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gr— i ME LAV S i B R AR UE R R AR T RAR 48
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8] To ik b )

AW AL G CPUE i 7776 45 Fl ) R 15
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1.2 CPUE BE{uifsE 518

WA [ P AR 5& SCRiR , B0 5% CPUE HELHY
AN TR TR, IR B A B4R L D XX CPUE #A;
WATIH R BEL(GR 1), —ILIEE T 24 4~ CPUE B4
(#2),

#&1 CPUE B{y%IE

Tab.1

CPUE units collected according to different fishing types

fEML 7738 Fishing types

CPUE #.7 CPUE units

B Otter trawl

th(GE %, 2016). kg/h(E244E%E, 2014). t/d(ZFWIFF4E, 2010). t/net(fb R E 45, 2011).,

g/, 2015)  t/(h-kn)(PAIEE, 2015)  kg/met(ZE R P15, 2016) . kg/(kW-d)(Ulman, 2016)

kg/kW(SLB6E5, 2014)
WHi Pair trawl
HitFHi ™ Beam trawl

kg/(kW-d)(GREAT 4, 2016) . kg/h(XIEEE 25, 2000)
kg/(kW-d) (AR EAT %, 2016) . kg/h(4P &%, 2015)

A M Tuna purse seine t/(d-net)(EFKHESE, 2005)., t/d(HZEFH4%, 2011)

JTYGEEIR Light-purse seine
#)H. Fishing tackle

M Stow net

JTJEE M Falling-net

H#i¥F Shrimp trawl

HIK - Gillnet

JEFH Pot
EH M Setnets

t/net(ENZESE, 2014). ctn/net(FEHTESE, 2009). tv/d(FRIE%E, 2011). kg/(kW-d)(# a5,
2013). kg/h(XIAE &%, 2000)

n/(Uh) (BT ZE45, 2006) . t/d(RITZE4%, 2011) . t/1000hook(FRTE 445, 2006). n/1000hook
(1%, 2015) . n/1(dk L%, 2008). n/100 hook (T4, 2011), kg/hook(¥4 A& %, 2015;
KA, 2015) kg/(kW-d)(ABEEARAE, 2016)

kg/met(X %5, 2013) ., t/kWEK LSS, 2015)

kg/(kW-d)(AB #4545, 2016) . kg/met(TBIE4E, 2012). kg/h(FRMEZE, 2016). kg/(kW-net) (Fl =
P45, 2009) . t/net(Z=E T4, 2008)

kg/(KW-d) (AR EEHE %, 2016) . ke/h(XIAEEZE, 2000) ., kg/net(RiF 3%, 1997), t/h(4E -4,
2013), n/h(ZE# 5, 2008)

kg/(kW-d)(4REEAH4E, 20165 #AI4E4E, 2013). kg/h(AREEAEAE, 2015) . g/(100 m* h)(JRHH
&5 2017). n/(p-d). g/(p-d)CREMEE, 2016)

kg/h(ABEEA S, 2015) . g/met-h(F# K, 2015)

kg/h(AR 3 4E 45, 2015) ., ke/d(E A4, 2016). g/(net-h)( B 45, 2014) ., kg/net(GRFEZ 45, 2009)

H: net—MK; kn—717;

hook—4H; n—F; kW—TI; —%; P—h; ctn—4f, T

Note: net—net; kn—knot; hook—hook; n—tail; kW—kilowatt; 1-line; P—piece; ctn—carton, the same as below
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Tab.2 CPUE units list

G CPUE ¥4y G CPUE #1143/ G5 CPUE 143/ G CPUE .43/
No. CPUE units No. CPUE units No. CPUE units No. CPUE units
1 kg/net 7 t/h 13 t/1000hook 19 kg/(kwnet)
2 kg/d 8 t/net 14 n/1000hook 20 g/net-h
3 kg/h 9 t/(h-kn) 15 n/l 21 /(100 m*h)
4 kg/(kW-d) 10 t/(d-net) 16 n/100hook 22 n/(p-d)
5 g/h 11 ctn/net 17 kg/hook 23 g/(p-d)
6 t/d 12 n/(1'h) 18 t/kW 24 kg/kW

1.3 CPUE Rfutr&EHL T E

i 15 : AR IE PR . AU . RRE M 3 AN
ﬁ%@,ﬁcmmmz¢A$u%¢;@iﬁﬁﬁﬁ
CPUE FrifEfb 207, B CPUE FrifEAL AN i F CPUE
FREARFEAIEL, IR LR b, XTI X 3222 9 Fip
i+ 97 1 CPUE #H-A7 S23E40 91 (K 1),

2 HERESW

2.1 CPUE %%

2u,Lm&ﬁL X R R 24 4~ CPUE $437
VEAT I8 P bR v O 35 , 388 FH P 0 3 2 DA BE 8 Ko 4% A4
v 7 2R aE T JE I, B e — ) AN e
CPUE Hifvi, JFERHIFH; Haa TR ZN
Z Fpifell i & CPUE S0
zerd i@ e, 24 4~ CPUE BAf A i@

A 16 4N(F& 3), ZFhiflliE % CPUE B A 8 4
(F 4.
2.1.2 AAmERE A EAEHIPER 84 CPUE
i3k 2 253k 5), JF H IR K HE

%5 141 CPUE 9 5 A2 Rk UFn gk it S5 1
VIS TE) B HOAB 6 2R o B X MR ) 3Rk - Fi(g) e Rl
BAQ, X ORI B BOR A A SRR O
SR ()2 SO S AR B, X T i R A X R
(187N TR ) T s 8 i S5 Al AN T 5 7 6] B B Ao
il A B R AT B T R (kg) o BT X
I A . AR 5 =i 1) T AR RIAS — 2
B A 22 0 R AR, D R L A e s B L A
b, P e S AR R K A A, R A
VY s T J7 T, 48R () 2 it ARl It ) 52 3
I e Bl o T DAAE R W 3R i 5 B R] C R 9 CPUE i
G HALN kg/do

3 ARUE
Three criteria

|

3

(1 S SR A5 R By I A T B CPUE A

Commonality: Screening of CPUE units suitable for various fishing types

— ARARLE:: CPUE B3 3R 440 H- 70 B4 H i 4 e A B Ar

Similarity: CPUE units grouped with clusters and screened for the best one

FEE: bRUERE SRR REUETHIE, FE/ MBI E

Stability: Calculation of standard deviation and coefficient of variation

CPUEHRHEAL B CPUE #r#EfbRIXTE R
CPUE standardization unit CPUE standard form
SEAEAMHT 2016 4 FEAE 7 XA CPUERIE He ik

Empirical analysis

Comparison of CPUE mean values of different fishing types in South China Sea in 2016

Kl 1 CPUE #rifEfbin
Fig.1 CPUE standard process diagram
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Tab.3 Special CPUE units
%5 No.  CPUE Hi{ii CPUE units J&H Reason
1 t/net HIE . BEREVEJTAEH Cannot apply to fishing tackle and pot
2 t/(h-kn) B AT ASE ] Cannot apply to fishing tackle and falling-net
3 t/(d-net) PIE | BEREVE I AEH Cannot apply to fishing tackle and pot
4 ctn/net HIE | BEREIEJTAEH Cannot apply to fishing tackle and pot
5 n/(-h) {GE AF#H Only apply to fishing tackle
6 t/1000hook {\G&E T4 H Only apply to fishing tackle
7 n/1000hook {W3E H T4 H Only apply to fishing tackle
8 n/l {V3E H T4 H Only apply to fishing tackle
9 n/100hook {W3E H T4 H Only apply to fishing tackle
10 kg/hook % FF4E Only apply to fishing tackle
11 kg/net PIE | BEREIE I AEH Cannot apply to fishing tackle and pot
12 kg/(kW -net) PIE | BEREIE T AEH Cannot apply to fishing tackle and pot
13 g/net-h PIE | BEREVEL I AEH Cannot apply to fishing tackle and pot
14 /(100 m*h) {LiE FFHIM Only apply to gillnet
15 n/(p-d) L& FFHIM Only apply to gillnet
16 g/(p-d) {LiE FFHIM Only apply to gillnet
&4 BRI CPUE 21U
Tab.4 Common CPUE units
%45 No. CPUE ¥.{ii CPUE units | %% No. CPUE ¥.{i\ CPUE units | %%%% No. CPUE ¥.{i CPUE units
1 t/h 4 t/kW 7 kg/(kW-d)
2 kg/d 5 g/h 8 t/d
kg/h 6 kg/kW

&5 CPUE Bttt 54A
Tab.5 CPUE units group by similarity

¢4l Groups CPUE #.{ii CPUE units

UAKHE Basis for grouping

| t/h. kg/h. g/h. vd. kg/d
2 tkW. kg/kW. kg/(kW-d)

gk S5 A% H{H Ratio of catch to time
Hagk e SiAR TR | IR HL{E Ratio of catch to fishing power and time

55 2 21 CPUE 19 3 ™S40 R 1Y 2 e ) i 5 e il
DI RECZ R B S 22 o [RIAE I ()42 o 2 19 42
BT, AEAE PRI TP N R kg MR AL, L
5 kg/kW 5 kg/(kW-d): kg/kW Fzn 1 AR ] P Ha i
kW 193K 5 s kg/(kW-d) =R 92 P35 8 R T 5
W AR B, 2 R R R AT e, TSR A
CPUE My fERARIB: kg/(kW-d),

W AP %, CPUE AUEE T 2 AN ke/d
Hl kg/(kW-d).

2.1.3 A ML KR CPUEX 2NN G TT
ik, X 2016 EE ZFERIEIX 9 FASFEE 72
f) CPUE Sttt , i1 IF b s A geit iy As 3 REUE

(# 6).

Wi B kB, I CPUE #fi kg/(kW-d)itH&
(78 S RAAE P BT kg/d A MR B4 RN, BEal i
ZE(2014)i 3 3% 2 PPy 4 Bk 11 2007 45 B AL
U A DO 3 7 3 S BRSP4 e A B o A
SERECN 14.65%, TMidd A kW SF-X 7= B AL E 8
B REUL N 1.13%, 3% 7 W7 X A 7= B4
ORI GE T, CPUE My kg/(kW-d)EL L7 ke/d
WHE . Frlh, TESIHRRE kT, CPUE B
kg/(kW-d) L7 ke/d THEEE R ERE, HALGTHHY
7 T A

il R EVERR %, CPUE X8 F BT kg/(kW-d).
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®6 2016 FEFAEHHHT A CPUE HHERBEMERILE
Tab.6 Comparison of stability differences based on CPUE between different fishing types in summer 2016

7 Unit (kg/d)

Hifi Unit [kg/(kW-d)]

fEN 775 Fishing types

YA AVG WRifEZSD BRFRFCV FHHE AVG FrifE SD ARRECV
Hilfi Otter trawl 784.11 2537.94 3.24 4.42 6.17 1.39
XWHi Pair trawl 3698.78 3053.69 0.83 11.48 9.02 0.79
™ Gillnet 510.66 554.59 1.09 3.84 2.77 0.72
™ Seine 3103.60 2473.94 0.80 19.29 17.93 0.93
#i#F Shrimp trawl 330.41 141.75 0.43 2.30 0.93 0.40
#1 B Fishing tackle 300.26 245.56 0.82 3.04 2.60 0.85
kK Stow net 113.04 15.83 0.14 6.99 0.98 0.14
W Falling-net 743.65 820.01 1.10 7.08 8.13 1.15
jE4F Pot 44.25 31.97 0.72 4.42 3.17 0.72

2.2 CPUE frELTRIER

Zead 3 Ak IR, BA W E CPUE ArifEfb 57
H9: kg/(kW-d).

I BT AP RS E ARE A + RES Y DA T o A BT )
SRR R DA AR e VR L R B A DA T L O R
D) FHLT R FUZ 1 o I ™ o 8 S 7 e iy
AR AN LI Ry B Ie] () T A5 R 2 B it o IR
My R B8 SR R PO BR 59 . AT . kAU E) S
AR R B B0 4l 20 8 7= o 1) JIT A s [ 8, A 2 M
YR P b JE) S0 1) g i) R il e Ak B[] o ik FE ML)
AR R B A K S AT B 1 i B TR

23 iESWH

A 2016 4E% . B BAA 4 AN FERMEX =
B EZWUEI 9 R T A AR, S
CPUE #5 il 4b 3 35 TE 1+ 5 R0 L B [RI A Mk 7 5K
CPUE mYMEAEOL(E 2), SRR, Bl U,
£ = A 1 =5 = R 0 o 4 LS E T DI i
CPUE FHEAMKIK N 3.95, 8.77, 3.11, 4.81, 4.96,
2.35. 3.08. 4.73 1 29.57 kg/(kW-d), ##}i CPUE ¥J
{E B R/NHEF T 4 CPUE 1w>CPUE w>CPUE pa>
CPUE #5>CPUE 4u>CPUE 4>CPUE js>CPUE 34>
CPUE s, FHii KAE M/ IME , ARAEME 5 =i iy

50
1% % Spring (] X2 Summer #ZF Autumn [ 42 Winter —— £4F Year
5 41.68
= 40F .
=
<
o
=)
o
o 30r
15)
3 "
= : 24.07
o / 1.1
£ 20} 192
g it
< K
@ 3
= 12.07 .
= .
2 3
&) 5. .
491384 5.67 .
= 329 |
% .
0 - - é - - - ) ] - )
Hid AT IR Gl A £z FEI ™
Otter trawl Pair trawl  Shrimp trawl Falling-net Gillnet  Fishing tackle Pot Stow net Seine
YEk 53X, Fishing types

K2 2016 fFaAE AL 2 0] CPUE HAL
Fig.2 Comparison of CPUE between different fishing types in 2016
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f) CPUE ~“F-¥{H N 4.77 kg/(kW-d).
3 Tt
3.1 CPUE B{iffiiE 5B airaEd SR ETiR

1 CPUE [P ATy, o S ad 38 i by
HE 0 8 A R 45 77 X3 BB IE H Y 8 1~ CPUE HA 5
P o AR AL A M S L T R L 753 2 41 CPUE SR8
BF, S8k kg/(kW-d)FI kg/d; H5e ) it Fa e A i,
Bk 2 AN JE RS R R 2= AR R R
BE, 20 e eI () CPUE B34 kg/(kW-d).
e ik 20, AR TR B X 3 Fhoy
P, B, XF kg/(kW-d)Fl kg/d BALTRE, AT LAARYE
BT H AR R RBCER (R ME) . ke/d Tt R
BIF=iE s M kg/(kW-d)E R A T IR A= 5, B
R A i HAE — 2 B [H) 5 AR BT B9
o BRI 2 AN R )R A0 i VR b 3R . Al B[]
Hfa AR EEES AR, i ke/d 5 kg/(kW-d)oril31HE
2 AR CPUE fE /N, S8l “MIF” 5 “NHIE”
2 PR RS R, (A BB RE e A — R
FIrLh, DR 0 28 T, Rt A 2 SR 5 P
TE 45 5 % — B0 TR 1 i & H Y, & FE AR Z CPUE
B H A D — AN [R5 2UERIE L S AR R
AR SEBR s U8 A rh 25 5 AR, I e AR B 7 g
) e fE 820

A G2 A5 ¥ s Ty 28 R0 b B[] %) SR R A 4l
Biss i Rk, — Iy, &K i 50 e
TEANEE , (B B it fis i i3, PN Tl 28 el 58 35 5 59—
D7 T, YR A IN DL K A A 5 e 1) D A DG
PR, LI RIUASRN R ST A 34 Rt 5 22 = AL ) R Bl
ZHEK, WA KN —E R B LT DL e 5 fig
FIRIN s SRS (2014)TERFFE 48 i, SR kW
A 57 a5 AT LA [ 2 0] T . R0, A
T BB RN Ut P B AR AR B A N i 25 5, P
AN 2 BIREAS T 2 o BT LAAS IR 5 5 T s 2 2 5 s
(B A S FL(BD kW-d)FE R 45 %5 it iy s R K E K,
W Z 8l CPUE A7 A i fb 2B 0N
kg/(kW-d),

BATFRAEAL IS B9 CPUE 1] LA AS [ M 2 0 £
WA B R T Rk, AT O H gk T K BR 4ot
SRS R TE H E R A s A b, R R
2B Ay J2 AR 1 7 I A R, AT AR KR Al
KSR, Wb ATy, iANEE, CPUE M4 —Ak )5 vl LA
SRR E X Z W% — . MRS T
Y&, NI AT LAEAT A TR alk 2 8] i e dse i, TAIRS

TR A B BE  i R  RIAE A AEs AT
PASC ARl CPUE fEXUE b iR AZ Sl i i,
34T WFTE LR AL S S, L8873 A A
[l Z A A5G AR 5 AT LA L BAR [R) I a] L [Rl R AR
OUT WK AT B0, S WA TR 15 0 222 8] B 4l 528
R, RBUAFEIE L B iy B A SRR E | PLAR Tk
e MR B A

3.2 SEiF4y 4T CPUE RE#E# ANk

CPUE PAfibrufb)s, Xt 2016 4F 4 A2 A
VeV 77 A E % . CPUE jw>CPUE u3>CPUE yyo>
CPUE #g>CPUE % w>CPUE . 4>CPUE 4 4>CPUE s +>
CPUEusx, XFhiH) CPUE SE#{EAKIK N 29.57. 8.77.
496, 4.81.4.73. 3.95. 3.11, 3.08 1 2.35 kg/(kW-d),
DOl e T o o e a7 N T L (=3 s e W= > s N £
BB | VRV AR IE A 5 X G 8, TR W e f e 455
X4 E TR R LR aIs, nfinfn | AREEf
WIS | Araesn, YT, 6RAE HAT AR,
DR VR 7 o v AR A (XN RS, 2012), Pk, BRI
CPUE ¥JfEfie &, (IR PR AR 2R . B
SRR P R e A A, W 2 B AL R R
1B, WafRDPRER, AWM, /ElERE) . &
AR A B TR Y CPUE 218 AV T Bl 90 s
] Do EL A Yt EL 5 R TR B L BRAE DR | X B 0 K
AR, VENVYE ) . PR SR, R, I
CPUE HJ{E AR X B o M4y 2L A% 4% CPUE 1 fiv
B R, HH——2%, B KR e 2415
MEIETIER, AR B ERR | AR A XD

4R AR 45 (2016)7E 2015 AEJC SIS AL FBIUY AR 2=
RIS VEAN AT HE R AT G | R B L
A A AR 95 4% 0 B (kW -d) R 5 72 1 (k) & 04T T 48
i1, T IEIRTTE CPUE fHAKIK N . 2.88., 2.65.
3.55, 0.82, 4.58 kg/(kW-d); AHFFTH S, =K
IR 9 H | JEAE CPUE ¥{EMKIK R 3.11.4.81,2.35,
3.08. 4.73 kg/(kW-d). BREVE2Z R8RS, HALE
AU CPUE fHIEL, /A8 H 25 5 R AT g,
T AU T i 220 A2 e R R R (572528, 2012),
SECE ET ACH T T R S PR L R VAR D gy
MrAH 55 Hh L A CPUE YB35 B IR I, i35 %%
TR YR E AL & T HM 0 EHLR, 2w TR
b B £7 KT B ) 23R 5 ] (R DX 4 R A %) R ) e i
AT AR M), LA ML T =0 51 F A Y 2
ME, BT S T B, AT
RN R 545 J i B —8B 4y, 1T LL46 /N5 H A 5
7572, CPUE Z [l {25 5,
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WL SHE TR, CPUE brifk )5 HA Gt 2l
e, XA T B E AT, HoaT A#EAT A Rl 7
A Z A1 E 1 w040 LA o A4 CPUE ¥I{E R/ EE
B9 AL J7 S I BE T B R /IMRIR D = TR >
KA > 1) o > 28 o) >3k 9] > EfL 4 >4 4R > TE A > B

4 RE

48 CPUE 7 1EANH 2 P A3 0 AN G — 1
DL f M 5 78 OS2 4655 ) 3L, ABF5E H CPUE 42t
PbRAEIL G BR#D T A5 48 CPUE A, IFH A& T 1T
AN RIS 2 E] PO A B 0% | 025 M o % 5 A 6 3 B 4
B, VALY B IR FH K R T R B R S AE T
Ao AREAL T ik — R LR WU A RCR , F ik
R T ol A rR iR A R G S8, (B I
FAS I . CPUE LA AR E AL I AN 75 1 1 B [B] R0 366 i )
RSP, 20T WA I S . BB
FOR | Sei PR A S A R CPUE B S 2R &R
(Salthaug et al, 2001); CPUE {Hif Joik BN )
PRURRFE IR, T B A I L AR5 A
FIRONE |, XSRS N R, 38 FR R ARG JEARL, Z5BRAH G
NEWE N, BEHEIRS CPUE ZRMWIEER, N
I, 7 F—H M TAET, KakSH4E T CPUE brifEfL
BBk, B EEX B CPUE fniEfbid
i, BEEEINGENSHONABRHER APk, 5
A PG SRR ISR IR o BEAL, TR
Rl B R W 5 A O B ISCAR B S5OR Y R i
DX 0 A P2 B, I CPUE SEA3 M A TRl 5 5 28
Z A= SRR O, 256 Z2 Ry i EL A g sl 4L
P, 7 CPUE KINR B shia®h, ki G e ifgifa
b VR T B AR AR 1 0 RV A S BERAS , 2R T A
I B HE Ak 1 B FEOR S 2 L
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A Novel Approach to Unit Standardization of CPUE for Multiple Types of
Fishing Gear Based on Fishing Port Sampling Surveys

TAO Yajin', FENG Bo"**, YI Murong', LI Bo', LU Huosheng'**, YAN Yunrong'?**”

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088; 2. Center of South China Sea Fisheries Resources
Monitoring and Assessment, Guangdong Ocean University, Zhanjiang 524088; 3. Guangdong Provincial Engineering and
Technology Research Center of Far Sea Fisheries Management and Fishing of South China Sea, Zhanjiang 524088; 4. Shenzhen
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Abstract Traditional CPUE (catch-per-unit-effort) units show diversity and complexity due to the
different types of fishing methods, sizes of vessels, and characteristics of fisheries on which they are
based, leading to problems with data incomparability among multiple fishing gear types. To assess the fish
stocks in a specific areas of the sea, the impact of various different fishing types needs to be considered,
but using traditional CPUE data makes it difficult to assess these stocks because of variations in the units
used. We reviewed the relevant literature and screened out 24 types of CPUE units. The following
processes were then carried out to standardize CPUE units across multiple fishing types. First, eight
CPUE units appropriate for different fisheries were selected based on general criteria. Those CPUE units
were then divided into two groups based on overall similarities and differences. The two main applicable
CPUE units of kg/(kW-d) and kg/d were identified at this stage. Finally, the coefficient of variation (CV)
of each of these two selected CPUE units was calculated. The smaller the value of the CV was, the more
stabile the unit was concluded to be. The optimum unit was determined to be kg/(kW-d) based on this
stability criterion. The landings of nine major fishing types in the South China Sea in each of the four
seasons of 2016 were then analyzed using this optimal CPUE unit. The results of this analysis showed that
the fishing capacity of different gear types were arranged in the following order: Seine > Pair trawl >
gillnet > falling-net > stow net > otter trawl > shrimp trawl > pot > fishing tackle, corresponding to mean
values of 29.57, 8.77, 4.96, 4.81, 4.73, 3.95, 3.11, 3.08, and 2.35 kg/(kW-d), respectively. After catch data
are standardized by the optimal novel CPUE unit developed in this study, comparisons and analyses of
fishing capacity among gear types, relative abundance and utilization levels of different fisheries resources,
and fisheries catch statistics could be conducted with greater accuracy than was previously possible.

Key words CPUE; Unit standardization unit.; kg/(kW-d); kg/d; Fishing ability
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