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Fig. 1  Map of the study area (24 ~

30°N, 120 ~ 126°E) and spatial
distribution of catch sites of
Uroteuthis edulis from 2009 to 2014.
The circled numbers indicate the
three fishing areas of Uroteuthis
edulis: 1. Coast; 2. Upwelling; 3.
Front.
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Table 1 A summary of the parameters used in the generalized linear model analyses

Variables Explanation Range used

Year Year of the catch 2009, 2010, 2011, 2012, 2013, 2014

Month Month of the catch 12 months of the year

Area Fishing site of the catch 1 (<25.4°N), 2 (25.4 ~ 26°N), 3 (>26°N)

Tonnage Vessel characteristic 1(<101),2(10~201),3(20~501),4 (50 ~100t), 5 (>100 1)
Horsepower (Hp)  Vessel characteristic 1 (<500 Hp), 2 (500 ~ 1000 Hp), 3 (100 ~ 1500 Hp), 4 (>1500 Hp)

Light intensity (kw) Vessel characteristic

Vessel Vessel characteristic
SST Sea surface temperature
SW Sea color

Area X Month Interaction of fishing area and month

1 (<100 kw), 2 (100 ~ 200 kw), 3 (200 ~ 400 kw), 4 (>400 kw)
28 vessels
Resoluction:1.1 km x 1.1 km

Resoluction:1.1 km x 1.1 km

HHARIE R B 5 R (kg /
- K) - R E A /AR % H CPUE
> BSEIH A4 H CPUE « AT iR A
itz % H CPUE V83 » RIMGEIF54 H CPUE -
AWFFELUEER > HA > VESEE - s - 5§
TI8C RO ~ Wi ~ 2K ~ 7kt R i
H BB EEE IR T Ry s B RETJIN 1~ (Table 1) -
HrpEERIIK TR MK 1 DARES CPUE (2 4 fH]sd

{t#&24 (Maunder and Punt, 2004) » H BRI HIl#E
A R PVEME o MRS RIS A R B
ABISIESHE < 8 DI R ~ ST
s Ry 3 L (5%, 2010; &, 2011) - fify
B BITBU RSB SRERT » F DABRE s
REJIE R BIE R 8 - HR K IR TR
et B S B R 0 Ky S ) - B
JI¥LL 500 ULFG I Ry —E A7 - o3 Ky 4 % » &



4 RATESE

o o

o

o _| o

o o °
T 9
2z o o
= o
Z 8
2 ™ _| (o] o o]e] o
9 o q
£ o
= ]
oy o— o)
-

— 0%° o

o
%o
o | o
|
500 1000 1500 2000

Horsepower (Hp)

Fig. 2 Using a light intensity/horsepower plot, the vessel light intensities were grouped into 4 categories: 1 (<100kw),

2 (100 ~ 200kw), 3 (200 ~ 400kw), 4 (>400kw).
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Fig. 3 Monthly catch proportions of Uroteuthis edulis and bonito from 28 sampling vessels in the northern waters of
Taiwan from 2009 to 2014. Solid line: U. edulis; dashed line: bonito.
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Fig. 4 The catch sites that had bonito catches but no Uroteuthis edulis catches in June from 2009 to 2014.
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Fig. 5 The catch sites that had Uroteuthis edulis catches but no bonito catches in June from 2009 to 2014.

Fig. 6 Annual CPUE (kg per vessel per day) of Uroteuthis edulis based on two different data sets of the torch light
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Table 2 Analysis of deviance table for generalized linear models fitted to Uroteuthis edulis catch rate data in northern
Taiwan waters from 2009 to 2014. The dataset included all fishing data (see the text)

Explained

Resid.

Resid. F

Variables Deviance Df (%) Deviance Df (*: p < 0.05) AIC

NULL 18994.9 11414

Year 493.8 5 2.6 18501.0 11409 136.3* 37920.6
Area 8989.2 2 47.3 9511.8 11407 6202.5* 30330.4
Vessel 729.0 26 3.8 8782.8 11381 38.7* 29472.2
Month 245.4 11 1.3 8537.5 11370 30.8* 29170.7
Area: Month 312.8 20 1.6 8224.7 11350 21.6* 28781.7
Total 56.7

Table 3 Analysis of deviance table for generalized linear models fitted to Uroteuthis edulis catch rate data from the

2009 to 2014 fishery in Northern Taiwan. The dataset was corrected by excluding the bonito catches (see the text)

Variables Deviance Df. Exp(l;oi)ned Ds\fisaig.ce R%Sifd' *: p :0'05) AIC

NULL 14080.7 10082

Year 258.6 5 1.8 13822.2 10077 70.4* 31808.7
Vessel 5390.7 26 38.3 8431.5 10051 282.3* 26876.7
Area 665.3 2 4.7 7766.2 10049 452.9* 26052.0
Month 310.7 11 2.2 7455.5 10038 38.5* 25662.3
Area: Month 97.2 20 0.7 7358.3 10018 6.7* 25569.9
Total 47.7
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Fig. 7 Monthly CPUE (kg per vessel per day) of Uroteuthis edulis based on two different data sets of the torch light
fishery in the northern waters of Taiwan from 2009 through 2014.
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Fig. 8 The residual Quantile-Quantile plot of GLM for the two different data sets of the torch light fishery in the
northern waters of Taiwan from 2009 to 2014.
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Fig. 9 Nominal and standardized yearly CPUE values of Uroteuthis edulis based on two different data sets of the
torch light fishery in the northern waters of Taiwan from 2009 to 2014.
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The Study on the Catch Per Unit Effort Standardization of
Uroteuthis edulis in the Northern Waters of Taiwan

Ke-Yang Chang?, Kae-Yih Wang?, Cheng-Hsin Liao®** and Chi-Lun Wu?

!Marine Fisheries Division, Fisheries Research Institute
2Department of Economic Affairs, Keelung City Government
SDepartment of Environmental Biology and Fishery Science, National Taiwan Ocean University

ABSTRACT

In this study, we used the logbook data from the sampling vessels of the torch light fishery to distinguish the
fishing grounds of bonito and Uroteuthis edulis and to standardize the catch per unit effort (CPUE) of U. edulis.
The results showed that the fishing grounds where the sampling vessels targeted bonito from May to July were not
the main distribution locations of U. edulis at that time. The monthly nominal CPUE of U. edulis showed two
peaks when the bonito fishing effort was included and one peak when the bonito fishing effort was excluded. A
generalized linear model (GLM) was used to standardize the nominal CPUE from 2009 to 2014. The GLM, which
included the effects of year, area, fishing vessel, and month, as well as the interaction between area and month,
explained 56.7% of the variation in the CPUE when the bonito fishing effort was included. The area had the main
effect on the CPUE standardization. When the bonito fishing effort was excluded, the GLM including the same
effects explained 47.7% of the variation in the CPUE, but the main effect came from the fishing vessel. The
standardized CPUE trends based on the two data sets were similar and smoother than the nominal CPUE. The
CPUE series showed that the abundance of U. edulis was the lowest in 2012 and peaked in 2013. Because of the
difference of bonito and U. edulis fishing grounds, it is necessary to distinguish bonito fishing effort when
calculating the CPUE of U. edulis.
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