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Tab.1 Linear regression coefficients of mean and variance of CPUE transformed
by logarithm and corresponding interval estimation
X3 ES f&THE 95% B 5 X5 HRAH REA%
fishing area coefficient estimator 95% confidence limit correlation coefficients number of sample
X1 R 2.14 [1.97,2.33] 0.85 131
area 1 slope
X1 BUE -0.90 [ -2.35,0.29] 0.85 131
area 1 intercept
kX2 R 2.27 [1.85,2.59] 0.87 9
area 2 slope
kX2 g -2.33 [ -4.63,0.54] 0.87 9

area 2 intercept
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Tab.2 Distribution of log-normal, gamma and negative binomial error and their mean and variance
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ﬁ{.—( Q ﬁsw [«b] 15
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= 05 IE | BRIt 0o
£E° ool LB 1S E25° 00 ol b= ks b
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AT UInSaA6) ML AT GHUEASAD
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o 8=0 =26=10% Mean m 5=10 Mean
@ 8=1 & §=Mean Delta—GLM
B2 SERIAGHHEELATBHNE
a~cH1IRX;d~fH2KX
Fig.2 Fishing efficiency for different company estimated from different model
a-c for area 1 ; d-f for area 2
£3 Delta-GLM fEE I UFE ML B
Tab.3 Fishing efficiency estimated by Delta-GLMs
A P TR | T it Fifa Hia DX,
model Huyu Liaoyu Ningyu Suyu Zhouyu Qingyu fishing area
b s v
binomial distribution 0.89 1 0.97 0.99 1 1 1
CPUE =0 246 0 10 11 0 0 1
STHIES  lognormal 1 1.68 1.19 2.43 1.52 1.58 1
M  gamma 1 1.77 1.04 2.95 2.02 1.88 1
"I negative binomial 1 1.77 1.04 2.95 2.02 1.88 1
LI negative binomial * 1 1.79 1.04 2.93 2.05 1.91 1
W44 binomial distribution 0.93 1 0.96 1 1 1 2
CPUE =0 84 0 15 0 0 0 2
STHIES  lognormal 1 1.30 1.17 2.03 1.39 0.92 2
M  gamma 1 1.32 1.09 2.39 1.29 0.81 2
"I negative binomial 1 1.32 1.09 2.40 1.30 0.81 2
il "IN * negative binomial * 1 1.31 1.06 2.35 1.27 0.81 2

: * 8 8 HERWER; A MR KRS AR CPUE A GFH#EER; CPUE =0 £&#ll /A 7] CPUE B EEKIRE
Notes: The result was derived by assigning & to be zero for the row signed by =* ; the rows for binomial distribution showed the probability
where CPUE is more than zero; the row signed by CPUE =0 showed the frequency of CPUE when its value was zero
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&4 Delta-GLM FFi%i7 AIC &
Tab.4 AIC calculated from Delta-GLM models

s MEES s . | X
value of § lognormal gamma negative binomial fishing area
CPUE >0 ( Delta) 86 291.58 86 837.22 86 842.08 1
CPUE >0 ( Delta) 45 454.72 45 566. 84 45 568.92 2

AR URAEREBER S LR
BN 1 K52 K&# 2 7 M S8E, %
4E BRI B HF# CPUE, 433k H 5 1 #a 7] 4F [
R EREEEE (1 KAZERE/NT 25 WHIESE
R HAPEED 10 MK 2 KAE R MK/MF 20
B A, Ry 15, i TR EACE 13 W
W, UAERR) 1T B A # 22 7 A F3 CPUE
5iPifa A ¥+ CPUE i L2, [F] i}k A Bootstrap
TG &l 22 7 H P CPUE [FiP i H SF 5

CPUE HLRH R0 1w, 7B 2. 5% 50% .
97.5% W LLRE WK 5, A& A ¥ CPUE .
R, 53R 5 4R, =2 Delta-GLM J5 i 1H5E
L5 RBAF , Hrh Delta-fii 71 Delta-fi — 15515 i)
LR TF Delta 3 FIER 53, Mok, ZXBHE
(cross validation ) J I 5 & %X ( determination
coefficient) 45 R W UL R — 0 A, BrLAR
FIX PR AL THEL

RS A 2.5%.50%.97.5 %Rt Bootstrap fhE & & M/AF CPUE SiFiapgtt %=
Tab.5 Monthly averaged CPUE ratio corresponding to the quantile 2.5% , 50% and 97.5% respectively
estimated from Bootstrap between Huyu and the other companies

gk b/aki: | iL# T TR FHf Hil X

quantile Huyu Liaoyu Ningyu Suyu Zhouyu Qingyu fishing area
2.5% 1 1.64 0.92 2.4 1.04 1.28 1
50% 1 2.03 1.06 3.08 1.53 1.84 1
97.5% 1 2.50 1.22 3.79 2.02 2.48 1
2.5% 1 1.20 0.85 1.95 1.07 0.75 2
50% 1 1.33 0.99 2.55 1.21 0.89 2
97.5% 1 1.47 1.14 3.10 1.38 1.03 2

3 w5

3.1 FEATHBHHELR

By Delta-fii — 343 ( B% Delta-fii ) 25 R 7]
(K3, FH0N AR BEHREFEBRKRER
1 X, AR R, TP R, i
BB NP 3 1557 3 X, i R R R
i, TR ERCRE N A B i, [F B 75 i 5P
MEBEWN 2.5 £h. NERITBLER, HESER
AL KAl AR Z R 2 R 8, Fi,
A BEIRIEAL B X B ) B AT AR AL, A
REIEHAfE A CPUE,

3.2 GLM &8 %

B FH7E CPUE R HE &, R AN HUIE
BAAES , AN —HE, B SRR 2
FEHAE R B AR B, R 2 (A HBT)
FXHEEESS ™ . B ERGERERE, ¥

BUEB K, 0 &7 B RN BUESE , WAt
L, A EE 5% B, R4 6 Bt CPUE H{E
10% it , 2 3 30 1F 7 43 A B9 R R A7 78 1R K [
(B 4-a,c), BHEREREIE Delta Xt 1E &4
i, R, 8 B ERERERER™ . BAKH,
% S AMHA TR BE, ExH R
SR BN W] BE R BIR Y

REMD e =T 43 #i fuif CPUE (E AT (R
FABRAURAE T, 53 A A REBURAE ) , A
XERE, BEFRENHREEH =AW,
RES I i (B 5-a,c,e,2) ,HRAMB 5K
TSR, X R 22 4R R X A BRI
MIAK, Fit,s BUERB/N, X5 R P
AN, TSRS43 A M A T RBU= B K
Ze4K,, B O S 0IE 25 43 A o =4 A R R B
B MDA W AR A
&\ﬁ[lﬁj .



23 B, % - B — R M R S 8 S8 K BTG B Ml Y T B A R 227

K Delta-GLM J7 3 7] 3 %2 FH X} R % iR
2, NARSCE H 4 RE L, Delta-GLM
Jrik i B ETE R B ik T B R
75 2 AN X SRR 1 06 AR T B B 434 B E
R,

%FH Delta 33 % IE % Delta 4l 2 } Delta 1
WA THE 1 RERAER, R WRHAR
ZIWR (SN SRS R e, AR S F i
BT B B AR XTI K, T X 7 YA B SR A T
FEXHR/DN ;2 X 22 AR/, RER I XHEUE
DO I B H AR AT RN (R 3) , X
RIARFERZEEWREETER AR RKEM,
3.3 R EE

ARICR AR F L AR SR ST 4, &
B T R —nlk 2w AR R 22 5, R S R A
A SENREURBRE MR GREEF. 4
R H %540 &, # A BT fe g B/ CPUE K
BB ER(KANR13% ), BREREER
R T i B Sk 4R B %t CPUE 28
AR, TEE— SR, BXTHRE KR
b b Bt , KB T R LT RE R A HY o

RENLRBRKRE, LRERERFES
B, BRI, T ENESRAE
W, R R A E R A R A RIS MR, B
HEMRK , Rt S B MR,
B2, BE R 2R L RN, il
S AR B R A ST ORECE R AR
HE 2B AKTE , AT X T T B PR EE
B EAEN LB, XTFEAE - EER
T 55X AT

AIKXHRSPIELZEZLZXRFZRAR, BHE
PEREHLZHLE, £ EH NOAA FR4H R
GEAMNIKFRFH L ANTRBEIRETE
FBAEL,

SE k-

[1] Quinn T J, Deriso B R. Quantitative fish dynamics
[M]. New York ; Oxford University Press, 1999
18 -20.

(2]  BETE, BU/NR, & EFRILERE S
AR [T]. #EL, 2005, 27(3) : 201
—205.

[3] Robson D S. Estimating of the relative fishing

[4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16 ]

power of individual ships [J]. ICNAF Res Bull,
1966, 3:5 —14.
Gavaris S. Use of a multiplicative model to estimate
catch rate and effort from commercial data [ J].
Canadian Journal of Fisheries and Sciences, 1980,
37, 2272 —2275.
Punt A E, Walker T I, Taylor B L, et al.
Standardization of catch and effort data in a
spatially-structure shark fishery [ J].
Research, 2004, 70.129 —145.
Campbell R A. CPUE standardisations and the

construction of indices of stock abundance in a

Fisheries

spatially varying fishery using general linear models
[J]. Fisheries Research, 2004, 70:209 —227,
Dick E J. Beyond lognormal versus gamma:

distribution among error distributions for
generalized linear models [J]. Fisheries Research,

2004, 70:351 —366.

Porch C E, Scott G P. A numerical evaluation of
GLM methods for estimating indices of abundance
from West Atlantic bluefin tuna catch per trip data
when a high proportion of the trips are unsuccessful
[J]. Col Vol Sci Pap, ICCAT, 1994, 42(1) :240
—245.

Quinn T J, Deriso B R. Quantitative fish dynamics
[M]. New York ; Oxford University Press, 1999
30 -35.

HER. ALK TFERZARTITMN EE S5EER
BRAEMPIF[D]. L. EEK=REBEE
BE, 2006.

WRETE, B I, & 4. GLM #EEIF GAM &
BRRARBHARRAGSHRETFHRER
[J]. KF=23k, 2008, 32(3) :379 —386.

Damalas D, Megalofonou P, Apostolopoulou M.
Environmental, spatial, temporal and operational
effects on swordfish (Xiphias gladius) catch rates
of eastern Mediterranean Sea longline fisheries
[J]. Fisheries Research, 2007, 84 233 —246.

Stefansson G. Analysis of groundfish survey abund-
ance data combining the GLM and delta approaches
[J]. ICES Journal of Marine Science, 1996, 53
577 —588.

Berry D A. Logarithmic transformation in ANOVA
[J]. Biometrics, 1987, 43:439 —456.

Penning M. Efficient estimators of abundance, for
fish and plankton surveys [J]. Biometrics, 1983,
39.281 —286.

Firth D. Multiplicative errors: log-normal or



228 K =¥ R 33 %

gamma? [ J]. Journal of the Royal Statistical 144.

Society, 1988, B2: 266 —268. [19] Zagaglia C R, Lorenzzetti J A, Stech J L. Remote
[17] Maunder M N, Punt A E. Standardizing catch and sensing data and longline catches of yellowfin tuna

effort data; a review of recent approaches [ J]. ( Thunnus albacares) in the equatorial Atlantic[J].

Fisheries Research, 2004, 70:141 —159. Remote Sensing of Environment, 2004, 93 267 -
[18] Wang J, Pierce G J, Sacau M, et al. Remotely 281.

sensed local oceanic thermal features and their [20] Venables W N, Dichmont C M. GLMs, GAMs and

influence on the distribution of hake ( Merluccius GLMMs: an overview of theory for applications in

hubbsi) at the Patagonian shelf edge in the SW fisheries research [ J]. Fisheries Research, 2004,

Atlantic [J]. Fisheries Research, 2007, 83:133 — 70 319 —337.

Fishing efficiency for mackerel and scad in the large light purse seine
fishery estimated by generalized linear model
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Abstract ; Reliable estimation of effective fishing effort, which is proportional to fishing mortality, can
provide information critical to the assessment and management of fisheries resources. To estimate effective
fishing effort, we need to understand fishing efficiency and factors that may influence it. In this study
fishing efficiency was estimated for mackerel and scad purse seine fisheries using generalized linear model.
This was done for different companies involved in the fisheries. Different choices of error structures were
considered in the estimation and their impacts on the estimation were discussed. The negative binomial
distribution, gamma distribution, and log-normal distribution were chosen as error distributions according to
log-linear regression of variance versus log-mean of CPUE ( catch per unit effort). Zero CPUE values had
great impacts on the assumed error structure and adding a constant (§) to CPUE was needed for gamma
distribution and log-normal distribution in maximum likelihood estimation. As § increased, the contrast of
estimated fishing efficiency was reduced greatly. Delta approaches were also chosen as an alternative way to
deal with zero CPUE value in this study. Comparing the results of different models, we considered Delta-
negative binomial and Delta-gamma as most appropriate error distributions for this study. The results showed
that the fishing efficiency differed greatly among fisheries companies and among different areas.

Key words ; mackerel; scad; large light purse seine; fishing efficiency; generalized linear model( GLM) ;
Delta-GLM



