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Application of Sampling Theories to Data from Bottom Trawl Surveys
Along the Korean Coastal Areas for Inferring the Relative Size of a Fish

Population
Hyotae Lee and Saang-Yoon Hyun*

Department of Marine Biology, Pukyong National University, Busan 48513, Korea

The Korean National Institute of Fisheries Science (NIFS) has biannually (spring and fall, respectively) deployed a
bottom trawl survey along the coastal areas for last decade, taking samples on a regular basis (i.e., a systematic sam-
pling). Despite the availability of the survey data, NIFS has not yet officially reported the estimates of the groundfish
population sizes as well as has not evaluated uncertainty of the estimates. The objectives of our study were to infer the
relative size of a fish population, applying two different sampling techniques (namely simple and stratified sampling)
with different observation units to the NIFS survey data, and to compare those two techniques in bias and precision.
For demonstration purposes, we used data on Pacific cod (Gadus macrocephalus) collected by the 2011-2015 surveys,
and the results of simple and stratified sampling showed that the point estimates and precision varied by observation

unit as well as the sampling technique.
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Fig. 1. Areas where the net was trawled. Survey areas were grouped
into three strata. Grids encompassed by solid, dashed and dotted
lines were defined as the eastern stratum (h= 1), the southern stra-
tum (h = 2) and the western stratum (h = 3), respectively.
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Fig. 2. A rectangle surrounded by thick line is defined as a Grid,
which has nine small rectangles.
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Fig. 3. Flow chart of the methodology of sampling theories. Obser-
vation unit is a small rectangle in a Grid. COV denotes the calcula-

tion of observed value with eq. 8.

Il I \

Observed
values (y,)

Observed
values (y,)

Observed
values (y,)

P s
~
~_ N | -
oAy X -
Simple sampling : Stratified sampling |
estimator | estimator |
e ]
A\
— T T T —
- ~
vs ( Yovar(y) )
N /
~ -

Fig. 4. Flow chart of the methodology of sampling theories. Obser-
vation unit is bottom area covered by trawl.
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Table 1. Notations used in this paper

Notation Description
East (h=1)
h Stratum South (h=2)
West (h=3)
N Total number of possible
h observation units in stratum h
Number of observation units

n, where the net was trawled in
stratum h

N Total number of possible N= % N,
observation units P
Total number of observation units - :

n n=3n,
where the net was trawled pt
Observed value of a particular

Yi species in an observation unit /

Observed value of a particular

Ve species in an observation unit /

and stratum h
3 m

y Sum of y, in the entire samples y=22Yy

=1E1

¥, Mean of y, in stratum h y,= ZZ Y

h

y Mean of y, in the entire samples ~ y= SELEE120 Zim Z RPN AR/

- - N

Yy Stratified mean of y,, Vy= Z’F1Nh Yo

y True population size in simple % %" ¥,
sampling it

Y  Surveyindex of Y

Y True population size in stratified

sf sampling
Y, Surveyindexof Y,
3 The variance of observed value
h in stratum h
SAH 24
LR 3F o2 A mAlnke] TAUL Aoo] 2AE 5
QOB FRE FHSHT 0] 2 ol gato] WA mATHe] 27|
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o] o] &= A|uk, &
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FUT s O R i 50| o|FojFoH R 9O A}
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Table 2. Illustration of application of the simple sampling technique for calculation of the survey index in number of Pacific cod (Gadus

macrocephalus) population in the spring of 2013 under the assumption that the observation unit was a small rectangle in a Grid. The left

column of the table is estimator of a metric, and the right column is its estimate

Estimator Estimate
AXC i= 208" Grid,
i = 283km™S 5 580 fish
g Yo = 01519 km2
Step1. Calculation of the observed value (y)
y= 21 Y, V= ViustYost " Yo = 557,294 fish
Step2. Calculation of sum of the observed values () where the net was trawled
y=2 y= 221294 _ 5 196 fish
n 68

Step3. Calculation of mean of the observed values (y)

Y= Nxy

Step4. Calculation of the survey index of population (V')

Y= 612x8,196 = 5,015,646 fish

AZ Var(y)
n

Var(Y) =

SE(Y) =4 Var(Y)

Var(Y) =

1,146,870,826

2.
612 68

~6.317x10" fish

SE(Y)=46.317x10" = 2,513,357 fish

Step5. Calculation of variance and standard error of population estimate
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Table 3. Illustration of application of the stratified sampling technique for calculation of the survey index in number of Pacific cod (Gadus

macrocephalus) population in the spring of 2013 under the assumption that the observation unit was a small rectangle in a Grid. The left

column of the table is estimator of a metric, and the right column is its estimate

Estimator Estimate
3
N=3 N, =N+N,+N, 612 = 72+333+207
h=1
3
5 =h§n” BRANCRE 68 = 8+37+23

Step1. The stratification of Grid where net was trawled

AXC, _ 283 km2x3 fish
a, Vraeme ™ 70 1519 km?

hi

y,= = 5,580 fish

Step2. Calculation of observed value (y, ) in each stratum

nh Vit = Viss Y ies T oy ® 343,193 ﬁ.Sh
yﬁzym Yiep = Vear*Veag® +Y g = 108,188 f'.Sh
i Yies = VstV asot e ® 105,913 fish

Step3. Calculation of sum of the observed values (y,) in each stratum

Vi = —343’1:3 ish - 42,899 fish
;= Yh __ 108,188 fish .
iy g = = 2,024 fish

}7,’:3 = w = 4,605 fish

Step4. Calculation of mean of the observed values (}7,,) in each stratum

R
y,= 2 Nty V= 2 x42,800+ 333 x2,924+ 207 4605 = 8,196 fish
N 612 612 2

Step5. Calculation of weighted average of the observed values

Y.= Ny, Y, = 612x8,196 = 5,015,646 fish

Step6. Calculation of the survey index (Y.) of population

9 7
8.838x10 7.67;);10 +207

L3 S? Var( )75,) = [72%(72-8)x—————+333x%(333-37)x
Var(Y)) = SN, (Nh-nh)T“] 8
h=1 h

7
x(207-23)x %] ~5.232x10" fish

SE(Y) =+ Var(Y)
SE(Y,) =+ 5.232x10" = 2,321,507 fish

Step7. Calculation of variance and standard error of population estimate
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Fig. 5. The estimates of the relative sizes in number (x10°) of cod population in years 2011-2015 under the assumption that the observation
unit was a small rectangle in a Grid. The upper panels indicate estimates of the relative population size. The lower panels are the coefficient

of variation. The solid line and the broken line indicate results of simple sampling, and stratified sampling respectively.

Table 4. Illustration of application of the simple sampling technique for calculation of the survey index in number of Pacific cod (Gadus
macrocephalus) population in the spring of 2013 under the assumption that the observation unit was bottom area covered by a trawl. The left

column of the table is estimator of a metric, and the right column is its estimate

Estimator Estimate
N= T N= 2,414 km*+2,431 km?+---+2,496 km* _ 172,183 km?
n.a 0.15 km?+0.10 km?+---+0.12 km? 8.85 km?
Step1. Calculation of the total number of possible tow (N)
y= 21 Ci Y= VigtVooet H Voo = 261 fish
Step2. Calculation of sum of the observed values (y) where the net was trawled
A -_ 261 _ .
y= n y 68 4 fish
Step3. Calculation of mean of the observed values (y)
Y= Nxy Y = 19,460x4 = 74,693 fish
Step4. Calculation of the survey index of population (Y')
- Varl ~ 246 )
Var(Y') = N> —,,(Y) Var(V') = 19,4602 — o~ = 1.368x10° fish
SE(Y) =+ Var(Y) SE(Y) =+ 1.368x10° = 36,992 fish

Step5. Calculation of variance and standard error of population estimate
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Table 5. Illustration of application of the stratified sampling technique for calculation of the survey index in number of Pacific cod (Gadus
macrocephalus) population in the spring of 2013 under the assumption that the observation unit was bottom area covered by a trawl. The left
column of the table is estimator of a metric, and the right column is its estimate

Estimator Estimate

M
MM

L or

F1 70
Step1. Calculation of the number of possible tow in each stratum (N,)
N=N+N+N, N=17,596+20,887+18,082 = 56,564
Step2. Calculation of the total number of possible tow (N)

g Vit = Vst Vst 4V gy = 161 fish
) Z1 Cu Yieo = Vg Vst sz53 47 fish
i Yies = YersiHYeiset 4 ar, = 93 fish

Step3. Calculation of sum of the observed values (y,) in each stratum

V= 161 fish _ 20 fish
8
s = yh .
Vo= —- - 47 fish
n, Vo = 37 = 1 fish
- 53 fish )
—— 7 = 2 fish
Step4. Calculation of mean of the observed values (y,) in each stratum
3 v
V= > Ny, / = 17,596 20+ 20,887 1+ 18,082 %2 = 7 fish
¢ N ¥ 56,564 56,564 56,564

Step5. Calculation of weighted average of the observed values
Y. =Ny, Y, = 56,564x7 = 422,308 fish

Step6. Calculation of the survey index (?t) of population

Var(Yt) Z[N (N, )i ] Var(Y [17 596x%(17,596-8)x

h

L 205+2o 887x(20,887- 37)X%+18 082x(18,082- 23)x%

~7.401x10" fish

SE(Y,) =1 Var(Y) SE(Y,) = 7.401x10"° = 272,042 fish

Step7. Calculation of variance and standard error of population estimate
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Fig. 6. The estimates of the relative sizes (in 10° metric tons) of cod population in years 2011-2015 under the assumption that the observation

unit was a small rectangle in a Grid. The upper panels indicate estimates of the relative population size. The lower panels are the coefficient

of variation. The solid line and the broken line indicate results of simple sampling, and stratified sampling respectively.
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Fig. 7. The estimates of the relative sizes in number (x10°) of cod population in years 2011-2015 under the assumption that the observation
unit was bottom area covered by a trawl. The upper panels indicate estimates of the relative population size. The lower panels are the coef-

ficient of variation. The solid line and the broken line indicate results of simple sampling, and stratified sampling respectively.
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