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Abstract

Triplophysa venusta is one of the indigenous fish species in Yunnan province. As one of the main
components of the fish fauna in Qinghai-Tibet plateau and playing an important role in the study
of fish evolution, it has become the main protective fish in Yunnan province. However, its popula-
tion had decreased dramatically in recent years caused by the hydropower station constructed on
the Jinsha River and the continuous drought beginning in 2009 in Yunnan province. The popula-
tion viability analyses were made by the vortex model, and consequently the population dynamics
within the following 100 years were also predicted in T. venusta. Our results suggested that the
population had a 54.8% extinct probability in the next 100 years, with an extinct time of 61.4
years under current conditions. The female fecundity, mortality of 0 - 1 age individuals, and catas-
trophes were the key factor influencing the long-term population survival. The survival probabil-
ity of T. venusta population could rise to 100% within the next 100 years when the current mor-
tality of 0 - 1 age individuals decreased by 20% or the frequency and severity of catastrophes to
survival decreased by 20%. The carrying capacity of the population habitats had almost no effect
on the population survival, even by increasing 50% of the current carrying capacity. Altogether,
our study displays that the most effective measures to protect T. venusta population from extinc-
tion are enhancing the fishery management, protecting the population habitats, diminishing the
occurrence of catastrophes, cutting the mortality of 0 - 1 age individuals, and rising the fecundity
of mature individuals.
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FMEEHRE - HEBREEPIKRNEAR, EERRFARX RN EEARETZ—, A5
KERRIXNR. EHTESOLRBBRKEY, MZZEEETR, SBOEMBEREIRRLD . &3
RAWIRETL T T HAREEFE S, XHEMEE100E N MEESIEHT THEM. SRExR, BRI
FERIAEFARIL, RR100LE A TN & R IR K AR N54.8%, THRAREN61.45F, 100FENED
RAE—WR. FHINEEHFET EAEE. KRR RFE TR A ZF R E 5 B R EEH 4 LB ER, R
MR RN REERR. Fo~1RMERE TR FEK20%, BE REFMKREME R MHE
B REK20%, W100EAFMBENFEEREN100%. T EERMHENFEZNEIER: FEENE
HMN50%HT, FHRERKAREREMR, UEPFHMBBERMIS7TE. AXWERERY, MREEEHE,
RPN R R AR 2 BT, WO REFMHHRERRSEAER, BRRRR MR,
Btk BRI A B ER R T R R A M B k.
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1. 518

75 I /=1 S 6 (Triplophysa venusta) & fift £ (Cobitidae) , 2%t V. £} (Noemacheilinae), 1= 5 fiff J& (Triplophysa)
K, FENMT A BRE RS TIK Rk S ILRR[L] [2]. 7500 @ JEa0E R 1 & KRR S,
PP e SR 5 2N T RS 1 1 9 s SR B 2R X R A, T 9T 7 e R A SR X R BRI S A B A
FR 3] HHERT, ST ECEERE DN RAKES, A RRAES R4 T BER AR, M
FEE I FFIK[4] . BLAh, 47T 2009 4FAR HEFET T O = mBa N e . WK 2 SUR b E 2+
T8, PEGR 7 ERA, 0 T N SR AR B A T ORI [5] . (HUK R S R R
AT I AR AR B2 R R SR AL S AN B [6] (7] Al AEAT J0 o0 A RV A A B A B S B R e B
RIS Saig, /it AR RARE, UM AR Al RMBSEEE, K
FAPRE SN A AR AL AT FE SR B AT FE S 8]
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TR R AT FPREAAT J1 0 08 TR [9]. AR R A MRS T AP aESe T BAEE. itk 5k H b
BUtE, SINFIRRE BRI, R MRl Lu) 5 B H SR RIEN, JFaE VIR EENE. AT
MR B A TSI R, BRORPR IR 1 Al A L SE B [10]. AT, [ A 223 O Az R0 fifi A= 5
VIMPREEAT T A A7 JIBERL A BT [11]-[14] o B H PP A A7 ) o0 M dkiE 80D, H ATUA YLK (Neophocaena
phocaenoides asiaeorientalis) [15]. H & /& (Lipotes vexillifer) [16]. H 447 (Acipenser sinensis) [17]F1H f] i
Zii#4 (Ptychobarbus chungtienensis chungtienensis) [18]. A< SR F e iR A1 7 75 N e SR 8k (10 b B AR A7 77
XPIZAMHEAE 100 4F N I arig A EESh S HEAT 1RG0, IRl fema K7 UL - A i E T SE M AT EEAE
TR R 2, SN TN e SR ERORR R 0 OR A L JIBUE AN I BB T B AR

2. MHlAE
2.1. ARMR

N T B SUT TN v AR A A7 S SRR AR 0 W BT AR S 24, 20138 4F 3 §~2014 5 2 A
VX 37 T 2 B A S PR L S VLTI AT w14 7% R o S R AR AT 1 12 DR AR, SR XA 555
AR AR AR 568 2, BENLANIEL 258 B, MR, 2K, AKSE, IHETHCREMN . R EERE. R

S EESH.
2.2. MBEFEHIITIRER

K F eI A R RO RN A 77 70 BT Vortex (version 9.99)4 1T 75 N i JE SR AR 77 /7, Bpbid 32 38
SN 1 iR,

221 FiEE
K EA B 7y J7 iR 5 75 T v SRR EE RS [19] (141 1), IFARIR IR . BAT IV IV R Fry A 1A 25
3k, HRMMEN 8.

2.2.2. W E

figeil 1) 258 FREARAH, AT € 235 FRARAI I s Forb pAE A 1. (3 68 S LA )73 70l 71 A 98 |2,
F A (2~3 W) MERE a0y A A 24 JRAN 42 B, FHIEAT THEZ RIS RO MERELL Y 1:1.48, AR LM A PO R
teoh 1:1.75, BUEAMEFERELE Y 1:1.38. BT 1 @AMARIRLEEN, mTReH ISt 2 Rk, AL
MRIEFCT- R 2 WEAMABCEAES 1 MARIEE (2 2), FHSATREE 1§/ MAh 1533 )2, kit &
MRS LA 1:1.56. Bh4h, ASCUL 2 @RI LUPE R SRR fE I vELL, B B L B1h 60%.

Figure 1. Annuli profiles on the otolith of T. venusta. The annuli are shown by arrows
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Table 1. Parameters and corresponding values of the vortex model

=L EREENEESHRARE

24 Parameters HfH Value S5 3CHR
R HL Times simulated 500 % [10] [17] [18]
FEALRT (] Years simulated 100 4F AL
K 44 5E L Extinction definition g [10] [17] [18]
LRI EEEL Population simulated 14 AKX
RTIE A FER Inbreeding depression (Y/N) N AL
K FFPZEEL Types of catastrophes %3 piNge
WP M AR RS Age of first offspring for females 3k piNg'e
TP PE AR RS Age of first offspring for males 3k AR
BB R Maximum age of reproduction 8 b AL
Hi 4= i B Sex ratio at birth (in % males) 60 A
A5 FHA R B KR Maximum number of progeny per brood 1570 A
JE 15 S %% FE 4 2 Density dependent reproduction (Y/N) Y ¥iN'a
5 121K 2 P(0) % breeding at low density 49.6 A
25 | 21 2 P(K) % breeding at carrying capacity 1.76 A
Ra[ %S %0 A Allee parameter, A 0.5 [10] [17] [18]
I iE 241 B Steepness parameter, B 1 [10] [17] [18]
FEAE R 5 — R AR % Distribution of 1 broods per year 90 AL
HEMEIRAE 55 15 40T %08 Number of offspring per female per brood 500 A
FrifE 2 Standard deviation 50 /s
ANFEHFRHIET: %% Mortalities in different ages WHE A A [ A
1 #8412 #4513 #4513+ 1 age/2 ages/3 ages/3+ ages 80/35/35/10 A
S 10 EHE 1 I P R £ B £51% malles in breeding pool 51.9 Vi N'e
4 4347 age distribution %2 AL
YIGHFIEER /N Initial population size 5000 & VN
PN K {H Carrying capacity (K) 40,000 J& AL
K K {H2EA1L Future change in K? (Y/N) Y Vi N'e
F R I R A] Over how many years? 5 s
BHE K EIB N8> 1 E511% annual increase or decrease -2 A
I #k Harvest (Y/N) N K
*M7E Supplementation (Y/N) N &3
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Table 2. Age distribution in T. venusta

2. FWE RN FERSH

e Wt () Tt ()
Age Female Male

1 613 920

2 394 501

3 254 380

4 209 314

5 172 259

6 143 213

7 118 177

8 97 146

223 EXFRIEE
22— AP AN B A R BRI O T 500), RhEE P AS B AT REMEAR /N, AT 2083 AS SR AR [20] .
ARSTHFFE N RECR R, PRI ASE R 0 58 5B AN

224 MERAEEERE

AR S R M PR M £.(8 W) PR L) 4500 Ko ASSCAE 5 AE ST IR IT /K HR sl AT 75 T o B kN T %
BRI RN I RE RN T0%, FHLZRL) N 50%, HEE AT HER 1 R MEf i 2 ] EE Y 1570 R IAT .
R, B S MENEANMA B Ih R A S AR B 1570 B, A3 N 10% [10]. tbah, BT AEAFRER
Ak, MfEF R RE F T R R B A 7R N3 T R I T R R, AR SR SR A R L, MR T
SO S B IR B A 1) B R MOR 218 10%.

225 BEEBREHLNEE

7 AR 7 % B 55 0 e SR T S TR BN R, RGN TR, SN B R LB P (N2 bl
KN N IR T AR AL, BIEHE 6 B S S5 FE 1120 . P (0) 5 P (K) 2 B FEERCEIEIE T 0 Ak B3R 2
YRR 23 0BG A ME £ 7 BT I AR LA o Y R R S AR /NN TG FE R £, BT PR A 3 2 I
R P (0)Z0% T 1IE 8 500 N MENE s 5 BT A Mt U EL 9], B 49.6% (5 2). P (K) 045 T- A4 7= g S hE i
1) B KB S B SR A g I M S B L o B SR A, AR SO TE IS N e R AR S A N
2179 40,000 J&, H S ARMEREL A 1:1.48, WIMEf S22 23,870 B, AR AL, 751N i 5 B0 E A I (] 2
60 K, &R M 1 RFGEM=O0, 1 KA AT7E/NI k2 7 &, M P (K) = (60 x 7)/23,870 =
1.76%.

2.2.6. INERPERE

T B AR RIHIZ), HERTH R EE A G BN R M o A SRR 68 56 R0 SI2 B 18 25 A 575 T v L A
B4 E N 40,000 . ~EEMELST R OSSO0 S HURE D, Rk, RRJVERRERGES Zh
R ARSCBREARK 5 NI BFE PRI 2%/4F, 2 E0TERERERE.

227 RERE
AIVGE 3 RKFHRM: HRNTR, ZEIBEET RN MBREMER. TRIREMERLAN
2.5%, RBI-P-XJ 40 SE /24 R — IR, MR BRI TR I LT 60%. 55 KN E, B4 MERAIK
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B JEER . RS, AERIJVTFEERSRERE, BREZICREAL, KA & EmER
RAEMEZ N 90%, [FFPRE 1) S R AAEIE R T2 10%. 5 =359 NEES), 7500 = TR SR Bt Ak T
NRIE B AR E X, BEKIN. TG BOKSE L o] 5 i s s, R A SO i N800 3k A MR
N 90%, SRR I B R AT VE R R R 2) 40%. K FESE A 3 Fis.
2.2.8. SMEIENEMIRE

R 41 Sz o 1 2 RN A B, AN SO e S i BB ) e S e S B BRI A 51.9%
229. WES5HTRE

d TV BRI GE, 75 00 e SR A SR D R A . A CE, B B IR S A AN TR IS
2.210. ETHEFEE

FRHEAH IR A S W BRI AR DL, e ARISER BLRIFET R, Hodh 0~1 WPET- 5 A\ T Zh 5L
AR HEE 1).
2211, MIBHBEHEBSFRSHEE

FRHE S A 28 B, AR SCisE S 75 I e S B ) 4 b RE R 208 5000 o LA RS 43 A5 5 FH i AR 2R TR
H 5 X, MR PO bR A B8 2 A o SR SR 088 40 AT (55 2)

2.3. WRMSH

AR AR BRI, K E . AR SER ARSI A K T, B TATTR T T e i
FOREROSEMARESE . ARSE AT FUIRAT ISRl A, BT 4~6 DT BREEREAT 20T (2 4-7)

3. &R
3.1. BAMBENER
RIS R AR A ) KR r = —0.011, PR K 1 = 0.989, AR Ry = 0.957, MEMEAC

KEE¥RN 4.02 4, RISF34% 4.02 SERABFREDN BE 8 — k. 1000 RIS SR BoR, Uil TR EER
IR YR 2 B I K 3 r = —0.057 (brifkZ SD = 0.659). Jri 42 1) 100 4F FR R HE ) K 44t 2R 4 54.8%,
SRS R AT Ry 61.4 4, B 100 4F P 75 N e JE SRR A 22 /0 K 4 — IR 8).

JE B2 100 A PR R BRGNS POE RS, KRB TG K (] 2). 2B 1~14 N
R K T WA P ERR 11 5000 B, feimioh 5499 2 {HER 15~100 4F Y FHREBCRIRET R %, e, 28
30 FEFPHERE N 3824 B, KUK CUIA 5%.

3.2. WU

3.2.1. MEHERBURME S

2 0~1 ¥, 1~2 0. 2~3 W 5+3 I MERIFETZEFEAC 20%K), FREFAATEAEZE B 45.2% 73 7l ik 1 22
100%. 59.6%. 60.8%7F1 48.6% (/4 3(A1)~(D1)), “F¥IMrEEEE 1 1395 £/ 1 %= 25,726 . 2885 .
2934 ANk 2 1313 B[4 3(A2)~(D2)). HHULFRHH, (REEAMABIFE T ZN PP B AR A7 2 0K . S BTH AR
BTN 20%0, FREEAEIEAEER i 45.2% 35 T % 80.8%, PR RS R i 1395 FEHER = 6701 (/4 3(EL)
FE 3(E2))o PRk, FhEEAEAF 75 BAH 3R A LU B UK

3.2.2. REMHBMES
S5 SRR I T 0] 75 T e SRR (A A B B . 2 R AR IR T B AL E 00 0 PR 20%
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Table 3. The catastrophes and their frequencies and influence

3 ERRE PR ENREMLRELE R SEMIZE

REHRR +5 i E NKE )
Type of catastrophe Drought Disease Human activities
RIEMEZI%
Probability of occurrence 25 %0 %0
RE G %
Probability of reproduction 40 % 60
e A7 R 2R
G REAE T RER/% 40 90 60
Probability of survival
Table 4. Different environmental variation for PVA in T. venusta
=4 FWERHMBEEENSTNIMESESH
| LI (%) 0~1 WAFET- % 1~2 WAFET=H -3 IR % +3 W FET %
Tvoe of variation Percentage of Mortality atage  Mortality atage = Mortality atage ~ Mortality at age
P female breeders 0~1 (%) 1~2 (%) 2~3 (%) 0~1 (%)
WK 5 #(20%) Higher variation 42.00 96.00 42.00 42.00 12.00
K5 #(10%) High variation 38.50 88.00 38.50 38.50 11.00
F:HE{E Baseline 35.00 80.00 35.00 35.00 10.00
/INJ7 2 (—10%) Low variation 31.50 72.00 31.50 31.50 9.00
W%/ INJ7 #5(—20%) Low variation 28.00 64.00 28.00 28.00 8.00
Table 5. Different influence of catastrophe for PVA in T. venusta
=5 FWEREHMBEEENSTNREZMIEESH
ZH FEHEIKF 18/ 20% /> 40% /1> 60% 60% 4 Im 20% Hm 40% 1411 60%
Parameters Baseline 20% decrease 40% decrease decrease 20% increase 40% increase 60% increase
= Amgeog
"ﬂ/umi.& 0.6 0.48 0.36 0.24 0.72 0.84 0.96
Severity
Probability 90 90 90 90 90 90 90
Table 6. Different frequencies of catastrophe for PVA in T. venusta
6. FWeEHMBEEFENAIMNRELENESH
ZH FEEKF k> 20% k> 40% /b 60% 145 95% % 100%
Parameters Baseline 20% decrease 40% decrease 60% decrease Increase t0 95%  Increase to 100%
Probability 90 72 54 36 95 100
= Amgeog
FOMIFE L 0.6 06 0.6 0.6 0.6 0.6
Severity
Table 7. Different values of carrying capacity for PVA in T. venusta
= 7. FWeEHMEEENATNITMESHESH
HEE > 75% /> 50% /> 25% i 25% H4 /0 50%
Baseline 75% decrease 50% decrease 25% decrease 25% increase 50% increase
40,000 10,000 20,000 30,000 50,000 60,000
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Table 8. Results of PVA in the future 100 years for T. venusta
72 8. FIE R 100 FRMEFEFHEMGER

WE i) popse  KAME DUERMRRME  fedEx CPIRMRRMCE  drdRE RS PR

i%'&%z i%'&%z 1% /Next /Next /Nall /Nall HTI I‘Eﬂ/flf N fﬂ/ﬂf
—-0.011 —0.057 0.659 0.548 3085.96 6575.38 1394.89 4675.31 94 61.4
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Figure 2. Trends of population size and probability of extinction in the future 100 years
for T. venusta

E 2 FWERH 100 FAMEHEMNEHRRNTLES

I, FOREAETERL R M 45.2%70 ) HOE G 2 97.8% 1 100% (4] 3(F1)AIA 3(GL)), “FiyMiesia 1395 2
348 A 27,319 AT 17,250 (1€ 3(F2) R4 3(G2)), FhfEJL-FMe & 1 KL fE ke

3.2.3. FBAMNEBHH RS

LI GNEIG N 50% K , A A7 5 ME R CRIF 1T 7K1 (45.2%) R ALK, P34 M AR (1395 R
% 1552 B (] 3(HL)FIE] 3(H2))o IAIRAR AN & 13 N F 35 A K 2 38 IR i) A7 v M R R b B A i
4. ¥1ig

SR E, CHHTE LT S5 I e R R — N S R A, FE S SRR 100 A K e ARk B T
54.8%. {HAHTHR I, I REPRRARE MARIBE TR Sl 5 5 1 R AE AR 5 5 ma e B A4 v i R 55
TEI, REMEHR SRR (Rl R A AN A

75 TN e S SR AN A R BB T S ORI AZ S 5 R JE I R B PR R 3%, 5 CRIE RIS I A MR R K
RPN AEAE S AIA[13] [21]. JUHJE O~1 W MAME, HIBT-ZIE/D 10%, RIAMfSihiffE J54E 100 4
AT AT I (8] S AT RE R KT 90%, A S T K4 XK. Al A R K/ Fh SR f 8 A7 s
RERR AR RGN o RIG, ZEVEP R B, Inag i B E BE, 25 07 BRI T5 T = SR S A AR I S T
P56 55 0 SR R O A 3 . MR b SRR DORIR, KR R ELEEA AU B INE . —

SR BRI A g A0 v ) i 20 e B B AR A 7 (R 576 25 2 B 2 T 2 52 T o K A B A T 1D 7
— RPN 2R [15]-[18] 0 AR SCAERE S Hh A 25 A I F5 T e i P B A B2 PR R Bea 3, Bl LA A 1) A
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Figure 3. Trends of population size and survival probability under different factors
in the following 100 years for T. venusta
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