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Fig. 1 Sampling sites of Squaliobarbus curriculus stock in Zhaoqing section of Xijiang River

1.2 2HHEE

AR AR R E R, I AR W=al” i
iy, o w ok (g), L AR K (mm), a R/
KA T, b WA EREL

HE 68 T I 2 1 58 7 FH T 20 MR 6 ) 4 1% M 0
il FH 1% 09 Z AL A (NaOH) I ¥ 22 BR R 1A 1Y b
W, P K MR, AT L EE I D e
# R #6421 % FH von Bertalanffy £E K57 FE(VBGF) .,



5514

AT BT AL AN T i AR IR B VY VL A MR A R R BRI AR 153

Logistic 4= 77 #2 Il Gompertz A 77 B U A IR AR
5 ) AR SRR OC R, AR ALK Al 34 A
KO3, 3 Fk Koy o i ot
VBGF: Li=L[1-¢ *(70)]
Logistic GF: L,=L/[1+ e_k(’_t(’)]
Gompertz GF: L,=L.[¢ ¢ *(70)]

Ao, Lo i iR K, koMK REL LR ¢ i fa ik
K, to MBS A KA BAF RS

FIFH 25 b £ B o DU (ATC) K 56 fc o A K A
Y0321 ATC AN

AIC==2InL(p,, -, pm. 0" )+2m

X, m WRIBHG InL(p, -+, pu, 0) FFREETTT
Fl; AIC fHFR /N A BOE B

IR K B 2 o vt AR il 4 A B BB T R A
), ASRIET- R E(M)H] Pauly 2554 P

InM=-0.0152-0.279InL .+0.65431nk+0.463InT

Kb, T AR 2K 2K, 2009—2014
AREE PRV LB A P4/ K IR 22.4~23.1°C,

WET- RE(F) BT R X AR
FET- RE(M)KRTF

&R (BB 56T R BN BT R E(2)
(e, B E=(Z-M)/Z
1.3 BB S

I FH A b 78 S ABE TR K PN PG VT 20 HIR 6 ) o
A, TEAFRE LT R F(0.0~2.0)1
YPR il SBR. [Alf}, AR 6§ AE A R 5581
B @ DA TR B WO - - S R i
2o BRI R R R R e S 1S H

SBR i+ AKX

SBR=S?B=§§6XP{—[(FStAz)_M Ity a(L,)®
=0

K, SB A S ONEH A A Y 5 R AN R, HUA
R FL MRl sE T R ECR H ARIE T R AL
a M b SRR RKARE R TG Loy VB AEK TR
S ¢ I BT IRAS ) tnax AFEAS HOULI 2] 1Y
T RARWY . AR BORHC E A5 b s IR 85 1Y) 5 K
AEWSHNRE R 20 WD,
YPR A s s AR REC TR AT
YPR = % = %%exp{[—(m,/y — Mt} x
{1-exp[~(FS, 4, - M)]}

YPR 7 p 5 i AR A R

Tmax
=2 YPRa(L,)’
t=0

AR 4 DNHEWSH 8 ForFmaxFaov
Fagop X 7 IR 88 Y 117 5 PR B AT PR . S o
i, 3K YPR 5 F IR R o Frax NS
IR 0 BTN F, izt Ze b Ut
A F=0, RISMIZRERE 10%0F, X F
N Fo e Fagu Ml Fage, 53 135875 SBR T F& 24
PRI LR SBR 1 20%H1 40%H (1 5 7€

YPR

mass

J BARS % i BRERRLE T AR S % S AT
8% %3 Origin 9.0 F1 R 52

2 HRESH

21 FIREHERKSIETIFE

2009—2014 4 7E VG VT2 POyT B HoR AR 75 HR
2346 J&, K AMmRIE 2 s, EEEY
98.0~440.0 mm, “F-#J°4(236+53) mm, ALK
204 200.0~260.0 mm, 5 AEAY 50.67%. FHR
K SKEZFERECR, KBS 15:

W=2x10"L****"(R*=0.9595, n=2346)

AR ATC X 2 B 0 1 4 7 85 3 A 4 AR 7R o
B, 255558, von Bertalanffy 4= K FEH) AIC {H
/NG 1), s HR B ) 5 iE A K R . AR HIR B
von Bertalanffy 4= K 77 #2 W

L,=725.802[1—670110(#0‘613)]

iz AR B B 4 it A ) i S vk A B AR s PR VT R
AREE 2009—2014 4E0Y DIET- REL Z(FE 2). Wik
Pauly 8 58 AL B HSRFET- REL M43 0.16/a,
Ve T- 250 F 1E 0.54/a~1.21/a, ¥{E N 0.96/a;
T EFR ETE 0.77~0.88, YJ{H 0.86, FIHTGITHRIR
SRR PR A T BT R RS
22 REISH

I A D 70 A R T A Al HIR 6 1) o P s
SBR F1 YPR I3 T HH S EUE N 3 iR,

TR AR 1 A7F, SBR BERHISET- R B F
(ARG IR N 3), FHXTFARTF A RAS(100%),
Bk 2014 4F- SBR (19.11%)iK T SBR e/l 2k 20%,
2009—2013 F-454F SBR Fi THeflEmiLk . 2009—



154 o i A R 45 26 %
%! 2009 2014 4T HBEAE TR EL Fuve 1 0.96/a, XV
201 M n-163 SBRuye 7 26.42%, 1 THRATEM LR 20%., Hitk
o Wi A T PG 7126 D YT ol HR 0 7 B ol g oA Ak - b
20} WI0%  FR B RS
0 _..IIII._ REFPIET- R F A7, B IF AR

% 30f o WAk, YPR BUAE (K HNZR (P 4a)76 0, YPR BFTF
§ ol - I TR (R AR, % 1 k5] .68 )
543_ B, YPR HU R KA 449.1 g (HUNSUHESSET- R
2300 20127 WOF RHTHIN, 47 EARAFIOR 9 B0 R ki 5
k= 10} -..Il. - i YPR, SEAMZIEE S AR (18] 4b).
o 20135 R AERY ¢ AAE, BEEMBIET- 25 F
201 Il M n=352 (Y3 #T S8 N, YPR ot KR Wb (B Sa).
43- F=0.12/a i, YPR HUi5 5 R {H 263.3 g,2009—2014
10 201448 ERBIAET- R F ¥ RT 0.12/a, XA YPR E
o i ITFIMAAN, BT YPRyw, $E01H AR
080 120 1600 200 240 280 320 360 400 440 WMFAERKBSERPIIRGES, WAHEERET,

&K 4 /mm length group

B2 2009—2014 4F P4 T o HR B A 43 A

Fig. 2 Standard length distribution of Squaliobarbus
curriculus between 2009 and 2014 in Xijiang River

*=1

UARSE KT AF IS 2., W) YPR AR 3% T, >4
THEAER 1 B2 6 LI Em, QRS s ),
YPR PRFFEEAFLE (] 5b).

FIIIRAREE 3 MEK S REAMEESH

Tab.1 Estimated parameters of three different growth functions for Squaliobarbus curriculus in Xijiang River

S0 parameter

BT AR TR

Logistic growth function

H: K R B growth coefficient 0.537
FS A KGR S AE G /a zero length age of year 2.593
WL MK /mm asymptotic length 425.605
R B EN Akaike’s information criterion 7358.159

Gompertz 1 K 7 f2 von Bertalanffy 4 £ 5 72
Gompertz growth function VB growth function
0.324 0.110
1.984 —0.613
485.939 725.802
5289.460 447.435

#2 FIRAREE 2009—2014 EXRT-SHMFA LR
Tab.2 The annual mortality parameters and exploitation rates for Squaliobarbus curriculus between 2009 and 2014 in Xijiang River
10 SSET R HU(Va) K/ C FIARIET: 2 KL/(/a) WEFIET- R EU(/a) Ik %
year total mortality coefficient water temperature natural mortality coefficient, M fishing mortality coefficient, F exploitation rate
2009 1.11 23.1 0.16 0.95 0.86
2010 0.70 22.5 0.16 0.54 0.77
2011 1.10 22.4 0.16 0.94 0.86
2012 1.15 22.1 0.16 0.99 0.86
2013 1.27 23.0 0.16 1.11 0.88
2014 1.37 * 0.16 1.21 0.88
BIE total 1.12 22.6 0.16 0.96 0.86

e *RR 2014 YK IREE S % 2009—2013 4F B4R /K Il

Note: * is the average water temperature of 2014 referring to the annual average during 2009 and 2013.
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Tab.3 The values of parameters used in the per recruitment models

S0 parameter ¥ (8 value 28 parameter #{H value
H KR F growth factor 2.0x107° H #RBETZ Z 4/ (Ja)natural mortality coefficient 0.16
FIEEUA B power exponent coefficient 2.9527 I BFIE T R HU/(/a)fishing mortality coefficient 0.96
Wi K K /mm asymptotic length 725.8 FFHHi4E1% /a the first catch age of year 1.0
FRG A K S 4F 88 /a zero length age of year -0.613 H K R H growth coefficient 0.110
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Fig. 3 Changing curves of spawner biomass per
recruitment to fishing mortality coefficients for
Squaliobarbus curriculus in Xijiang River
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Fig. 4 Changing curves of yield per recruitment to the first
catch age for Squaliobarbus curriculus in Xijiang River
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Tab. 4 The biological reference points and yield per recruitment (YPR) in current fishing mortality
coefficient of Squaliobarbus curriculusin Xijiang River

CRE = AglE A W2 27 X IO ) B R S S AR Hft/g

biological reference point value yield per recruitment at biological reference point value

Fo, 0.08 YPRy, 249.2

Fnax 0.12 YPRuax 263.3

Faou 1.19 YPRoe, 72.9

Faon 0.66 YPRyopo, 117.5
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Fig. 6 Curve of equal catch for Squaliobarbus curriculus

454 2009—2014 AR BRI R 4B ol A,
YT 2R MR B8 U ) ) A ok BE R R RS, A
PRFFFFIAERS o A2, W/DHIEI S &, B
IR B 3 T, [H R R FE A AR A X I
(263.3 g); #AURFFYETA B R, &I
W 1 AR B A IS &, AR ARATAE X T e A B
{7 #hFE SR I
3 iTig

31 FRRBEKEIRTSHER

AR FFE T SHUR AT BRI 2 ¢
BB, B R WA A T S . AR
YRR B IR K SR E C R AR b LT 3,
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DV 2 e i I K o A i A8 b ) 3 e
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Tab.5 The growth parameters comparison of Squaliobarbus curriculus in Xijiang River during different years

H: K 2% growth parameter AR year

1981-198251 2006-2008"! 2009-2014
K S F T growing conditions factor 1.0809%x107° 9.00x107° 2.00x107°
TA8 B ZR B the power factor 3.1012 3.136 2.9527
H KRB growth coefficient 0.0533 0.1359 0.110
B A K 5 4E IR /a zero length age of year -0.8512 -0.3961 -0.0613
H #RFET- R %U/(/a) natural mortality coefficient 0.0858 0.1936 0.16
5 S5 4E#4 /a age at inflection point 19.8 8.0 9.37
Wi KK /mm asymptotic length 1183.6 616.34 724.802
WiUT /R /g asymptotic weight 36676.3 5048 5856.27
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Fig. 7 Changing curves of yield per recruitment (YPR),
Fo1 and Fay for Squaliobarbus curriculus in Zhaoqing
section of the Xijiang River between 2009 and 2014
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Exploitation status of Squaliobarbus curriculus in the Xijiang River
based on the analysis of the yield per recruit and spawning biomass
per recruit models
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Abstract: The Pearl River, the largest river in southern China, historically harbors abundant fishery resources.
However, the fishery resources have severely declined in recent decades owning to dam cascade development,
overfishing, water pollution, and so on. Therefore, it is necessary to evaluate fishery resource utilization and ex-
ploitation, which provides scientific guidance for fishery resource conservation in the Pearl River. Generally, the
per recruitment model has been widely applied to the dynamics of single fish populations. The per recruitment
models mainly consist of the yield per recruitment model (YPR) and the spawning biomass per recruitment models
(SBR). The YPR model prevents overgrowth overfishing and is usually used to determine the fishery management
parameters (e.g. mesh size and catch rate). This model could provide management guidance for the development
and utilization of fish stocks. The spawning biomass per recruitment model prevents supplemental overfishing.
This model is utilized to assess whether parental biological residues and spawning stock are sufficient to maintain
the stock of larvae supplementation, and then it estimates the status of resource utilization. The barbel chub
(Squaliobarbus curriculus) is an important economic fish inhabiting the middle and lower reaches of the Pearl
River. An assessment of the current status of S. curriculus utilization is important for reasonable resource exploi-
tation and maintenance. The data of the present study were collected in the Zhaoqing section of the Xijiang River
(an important stem of the Pearl River) between 2009 and 2014. We analyzed the growth and mortality characteris-
tic parameters and evaluated the resource exploitation status by the YPR model, SBR model, and biological refer-
ence points. The relationship between standard length and weight was expressed as: W=2x10"L>*?" (R*=0.9595,
n=2346). The von Bertalanffy growth equation was selected as the optimal growth model and was expressed as
L=725.802[1-¢ 110006191 "The present fishing intensity (F,.=0.96/a) and exploitation rate (E=0.86) have far
exceeded the level of sustainable population development. The stock of S. curriculus was overfished in its vegeta-
tive form. We suggest to increase the catch age to 3 years old (or to a standard length of 238 mm) for the stock
conservation of S. curriculus in the Xijiang River; the yield per recruitment could thus be increased by 175%. The
protective efficacy could increase with a fishing moratorium in the Pearl River, and relevant fishery management
measurements should be improved at the same time.

Key words: Squaliobarbus curriculus; yield per recruitment; spawning biomass per recruitment; resource utilization;
biological reference point
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