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Population parameters and population abundance of Rhinogobio cylindricus in

Zhuyangxi section of the upper Yangtze River
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Abstract: The upper Yangize River supports many rare and endemic fish species and plays a critical role in biodiversity
conservation in China. However, the fish fauna is under serious threat from large cascaded hydroelectric projects, including
damming in Three Gorges, Xiangjiaba, and Xiluodu. The state of the endemic species is a major ecological concern.
Estimates of population abundance and demography are needed for assessing fish population dynamics and effective fisheries
management. A traditional method of estimating population parameters is based on the age-length relationship, which
requires detailed age determination. A simpler alternative method is based on length-frequency data. We employed the
second method and used the software FiSATII ( FAO-ICLARM Stock Assessment Tools) to estimate the growth rate and
mortality of Rhinogobio cylindricus, an endemic species of the upper Yangtze River, based on a survey in the Zhuyangxi
section conducted in 2007—2009, a period after the Three Gorges Reservoir was impounded, but before the Xiangjiaba and

Xiluodu reservoirs were. Growth and mortality parameters of the fish were estimated based on length-frequency data. R.
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cylindricus ranged from 69.0 to 268.0 mm in length and 3.9 to 230.4 g in weight, with an average length of 181.4 + 26.9
mm and an average weight of 78.5 + 33.0 g. The length group of 125.0—225.0 mm dominated the catches (93.0% of the
total number). The length-weight relationship was well fitted with a power function, W = 1.58 x 107°L**(R’= 0.94, P <
0.01, n = 401), a result that means that the growth of the fish is isometric and adequately described by the Von
Bertalanffy growth equation. Three growth-related population parameters, L_, k, and t,, were estimated as 361 mm, 0.21
a”', and —0.68, respectively. The three mortality-related parameters, Z, M, and F, were estimated as 1.70, 0.50, and
1.20, respectively. The minimum catchable size was 163.4 mm, and the exploitation rate observed was 0.70, higher than
the estimated optimum exploitation rate (0.60) , but lower than the maximum exploitation rate (0.75). The annual yield of
R. cylindricus in Zhuyangxi section was 6,716 ind. (0.50 t) in 2007, 22,772 ind. (1.87 t) in 2008, and 16,139 ind.
(1.20 t) in 2009, with an average of 15,209 ind. (1.19 t). Population abundance was estimated by applying Length-
structured Virtual Population Analysis to length-frequency and annual yield data. The estimated annual-average abundance
of R. cylindricus in Zhuyangxi was 16,361 ind./km (1.25 t/km) in 2007, 13,922 ind./km (1.74 t/km) in 2008, and 26,
836 ind./km (1.93 t/km) in 2009, respectively, with an average of 19,040 ind./km (1.64 t/km). The estimated growth-
related population parameters of R. cylindricus by length-frequency data in this study are consistent with previous studies
based on age-length data, which indicates that the result is reliable. Considering the current high exploitation rate for R.
cylindricus, we recommend a minimum catchable length of 193.5 mm to decrease its exploitation rate. We further suggest
that management authorities establish a closed period for fishing and assist commercial fishermen with alternative career

options to reduce harvesting pressure on the endemic species.

Key Words: population parameters; growth; mortality; stock assessment; Rhinogobio cylindricus
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Fig. 2 Length composition of Rhinogobio cylindricus in Zhuyangxi section of the upper Yangtze River

22 HEKRBH

R iR (L) S (W) 2 B R R EBOCER (#
3):W=1.58x10"L**(R*=0.94,P<0.01 ,n=401) , &K 5k
FHRRMNTIRES 3 BT 2R (1= 1.14<1,,5(400) =
1.97) , ZREAR Wi ) A R S AR KIS

fH ELEFAN | 15 B Em i AERK S8, 5 L, =
361 mm,k=0.21 a ' B IERCR e, LAY 1, =-0.68, ¢
=444, PIREAERE R 4.48 a, XN AR FIR R 4 )
4 238.8 mm H1166.6 g, 1 ELEFAN I {534 [ 55 v fifd
ARMLILE 4, HARK FARE R Von Bertalanffy A=K
VLR

L, =361[1 - ¢ 2006 ]
W, = 564.8[ 1 — ¢ 02111069 729

275
250
225 |
200
175 |
150 |-
125
100 |
75 L
50
25

Length/mm

260 -
240
220
200
180
160
140 -
120
100 -
80 -
60
40
20

K Weight/g

0 1 1 1 1 1 1 1 1 1 1 J
60 80 100 120 140 160 180 200 220 240 260 280 300
4K Length/mm

B3 KIEHRmZIRESMNKEMEEHXER
Fig. 3 Relationship between length and weight of Rhinogobio

cylindricus in Zhuyangxi section of the upper Yangtze River

/

2007 2008

1234567 89101112123 4567 89101112123 4 56 7 89 101112

2009

I5F ] Time

E 4 [ERTMIE6 R EKSAEF I BB R & A ELEFAN I ffiti £ K Hh%
Fig. 4 Length frequency of Rhinogobio cylindricus and growth curve estimated by ELEFAN I

http ; //www.ecologica.cn



22 4 AER AR UL LU AR A B LB o Wy i b 2 HORN B it 5

2.3 BT FRERI A E

[ e W i ) I BE e v AR 2 DL BT 5 FR A B %1 RITEMRBRIRERMMNET REMF L%
/E\:E\%T‘:%ﬁ Z=1.70, /E\: El ?ﬁ%t%ﬁ M=0.50, ﬁ Table 1  Mortality rates and exploitation rates of Rhinogobio
%%t ? %{ F=1.20 }F 7/% % E=0.70 Z:IEJ ﬁi ’ﬁj\ E/‘J %t cylindricus in Zhuyangxi section of the upper Yangtze River

FHOAERAIT 1, IR S A e 7 .
T W i 0 T AR Ly, =163.4 mm, H Beverton—Holt 3] 2008 |87 0.50 |37 073
DL A AR 7 5 (CEY R (A, 2000 1.63 0.50 113 0.69
TR K N 163.4 mm B, E,;=0.60 Ey,=0.35 E,, = &k Toul 1.70 0.50 1.20 0.70

0.75( 18 6) . 1 fEmyfit) H Al 49 BE IO ARt T Hf
T 44 0.60) T IE HA R IT 4 %(0.75)

Q:QQ{%) 1.00
12.0
%
8 - 0.75 -
) 0.02
g 8o %o = =
> & 0.50
z o & n O 5
= L
& b 0.01
a0l 025 |
oL . Lo~
0 0.2 0.4 0.6 0.8 1.0
0 0 2|0 4'0 6|0 JF & ¥ Exploitation rate
g Relati / o s == >
B Reladveiassta 6 USRS S R R (Y/R) BT S AT
Bs5 REKERERVEBZXHERTMENAETRY EME(B/R)#E
Fig. 5 Length-converted catch curves of Rhinogobio cylindricus Fig. 6 Relatvie yield per recruit (Y'/R) and Relatvie biomass

per recruit (B'/R) curve of Rhinogobio cylindricus

2.4 W

AR oA 2B 53 16 ) i 2 3 ) ) 0 48 D) 3 R 0 b v 5o 1 A SO S 4 R 12.8% 1 2.6% , R
s B AR5 5% 7 Ha: v A5 R0 [5R £7 Wp 4680 1) LE 491 47k B M 2007—2009 4F 2R A7 1% 1T B [ F5 1) fif 4 3 R B 0 391 N
6716 F(0.50 t) ,22772 B (1.87 t) F1 16139 J&(1.20 t) ,4EH{E K 15209 E(1.19 1),

FIH Length-structured VP A AL 58 5] f27 Wy i 1) 9 I it i ok a6 AR0A 1430 2007—2009 4F Hfe KR 41
(R B LT B F 515179 0.1194.,0.5030 F10.1818. ZRFMI(F 7) AAMAAAE 160 mm LU, BEIREE A
FIAE LA FHARBET - 3 NAE 160 mm DU, BEIRFFAR A4 25 I8 58 T2 3£ 2007—2009 4F A7 3 VLEL
(5] 2] Wy i A R 53l Ry 245411 ,208836 i1 402537 &, Yk 285594 & LI Wit it, A9 U5 & 4 il h
18.80.,26.09 1 28.94 t 4FH4{H K 24.61 t, VALK BERIBERFRIR ,2007—2009 4F[5] 5 Wy fif 58 i 553531 16361
F/km(1.25 t/km) 13922 FE/km(1.74 t/km) F1 26836 F&/km(1.93 t/km) ,“FH{E 4 19040 FE/km(1.64 t/km) ,

3 it
3.1 FRREESECR T IR AL

FRIG AR AT R G4 T 10 ISR BES BRI Ak 8, AT L 6 A S8 R 198 0 102 22 1T 5 e S 50 Aty ) o
B, A S A A S o L A R A DA X 52, A i W% WA PP B T 458t 4 o R ) ELEFAN
AAG B A 2 A K SR T2 TR A AT 6 1) B 8] 22 91 B0 A T AR R AT A i TEA) AR AT 3T i 1 38 1
TR, DAL Se A R i 2, MO 38 10 5 9 A K S0, 1 TR G SRR A R R 2 e R e ™

http ; //www.ecologica.cn



6 £ A ¥ W 35 %
1.0 400 oors 300 SO nogke
TIL-EY 24y
sz | wz |z
> = X R 5 X
N £ 06 I 24t W E 18230
¥ g g2 | ¢
§§(M.§15 $§W2f§m
I e E3 4
z iz
m-@o& o6l Hio
ol 0 ob™ o
70.0 120.0 170.0 220.0 1400 160.0 180.0 2000 220.0 240.0
fRK4H Length groups/mm
Lo 601 20004
08 %f 48
o ” ,
BE 06| S el § RARE
HE ’ § B AAFET AR
BE o4l 2,4 O HHFETRER
?fég g — TR
Nz .
= 02| E12]
fct
ol 0
80.0 130.0 180.0 230.0
fRHK4H Length groups/mm

B 7 2007—2009 & [ M4 F KK G510 SER A BE S A7
Fig. 7 Length structured VPA for Rhinogobio cylindricus in 2007—2009

AT R T A 2B R R B e/ A TR SR AT RIS i 25 R A2 1) 1 — s B, (L [53) 2  fif A 4<
B4 (69.0—268.0 mm) FEAALSE T M/NEIR B MK BO AR, BAA —@ i3, DA X B faT W fif A
SRR EAR YRR K AR RO A S g SRR I, KT W R R W Y L, o~ 336—389 mm, k 4 0.18—
0.21 a™', ¢ N 4.37—4.44, RBFFEFIA FiSAT I3 1) ELEFAN T 74558 L, ke 2309128 361 mm 0.21
a ' f10.44 L (G0 T UM REE REFEIZ N,k T @ (8 5 LIRS 25 R E2 00, P R0 5 DAl 3 1 25 SR 48— 3K
(F22), HIRFETZE M (EAN T 25 R0 e 0 1 52 PRA AL G e i 45 K, %5 & B AR BF5T Hh EL i ELEFAN $R
BT L, A0 kAR, R A T HeBSE Y Pauly 2808 s TG — B M/k (G0 AE 1.5—2.5 78
BN D AT Mk R 2.4, EA FITEREIZ A,

R2 BEEMNFMESEEEERLR

Table 2 Comparison of estimated population parameter of Rhinogobio cylindricus

fHEES LSS L, o AL 57 i SCHR
k/a ] b A M F
Stock Length/mm  /mm Number Method Reference
ATl Mudong AR -
(2000—2001) 125—268 336 0.21 437 273 551 Age-length [11]
Iy SF - A oy
& YL AT Mudong-Hejiang (R B INISTS
(2008—2010) 96—275 349 0.18 434  3.10 397 Age-length [12]
K VI I Jif Upper Yangtze GRLEN ISP
(2010—2012) 72—294 389 0.18 4.44 2.98 1.42 0.37 1.05 547 Age-length [13]
KM Zhuyangxi KB
(2007—2009) 69—268 361 0.21 4.44 2.95 1.70 0.50 1.20 401 ELEFAN I This study

R GHF PG A Z 0071k IR EHOR % RISk A R Ak K AR AR Y
FE RS T AR SR BT 5 Heeh PR B A BIT 0 AN  2 4E FFE0 R I AR IS, B SR AR /DS
FECR 25 R R SRR T Z BT BRSPS . ARG IR T oD, A KA Y F R AR B R A i I &

http ; //www.ecologica.cn


FEI
椭圆形

FEI
标注
-


22 4 RER A5 RVL AR R VLB IR o Wy i b B 2 B5OR 9 Uk 7

AN AR, — B KRR AT RN 0. 5 (HEFR i RIRK &M LR[S 0. 5 %
SRR, PT35S A R P 5 RT3 2 FiSAT 1T A A4 K L A3 AT ASE B w7 A e ofF D 2 R 0 2 A R AR
KAMREIET- 280 F,, N2 T 28RS B ARG B2 AR SR 38 3 %05 i, FE RS 5
SRR A X T it [ R W ) 1 B R S AT T PR AR 45 SRR, 2007—2009 4 [ f5 W il 9% U 43 5 R
16361 J&/km(1.25 t/km) 13922 &/km(1.74 t/km) F126836 F&/km(1.93 t/km) ,iZ45 5 0] 4 Ja VAL R 1)
IOt 2 g R AL R K 7o E - B T
3.2 BIEAI SR

FEA AR A 57 0T ZR B8O R e el 8 U5 A At %) T S T PR 28 o vl A B i 1 A
FRIE . ASHIFIT I I 5 0 £ A K 453 A5 0 I A AR R 2388 mm, RIT A= K o AR T2 AR K LA T2 T i, =2
Jei SR R 15 3T W A PR AR A 163.4 mm , A HGA R 7040 A KOl B7 . Froese Al Binohlan $
REAR A5 AR ¥ 35 5 1 ool il 495 1A 4 (L, ) T Pl e /N AR (L) A 38 3R A5 < log L, = 1.053L,
~0.05652) | 54 W fif) f5 /PR R EEAEAR A 29 168.0 mm™ | i A 48 05 R AR K 193.5 mm, P ¥
[53] 55 Wp fi F AR K P L RTAY 163.4 mm 2558 193.5 mm, AT L5 5 f2 W 75 004 1K, 31540 0 B A X gk 1

A AR AET RBOT LI 2R TF &R B S BU W T RS IR R AR ARF o B, IRl
WA FF &R N 0.70, S RE RGBT A5 R —8 . — O R R BB A & RN 0.5 R AR,
(58] 53 W fi ¢ Ak 1ok FE R ADIRES . 76 B RTAY TR ( Ly, = 163.4 mm) T, 5 5 Wy i) () FF & R B 42230 Hode K
FHEFR(E,, =0.75) , Bt BRI R R T R M= it (RN AR 2 R 05 55 2 07 1 %5 18, N A
T RS R N B AR, AT 5 SR LA R R R RS R (E,,=0.60) IR,

B e | 1) SRIVURIE % 1 255 R TR SR R TR A i, VT i £ I B A 1% O S B e | 338 17 i /K A=
B35 A 153 £ 0 ) 0 G B AR B 5 45 | FLIOL L R Rl B AR AN BT SO (R B W fi g e B £ 25
R R BE AR K B, WA EL R L 05 () B BE 2 A BE 2 B AL EL A sl vk BB 7 0 a1 K S 2 r il 1
WK S = B3 () A A RO B R T, TS I AR RE A AE . DRk, I SR IBCRD SRR it , ot ket 53] 27 ) i )
PRy e, HET, TS T T B P55 18 B R R W i A5 R fa A A B T K AR B TR R RS A
ORI A EEE L, W R YRR R 10 A B 25 08 N D 5 | e R 7 Bl ST it A AR A i
Tt SR KT EUFS R A IS K H AR DX B RN B, o 152 657 W k) S5 R b (A SR

£ 3R ( References)

[1] Pak Y S, Chang J B, Lek S, Cao W X, Brosse S. Conservation strategies for endemic fish species threatened by the Three Gorges Dam.
Conservation Biology, 2003, 17(6) : 1748-1758.

(2] WSCE. KIT_LHAA A AR DX B RO G S5 . VTR BT S5 2R 5, 2000, 9(2) : 131-132.

[3] FEFXL Hl TR, J0at: PR ML, 1995.

[4] WangY G, Ellis N. Maximum likelihood estimation of mortality and growth with individual variability from multiple length-frequency data. Fishery
Bulletin, 2005, 103 380-391.

[ 5] Gayanilo F C Jr, Sparre P, Pauly D. FAO-ICLARM Stock Assessment Tools II ( User’s Guide). Worldfish Center, FAO, Rome, 2005.

[ 6] Ghosh S, Sivadas M, Abdussamad E M, Rohit P, Koya K P S, Joshi K K, Chellappan A, Rathinam M M, Prakasan D, Sebastine M. Fishery,
population dynamics and stock structure of frigate tuna Auxis thazard (Lacepede, 1800) exploited from Indian waters. Indian Journal of Fisheries,
2012, 59(2) : 95-100.

[ 7] Johnson M G, Tamatamah A R. Length frequency distribution, mortality rate and reproduction biology of Kawakama ( Euthynnus affinis-Cantor,

1849) in the coastal waters of Tanzania. Pakistan Journal of Biological Sciences, 2013, 16(21) : 1270-1278.

1 BRFERS, EORRA, BORESR. ML A0l R KANSE 2 RS, I T A2 25240, 2005, 16(4) : 712-716.

] XUIESC, BEEE, BARAR, AT F. MBI 5 R R AR SEUN . P EDKRE, 2014, 21(1) : 125-133,

0] R&W, Fwbr, BIEH, BE, BkHE, EEIE. Ak R YRR, KAESSFAGK, 32(3) : 99-103.

] BEUK. KILTIR W AR YA r AT SE [ D). R PERIRE, 2001.

] IR, B, X%, BT, R, X0MeRE. AT IR AR S AR I TS, KR AR, 2012, 36(2) : 262-269.

http ; //www.ecologica.cn



8 G 35 &

[13] feE. WM ( Rhinogobio cylindricus Giinther) JEfili 4= )% R YT IR R HIE [D]. WP HRIMHER:, 2013.

[14]  THike. WNAZEE. R PUNBRERAR R, 1994,

[15] Richer W E. Computation and Interpretation of Biological Statistics of Fish Populations ( Bulletin 191 of the Fisheries Research Board of Canada) .
Caldwell, New Jersey: Blackburn Press, 1975.

[16] Pauly D. Fish Population Dynamics in Tropical Waters: A Manual for Use with Programmable Calculators ( ICLARM Studies and Reviews 8).
Manila, Philippines: International Center for Living Aquatic Resources Management, 1984.

[17] Pauly D. On the interrelationships between natural mortality, growth parameters, and mean environmental temperature in 175 fish stocks. ICES
Journal of Marine Science, 1980, 39(2): 175-192.

(18] HDME(LL, Beysk, RERL, WRMh, XA, PR, KL B ik A K AR S 800 A5 5. KD BT IR 5 37 8%, 2013, 22(10) :
1305-1312.

[19] Sk, P&k, BENI, M50, FiSAT 11 AR SCR T BRI B s it mJrK Bk, 2013, 9(4) ; 94-98.

[20] BRE, 40Kk, BRAK, G780, S bR ORI TR ST, B K™ R, 2008, 15(4) : 659-666.

[217 WangX H, QiuYS, DuF Y, Lin Z J, Sun D R, Huang S L. Population parameters and dynamic pool models of commercial fishes in the Beibu
Gulf, northern South China Sea. Chinese Journal of Oceanology and Limnology, 2012, 30(1): 105-117.

[22] LiuQ, XuBD, YeZ]J, Ren Y P. Growth and mortality of small yellow croaker ( Larimichthys polyactis) inhabiting Haizhou Bay of China. Journal
of Ocean University of China, 2012, 11(4) . 1672-5182.

(23] Zft, XURE. R A /3HTJ51 ELEFAN A SLCA 55 0 28/ E RS BWAT S, AR IE AR, 2007, (3): 81-87.

(24] X%, EEUH, WEE, WICE. KICEFEEILBAK SV SRR A5 5. IR IR S 3R5E, 2010, 19(3) : 276-280.

[25] JEKAR, FROUHE, WEEIR, BUSHE. RIGXERM /B0 T b MO RREe i iR i IR B, W2 B4l . BARRLAERR, 2013, 32(1)
1-5.

[26] Froese R, Binohlan C. Empirical relationships to estimate asymptotic length, length at first maturity and length at maximum yield per recruit in
fishes, with a simple method to evaluate length frequency data. Journal of Fish Biology, 2000, 56(4) : 758-773.

27] Gulland J A. The Fish Resources of the Ocean. London: Fishing News (Books) , Ltd., 1971.

(28] Zsfug, WOEW], WOCA, B, WHW, Bz, sk, MERPE BUT A= R IR 0287 B3 B BUIR. KK 22 Be 24l , 2006,

21(2): 105-111.

http ; //www.ecologica.cn





