 180 1,768 6,335 9,907 7,300 25,490
” w, Curent 0.01 0.07 0.25 0.39 0.29 1
C, 96,559 241,031 325,745 240,188 96,477 1,000,000
w,Froposal 0.10 0.24 0.33 0.24 0.01 1
Box, 118 928 4,042 12,015 26,320 43,423
s w, Curent 0.003 0.02 0.09 0.28 0.61 1
C, 67,812 127,281 201,799 276,917 326,191 1,000,000
w,Froposal 0.07 0.13 0.20 0.28 0.33 1
Box, 313 1,382 3,893 8,562 16,063 30,213
s W, Curent 0.01 0.05 0.13 0.28 0.53 1
C, 200,000 200,000 200,000 200,000 200,000 1,000,000
vy, Proposal 0.2 0.2 0.2 0.2 0.2 1

Five size groups are divided as follows: VSG, very small size group, (10 cm, 18 cm]; SG, small size group, (18 cm, 26 cm]; MG, medium
size group, (26 cm, 34 cm]; LG, large size group, (34 cm, 42 cm]; VLG, very large group, (42 cm, 50 cm].
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Fig. 4. The average of the coefficient of variations of estimates of length compositions (i.e., 40 7’s in the multinomial likelihood) based on
1,000 iterations where, at each iteration, such estimates were calculated with pseudo data on lengths generated under the alternative practice,
whose sample size was considered from 100 to 1000 on x-axis. Among those averages by length class, the maximum and the minimum value
was denoted as circles (0) and triangles (A), respectively. Simulation was performed by sample size (x-axis) under four scenarios by two
cases of a total of fish landed (C=0.1 million individuals under the left column; C=1 million individuals under the right column).
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Fig. 5. Comparison in estimates (1) of composition rates between the cumulative and the weighted average methods. Simulation was per-
formed with 700 sample size under four scenarios (71, T2, T3, T4) in Table 3. The first row shows the length frequency distribution of fish
landed over three days set under the four scenarios. The second and third rows are results from the cumulative and weighted average method,

respectively. Open circles are true composition rate, points (-) are the mean values of estimates by length class and the vertical bars are the

standard deviations of estimates from 1,000 replications.
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