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Abstract

The upper reach of Yangtze River is one of the areas with the most abundant
freshwater fishery resources in China. In recent years, the fishery resources showed a
trend of serious recession in the upper reach of Yangtze River. Artificial releasing is a
common methods for restore freshwater fishery resources in the world, and many
academics insist that some pre-study on the water area is necessary before releasing. The
study includs that investigating the biological characteristics of releasing fish and
ecosystem structure of releasing area, as well as the variation of ecosystem structure with
seasonal. Both Ministry of agriculture and China Three Gorges Corporation have carring
out many events of artificial releasing in fishes for recover fishery resources in the upper
reach of Yangtze River. However, the data of biological characteristics of releasing fish
and ecosystem structure of releasing area was lacking. The construction of hydropower
engineering can affect community structure in fishes and the change of community
structure, so the feeding ecology and community structure in fishes would change when
the cascade hydropower stations started impoundment in downstream reach of Jinsha
River.

Based on the above research background, this article choose Yibin reach as a
representative area in the upper reach of Yangtze River. Based the fish stomach sampled
of dominant fishes and stable isotopes technology sampled of aquatic organism from
2012-2013 in Yibin reach, Academician Tang Qisheng proposed that the food web and its
trophodynamics should be studied by using “simplified food web” and connecting the
“points”and “facets”. So the feeding ecology and the food web of fishes were studied at
the levels of key fish species and dominant fish species and fish community, at the same
time, the aquatic organism community structure and its seasonal variation were also
studied in Xiangjiaba Dams impoundment before and after. The aims of the study in this
paper are to provide basis data for better understanding of the transfer of nutritional
matters and energy flow in Yibin reach, and offer theoretical basis for better
understanding the effect of the Xiangjiaba Dams impoundment on aquatic ecosystem
structure in Yibin reach, and instruct the theoretical direction for artificial releasing.

1. An investigation of fish resources was conducted in Yibin reach, and the
investigation was last time before Xiangjiaba Dams impoundment. A total of 62 fish
species were obtained, in which 19 species were endemic in the upper reach of Yangtze

River. And the 9 fish species were dominant species in catches, the name of fish was
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Coreius guichenoti, Pseudobagrus vachelli, Carassius auratus, Leptobotia elongate,
Sinibotia supercilliaris, Silurus meridionalis, Coreius heterodon, Hypophthalmichthys
molitrix, and Silurus asotus, respectively. The length-weight relationship was analyzed on
dominant species, and the Catch Per Unit Effort (CPUE) was analyzed on main fishing
net. The result showed that most of the fish was demersal and omnivorous, and they like
to live in slow water environment. Compared with the history data, the result indicates
that the demersal and omnivorous fishes were increasing, while fishes living in the torrent
water and fishes spawning drift eggs were decreasing. CPUE and specifications of
dominant fishes was significantly decreasing. In conclusion, the fish resources present
recessionary trend in Yibin reach.

2. For the key fish species, the diet composition and feeding intensity of Leptobotia
elongata with ontogenetic and diel variations in Yibin reach were analyzed by stomach
content analysis and stable isotopes technique. The result showed that Leptobotia
elongata mainly feed on fish,crustaceans(shrimps and gammaridae),benthic invertebrates
and aquatic insects larvae by stomach content analysis. And there was an significant
change in the diet composition by stomach content analysis, that is, the Leptobotia
elongata mainly feed on benthic invertebrates, when the body length is about
110mm ,aquatic insects larvae when the body length <110mm, and shrimps and fish when
the body length >110mm. The diet composition also had a change at about 210mm, and
the shrimps was the most important prey items when the body length of Leptobotia
elongata >210mm. In the stable isotopes technique, the POM, shrimps and fish are the
main prey groups to Leptobotia elongata, and the results was consistent with the results of
the stomach content analysis on feeding varation with different body length. The isotope
values of potential food groups were different when when the body length >110mm, and
the ratio of contribution of potential food groups was also different. the ratio of the
contribution of POM was lower on Leptobotia elongata, in contrast, the fishes and
shrimps were higher. The ratio of the contribution of shrimps was the highest when the
body length of Leptobotia elongata >210mm. The feeding intensity showed that the main
peaks of significant diel variations in spring of 2012, occurred at 09:30h and 12:30h,
secondly at 18:30h, and the feeding intensity in day was higher than the night. In
conclusion, the Leptobotia elongata was omnivorous fish, but it prefers carnivorous prey,
and its diet has higher trophic plasticity. And the diet of Leptobotia elongata would be
changed when the body length and temporal were different, so the Leptobotia elongata

could be able to adapt the changes of hydrological environment and prey abundance in

vi
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Yibin reach.

3. For the dominant fish species, the diet of two coreius fishes (Coreius heterodon
and Coreius guichenoti) and the feeding relationship between two coreius fishes in Yibin
reach were studied by carbon and nitrogen stable isotopes analysis and also employing
statistic methods such as cluster analysis. And the differences of the feeding apparatus
morphological were also analyzed by the principal component analysis (PCA) between
two species. The results showed that Coreius heterodon may be mainly feed on shrimps
and POM, and Coreius guichenoti may be mainly feed on POM and Organic detritus.
Dominant potential prey items were different between two coreius fishes, so the diet of
two coreius fishes maybe have some differences. The prey similarity index is 78.69%, and
the overlap coefficient is 55.59%. The PCA indicated that the morphological characters of
the feeding apparatus were different when the body length was similar. In conclusion, the
diet relationship of Coreius heterodon and Coreius guichenoti was not intense in Yibin
reach, and two coreius fishes form their own Characteristics of feeding organs by long
time evolution, the result of evolution was better to avoid intense for food resources.
Therefore, we infer that the competition of diet relationship of interspecific was not
intense in Yibin reach.

4. The isotopes values of POM and aquatic organism were studied from different
seasons in Yibin reach, and the variation of isotopes ratio was studied between the POM
and the aquatic organism in different seasons. The results indicated that the effect on
POM was significant from natural runoff of Yangtze River, the change was significant
from the ratio of stable isotope in dfferent season, the ratio was the highest in flood period,
lower in dry season, and the lowest in winter. The source of particulate organic matter
was studied, and the results indicated that the source of POM were different in different
seasons. The autochthonous organic matter and the allochthonous organic matter were the
major source of POM in dry season, and the allochthonous organic matter was the major
source of POM in flood period. C3 plant was was the major source of POM in all seasons
except summer, C4 plant and organic pollutants produced by humans may be the major
source of POM in summer. In fish, allochthonous organic matter was abundant and can be
easily obtained in flood period. POM and Macrobrachium nipponensis were the important
diet source of main fish in Yibin reach. The three food web models (River Continuum
Concept: RCC; Flood Pluse Concept: FPC; Riverine Productivity Models: RPM) were
discussed, respectively. The results indicated that just one of the three models was not
suitable to the food web in the Yibin reach. two models (RCC and FPC) have to be

Vii
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referenced in flood period and three models(RCC, FPC and RPM) in dry season. The 81C
and 5N of POM in spring of 2013 were fewer than those in spring of 2012, which
indicated that Xiangjiaba Dams impoundment influenced the proportion from terrestrial
exogenous organic matter and aquatic endogenous organic matter on particulate organic
matter (POM), and the impoundment also affected the source of food and diet
composition on aquatic organism. The contribution of organic matter from upperstream
decreased in dry season, and the terrestrial exogenous organic matter from both sides and
aquatic endogenous organic matter were the major composition of POM.

5. For the aquatic organism communities, the seasonal variation in the trophic
structure of familiar fish and shrimps communities in Yibin reach were examined by
stable isotopes technique, and the effect of Xiangjiaba Dams impoundment was discussed
on the structure of fish communities. The results showed that the fishes and shrimps
usually dived into 4 groups: the first group is herbivorous group, and the species included
Hypophthalmichthys molitrix; the second group is the omnivorous group of partial plants,
and it including Macrobrachium nipponensis, Carassius auratus, Coreius guichenoti,
Coreius heterodon, Pseudobagrus vachelli and Saurogobio dabryi; the third group is the
omnivorous group of partial animal, included Rhinogobio ventralis, Rhinogobio typus,
Silurus meridionalis, Sinibotia superciliaris, Gobiobotia filifer, Ctenogobius giurinus,
Lepturichthys fimbriata and Leptobotia taeniops; the fourth group is carnivore group,
included Leptobotia elongate(big individual), Siniperca scherzeri, Siniperca chuatsi and
Siniperca kenrii. The trophic level of Limnoperna lacustris as section 2 in this paper, the
trophic level from 2.5 to 4.75, and the number of trophic level was different in the
different food chain. There are 2-3 levels among food chain of different seasons, and most
of the fishes belong to secondary consumer with the trophic level from 3 to 4. On the one
hand, the results indicated that the piscivores fish in higher trophic level was decline; on
the other hand, the results indicated that the monophagous fish was difficult to exist, and
the main fish species were omnivory in Yibin reach. In conclusion, the food web structure
of fish was not stable in Yibin reach, and ecological system of river was not healthy.
Local piscivores fish and herbivority fish were lacking, so the piscivores fish and
herbivority fish were major release fish to keep richness of fish community in the upper
reach of Yangtze river. The 8*3C and 8N values of 10 fish species were compared
between before Xiangjiaba Dams impoundment and after, and the results showed that the
8"%C values and 8"°N values of majority fishes in the dry period before Xiangjiaba Dams

impoundment were larger than in the dry period after Xiangjiaba Dams impoundment,

viii
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and the results also indicated that the diet of most fish was influenced by Xiangjiaba
Dams impoundment in Yibin reach, and the degree of influence was different with
different fish species, which was greater on partial plant omnivorous fish and piscivores
fish. The contribution of endogenous substances on the food wab of Yibin reach in the dry
period before Xiangjiaba Dams impoundment was higher than that the dry period after
Xiangjiaba Dams impoundment, and the contribution of organic matter was increased in
Yibin reach after Xiangjiaba Dams impoundment .

6. To table some proposal about artificial releasing in the upper Reach of Yangtze
River, the body length of Leptobotia elongata shoud be greater than 110mm when release
the fish into the river, and the releasing time choose April to June or October to
November,which shuld avoid flood period and winter. As to releasing species, the local
piscivores fish and herbivority fish should be released fish to keep richness of fish
community in the upper Reach of Yangtze River. As to body length of releasing fish, the
diet of size-shift of all species should be studied, thereby further to determine the body
length of releasing in the upper Reach of Yangtze River. As to releasing time, the release
of herbivority fish should be in flood period in in the upper Reach of Yangtze River; the
release of the local piscivores fish should be avoid flood period when the body length of
fish was small, and the local piscivores fish should be in flood period when the body
length of fish was big enough.

Keywords: Yibin reach; Stomach content analysis; stable isotopes technique; feeding

ecology; interspecies relationship; food web structure; restocking.
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AN B R
§°C Ratio of stable carbon R Bk [RI A7 2% Le A1)
§°N Ratio of stable nitrogen T BRI 2 Lo
CPUE Catch per unit effort LR VR E b I E)
GF Glass fiber filter TS 2T YR 5
I Isometry A K
IRI Index of Relative Importance AN B TR AL
Max. Maximum SYNEL
Min. Minimum e/ MAE
N Negative allometry HR A
P Positive allometry TR A K
PCA Principal component analysis FERA T
PDB Pee Dee Belnite FMMT A A
POM particulate organic matter Wk A3 W)
FPOM Fine particulate organic matter YRLRURR AT HLA
CPOM Coarse particulate organic matter FHRUREIR A WL
DOM Dissolved organic matter CIMSEEEWIRY)|
RI Repletion Index (HINE R
S.D. Standard difference FrifE 2=
S.E. Standard error PRfER
TP Trophic position HIRR
VC Vacuity Coefficient R
RCC River continuum concept TA] VG AN 2
FPC Flood pulse concept HEA kst 2
RPM Riverine Productivity Model SN TRa RN i
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w—% WE
1 BRBEEETHEYMARIVIK R HRE
Fraabr (1995) AR AR A R ezt 4. BREZ. 1z 2 /DM

TN T &M A G sh il 5, DRI LAy i 2R TS 4
He) AR PR A BN [R] PR PR 7 2 TR AR D o A0 2R R £ B 2 10 2 e B ) AR A7 A 7
A MR SC REBIEAR I KRN PR, AL XM OC Rl — AR, Se)l
ARV N S AN B 2 TR ) I A A e i s, DAL, PR SR ik
AR I RER, ZBRWIR T AR S5 MDD RER) G (R4 FR 1995; Ross
1986; Fogarty and Murawski 1998). £ & $a7E— ANV a5 FRAH B AE R 4T
TH Bt A BEIERRAE R M 45, JLRENS Sk — AN ER R G EEARFPE (Elton 1927
MacArthur 1955), HHI, 52 WM& /N REE (samll scales) S, xf K R (lager
scales) 7l il BT 5745/ (Guy and Alan 2002). 1125 /& &) W () LA B 2y, 42
NEFERH RIS, B SE ) H fOE A W BT, B
WAL X (BE5E 2005). A ] e ik 1[5 P SMASSE fr A 2 A0 e ) 9 45 AL ik
TN A HERRRIE .

BEE NRBERARM S, WM RE AR R, SRS Z RBr B AR JT
N TR B AR ST W S5 R I . 0 0 B AR A A E I S B () PR A
P HERE Y R BRI AR K B R FR . B G540 S FE 3R 8)) J1 24 T . X
B MR PR FORIESUAT Bl TR 2R AR RN, AR T T R AR SR R A R
AE) . ATEN LA R S (R A () SC R (L EURAE 1962). F M MY
F AR R AR R B S PRI, AR SRR IS TR A [ [ AR
e (KK 19975 BE5E 2005) . 1A HSR0 B] GHIR AR IOWTIT,  HEWS S BRAN[A] £6 Ff
() AH H 3 DIRE RS, NI Re g ik — 20 1 i £0 S VK 45 ) IR A8 1k B 3L AR AL TR L Al
(Werner 1986; : HHiHl 1989; Fujita etal 1995). Wit S A] £ 42¢ & KR & A 11
%, TEAMBATH . ERRE. B A B R RN B AR A . X TR M
SRR U R E AT U AR L —, T EY M2 R 2 A A2 W&
PIE L ) — N AR G548, B I A DA BB AH B . AHELHIZ) (B4 AR 1995).
B R AR B R AR 4y . SRBEERVE DR B P VR . B R
e BHIMEFREN 1o RSP Re R KBS LA T (B
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% 2005).,

WEPETTTEL, AR S 100 2RI E, EWNIMEZ %840 i
VAR R P T T O A dnBR2kE (Brook 1885) . i (Matthews
1887). KitiyEeS (Powles 1958) A F-7fif (Tanasichuk etal 1991). fif (Hesslein et
al 1993). I BE | (Lukoschek and Mccormick 2001). /Nt (BRsAit 1962; Xue
et al 2005). fififh Rzl WIRIARSRARL 1966) . #hifgfiyifa (4% 1994), figfa (FLAHMY
45 2007a). 20 20 70 4FEAN, [N AMR 2 5738 TFRE T HEvE 2R ] ) 0 R 0T 9T,
1 Carter (1991). Ellis (1996). Platell 55 (1998). Cruz 4§ (2000). Linke %% (2001).
Schafer % (2002). Zambrano % (2010). M (1989). SEiY (1992). EE%E
& (20050, FRALMEEE (2007b). {ElFF AR PSR, HNAMEEXIRZ A
[F] D2 35l PR 0 2R B ) W S5 R B EAT T AR SCROIT ST, 0 RO R IV 2R 3 55 B 5 JE P 2R 48
RE e (Blaber and Bulman 1987), HACILHBKFi 4 (Fujita et al 1995), PHBE
FACER LT (Velasco et al 2001), A B 1 = A< e & ¥ BE 17 (Andrew and
Rod 2005); [ -5V WMEly (SRHOKEE 1981) Boify (5 A1 IR 1992; Avae
2005), FAHFALERS (Bl ki 2010) 4%.

WK, WK AR S AR AR ORI EE A o, BES W IF SR
IKERRGUE TREN 1 AP IR . IS RGHE AR gl AL
S AR R AR A R GV AR A R G I A R ] (SRR AR 24
2004), PRI, X ATEAE R A 2 S AR AR A 2R ) W I RE A B T T R
BIRAESRG . Tk, EAMEE XN TR S EY MW aia 1R 2 1)
&, . Pusey %% (2012); Brian %% (2007); Vitule %% (2008); Michael (2010);
Wilbert and Anthony (2012); Moraes % (2013); Walker %5 (2013); Elvio and Angela

(2013); Ronald %5 (2014), [ A G TR 7K 0 40 £ A A8 IR S8 R0 Jm) BT 28110
BV KT YIRS R AR AR, s JE L HE(1999); WK 5452003 );
FeRAE (2008); RELLEESE (2011); Z5RK4E (2011); X1 K5 (2012);  Zhang 45 (2013)
DA KA ) O 3R A5 7 TR FU R, e XIBedils (1996); 7KW (2013a) 5. [E X}
TRK B ST W S5 Fa) BT St s R 2 D L, i Xu and xie  (2004);
Liu 45 (2006); Zhou %§ (2009); Zhou % (2011); kXK (2013b 4%, MMiHiL |
W a2 N 25 R AR Ak 7e (2007) Fi=xik (20120 F B & A 0C R 2%
3 IR =05 2 DX VA 21 2 T B = IR P XNV ) A SR M A iy 34T T, K



KVL R FVL B S SR 2 S 2R e ) M 45 4 TR i 5

TLH RV B A WM a5 R T I w22, ASSCRITRR . VR R 38 0] L T
B R M S AT, B AR 2,
EBERESKREYNARAZERILA

1 BEMH AR A

&) Hrik (Stomach content analysis) JERFFT 288 & A S HMES ik, 1
R h 2 JRIRRUE (1) 77 1 (Hyslop 19800 , PRI AE AN AN FEXT B 2 kAR E 4 (v A 44
TRV ) LR AR A 57 T $0 E R AR B 4 BV A T P AR A i AL 1 B 0 R A 1 VY
P e (Hamano et al 1996), 3 [E V% 7K (2 Gk AT 58 K YT AR — BRI 2.
g H &M AN, REW% S W fr 2 BRI S e i o0, (HIWAREA L, —
[ T R A AR B ISR, X I B i iR 22, ARSI OR
(Beaudoin et al 1999) : 53— 5l &4 B S W) BT ALBOBORE FEAR XE AW, 5] 2
Gy THHAI &Y (Hobson et al 1994) 3 A BRIZ 5 H & Prafy K )i 22 H gl
AL AT IR IE (Kling et al 1992; Yoshioka and Wada 1994; Hamano et al 1996) ,

KR A MBS WA - 50 5 M BRI Tk,
PRAE . RN (Hyslop 19805 S%iiii 1992; S:fiy 1996) , A% [Hk
WA 44 HBUE (F) o ME S (N B (V) RIEREESE (W .
BN bR ST T4 A 2 1 B A A AR L RORI B A, BRI, 0 9 1
W BT TR, NAZEEA ZAN45%0 (Hyslop 1980; Richard and Wallace 1981;
Tirasin and Jorgensen 1999) , [E A2 0 2R 1 &AL AT HIA R, — ek
M ZA a4

T H SR bR AN BRAS HERR VPO DR AR W B, S 22 R T SR G ER L

WHMZREEFRECh Pinkas 55 (1971) 42 H AN BEZEMEFE 4L (Index of Relative

Importance)

\

%

N DN

IRI= (%N-+9%W) x%F
P IREACGRATR B Z AR NACRA T o b WAGRE B el FAUER
I . BPRVEYI BB, IRIEBOK (Pinkas etal 1971) o 9% T84
ARG e 2 B, — MR SR a PSR EOT ARG LR R, iR
7= (MacDonald and Green 1983; Assis 1996; George and Hadely 1979; Corté& 1997) ;
T R RA A AR — /bR G R, WATRZES IRk, ARes S
) S R I S EE P (Hyslop 1980; Tirasin and Jorgensen 1999) o A\ A5

3
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— MR IR U SR A BN, AT R IR S FR B AR 2R G 4R

2R H 2% (Vacuity Coefficient:VC) FIMEi# 4540 (Repletion Index:R1) 1 &
T e A 25 R4 o iE (B4 FK 1995; Figueiredo et al 2005) . Az\UIF:

VC="% £/ 5 $0<100%,  RI=Wi/W,>100%

A We AL TE N ) i Wy AR
2.2 B E MR R AR A

VAR, B BURE Tk R 22 HR O I FOK AR A TR S5 M RS FR K R I —
PR IAA 20 T B, ORI BN ] T OK SR G A 5T (Fry 1991,
Yoshioka and Wada 1994; Harvey and Kitchell 2000; Woodward and Hildrew 2002 David
and kirk 2002; Keith et al 2006; Katrina et al 2011), S AWt & A& LR EY)
Wi I AT TR o DA 2 SR [ = WA E AR S R G RE R AR R I A rh o
W AEAER, TH 2 B[R 38 b R0 T AR 1) B ) (R 3R LE R A7 AE — 2 1 22 57
R B A E R 22 50 Bl AR RO G 2 7 A — e s B . ARG EORA L, 1%
G S NE BRI B IR SRRSO, T A 2R B R A A0 A A
) HAEHRE R I AR O R AR AR S R G RN, FE [RAr 3t Refg B
T SRS RGP E I R RE R B . AR 1B ARE [FIAL 35 AL 2P fiE . 7
BRI S SR ) N A )i AT AL AU F . 45 T LA 7 T 34T A 4
2.2.1 IRERGIRA L FFFE

[ 2% 2 45 I 7 AT O RE BN e 3R, FUE A =2 fa AN e HEAT
WA [z 2% (Schimel 1993). [AIfZ=A PR, —RiORARFAIZR, —Fio N T
FIRL 2R, ASCEPETIR K . BAGE AL R FEATHH OGN I . 5 AN R ot o () A
EVERINL R &, IR 4 & R B B ORI S 5, G oy B8O (fractionation)
FPA 0w Cequilibration) SRS AR RS W) FIBE R s (Peterson and
Fry 1987). XTI 2 BN R, T8 H N R R KR 7 1 2 Bk &on . iia
WP OGEH] T8k RN R RREEPE R 25, A SCAA S i PR LA 22 0 B
SRAFE, AR PR EE L, PC B RAEAE, d7H) 98.89%; A EHLL VN [HEAE
18, d7$] 99.64%. [FIA7 3 R A5t TR 3 1) i i 6 2 AT 5 S A BRI AL 2
bR, RIS (Urey 1947). [FIfE 25018, AEFa AR 25 2 (7] 2 [H]
I EAPE FUAAAE— 8 I ZE R, RUEREMER BN, a3l (e
ARG, RN R 28 A st o S AT AR U /N B A, IR SR A ]
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DAR I & tH R ), IR ARR A IR 2R AR, (R 38 i 22 b o3 IR B s L
PRI UL, AL 0 TR O, U R BN AR . AR FE N e e, H
{E HRTRFARE T A M0 36 E B e, sl wi &L S S ESLhR
b, Jr ARG E [ 25 b A2 A5 € [ 31 1 EUAE B Fn e i) m) 437 35 EUAE 8R4 T
e, BN S, 87°C A1 8N A A

UC;‘UC s
HCJHC o

3°C = ( 1)>1000

15 14
13 N'Jr N =3
85N = (i 14000

A 31°C Rl 51N ARSI AR E A 2 T A AT E (R S ARE R R LR,
— BB IR 840K PCIPC BT IININ s 23 SRR AR ) C AT N I R £ 5
R ILEAL : CI2C 1 ONFIN 53 ARUED T C AT N T[R40 35 5 %
A7 25 (1) LA o AEREATRGE [ R4 S A0 AT I, B33 SR EA) i 1) %% (Peterson and
Fry 1987), fixhaiad Rz 2 FIFRAEY) it — ik $% PDB (Peedee Belemnite & ¥ &ifk
Fi, Craig 1957), H 8C H#IAN R 0%0; EAE RN Zhrd 5k 43S, (Mariotti
1983), 3L 8N fEHHLIA K K 0%o.
222 RERMMEMRHEBEERMKRMEFRKPIINA

Ak, A€ R 2R AL 4 V2 T T-9 22 e skl i a9, Jf
A5 T8 KIS (Boutton et al 1983; Sponheimer et al 2003). ¥4 3% 11 [Al 1. 25 41 ik
Bt EaE —ERESE, §°%C EAEMIEW N 1% (DeNiro and Epsyein
1978), FRWIFTINN ,» BRAGE [RI7 28 1w AR — 2830 9 K il il A2 (Haines and
Montague 1979; Focken and becker 1998; Post 2002); 8N ‘& £E {38 # 4 3.4%0( DeNiro
and Epsyein 1981; Minagawa and Wada 1984). ffa i [q) 47 2538 & FH -1 & 1 2 1
EWIRUE, TR A T 2l A e e ) A 28 AR B st A B B i 1Pk (R A, 2= ARLARRL: i
GBS T TR, 2500 5 2 FH 0 e V1 9l 5 175 9 4 (Peterson and Fry 1987) . £ € [l
R ANDCRT U - 58 11 2 O SRV, o ml AP 3 5 T 2l O S )k U Bl 2=
[1)254k, (Schell et al 1989; Hobson ey al 1996) ,iX J5 [ FRAfF 7T [ PN AMR £ 2238 CL 4k
FTILA K FIF-IE (Ben-David et al 1997; Darimont and Reimchen 2002). F&5E [RIf7 2
AT AT LA FH 3 0 ¥ 2 1) 2B W)k, 41 Ramsay A1 Hobson (1991)1A 4 bk
REA B EREH L Y, BRI U3 BRERAER bo i TAe0e R 2 T 2R
A RD, XTI R AN S 3 BRI, Rl e 5 T IR S 2 Ml e Ay i i)

5
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WEFT, AR R AR AP IXAMFAEJC L L, Py DUARE [RIAL 3 A 4 0 e A A e
e MNRAEM T, i Cerling 25 (1999) YRS IIAFFY, 45N W IAF K LR
o BRI KRS RGM AR S RGAAEE VG FRER RS, 13
JE A 2% Be AR A 0 AR AS RGP e PR e SR 3 (Polis et al 1997;
Zander and Rasmussen 1999). &€ [RI17 2% bR 14 € W 2 1 B2 R4, 240
WH I EVRIEAT Z R, AR AT LU 5E A 7] & ) Rk U5 AR 3 5 b i L 2
(Ostrom et al 1997; Gannes et al 1997), — ML 2478 9% 34 1 & YRI5 Jy B Fh ol
PRILL L, R 8°C A1 8N I AR DP A AN [FI R M g S (ot
BRELE, HATT 32 % Philips Al Gregg (2003) #£H11¥) IsoSource F2J7, %R %
Al LA 5 B A 25 PR 10 Bl B sk v 2 (1) DTk .

e € (AL R B T DU TRk A ) ) o0 R IWTST, Gu 55 (1996) X775
b 3 eh A B BV AR A SR I IS T ST W EJEmgAE (2007) X B
PR R R R R R R T 6 TR R R B o R 1 A, M GU 4§

(1996) &t RGBT M Z R RS R, Ay
f(%)=[1-(x-y)/a]

K F ROREWESREL x Fon— R 8N 8, y RS i 5N
i, a A e 10 8N 3 21 2 0 T Ak B PRl R o 7o A 1 o SR A, — R 3.4%0

M REEFRRNE, — BRI ERE RN R, X2 R RE R 2= T
AW, — Bk 3.4%0 (DeNiro and Epsyein 1981; Minagawa and Wada
1984). A:N:

Trophic position=A+[(815Nconsumer-515Nbase)/A815N]

. Trophic position 7578 2% & R 3590 6 Npase WEELAN CYILLL AW I
EFEEIE, =1 WINPT, =2, WA IIE IR KT 2 I AEREEL, Vander
Zandan et al 1997); 8" Neonsumer 411 2 2 [F) U [AIA 2 L3 AS™N il 2 6N
EHAL . KT R AT, — R P B ELR AR AR I 2% 8N R Rk
fi (Vender and Joseph 2001) . | FHASE [RIAL 28 B A 7K AR A8 R A7 B AN £ 4 MY
SR, C& 0T 32, Wi Persic % (2004) X Vaccares Lagoon HAA TR IX 1]
SR IIEGT; EEEE (2006) S = Ik 2 [X /K A= 25 4078 F7= R0 049 W0 45 Ky F
FU; £ (2006) X HEBHMIAL A ARIIK A e M S5 KR T: 25k (2010)
X NCLIK AR A8 SR R B ) 546 IR
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2.2.3 AR B HRKIREH A

ot b 0 N (41 S5 LA RIK AR 9 A B TR AR S R g b EE A B R
U, PSRRI LA AR TR 38 2 A A 22 5, DR A R 38 v LUR TAfF AT
MRS RGEAENYRYE (Bunn et al 1999;Kaiser et al 2004). [, FE A7 2%
FORM RN H T HAR A AR (Hellings et al 1999)
3 7kFIZK BRI X8 FR R B 200

UEAESR, BlAG BIE 2 D i DUHUR e, 6F BEVRURI R ) 5 SR R ks, K BEAE A
— Rl AR (K REYE A2 B AL RE B BB S (8 DAE%E 2008). [FI, KT At
GUS K, KPR, CFRERREZ N 9600 12 m® KA 38K 3R
1987; B4l % 20000, 3k E KA HE ST R I XK, K sl 1 1 4
(K] 5006, HFsFILE LR (17K FE ik 3] 2441 e (3555 20060, H AT, BbVL MRz
[ A5 IR 26 J5 S T R K o KT 3 A ke [ R A R U T 1)
Xz —, WEEFZ R A GBI E CE 1992; B SCE % 1987) o /K
AR CRE @ B2 A 2 REE R R 2 R 2 —
3.1 Xl E A S 0

IKRK L CRR I i B AL AR S R BI0ER, 80T AR, Bk
TR S BHAS T A R I W, WP AR S AR . B A 2
ERZBIER, AN, B A K2 EE N, XS A R
TAFIIRE I, RIS, A fa 25 2 R
3.2 ¥l _EITEZ OS2

IKFIZK R TR, AL R T B AR 1 1 K, T S BUK SO IE R
AET R, B IEAE, KIS R S A R A I B AR (A T
ANFIIEN o K PEITE BGAE ¥ T — S0 8107 =00 3, A5 75 IR K PR I8 7= B 1) £ 28
FHAZ BN A IRGE, A EEE Y A B AR R, RO R AT,
WP RFE A GREESE 1981); KPR MTE AR FK ARG RR e, 1& MR K
BTS2 BN KPR AT R K R URL, B WIRERIn, a2kl &)
(A SR A TR I Cul g BRI SCE 1992).,
3.3 XTSI EZ Y52

BT KRR B TR ST, R ZKAE S S AR IR R PR (B
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2006), T /KA A, VTP I v X IR TR e /)N, SR i, S0k e
RO R KRG, KEEHE AR A, R SR A K= A4 T A
R, AEFF R BRI R IR, ) i AR R4 TR Nt f 7K fAe e
SRR, S R ARSI
4 REX KT AR

KT FRIE 5 — K, AR Fw, BACYL R FRIE iR /K 1 2R E Y5 b
HFE X 2 —, @B2EF] 300 M U FEANY S 1992; WOCE 4 1987) , I
ok, BAE AR KIE S K RIK i TR v A AR R R 3 0, Kvrifnk
TEURAEAR LI B 3A Cul g BeF T SCE 1992, BROKHK 2003 Xij4H-F-45 2005)
KT B B AR A B A P H . Tk, 2000 4F [ 45 e/ o8 J TR T K
TLATL-TR BB R E F R ARSI, ]G4 2 %, Ry IX EXd 40 “ K
LR R RE R AR X, KILTR E ST UK B2
T 1.80km % 5K T IR KT AHF 387.06km VT BRI R X o BT BA T4
UL RV, KITEE =V AA, SRt a e, KICTRAERERGEX
FEIR . VDS B, i B = DL 500m % iR B iR BN KT 2
R R E KR ARG X AL DX, Sl SR 8 (Eildfh 2012) , AUk
LT ORI X A O X VL B IR B VLB AE A VL B AR VL B, XYL B iy 8 5
AN 32 FEAA R 4 B A A S A S ) I S R T PR F 9. 2012 42 10 /] 10 H—16 H
) I K ), A ) ZXHNES 7K i e o — O VT L FE VL B R b Bt Y IR AT T
P, 5 TR VLB R R IR, A B EEE SR B Sy A
FUARVDYT R F 307 R 20 Fb sl 0 i 5ot 288 0 058 10 6 1 Bl B 5 AR sl A di
Bt A, SHEE ORI UL B O R B R 2

JHJETHRIZRAL S (20000 A ks S R0 G E U R T il v
JEIEFE A, BN h T IEETE e R LB IR ) ) R SRR O S THRI 95
4125 20000, YT, HVHERAKAESREMN BN TIREYMN & EFRS) )
¥, ARSCIERRE ST B S DGR AT B B AR AR RS, R IRk th T
HEAEARIRBE A . KRR B R U L 0ol P 57 46 22 DR 3R 3 S80I vt 1 7
TR A B B, FERRE R R RO M (BEERRAE 2008) . R TR
AR TR D HARARE AN LM (1999) i 448 & 4 o Aot KV L e
EVL B SR 5 B AR S AT TR TS IRk, PR B S=IL B ARSI
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A, TS EPRHEY AT RE A T AR, KSR AR AT RERE L AR T
PR, AT b SN B TV B R B & AR AR IE ST . A ORI LA A
LG S W) o BN AT B . BARSE A, 3R, R B SRV B af ) &4
H AN S R BRI . FRAT B AR AL AT AT, — D7 TR RN T A T8k 1)
PR SR IR OB 53— 7 O HE P WSV R VLB S M S ey 3G
AR RIS . e, KSR N TIR0E . WO R 5

g 1) B A i IR S AN BRE N ARSIV R IR eI 75 22, AU E 1)
2 MR ES RS PR (Walters et al 1997; Fowler 1999). Kk, A
ACEDOT B M R B AR A REAT I, SR — 2D 2 A i ) & 4 50 R AR 1)
BIRAMHATIIG . X 2R B SR IWTST, J& T 2RI a5 i A D RE oK
# (Ross 1986; Fogarty and Murawski 1998). A SRR &k M AL Z AT
i fa1 J@ Hi £ (Coreius heterodon) FI5 144 (Coreius guichenoti) (1) K] &
WPIOCZBEAT THIEGT,  ORr Al £ R0 B 14 0 ) B A8 B R A RREREAT TR Sk, X
K6 (Leptobotia elongate) . 41 (Coreius heterodon) . [& 14t (Coreius
guichenoti) . FLIKH A (Pseudobagrus vachelli) . fifl (Carassius auratus) .
Heybif (Sinibotia superciliaris)  FgJ7fii (Silurus meridionalis) 55 7 FlKAEA Y
§1°C F1 8N {HJASEAS AN 7 Flifa °C HUMIFEHE f 8N HUARSCPEHAT T 05T, AL
WXTRRLA LAY (POMD FVE ST BUK A AW N AEAS [ 2815 A LR IR AT
TRV, R T R SR ) OC R A AL, BT RV B AR 4 )
HARE DU AR, KT B0 N TR BRI e 3 . kKM 2
HKAERFHRNELEANR L — (S 20000, TR A SSHETEE TR 4RI D) e
FCHEIRAT g2 0 2 A M (R T5T (Ross 1986; Fgoarty and Murwaski 1998). HiAt
BOKARS 7 i IS B0 W) I GRS IR AR ST (AR % 2005)
EIAESSTY ey e/l B S 5 S Nt 7 e <S5 S R E 1 T S N o = I
Bt R Y)W IR 2 o ARSCE R R 1 R ZE A T R R R
B EABE RGP KW E IRk ST TS, RN T R
WVE A WK A A PRI S5 1w o TR A UYL B AR S R e i 8))
AP TG LU LB B ) W8 97 30 ) AR S 4, VT Bl
E PRI SO R PR AR . AW FOR B s 2 an 18] 1-1.
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FE KIERIBAIFIRIITK

KA b3 A B IR K A R IR A T I X 22—, X g R SR 4 (1992)
WA 4 R s VT A1 284y 300 Ffr,  FLrp (VT il U S S 4 180 Fifr (X1J%t B
FIH L 1992); XIS/ 2005 AF4RIE, (EKIE B (BFEETL T, SCmk
bW, A2t 261 B (X4 2005); G A4 AE 2012 EAREAE KT B
Rk A R E R AR X AFAE 2 199 B (fEALfE%E 2012). KIT RIfkspk it
B, SR A BRI, (A2 MR A MR TR, b B
TR BT a2y 240 CRlg RS S & 1992; T Ji4E 1994).

5] P 3 2 2 6 KV VL B R R A TR T e e TR, W
1997-1999 4FEAH fik: & 25 4F £ v b T B 5 ELYT BRr o = 2 il W i R it AT i o, 3%
WA A1 2R i 42 Fh (ELE [R145 1999 ) ; 19972000 4E77 25 XI55 2556k U )11 B 52 HL 4 15km
SYPTTIL BTk YR A, SOl B8R 46 B (R (X% 2005);
2000-2005 475728 B e ik S 76 B S VL BCER 6 = 2 U 9 IRt sk iy AT I A, LR
1 RFE i 49 T (Bl A 2008) . Zi6 Py s SCHR RIS, QT A FEVL B 2R 20 109
P, YL USRI+ B LB —

IKAK L CAR B, TR (KK SRS AR AR T BRI, B e R e A=
WIAE N IV A S A R A T — RAVEIARA, b B8 ds A2 TR W& 12 (Xl
HE A SCE 19925 BRKCEK 2003), s 1 g R SR A Bt A A Ik K HIL
FESL KN Z) 40 Fh a2 A g, o 2 2/5 KT R e gt BRI S
1992) . HAT JLAEW, BTN UeR 22 B DY M ih 2% B R K R, 7 2007 4F 11 J] A0
2008 4 12 H<pryb VL R ISR s A 1) XIS P o R K Lt 5 e SE B . YA
BRI SR A KT 3R S B ST B K SO # . Y Vb RKIR &5 /K SCRFAE 74
HISUE o XA b VLBt AR S Rk e R S, 0]
Mg 2S00 (R R P8 Q] 2 Bt DU AN S Pl (R T, N A A SERILKC YT b3 ] Rt
(e A 77 7 TR K I F e R S5 B 2 I ) ST A, DR G ) S UK
I B S LB 28 5 T A DS L A 2 (1 3 3

ARTE R BRI T KT SV B I AL R 5 BT (K A0 AT p B 17 st
Astl,  H 507 EE AT TR b, JERE 2010 4 SR A SR Rl 0 K Ak F AL R
2011-2013 4 WAL SKRI A KA O RAT T WA, HIGA=AJm, —. T
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BOEVLBA SRR BIR, e BRI . WAL, KL B
i PRI 0 L At 3 i o F S BRI 5 ) S AR IR Sty = B R R IX
FRpstaL AR A B LR R 2 %
1 5 7%
1.1 RS

L O 2 T2y 2308km [TTEL, — MR 4T, A RSB 2
29 1030km VLB, I BRI B, SO ITE CT % 1994) . B R TLBAL
FUUNERFEH, KT, V0. IRTS =VTaE I & 2B R KT B Fks
AR EF AR X E LA G5, R XKL E =VLBZ) Y 115km, WYL
B VLB 90km, T H GV AT 11 28 KV VR ARV T B AR X 00 X
(fERFESE 2012). ATEHFFHIKITE VLB & vb L R B sy L BERHC YT B
TEVT B AL O GG VDT Nk & A e P 85km VLB (18 2-1).

104‘1"25' 104~°55' 105“’25'
N
28°55' — % m
\ . e
- . RO A IRBEIR
Bl ) RS
28°45' — FHEHE $=min T
L O R
. BR8T I%E
Y
KEE
28°35' — -L/(_'j"_
\\\ b
PR
0 15 30 60
—+— i Km

2-1 KA b R BEPCRAFIT B

Fig. 2-1 The sampling area of fish resources investigation in the upper of Yangtze river
1.2 #Emi s

PAMR A TAET 2011 4F 5-7 J1. 10 H.o FEARBERE EZRWNFIT X, —Frh
SE SRR A, A R AT REE R ANBE I 4 E 1 A )
IS g BRI R 57, MLTTHNT, ERBEWATIEAT I e, PR SCAR
TR AT 157 R SRANGERA T 528 Zofet,  DRUEAIRY) A & (0 Sek . I A R
A EERIM L FURIL HBTE L SR NEIAE B Rl AL o VR R E AR,
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BEAT B 2 B R G A e L ARG, REEAE, JFTRANIC SRR R R I,
UCEIEARAE B R REIFNZE, WAREAT AN gl 4 O ED-S HLAE A Al L ED
EHCE, gt VAR TR O 0y, ARG AN T e, E gl
e R R T 2 — R SR lEE T R EE, e 0 5 — Bk /N B LA
NI, AR AR Sy — O N R N I AL, e R — R A
IR B AL IR 2K [HE B eI oR A 28—y AT A %, 41
AR ENHSEORAFAE 10%RIHR /R S5 ARV, T 2R £ 45 5 000 Iy AT 48 5 1) 1
I, AR E BT B AATIR 2SR50 WA TRURE VAL, 1977 148 5 N ] 5 FRPRA VR0 Wi 88 1 1)
W BRI, FEIONAR R AR VEBAT, 5 22 T S 4R 2K Sh ARV e AN IR
P8, AR RIS A S AT S o g U IR IBOR N (R 8 45 AR RS o, e ] s
%=, AT TR UM AR, T A H TS E AR R4, BRI TR E
(R TTVEFNE RAAEA ST H o

2012 4F 4 [-2013 4F 1 AXHKILE VLB WA R K RES Ay
FEAREAT IR . P BRI e BRI L N (SR, HER A,
MFAG R ), SR SR AR TS A RE AT, AR ORI 2] Imm, 44
ORI 3 0.19.
1.3 HFENIE

N EZEVESRE ARD 2] TRk sk LA (B 54 1988; XilHl
£52006): IRI= (N+W) F, Hrp N i spyh B M R0 B R B0 H 703
W O HE— R E R R R E R F OIS REARRMCR ISR . AR
SCKE IR BB R T 100 FR 2 7 3R o

LK SRR TR W=al®, T W AR (@), L 4K (em) (Ricker
1973). Z% a fl b ML @I 5 R TR log"=log*+blog", 7 95%I1) & f
DX )9 B A A KRR 1) log-log %) 4 B — e A 1A AN HE B 3 {EL ( Froese 2006) o
Horp b=3 ARSI AK, b3 AR FHAEK (b>3 BB K, b<3 REHRAK)
(Morey et al 2003; Mbarua et al 2010). HTHil2#MFHE, BHAT 10 B
WeEbr, AT
2 ERSSh
2.1 BIRMLERK
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2011 4 5-7 AR 10 A/E KITHE FITBOURAEMIE 62 B, g T 4 H 10 1 40
J&. #IJEH (Cypriniformes) &%, &AM 74.2%, ot 3k} 32 )& 46 Fp, Jrp
1R} (Cyprinidae) &y 34 Fh, #F} (Cobitidae) 9 F', P& F} (Homalopteridae) 3
e HOCHEETEH - (Siluriformes), (5 EU1) 19.4%, Lot 4 B 6 J8 12 Fiy, Horpb i
%} (Bagridae) %, 46 Fl. /L H (Perciformes) 2 £} 3 Ff, 43l Ay BEf. B
TREVR RS, SFEH (Clupeiformes) {URHL 1 RF 1 Fr, ARWEH#f (R 2-D.
KAEF 62 Fta b 19 FiOIVL Bk A 02K, 20l 3 TR} Cultrinae, i
R} Gobioninae. fif iV %} Cyprininae. %4 W%l Schizothoracinae . #k fiz W %}
Gobiobotinae. 7 fiz IV #} Labeoninae. ~F-#&fi# 7.} Homalopterinae . ¥l IV. £} Botiinoe.
A Noemacheilinae . 7E A X £ 4TS 56 ity sk R 2] )40 B A Bl R I

W2 2-1,

*2-1 HRILBU R 5
Table 2-1 The list of fish species in the Yibin reach of the Yangtze River

Fhi2s Species

A4y Years

1994 i

1997-1999

2000

2000-2005

2011

i 7% H Acipenseriformes
55} Acipenseridae
FrAEfS Acipenser sinensis Gray
ik K5 Acipenser dabryanus Duméil
eyt Al Polyodontidae
[ #53 Psephurus gladius (Martens)
figfifi F Anguillformes
A} Anguillidae
fis2fif§ Anguilla japvnica Temminck et Schlegel
i 2 H Cypriniformes
i g%l Catostomidae
il Jl5 £5. Myxocyprinus asiaticus (Bleeker)
fif#} Cyprinidae
47} WA} Danioninae
i g Zacco platypus (Temminck et Schlegel)
I [14# Opsariichthys bidens GUnther
fift P £} Barbinae
Fp A6 Spinibarbus sinensis (Bleeker)
* fifififl Percocypris pingi pingi
26 /E £ Acrossocheilus yunnanensis (Regan)
H H £t Onychostoma sima (Sauvage et Dabry)
U )1] 4 F 1 Onychostoma angustistomata (Fang)
4 4n Tor (Folifer) brevifilis (Peters)
fif1 WA Cultrinae
¢ i fif) Culter mongolicus (Basilewsky)
FHMEAM Culter alburnus Basilewsky
2R3k Culter oxycephalus Bleeker
15 KA Culter dabryi Bleeker

ULk EA Culter oxycephaloides Kreyenberg et Pappenheim

21 #& J5UA Cultrichthys erythropterus (Basilewsky)

s 2 I 21 1] Ancherythroculer nigrocauda Yih et Woo

+ 4

+4++

+ 4+
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% Species

4y VYears

1994 i

1997-1999

2000

2000-2005

2011

S AT Z1 411 Ancherythroculter kurematsui (Kimura)
Y 7 FCUT 2] Ancherythroculter wangi (Tchang)
fily Parabramis pekinensis (Basilewsky)
* JE- A Megalobrama pellegrini (Tchang)
K47 Megalobrama elongata Huang et Zhang
i Pseudolaubuca sinensis Bleeker
5914 Pseudolaubuca engraulis (Nichols)
Y VU )1 4Efi Sinibrama changi Chang
I %& Hemiculter bleekeri Warpachowski
Hemiculter leucisclus (Basilewaky)
* ik % Hemiculter nigromarginis Fang
fif) WA} Gobioninae
FE1t o Abbotina rivularis (Basilewsky)
S Bl FEAE £ Abbotina obtusirostris Wu et Wang
RN M Gnathopogon imberbis (Sauvage et Dabry)
S 115 JE ) Platysmacheilus nudiventris Lo, Yao et Chen
K-l fif) Saurogobio dumerili Bleeker
I Saurogobio dabryi Bleeker
Bt Belligobio nummifer (Boulenger)
41 Coreius heterodon (Bleeker)
s [ 14 1 Coreius guichenoti (Sauvage et Dabry)
* KA fif] Rhinogobio ventralis (Sauvage et Dabry)
) fif) Rhinogobio typus Bleeker
S 5] {4 i) Rhinogobio cylindricus GUnther
SR 1l /MEi#) Microphysogobio kiatingensis (Wu)
FGURR Squalidus wolterstorffi (Regan)
H34i#) Squalidus argentatus (Sauvage et Dabry)
JEfif{Hemibarbus labeo (Pallas)
1Efi Hemibarbus maculatus Bleeker
F2fdi4n Pseudorasbora parva (Temminck et Schlegel)
M Sarcocheilichthys nigripinnis (Ginther)
i 3 7} Cyprininae
fifl Carassius auratus (Linnaeus)
fif Cyprinus carpio Linnaeus
Y 2+ J5U i Procypris rabaudi (Tchang)
i ¥ %} Hypophthalmichthyinae
fit Hypophthalmichthys molitrix (Cuvier et Valenciennes)
fiff Aristichthys nobilis (Richardson)
45 1V 72} Acheilognathinae
i %45 Rhodeus ocellatus (Kner)
Ik J5 £i7 Acheilognathus omeiensis (Shih et Tchang)
Z4J15 8 WA} Schizothoracinae
* 55 A %4fi 1 Schizothorax prenanti (Tchang)
K 554 41 Schizothorax chongi (Fang)
%484 Schizothorax davidi (Sauvage)
fifk fi 7. F} Gobiobotinae
‘H B it it Gobiobotia filifer (Garman)
* R A Xenophysogobio boulengeri Tchang
S B ST £ Xenophysogobio nudicorpa Huang et Zhang
% Ji 5 if fi: Gobiobotia abbreviata Fang et Wang
L 4R} Leuciscinae
1 Mylopharyngodon piceus (Richardson)
#i44 Clenopharyngodon idellus (Cuvler et Valenciennes)
fif% Elopichthys bambusa (Richardson)
filf 7} Xenocyprinae
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% Species

4y VYears

1994 i

1997-1999

2000

2000-2005

2011

L4 Xenocypris argenten Gunther
VU )14 Xenocypris sechuaneusis Tchang
% Z il Xenocypris yunnanensis Nichols
B 521l Xenocypris fangi Tchang
[ Distoechodon tumirostris Peter
5 24 Xenocyprisdavidi Bleeker
Y75 W7 A} Labeoninae
* 1E65; Sinilabeo rendahli (Kimura)
JR7K A Semilabeo prochilus (Sauvage et Dabry)
2300 Garra pingi (Tchang)
g i F Homalopteridae
SEFF R Homalopterinae
Y i B 4z ¥V Jinshaia abbreviata (Ginther)
4y Jinshaia sinensis (Sauvage et Dabry)
AL Lepturichthys fimbriata (GUnther)
fifk B} Cobitidae
1e 8%} Cobitinae
Yeftk Misgurnus anguillicaudatus (Cantor)
WA} Botiinoe
TH# Leptobotia pellegrini Fang
Y K # it Leptobotia elongate (Bleeker)
Y 21 JE i fift Leptobotia rubrilabris (Dabry)
Y /MR R Leptobotia microphthalrna Fu et Ye
S5 Leptobotia taeniops (Sauvage)
* 5V Botia reevesae Chang
rh b6 Sinibotia superciliaris Ginther
1eBLE] Vi Parabotia fasciata Dabry
2% t# %+ Noemacheilinae
41 R4 Paracobitis variegatus (Sauvage et Dabry)
Y fH AR 6 Paracobitis potanini (GUnther)
DUEG &7 J5UH Triplophysa bleekeri (Sauvage et Dabry)
fifi 1% H Perciformes
fis Bl Serranidae
BEHY Siniperca scherzeri Steindachner
#j Siniperca chuatsi (Basilewsky)
KHR#K Siniperca kenrii (Garman)
Y%} Eleotridae
i) Hypseleotris swinhonis (Herre)
fig 1%} Gobiidae
T-BEWERFE 4 Ctenogobius giurinus (Rutter)
fil 7% H Siluriformes
2%} Bagridae
T il Pelteobagrus fulvidraco (Richardson)
Y6 E i Pelteobagrus nitidus (Sauvage et Dabry)
LK TEFifh Pseudobagrus vachelli (Richardson)
K igfi# Mystus macropterus (Bleeker)
KWfifi Leiocassis longirostris Ginther
HUE A Leiocassis crassilabris GUnther
X Jfifi Leiocassi tenuifurcatus Nichols
[ 2 #Ul# Pseudobagrus emarginatus (Regan)
Yl Pseudobagrus truncatus (Regan)
A S Pseudobagrus pratti (GUnther)
19548 Pseudobagrus ussuriensis (Dybowski)
i} Siluridae
5 J7 il Silurus meridionalis Chen
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7AN
FiJs Species e Years
1994 Hif 1997-1999 2000 2000-2005 2011
fif Silurus asotus Linnaeus + + + + +
HHFfifi %l Clarias
-7 Clarias fuscus +
i SLfifi R} Amblycipitidae
148 Liobagrus marginatus (Bleeker) + + + +
1 R fill_iobagrus nigricauda Regan +
KL Liobagrus marginatoides (Wu) +
fok Bl Sisoridae
FrAELr Bk Glyptothorax sinense (Regan) +
BELEE Glyptothorax fukianensis (Rendahl) + + +
A8 H Synbranchiformes
R4 AL Synbranchidae
i Monopterus albus (Zuiew) + +
g% B Clupeiformes
#ifa %} Salangidae
IIIET LA Neosalanx tangkehkeii + +

e TR KIT R A5 128, % Endemic species to the upper reaches of the Yangtze River
(RPHSBIESH . T HiE 1994; (HJFEE%% 1999; X545 2005; BXFukss 2008)

2.2 FEBIRYFHAE

2011 4 5-7 JIF1 10 HAE KL UL B A 112 i, 31328300t 4119 2,
AT 140.66kg. RAIRMIA S Rt B (G 2-2), VLB B RY) MRk
PR, FOIRTOEI A, i, K, b eib R, RO, A G 6% 9
Bl AR R S T Y 83.05%. R EREA MK YO [ I fr L IR (Kt
Wt S5, o ARV SR B B K 37.65% . 7 HhAT MR v (] 14 £ R Ak e N
EEo il 2 18.44%F1 22.66%, A0 FEZMESREL (IRD 24 2097, & 'B FEVLBCliFe a5k
W) e () 55 T B SR 5
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Table 2-2 Composition of catchs in Yibin reach of the Yangtze River in 2011

A =t id=a HiE BmEl RYE IRI
FLiES Number Percentage Weight(g) Percentage Average body
Species Oof of Weight(%) weight(g)

number(%)

[54 14 £ Coreius guichenoti 873 21.20 35032 24.91 40.13 2097
TCIK 5 @it Pseudobagrus vachelli 495 12.02 12647 8.99 25.55 731
fill Carassius auratus 578 14.03 8643 6.14 14.95 540
K7 ff Leptobotia elongate 130 3.16 13400 9.53 103.08 363
rp AL Sinibotia superciliaris 543 13.18 7168 5.10 13.20 343
rd J7 fifi Silurus meridionalis 316 7.67 9520 6.77 30.13 283
il Coreius heterodon 71 1.72 10135 721 142.75 215
it Hypophthalmichthys molitrix 112 2.72 15720 11.18 140.36 148
fifi Silurus asotus 134 3.25 4523 3.22 33.75 104
K&V Rhinogobio ventralis 36 0.87 4516 3.21 125.44 66
I fif Saurogobio dabryi 93 2.26 964 0.69 10.37 63
fifl Cyprinus carpio 85 2.06 2854 2.03 33.58 47
FeF FFi 4 Pelteobagrus nitidus 51 1.24 1163 0.83 22.80 46
B EV i Gobiobotia filifer 79 1.92 1133 0.81 14.34 41
FHE A other species 523 12.70 13242 9.38
£ Sum 4119 100 140660 100

2.3 BEREFKRIKERLHRK

E 2011 AR VLB R A v, R BRI TR DA, BRI, i, K
VEER . PAEVDER. RN Hf, fE, G55 O PR RVLBL B SR AT T
R RER T (R 2-3). LRI ARy 35.2439.3g, “FIMAK N
139.7437.9mm, RFHAARKIEE Ky 70mm-140mm;  HHE b k1A TR 44K R R 241808,
SR E AT B AR K43 31 04 14.743.3g 1 99.248.5mm, A #4A K Y5 H 90 mm-110mm;
P 7 5SS R R AR K 23 ) 48.19287.3g AT 151.2460.2mm, AL 34k K 1 [
80mm-180mm; il - B AR F I 4444 533l O 251.24163.2g AT 295.9481.8mm, 11t
AN 150mm-220mm;  BEAREAR L IEAEECR, P 530.14698.0g.
SRR 0 2R VA V4R Fh 65.8473.0g, AR 139.7437.9mm, KR
BRI R K53 5] 4 87.34175.69 Al 159.1461.4mm, (3£ 2-3. [ 2-2-2-10)
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# 2-3 KL B SRV B AU 2 R R A AR K 4 R (2011 4F)
Table 2-3 Composition of body length of commercially-important species and endemic species in
Yibin reach of the Yangtze River (2011)

THIES RRNCSIS eSS A RE/ B2 P
species Average body Advantage Number of advantage Advantage body
length (mm) length group(mm) body length group/ total weight(g)
Means=S.D amount (%) Means3S.D
44 Coreius guichenoti 139.7437.9 100-150 82.7 65.8473.0
T # Fifi Pseudobagrus vachelli  107.7435.5 70-140 97.2 35.2439.3
fill Carassius auratus 75.5426.3 40-90 94.64 20.8+18.2
K3 Leptobotia elongate 159.1461.4 110-220 83.5 87.3+175.6
FRAEYLEC Sinibotia superciliaris 99.248.5 90-110 90 14.743.3
7 fifi Silurus meridionalis 151.2460.2 80-180 93.4 48.19487.3
Hilfh Coreius heterodon 295.9481.8 150-220 74.6 251.24163.2
fit Hypophthalmichthys molitrix 255.6#+21.3 100-250 97.3 530.14698.0
fif; Silurus asotus 119.0#21.2 90-150 96.3 26.7+15.3
Kl 2-2 VL BCRL IR B e R AR I o0 A Kl 2-3 L SEVLBUM AR S A1

Fig. 2-2 Composition of body length of

Pseudobagrus vachelli in Yibin reach

=343

0
5
0
X0
20
10
I N
LY 100

o0

I . - .
"o 120

K 2-4 B ST B AR SR AR o A
Fig. 2-4 Composition of body length of

Sinibotia superciliaris in Yibin reach

Fig. 2-3 Composition of body length of

Carassius auratus in Yibin reach
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Fig. 2-5 Composition of body length of

Silurus meridionalis in Yibin reach
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Fig. 2-6 Composition of body length of Fig. 2-7 Composition of body length of
Coreius heterodon in Yibin reach Hypophthalmichthys molitrix in Yibin reach
Kl 2-8 B EEVL B AR AT Kl 2-9 B VLB A PR A O3 Al
Fig. 2.8 Composition of body length of Fig. 2.9 Composition of body length of
Silurus asotus in Yibin reach Coreius guichenoti in Yibin reach
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Fig. 2-10 Composition of body length of

Leptobotia elongate in Yibin reach
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Z M FishBase M4tilai R, L 29 P oSS e KAMA R IS¢ R U 55— IR 5T
K 2-4 I T A A KA KA R R 40 Bl b {HIEH  2.326 (4L
Hafgh> %= 3.815 (Hqefi), HIEIEBIATE (P HIZSALTEE Y 0.848 (FHfa) % 0.996
(FJit). Z27% bAd, 22 Pt g BIRAR (b>3), A KER I R3S, 17
FEMAER (b<3); 1 APoASERAK (b=3).
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¢ 2-4 2011-2013 4F'H VLB 40 A S KA T R R K

(n: FEMAE; aflb W EKEEXRRANSE; SE: WAER; r: FIHELETE; min: F/ME; max: &K

{H; 1 SRR P BURZAEKS N AR
Table. 2-4 Length—weight relationships for the 40 fish species in the Yibin reach of Yangtze River (2011-2013)

(n: sample size, a and b: parameters of length-weight relationships, S.E.: standard error; r?: regression coefficient,

min: minimum, max, maximum, I: isometry; P: positive allometry, N: negative allometry)

EREm ) ARBTRRRMSH s
ES Total Weight(g) Parameters c/n: the L\7VR % ﬁjﬂii
species Length(cm) A rowt

Min-max Min-max n log* b S.E.(b) r ype
* % Liobagrus marginatus 9.7-13.1 7.8-16.6 14 -1.55 2483  0.072  0.990 N
*BL i Siniperca scherzeri 5-16.3 2-55.9 24 -1.693 2790 0.090  0.978 N
FE1t. 4 Abbottina rivularis 5.9-9.7 1.6-13 21 -2.717 3815 0.162 0.967 P
* ¥4 i flkRhodeus lighti 5.2-7 1.7-4.9 12 2027 3180 0255  0.940 P
% Hemiculter leucisculus 9.6-13.9 5.6-17.1 1 -1.822 2565 0202  0.951 N
*KfigWyfiiRhinogobio ventralis 8.7-28.5 6.1-205.7 125  -2.255 3164 0.037  0.988 P
* K i it Leptobotia elongata 7.7-45.5 3.7-877.2 829 -2.186  3.021  0.021 0.969 P
*# J=fifiPseudobagrus crassilabris 4.8-234 2.6-83.8 35 -1.660  2.646  0.093 0.961 N
*5 A E| it Homatula potanini 6.7-11.1 25-12.3 44 2140 3105 0110  0.950 P
*15 2 LU gk Glyptothorax fokiensis 6.9-11.1 3.1-16.3 18 2575 3673 0169  0.967 P
*36 3 5 41 Tachysurus nitidus 5.2-235 1.1-105.2 134 2208 3101 0.060 0971 P
*41 2 | il Homatula variegata 8.2-19.5 3.8-29.7 13 -1.952 2662 0.118 0.979 N
et Hemibarbus maculatus 9.6-25.1 7.4-172.1 27 -2.379  3.289  0.071 0.989 P
i 41 Tachysurus fulvidraco 6.5-12.7 3-25.9 45 2132 3205 0061 0985 P
*7 A l€fgkEuchiloglanis kishinouyei 7.4-10.4 7.4-10.3 20 2016 3 0.132  0.966 I
filiCarassius auratus 5.2-19.1 1-89 722 -1.871 3308 0.051 0.961 P
* 95 i fi Zacco platypus 8-15.5 3.9-50 36 2743 373 0045 0995 P
fill Cyprinus carpio 4.9-355 1.6-701.8 139 -197 3078 0053 0986 P
it Hypophthalmichthys molitrix 41.9-51.2 809.4-2272.3 133 -1651 2792 0197 0913 N
*#LIE S i Platysmacheilus nudiventris ~ 7.2-8.1 3.1-4.4 12 2109 3031 0163 0972 P
F #fn Pseudorasbora parva 7.195 3.2-85 30 2658  3.634 0290  0.849 P
* 5 J5 i Silurus meridionalis 8.3-61.5 5-1408.4 370 2111 2943 0024  0.99 N
filiSilurus asotus 7.7-44.9 3-657.2 167  -2067 2925 0079 0978 N
Iz fifiSaurogobio dabryi 6.9-18.8 1-51.5 163 -2.869 3639 0086  0.964 P
*4fi ff1Coreius heterodon 25.9-37 145.7-422.5 131 -1.784 2816  0.081 0.954 N
* FL B 25 i £ Pseudobagrus vachellii 5-32.3 1.1-245.1 647 -2.083  3.035 0.031 0.984 P
* 25 JR f# Procypris rabaudi 8.9-19.8 5-109.3 11 2273 3268 0261  0.946 P
*| B ki Gobiobotia filifer 9-14.2 5.4-33 215 -2623 3494 0093 0914 P
* 2 ifk i Xenophysogobio boulengeri 8.2-14.1 5.7-27 150  -1.998 2942 0.078  0.906 N
*#fifl Xenocypris argentea 8.4-23 5.3-125.2 22 2369 3267 0.1 0.978 P
5 f1 Pseudolaubuca sinensis 12.6-18 14-39 32 -2.124 293 0.167 0.911 N
*[5| 714 f61Coreius guichenoti 11.2-34.1 13.3-419.2 1032 -2.106 3.075 0.035 098 P
* |5 T Wi Rhinogobio cylindricus 20.9-25.6 65.7-130.7 14 2.092 2969 0248  0.922 N
*o A 4 Vb Jinshaia sinensis 6.3-16.4 2-25 28 -1.865  2.665 0.067  0.984 N
*oh Al Rhodeus sinensis 5-6.7 1.4-43 21 2173 2346 0207 0932 N
*h bt Sinibotia superciliaris 7.9-16.4 4-43.1 908  -1.623 2586 0.037  0.931 N
*h A2y fi gk Glyptothorax sinensis 6.2-9.2 3-7 26 -1405 2326 0.12 0.94 N
* - & Wi ;2 £4. Ctenogobius giurinus 6.1-9.4 2.3-85 22 2085 3136 0.128  0.968 P
* 4R Leptobotia taeniops 11.5-18.2 12.7-48 50 1797 2757 0075  0.966 N
*W)fifiRhinogobio typus 7.2-28 2-159.3 89 -2.28 3.083  0.037 0.988 P

* YO A AR FSC R WTST K /28 The length-weight relationships of species is reported for the first time
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24 FEBRBENEERE
2011 FFAERTL VL BOL R A 112 ik, ANFECE I H B it AN,
Bt AN, U 2.24kg (¥ d)s LU @ B RRIGURIMG, S
1.75kg €Mt €)™ F1 1.30kg ¢/ )™ H E AR ERAR M %, HAH A 0.66kg ¢ d)
(% 2-5).
R 2-5 KU =TT B R B L S Al 785 ) Bl (2011 4F)
Table 2-5 Catch per unit effort (CPUE) in Yibin reach of the Yangtze River in 2011

i 3R s (kg) R (IX) B = (kg (U d)-1)
Gears Weight of catches Boats Catch per unit fishing effort
JLHRIR Drift net 104.06 75 1.39

& B Set gill net 3.50 2 1.75

Hi%% Cage 11.92 18 0.66

/N Crochet 11.21 5 2.24

#ik Bottom trawling 9.67 12 0.83

&t Sum 140.66 112

3 it

3.1 BXREMMREFEELS TR

2011 FESLH AR 62 Fi, L{HPEESELE 1997-1999 4. X3 4AFE 1997-2000
AR B AT 2000-2005 #7455 [ S0 R A 25 R BEA TR LG, 2R kg i,
] e BT A YR A (R I (R VL BER K, SRIUMRE AR SRR IR L, I AN e s Bk
BEVLB A VA LART 5 o S A DG I Sk SCRRITAS R A 1) £ 2 AR 22
TG s SRR AR . B PR EAT 20 2 0F /0 CT I te 1994; Wik
BRI E 1976, Gl ihss 2012). TEMERIK)Z bRz a2k
%, A1 B, NELSEET) 82.26%: ZHARHE R RMEME DR 2RI X, 42
Fi, o 67.74%; WEEIRIE R R A iR £, 33 M, 51.61%; frPEsr
REtERR%, 38, 5 62.90% (K 2-6).
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K 2-6 HIEILBUA R A AR

Table 2-6 Ecological types of fishes in Yibin reach of the Yangtze River

AL Ecological types FREL Numberof — FI4rLE (%)

species Percentages
] W 22K Pelagic fishes 21 17.74%
HiBK/Z Perched water o i 5 Bottom fish 41 82.26%
Niigyray M H
Sk Reproductive ERPEDY Drift sex egg 20 32.26%
characteristics JUREPEER Sink viscous egg 42 67.74%
A W40 25 Riptide type fish 17 30.65%
WIEIE Habitat velocity 2271449 Subcritical flow type fish 33 51.61%
FrK 2028 Static water type fish 3 4.84%
%ﬁo’ﬁ %%ﬂd?_u‘%?é_@%‘é Subcritical flow 9 14.52%
static water mixed fish
W PE£a3S Carnivorous fish 22 33.87%
& Diet 54024 Herbivorous fishes 2 3.23%
JertE#a3% Omnivorous fish 38 62.90%

5535 « B B il S5 AE 1997-2005 AF 3 £ (1) 3R AL AR B R AT 0 L (]
2-11), &R SoRFata, JRZaRY R BT, Hon s, iRk
YRS I PRI RS OB SR e Ry ) B R LG N, R
1.16% I 7% 9.53%, AR 2.25% - TFF 5.1%. JR KA BEH AN T, — i TH
TR E T XU IR, P EURRARIRE > Sy — oy Trh EE
(0282 g B PER B R VR, B RV E I A A PR (¥ SR A AL T R 4
T FF) 0 PR 52 BB A PP E R, SRS N B, ARt A2 A A S L 51 A
BT IWNETEME ST, et Rati 2, AN iR, Hoxd
AIBEIE N AE T, A A AL st Fe g s/, AF L R U BT
s, KA OISR e ek, WAk, SR mpatk. Stk
FE Ny e, AR A IR I SR 5 R A AR, RS H B T2 R
FEGH AT ILBO G, e R AR AR SR R
ST R 1 I BTG I IR ARSI R AR T E SR, T T
TR O A R I £ P K S F Il , A ) K INE K S, Rk B £
R R B A A VLB s R B T B, s Vit 7 BRI 0 AT AE S VDT BE
IR RV R PR A ML 1990, VLI NHET R B it
W IR 32 3 1) ZRE K IS
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S0.00% A

80.00% - W 199720054
i 020114

70.00%
60.00% -

$ & 5000% -
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& 5 4000% ]

1=
ko & 30.00% |

20.00% A
10.00% A

OOO% _ T T T 1
FEGE A4e® FRMENA: gRiax

ecological types

4 2-11 1997-2005 4F 55 2011 4F H VLB AL AR EE
Fig. 2-11 Comparison of 1998-1999 with 2011 about ecological type of catchs in Yibin reach

3.2 MEBEMABRIBHERITN

1200 -
1000 4 W1998-19994F 020114
5
fg.o; 200 -
=z
S 600
a5
2 400 |
H—.g 400
<
200 A
0 __-_| : n o — . : -:
B oA HE REEEHE = 3 &
g
Fish species

P 2-12 ‘FTETIE: 1998-1999. 2011 A3l it gAY h ¥ 73 LB b -F- By AR F0S B
71::1998-1999 4F 4 >k H {H 1 [H14%(1999)
Fig. 2-12 Comparison of 1998-1999 with 2011 about middle weight of dominant species of catches of

drift net in Yibin reach

F8 43 A R 19 = 2R A G IR KRS AEAS R A rh SN R R ol
G VA f A fR . WA AP (A E 15 1998-1999 AE VI i A IR 45 AR L, 43 vk
/b1 19.29. 8.79. A1 329, ARG 7 (KR N RN BEE, 0l TR T 96.9%
F195.5% (5] 2-12), BRHUAK 1) AT R 5 5 70 A U A AR ME DL o VT B fl
)25 B P B (1.39kg/f ) KT 2000-2005 4F 3 il (4 f-F- 25 Bt P (2.245kg/
fil ), NFRIAF] 38%. KILH VLR EEHSRYIN GRS AR /N K i = PR S
KA PR T B A4 2005; 54146 20100 AW &, R
B VLB B I R i
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4 NG

1. 2011 FFH VLB A M 62 M, fEMIEUKEFPRPIREMRRE, 3
AT 82.26%; BHHAFIE R PR PE TR ORI K 2 T 67.74%:; R 4
RNt Kin % 1y 51.61%: BT/ RTIRETEAIKIRZ L 62.90%.

2. LI BORAALL, KRR, RE A Wom AL SR A R N £
B RIUN Bt Hn SNE K, R T S e N S 00 A 1 ROK 8 F i,
Wl AR, RUHED, [ FEE KIS, BB R e B
[~ B

3. fEH LB AU NG T, Hoi NRRBCh I, PIklE Py s
ORMIEAT AL, B SV B i vl e 5 H I R fr a3
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F=ZE HEIBKEHR|ES

K fifl (Leptobotia elongata) R J& T-JE H (Cypriniformes). fif{F} (Cobitidae).
YO RL (Botiinoe). TEffE (Leptobotia), fA4AE6. 66, fEBEAR. fEfh. K
FCT it 1994; WA KA APk o i 2B 0T 90 = 1976 SRIMER AN H 3y 1998)
NRJZIRAPEE L, ENE TR, R KR L, B KRS 2] 3kg.
SR iR a2k, FENAAT WL KL R AL S0m (fEftfh 2012;
PNRAREE 20100, HATBRIGFANEFN S RO SOME, 2B 24T 1 28 = i
AT A K2 ESRATFE 2 B KWe YRR 72 R ME AR )R T 1998 4TI
I EBSEE LN, Hfadon eI AEREEYIE N, WASRIT ORI
i, b O WS PR CRIMBLANYR B 1998), [FII & g Ry Pk, i
Rt T AN AR ROEA . KRDK I TR & B S 2 M % R KE
5 FR 7 O S AN B R B BB, ST BE U R PR ™, 2000 F2
BUBREE P B IA 2 10t idy, SR JLAERABRE ™ AV 26-3t (Bomulss 2008).

B RSV AR AREZ — (BRAFR 1995), R ARSI AL 8 b
HBRG LIRS LEERE CEWI 1996), MRS R MARAE RN E
TNERZ— EDRFIEAET 20000, 5% G A2 AT TTRRS il i 0 28 2 K i
N, T AR AT AT SR BRI DGR LU HCR AR (BRKHI 1997). 7ETF
VT, AN EE N i S MR E A RGP R D RENTAT , S O i
Rl HE & AEAREATHFST (Wootton 1990; Amundsen et al 1996; Duarte and Garcia
1999), M TREVE T R BIF I AL VR 7K T7 15T A B8 78 e A e /K AR S R GE IR Dy BE AN 3
A, B SO Z AR RS AR AT PR ORI [ A 2 0 T R B A s
(I 7 D HARARER L, AN L MEAE 1999 ST B BT B K 6k (1 & W 4 iR 1)
R BEAR K AR REAT T L T IRk3E, HEoRT TR S8 S 0 ik b i AR
A — S8R TR R A T A, AR AR SR AE 2000 FEA MRS B S0
WTidont e . B ARV T B E AR ) B A AT T CREESE 20000, T4
YL R UL B KM K i TR R it e, AR A T &ML, A Rgh—L
TRHE DI A b2 R AR TR Gl FEA S0 s 1992), K i) 4
H AR W REBE 2 R AR — e AR AL, AT BN HREAT B — 5

AR, FRE RN B Z NI TP K A S RGP A a8 IR R &R
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CFFAORANRR TR EER . EIRPPOKBEYIM AR, . SEMGSE (2007); 7%
FEZE (2012); BE WA (2012); Fry (1988); reenwood %% (2001); Post (2002);
Gidoa 45 (2006); Pasquaud %% (2007); Steven %% (2009); Blanco-Parra %5 (2012).
I TS A R A e AR AT WA E R 22 ik . B [ 3%, — R AS € )
frd (38C) FHATRWAARMEYRIE, FAERME PN EEAT R
HREFRGMATE (Gu et al 1996; Vander Zanden et al 1997; Pinnegar and Polunin
2000; Macio et al 2007; Joel etal 2012). (TS [F] S VR 182 e P R 25 4L A
), BRIE, R AR 2R A R AR S YRIEAE], A R R AN AR )RR E
PR A7 R A AR AR (BRZE 2005),

g8 ' &) o3 M BE s EOULH B NI 2l HOIRIN S B I 00, (HABGEVEA S TAE
HROK, HAES AR & IS (Beaudoin et al 1999); 3 75 i i AL I € 1R
ML TE R BB, ARG AN RE A TN AER 1) S WA R T AL . )=
B ERRG R AR HOCR (Hobson et al 1994; Deb 1997), AifiBRi%
J7VEAR B Py R i 22 A i ik v AL SRS IE. (Hamano et al 1996; Kling et al 1992;
Yoshioka et al 1994) , X it Sk, TAERMK. SEGEMLIL, R,
R E R AT DU et RS A i e, F HEESRIREAR =R, ik
/NT TAEE (Beaudoin etal 1999) o HMRGIEMERI K. BASE RO = A 87 5+
WHRRARZ, FERNFRAERMENIEES. T hER. BB &k aYk
PEIARTE (Stoner and Zimmerman 1988; Polis and Strong 1996) . KA & i i 1448
BV NTEIRR . SRR [F 38 S5 AAT 4 5 0 e ) ik A= A AT 9

A w R ARG E S Ak . BUAEE [ A7 BRI T KR ) 4
L 10 B o S A B2 R £ B o B BE AR IR E R AR A 1 B WFSE I H A =
A5, 5RO TS A A R PR AR R Bk, S — i bt 2P
WFFATL L ST B B W 6 ) S 3 A8 A A ettt s e Je O QUSRI N T
. SRTETBCRAR L BTR S
1 WS A%
1.1 BaiFmit & R

2012 4% 4 1 30 H-5 H 10 HAERKITH ST BUAT R AR RAE (18] 3-1) . Kifi
BCRFERT 5 H 1 H-5 H 2 H, J77%2% Bromley 55 (1997) HyfiiE, Ml f
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PIA, BE AT T SRR, B 3 /NERAE—IK, BRIK 2 M, B Il )
“h 20min-30min, SEFERE £ 06:30. 09:30. 12:30. 15:30. 18:30. 21:30. 00:30.
03:300 oA G ¥ £ i WL VR ) AT R A B0, Sl A7 0 B oot s,
BERR 3 /NN v R A SR AT VR SO s R AT O B R R AT A 3R 3
(R TS B 3 /N T 308 281 A0 (RSO ) o5 o T AT TR AR A e A A R e e 5 v B 0
AR K, ESERAY s, 2K KRR 1mm, FERE#H 0.1g.
XA R T DU (1 Ak A A PR IR U8 558 I e 8 8 s ST BIVEAT A, 9 M v i FH 4 114
JERZF b, Fiil i, AREHIBNEET 10%48 /K AR K 50mI P Ji 250
Brh, W VA IAREE, gt o O+ E S o A R B O A AT
B, B eI Rl s 5 I R AR 2R SR R o B (R A el s
FATHE B EYREE . HERERKMEEE M 413 4>, ARKSEH ) 66 mm-395mm,
I #h 29.1%.

T T
B N 104" 35' W 1047 50" W 105° 05’ W

- 28" 44' N

- 28° 39' N

LE=

W EEER SRS
s FHEHE :

5 10km
3-1 KIVLH FEILBCRFEE
AHEILEAER, P RERATE; B KIL R Mk 2R E XY AR IR X AE K
pARS R R OE VAN

Fig. 3-1 Sampling area in Yibin reach of Yangtze River

A, The Yibin reach of Yangtze River, the shaded area denotes the approximate location where the
samples were collected. B, National Nature Reserve for rare and endemic fish

1.2 REMEMRFmITERAIE

FF A2 [FIAE 28 o W (A AR /N FRTR A Sl 86 F 2012 45 4 H 30 H-5 H
10 H (52, MR EWRFER R 4 H 23 H-25 H, RFEH AN H %
TLBG e 3-1. AR S 68 AN CHERHARE &, MAICYEE D 74mm-345mm. [ 4k
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2 DR, ZEM T S e s 15 B ULIA (6 873C 5 B4 (Fry 1977; Malseed
2004; Carabel et al 2006). [k, HIT-H & 9053 B (10K A 2 LR AL AR 4 2
FEbs AU B E . SRV AN (BRI, B I LR, AR AT
T 5ml MO T, WG EEA SRR, NS 2% )5S0k CT R e
1994; PELHMF 1999), KM Reik W b/ PSR, @R F
FeAn el PEERRL. Rl PRI 47-125mm). FIFESE (i 2 Sk i B R i
KRR 31-46mm, HFD. R, PAASIY (S, BRA NI (POM: A4
Y. KRG EZE, AHWEE . TSEATSD. KAERBRY M GFEH . 5 H . &
HH . BRIBCED . SR CEHESIY GEBIRFIKIESD . AHLIEESE 8 AN, /My
URAAERIR G, REATIUIAALEE, /A dsk2iR (SPBMEAE 2007); R L hishie,
K HHUFER (Bunn et al 1995), /N R AT 4 10358 43 FPDRS B el 1) BY ) BY e I
TRAZAE SMI B LA, W EARN ARZE, TRONHETAE . POM [RIRFE S A B i
e TP 25877 3 A X R AL 64um D) 7E R JZ 0.5m A oo "I 22158 35 5 5-10min
(FAR% 2010, AR K IE 2 S, FTIFIRTT, KeeEm BN 50ml (1 5k
KRR, W FARSE, AR G SR R, (R SR AR POM BLS e FI 24
A (500°C, Hhapkrrhin#o KBS 4EDERE (Whatman GF/C) |, JEB I
TAEZE, Wi EARZIAMETH T, POM 23 5EREC=AN 8, IKZREY A 0.5m,
REEREFER-Wih -, 238 KITR A (N: 28°47.295°, E: 104°57.033°). HiH]
(N: 28°47.309°, E: 104°57.5027). Jbji# (N: 28°47.451°, E: 104°56.6997), &4
ORI 8 AMFES, o s AN TARE I FE 48T, 3 AT POM A %€ .
KA B By s R T4 I AR VK X SREA AT DG B HE S R FH AT A R e 28 3R,
FKAE B de )y SRR T AT HE S At [l I S8 5 )5, 40 38 AT 25 TR K (K 5 R I
24 /NEE, HEH S, SR S R B A AR B 20 A T, TRONBATAR . Bk
AYHTRE, WG S E 5, BAEZEMRKY 24h R &), Zmishog, 1k
AT RO, TRONIETAE o 68 T [ R BN AN AL AN B [ A7 3R 2 BT 1
A LB EANFE S S AR — AR =R (Karl et al 2002), R AT A A [F]
KK RRA A RNTCH HESI R ARSI ) % A58 — e . AN (E
PN AR S AR R Ve SR RS, &R (4L42 1.5mm) %
BEARY, RET THIR IR IGE, B BRIWRL. s, RN
PNATAR B B, BT A AT A e T4 . 60°C R i 48h
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RIETE, AR5 BRI SRR, TN TR 1 T as T OR A7, 15 R
e .
13 BEMah

T SO (A A S A [ S0 S S AT AR, U A, R uEAR
W2 RIKSy, BHEJT 93 2 — R EARI Y R L br it . 285 F WU A
H BB BB T BT AR, Rl SRR SIS R
TS T e (1994). B4 REE (1996). MREHiZE (1998). SRIMELZE (2000).
SR EFIBREINL (2010) (530047, BRIV A I AN 58 BE I AR AR Wi 4 JLRE BT S
RAIEEAT %08, s %€ SR KM yc. SE)amey, XS 0.0001g (1 H
TRV I RR LT b o ST A A I R 2 RO SO R (R R IR R G
3C2005) FEATHT . FEE SN, HA RS AR R
1.4 ELZESH

FITATRE b 0B« VR A (R 7 3% Ll A s B oy [ MRl B 22 B B e TR 7 3% L
HTIG S S W E . T A A Flash EAL112 HT JGE 441 Y DELTA V
Advantage [FJf7 2 b % 5t 1143 . 51°C F1 5N FrIFRHE S 7] 4 PDB(Pee Dee Belnite)
I Nzo By B RO I LR R IR A -

R= [(X wat/X 15)-1]1000(%o)

b, RACKE 8°C 5 8N, X {0 °C/™C ok N/MN. §7°C K i AT Rs I 40
+0.1%0; 8N FE MRS 21 0£0.2%0. 8°C LB 1 28 & &WRIRIN 4T, 5
TOIREAT LA, I S8 1 81°C FARIELIN 1%0 (0.8+1.1%0), — il LLZE AT
(Deniro and Epstein 1978), 3N )& HE 214 3.4%0 (Minagawa and Wada 1984).
1.5 BE2MELE

JEFF UM CF ORI & 71 23 B CWO AR D4 PO P R 22 ) 45 bn (Hyslop 19800
AR

HISRE (F) =R DR AR H BB &) 1 B 1A %<100

O E AL (WD =3RRI AR 1 = A DR AR 1) 5 R <100

Cortés (1997) FaH, BP0 IR 25 e £ 215 B o B 10 AR A0 A2 AN HE Ay
Ko DRI A SR 25 15 30 R 4R 20PN AN T b 2B AT R T 5% £ 5 82 1) AR A A
AKX IR
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75 18 =27 18 U 5 H <100

TR 18 =[P 1] 5 o i /£ 444401 ] <100

X LR 141 S o H B AN AR AR AT AR A, RN P 2 TR e A
<Pt (Deetal 1982; A4 2005).

BT TR ) ) A P B A R AR AR I, e BT WSO R o A AR 1 KN B
20mm A lEIRE, K HKI A 8 AMAKE, 4352 70mm-89mm, 90mm-109mm,
110mm-129mm, 130mm-149mm, 150mm-169mm, 170mm-189mm, 190mm-209mm
A 210mm-229mm . SRR £r o B RS A AT SR UL 3 /N o TR, —
BTN 8 ANIRIBL, 7l RILH TR B 2 B 2. AR ), b
7 (Schafer et al 2002).

AEHH] PRIMER V5 HEAT SR 70 Hr, DAWEFEA AR IS A T ] ) 20 1 i) AR B
P, H¥8 %L Bray-Curtis #L1HE &% (Clarke and Warwick 2001). {/34& i H
Kruskal-Wallis JEZE0fk U0/ o BT A5 KA I Ml PR 5L (1e) R 6
AR AR (Zar 1984). R a5 B w22, AEREWFREE TN
TRIEBEATRI S . Williams 25 (2001) A4 A5 B & o FE F & 2l i & lE I
A AR AESEOR S, MRS s A A % 2 B2 S AR IE A A .
JIT 5 GE R 56 spss 16.0 B A HAT
1.6 RMIRIIELE

J% ] Bonferroni post hoc Fx %6 2 DA% AN [F] 44K 2H K it 1 A2 1 (R A62 25 (B 2 [
725 . HAH IsoSource H A S HUGE AE DR Er o KB (1 ok W25 1k 7P O
0.05, 24 P {ii/h]<0.05 I, ZEfmieiw =, HNZERAE. H] Pearsons AH5¢ 5 £
SE 87°C FI SN [FAHICHE . T ZETT 40T spss 16.0 #AFHRAT -

2 BER5SH
2.1 B4R

(=R P TR NESE S TS ST 1/ R B AN M &N NI e N @ Ay kAL 1
O R HESH YRR A= EL Ay s 4 4 P e )28 me b 3 e Pk R 3B A
SR o, MRAYA (POMD. BRI R AT G K By L E ) ), PIAD
3BT IT R s B 85 RS R R ARBL .

211 BRI IhEE
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L4 B S o M R B oR 2012 AR TR E FRTLBCK iR L 2 e e,
FeIs CEFEFNEGURE) . TR TCEMESIY . KZE BRGNS 4 Fh Wi 2int, BB
BAKZY) . U ERIE LR S 3 MR (R 3-1).

IRE R o, MR R EYRRE, HER Tl 44.54%, Hik2
5658 (38.31%), RJGMICEIRNITGAHES Y (8.52%) FI/KA: B dighdt (7.98%),
TN SRR R o LU AT 1%. e SRrh, VDB R f L,
HERF N 30.90%, HUCHHTERL (5.85%), A% WA ABLL 5%.
e, BRI, HERE TN 356.36%, HUCHHIFE (2.95%) (R
3-1.

IR, B SRR, SRR L $] 100%, T EE
THAMABN R, R E R A O 0.071%. AR5 KK K A Bl i

(67.33%). F7EJ (45.68%). 2 (36.65%) FIEMILEHESY) (30.69%), K

PRE )RR S B L 10% . AET7 I AR R, I IR A0 1 L BB S A v
(100%), M HEF {70 (0.03%) ENEAK, FRESE HI TR A A A4 a1
VRS A LKA B B g o, VR H IR S, ISR 58.42% .
F 5 2 rp B e e 0 R R 2K (32.97% )5 i 2 vt B A AR b R
(17.82%), HUCZMTFRF (8.91%). R, VAL FI ) WAL 5E Er PSSR H 3
PR S e AT R A LA N, %R T TR DG A ME S A Hh 7K S 1 H LA
i, IR 27.72% (3 3-1),
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®3-1 KB4l (2012 SEAF5)

Table 3-1 Diet composition of Leptobotia elongata indicated

(EEEREIES H R ER 5
Prey items F% W%
4135 Fish 36.65 44,54
{17 F} Gobioninae 8.91 5.85
YHH I A} Botiinae 17.82 30.90
PSSRV FF Homalopterinae 0.99 0.35
fili &} Siluridae 0.99 1.08
fifpe Rt Gobiidae 1.98 1.93
ANTT %5 52 £ 28 Unidentified fish 17.82 4.42

F 58 Crustaceans 45.68 38.31
FHEFZE Gammaridae 23.76 2.95
F2% Shrimp 32.97 35.36
B4£3h%) Mollusca 5.94 0.60
&2 Bivalves 5.94 0.60
JEM B MESIY) Benthic invertebrates 30.69 8.52
7K %2 Hirudinea 27.72 7.76
% F2K Oligochaeta 2.97 0.75

% %K Polychaeta 0.99 0.02
KA B & Aquatic insects larvae 67.33 7.98

I 42 H Odonata 7.92 3.70
77 H Ephemeroptera 58.42 1.85
E# H Trichoptera 6.93 2.13
FEISCR} Chironomidae 9.90 0.02
8%l Corydalidae 1.98 0.0003
An] %5 K AR B L4l He Unidentified aquatic insects 5.94 0.28
iR 44 Pelagic organism 100.00 0.071
I EhY) Zooplankton 66.67 0.041
JR A= 5)1#) Protozoa 33.33 0.002
% 1 Rotifer 25.40 0.002
1 125 Cladocera 14.29 0.004
#é £ 2 Copepoda 33.33 0.033
T Phytoplankton 100.00 0.03
fk#%1] Bacillariophyta 95.24 0.006
¥ Euglenophyta 44.44 0.018
£k Chlorophyta 92.06 0.0008
FH341] Pyrrophyta 15.87 0.0004
W5 ] Cyanophyta 38.10 0.0002
K231 Cryptophyta 26.98 0.0002
BEYIRENE Phytodetritus 6.93 0.034

212 BREMRMESTEIER
KB BURR S T IR 3 4o BT AR S 2 68 AN THEIREE i, AR KT
74mm-345mm , Kk FAZ ALY H O 7.69-484.3g, IR K A E R IR B R
(W=0.000016L>%°, n=68, R°=0.99, [&] 3-2). H: §°C 221kl I 4 -22.47%0—-20.08%o.
SR H-21.0120.59%00 8N [IAEALIELE Ay 7.81%0-10.90%0, T34 9.800.75%0
S AR A B LR O B AT A B S5, A K A (3875 75 8 A1)
R R AR Z2 A TE RN, B WIA SR B T KR 1 = 2R A (K]
3-3). HHZRFNURZIY §1°C BBl K M A BAR e R 3R A, 490108 -21.080.68%0 A1
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T L BT B B0 R A 2 C M SR
-20.57+0.02%0, VKK POM (-21.73+0.39%0), HLAWEAEII ISR 61°C SK#
BkIF) 5°C AHZEIIHBRL 1%0. 5 MREFRAAZ I 8N Bl KR Y 5N, POM
) 51N SR TR 8'°N. A HUREJE 1 8°C Rl 8N Kt 8°C Fit 8N 22
E¥ R K (R 3-2).

Xt POM iRl b s 4 R on, RS (RESET]. #REET]. 2R
IIs BREENTS WEVET T HORETVSEVRITEEZO. VRIS (EAESM. el Rk,
ERETHIEBIYD . Wid 1soSource FR AT AT LA A GRS 7E (- WSS IR AR NS DTk
(£ 3-3). POM f Ky kB ) ok st 1) DT iR e dpe K, AR XS Tk 23 14 ~F B4 4H Ay
49.143.7%, FHLUCHERIE (21.4410.9%) Ffh2E (14.3210.7%), WA sTRkR 1734
A g R EoR, KR £ 20 =R Gt PRI IK O POM. BRI, I
A BB STER AT S E I AT B I 5%, IRl LAE R IR SRt Hir
WA IV AT DTRRFEAS S — AN IR, DA R] 0 S (R A S5 o ok 28 0 A7 7
—ATEE, A TEE K AEE, POM ITTEMK R B R, H IR 25,
EATTTIR R AR AT K N 34%-58% 0-529%11 0-46%. K147 HLAYE g AH X 5Tk
I, EX BN A

%% 3-2 2012 4EFR AR S A DR B Y §1°C R PN {8
Table 3-2 Values of §*C and 8"°N of potential prey items and Leptobotia elongata

5°C(%o) 5N (%o)
Iltems Number Mean S.D. Mean S.D.
K- 6fl Leptobotia elongata 68 -21.01 0.59 9.80 0.75
1} Shrimp 3 -20.57 0.02 8.98 0.03
WUk 1) POM 15 -21.73 0.39 4.48 0.58
12 Fish 21 -21.08 0.65 9.08 0.52
JEMTGA MESNY) Benthic invertebrates 16 -23.71 0.64 7.33 0.58
HAKBHY) Mollusca 3 -23.56 0.08 9.14 0.07
JKAE R di 4l B Aquatic insect larvae 9 -24.29 0.26 6.80 0.42
RS Gammarus 4 -25.26 0.36 6.12 0.12
WS Organic detritus 5 -27.28 0.64 0.75 0.58
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Fig. 3-2 Length-weight relationship of Leptobotia elongata

% 3-3 KR I/ Lo BEI RIS 5Ek 2

Table 3-3 The ratio of contribution of the potential food items in Leptobotia elongata

TTHERE The ratio of contribution

LR LEES . . .
. SERIE (%) FrifEZE I/ ME (%) I KA (%)
Food items mean S.D. min max
I Shrimp 21.4 10.9 0 52
WKL HLA POM 49.1 3.7 34 58
£ 2% Fish 14.3 10.7 0 46
JERI TS A HESN Y Benthic invertebrates 3.9 4 0 22
WARSN ) Mollusca 3.4 3.6 0 20
KA B HL4) L Aquatic insect larvae 33 34 0 18
BRI Gammarus 2.5 2.7 0 16
HHLIEE RS Organic detritus 2.1 2.4 0 12
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10

Molll.Lilsca Fish
iShrimp
Benthic invertebrates o
- O
Aquatic insect Iarvae}—? { 80 C@%

6 Gammarus Qg %)(&5
z ° &%
2 (6]
O

Vo) © o+

4 1 POM

2 =

0 organic detritus

-28 -26 -24 -22 -20
5 "*C %o

Kl 3-3 2012 FFEFRZ KRN IL T E AE TR E AR 8°C A1 8N (B (4 SE Bl AR R {E 1]
BHEDIRME;  HE s R AR AR A A2 1E S5 (1) R 3D
Fig. 3-3 Stable isotope ratios (5C and 5'°N) of the dominant potential food items (solid circles, mean +

SD) and Leptobotia elongata (open circles, §**C and 8*°N values of individuals) from the Yibin reach in

spring 2012.
2.2 BEBEMEYHEMRBEKETHL
221 REBEMHESITER

H T4 888 2 043 M (0 A B AR 4 8 8 MR (70mm-89mm,
90mm-109mm, 110mm-129mm, 130mm-149mm, 150mm-169mm, 170mm-189mm,
190mm-209mm A1 210mm-229mm). T 7EAFZ= 1 FE VL BUBOR B A7 21 0 2
D, ARBIATHEGE SW AN, Bt KA A KA 229mm.

TEAS FMAR AL IR 2 7], P31 454 (Kruskal-Wallis test, d.f.=6, p<0.01)
A H R (y-test, d.f=6, p<0.001) SR (B 3-4), HEEMKKEL,
TR 1) 72 T3 24 B A A 1 38 o v S22 I I P 340 2 R/ T 120mm B A4
21 (70mm-89mm, 90mm-109mm) Kt i) 2 B A4 % A g 20%, H. 70mm-89mm
MK S R (7.14%) Sl o AR AR, 5 S KK
2124 210mm-229mm, HAEh 44.12%. PRI Fa R0 AR A AL 7 AL 8 MR E,
PR 70mm 2] 169mm, P3G FE A S B A, 78 150mm-169mm 1A K41
KB (1) PSSR BUR BB, MK >169mm K AR B A R 384 I 273
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APl K 2014 J-ERFSE F 0L

VI TE SR BLIN R B KR ZE 70mm-89mm 44K 4L IRt L F 4 i P B A
M 90mm-109mm fAK 21 F] 110mm-129mm A 21 K k7 35 1 i Hi i
B, A 190mm-209mm 44 K20 ]>209mm A KA I, KA T B
Bt hy WY S, DR I A R AR 2 K TR T S W SR ST Ly 3 4L, A iR K
<110mm, PR EORA AR 254U A 110-209mm, PRl HE Sor
ey MK>200mm S =, SPIMISHR B T AR A K M R A
Z 1]

[ Mean+ S. E. stomach fullness index
—&— Percent of empty stomachs

T
5
=)

-[ =
Y 1 I z
@
T 4 m
€ J- E
£ E
g i l 0 EE
g z
k23 T T 34
- Sh
s 1 20 5
2 2 :
@ g
5 T | &
s 1] f10
1 T
——
T T T T T T Ll T 0
70-89 90-109110-129130-149150-169170-189190-209210-229

#i (mm)
Body length (mm)

B 3-4 SRR A SHEBR P T PR BORT 25 B R (RN R AN 70—-89mm 4K 21 3
210—229mm AR A [P FE S MR 28,65,106,69,44,35,32 F1 34)

Fig. 3-4 Mean4S.E. of stomach fullness index and percentage of empty stomachs for each size
class(the number of sample in different size class were 28,65,106,69,44,35,32 and 34, respectively)

HI TR PRI LR RN U IS 1 T 7 4 RIS, BTRA & o —4l, Btk
FTA SRS o A s, IR, WIRE. IRMICHHESIY) . /K AR B 4y d 3L
CEYIEEE AR I ED AN . % S E R H 4 (Wo%),
Kk 1 A R B A KA A R T 2L 225 (K 3-5), KA K/
T 110mm (3% 70mm-89mm Al 90mm-109mm &8 — 435D I, sKA4E B hgh
SR TCHTHES ) o =S a2, JE R A4y 4ok 40.78%7F1 39.87%. 4
KAEHHAAK>100mm I, SR SRR IK 4l g £ Sy, YA
K 110mm-209mm I, AN [R] A4 A A A 2y 4 KB A A R R 20 EE R R
TR, SRR Hos EE M YR AR KOCT 210mm I, BRSSE I S
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T L BT B B0 R A 2 C M SR
Sk K R e T L () B )R, ILE R AN A 49.16% 0 38.80%. JEANLHF
HEZ A 0 T St 77 9 L B A K A K R 1 i S I B A, K A B R ) ek
KA KA A R L B 7 o LU AN ) o 2 R ) Kl 70mm-89mm I,
JEA JC A MES P I T e )6, L& 40 Lo 60.75%, LUK AR Bt
Hd, HFEE TN 31.81%; (KA 90mm-109mm B, /KA R H4)H
e T (SRR, LR T O 46.20%, TLVKCH MG TE A HESI ) (27.28%);
FEK IR AA K 110mm-129mm F1 130mm-—149mm I}, JERTCHEHESH I I B [ 5
EC73 4 10.459%41 8.51%, /KA E A MAE AL E R F 0 b0 8%ty R
B KAKEHG IR LTSI ERE TS AET 5%, K6l
210mm-229mm AR AL AN TG MES) ) (1) F 5 1 7y Bk B IS 2.1%. BUR2RAE
KA AR D 90mm-109mm B L H i 1 4r Lk Bl K, b 19.41%, AR i
KA IR 1 o LI AT BT 4% . J0E S M) SRR KR BT G A K 4L
ik, WAL 4%.

1004

F1
F2
F3
F4
F5
F6

L
777
=

80

60

40

20

RUABEEEAL (%)
percent weight of food items (%)

70-89 90-109 110-129130-149150-169170-189190-209210-229
k1€ (mm)
body length (mm)

5] 3-5 AN Al AL AT £ W) 1) H e 1 20 B
CARFMA AL ECR A 70mm—89mm £ 210mm—229mm [FIFf i R MKl 26,54,77,43,28,25,21 Fil 19,
Fl: 025 F2: JRWCHHEZIY: F3: OF2%: F4: #UFR2%; F5: AKERMghm; F6: Heady)
Fig. 3-5 The weight percentages of food items in different body length
(The number of sample in different size class were26, 54, 77, 43, 28, 25, 21 and 19, respectively. F1: Fish; F2: Benthic
invertebrates; F3: Shrimp; F4: Gammarid; F5: Aquatic insects larvae; F6: Others)

G REL P ETINEN AR ARG NCIRGNISAIR A GRS S S~ T
iR 8 MAKAL A 2 41, HAf—4124 70mm-109mm (A 41D, PRI
RECH 81.28%; Yi—4 >109mm (B 240D, HoVPIALE R BB A 89%, A i
B WL B P24 25 3 R B0 50.44% (] 3-6). [AIIT B Akt —2 940k C 4l
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(110mm-209mm) F1 D 41 (>209mm), Pz 2508 10.38%. MW EY)KHEK
F, A R EO KR B RARHE A HESI Y, B 4 32 B R AR
2%, HAE>200mm I, SRS A K 7 ke o S () VDR 2R

90-109

T0-89

— 190-209

— 170-189

¢ 150-169

(wiw) s
(ww)azis Yyidual

——— 130-149%

—_—  110-129

110-219

L ' +
40 60 80 100
Bray—curtis similarity

Bray-curtis $E{EI%
Kl 3-6 ﬁ?ﬁﬁ%ﬂ(%’l\%&éﬂ;%éﬂﬁfm@%’éﬁ%ﬁ@
Fig. 3-6 Dendrogram of the cluster analysis based on the percentage mass values

222 BERMNESEDTER

2012 FFRZFEILEE 68 KT, AKSERY 74mm-345mm, {AHEEEL
7.69-484.39, F FAMAI /N3 2 LLAMAKAH, 43 71124 70mm-89mm, 90mm-109mm,
110mm-129mm, 130mm-149mm, 150mm-169mm, 170mm-189mm, 190mm-209mm,
210mm-229mm, 230mm-249mm, 250mm-269mm F1>269mm .. K 6 A [ A §1°C
AR AL B I -22.47%0—-20.08%0, ft KZAEH N 2.39%05 8N [IZZALTE A 7.81%0 %
10.90%0, # KZAE N 3.09%0. 6°C F1 8N A5 K 38 04 K F 18 m 52 B0 1 4 %
(r=0.734, p<0.001) (& 3-7), §"°C FH{EBHA K MR A K AL A7AE i35 AR 4k
(ANOVA, Fs506=1.184E-5, p<0.001), F ik T # (K& 3-8). §°C
WM AE KA K A 90mm-109mm £ 110mm-129mm I, §'°C [-FIAME AR th AR
BARE, MN-21.60% LTHH]-21.01%0; H ok, KA N 190mm-209mm 3|
210mm-229mm I, 8C 1 FAME -20.84%0 b T+ 51-20.55%0. A i) 44K 41 K- i Bk 14
SN P I B MR K AL (ANOVA, Fizs=1.55E-11, p<0.0001), BfizK i
R A (358 i S AR I A . SN P A A A I, AN
1N 257 A 90mm-109mm F] 110mm-129mm, 3 8N I K X 23 53K 8.95%0
F19.91%0; 55— W BN 252 M 190mm-209mm F] 210mm-229mm, H: §"°N ~Fi4{l
G300 10.10%0F11 10.59%0. MIE 3-6-c W LAFE H, BEHERKIIAE, K 8°C
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1SN VIME AT A W B2 5% 158 8°C A1 51N I 40 A, AR K
KT LAY o =41, %541 70mm-109mm, 5 41 110mm-209mm, 55 =411k
K>209mm (& 3-8), X 5(EGH WA HTEA TG RAFT G 540N 41,
5 RS AL SAR AR K AL 2 1) AN [ K RN A 8°°C (R 81N A7 AL &,
5B — RS = AL A AR 1 8°C (A1 8N fEAFAE FL
115
1101
105
100

9.5

5 5N o

9.0 4

8.5

8.0

7.5 T T T T T 1
-23.0 -22.5 -22.0 -21.5 -21.0 -20.5 -20.0

5 °C %o
] 3-7 2012 AF A7 Kt 57°C A1 67N DGARIE (HZARE 67°C 1 67N KRED
Fig. 3-7 Variations in "3C and "N signatures in spring of 2012(The lines represent the relationships
among the §"°C and §"°N values (%o))
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Fig. 3-8 8"*C and 5™N signatures in the Leptobotia elongata with different body lengths (mm) in
spring
(a: 8'3C with different body lengths; b: 8°*N with different body lengths; ¢: 8**C and §°*N compositions (mean=

S.D.) of different size classes. The lines represent the relationships among the isotopes values (5°C, §*°N ) and the body

lengths)
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FIFH 1soSource HAFVF W E TP A BEG AN IR AA-A IR K EH ) DG DTk (&
3-9). MK KA 70mm-109mm | 110mm-209mm I, JEMECHEHESIY . B
MRS KA R dig . LR S S50 10 B W R X K T AR 0T D ik 4 1) P 2 W 3%
NRE, R ERNTTC A HESI LI N 5% T BE ] 3% /54 BN ZUN 4% K FESIZ) 2%:;
KA R AL A 5%F] 3%; HHUEM: 5%F] 2%; 4K E6H A KM 110mm-209mm
FAK>S200mm N, JERAETCAEHESIY) . BERSE . KA B A BRI WL TR AR R DT
BRSPS, 2928 1%-2%. SRARSIITE KR A K 70mm-209mm K,
HORR R P IEIEANRAS KA K >209mm 1, AR sh 4 K et ot k=% 11
I N [, 2904 1.5%. 7E KA K <110mm KB AMAK 2L, POM B ik 11
B L5 F 8GR 60%; 76 110mm-209mm AR AL, POM BTk (T ¥ E X4 N
50%; {F R K:>200mm (A AL, POM KTk R T 4MEL N 35%. DRIt Bt K
FEER K (8 0 POM . EHEC A HESh ) AR, 7KAE Bl dn . A L g Ak
ZARIHET DT R B AIG, 1 0 AR A 0 2 B I fr A £ AR K vk 1
TTRRZEAE 70mm-89mm I A (AL BRI, FAPIAME 7 70 0 4.244.29% 71 4.844.7%:
£F 90mm-109mm K FEAR PR LIS, 1 XK SRR D iR R 110 T B (eSS s AT 14, 4331
h T46.2%H1 836.8%; 4 I HEGH 1) A N 1 110mm-209mm I, ERSENHC I T
PR EE IR, PR TEER 22.6%-27.9%, fsHini ), oy
BUEATEHE Y 12.8%-15.5%; 4K IK 14 1<>210mm I, WRRAE T A E R &
PR TP HCAR POM i oAy 6o K i B D0 ik dme K IR ) e, P I AR ALY [
42.3%-47.1% . WEAE B PETERTAS R AAAC 20 A ik ) AR O Dk %2 A8 A 25 R AL 40
BTN AR P B IR R 1 A L & 87°C R 8N AR 45 L
i, MR L T SR AN A A A R 1 DTk R AT A, BT R R ) 1A
MAl Lo =41, HBIEE—41 70mm-109mm, 55 41 110mm-209mm, =41k
£:>209mm.
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Fig. 3-9 Contribution ratios of food items of different size classes in spring by IsoSource software
23 REBRENERTK
2012 5 J1 1 H-5 H 2 H AL M-SR e T B A PF , L £ 00:30.03:30
GraiBi ) 2 R 3 2, KR T A H 00 50%F1 67%, T AR, ANk
TG M. LA 5k 06:30 (n=10). 09:30 (n=22). 12:30 (n=36).
15:30 (n=32), 18:30 (n=20). 21:30 (n=13). K= R BN 2T K EE
(%, p<0.05), H:#4* W % 5 m (RIS E] 5 21:30, b 38.469%; K- Jif 1 4% i %
BB A] A0k 09:30, HAEH K 18.18% (& 3-10). R4 18:30 K HEfifk 1t = 1 i K T
15:30 117 B %, HAH A 20%. 6 AN i) s Aok B A0 L 25 2o, /7 (06:30.
09:30. 12:30) HJZF BRI T - (15:30, 18:30) FIH (21:30) [ H &,
S RK ORI, FFKE ATl e R
(Kruskal-Wallis test, p<0.001), HAR{LEAL 2 E R @EFAM . WE 3-10
o, AR P I M e i 09:30 fer, HAE R 3.1842.79; HUkh 12:30, HAH
o 3.1342.61; BEAE BRI, 71 21:30 KK A R EuR %, 4 0.4320.07,
FLOP s FE Oz AR T L e IR 5, FLAE 18:30 Ky bk i -S4 vl Fs 8 T 15:30,
6 /NI ) R A RT3 ML TR O A TR B, 45 R B BRI R S v T
LRI MR S b E e
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Fig. 3-10 Mean values of stomach fullness index and percentage of empty stomachs for each

times

3 Wit
3.1 BYLERK

SO A% 25 58 S ) oy gt Se A i AT o0 i, VLR SV B A i 3 2
SR e A2 (URAIRSS), YO R G HEZN AR A B gl el
Ferb, WEOER) EE YRR, W R . i s R
7N, KA B e - S et . IR AR A B dighd GBldb & K A A e oT pr fa
Ko, 1976; Tt 1994; JEZHEHNE /N 1997 JELHE 1999). HHtEI L,
7] s AT a5 AR L, AT S AR T e AR, o A 2R RIR 2R Sy gl
M 33.21%F01 29.17% C(JZE X AFEANE /% 19970 EFH2I H AT ¥ 44.54%1 38.31%; 7KE
IR & 4 LU N 20.91% (JE LRI /N 1997) R IR H 1T 7.98%; AL
B MBI MIASE FZAHRVED 2 H F Ak T F 2R 2 — . KSR YA ok
AR, — 7 TR A RFE R Ay ) R AR R B AN R (B4 FK 1995),
I3, X HEAE SCE (19920 SEIN KRR L AR I i o S S SR T R
A RROR s ARk, TR, AT R KOR K e TR (BRI AR I A
FW KIS FEAKIT B ESHEER A T AR, AR RG-SR ) (4 b
ZRAT BRI, ] R 4B b R A T — .

FeE [ FIEAT B 25 R 5 4% 480245 2 1) 45 RAUR AR, Fe0E [FAL R LS5 R
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R L LUBORLAT HLA) (POMD | RS RIS 0 fr, Horp POM [ DTk % 5 K
4, POM #E KT B RS, s, /KA R HCEIR AR &, IR
WA Fr i AL s L TR N S AR FEE R AL (Kaifu et al 2013), 1%
GAF RN & R Red = A TE T ASRRIRRIIER, SRR T POM IR
WEH I DTk o DT, Tk RUARUE W) A7 28 B B 0 i o B WROAL S e A4 45 21 2 1L
T R, SRMA 204 34N H (Persson and Hansson 1999), A A vk 1
§13C T SION S 1A AR P ] 4 175 00 o T 8905 BN, (1) 2 I st 4% £ 175 4 ( Beaudoin
etal 1999), Ml FEPIF WIS IR G RAAE —E 257

3.2 BERARETN

AL A ARG & ) 73 M i AR E TR 38 3 A 45 6 RS 7 o VT B
£ o BE AN B ) AH BB AR IS AR HEAT TS SR W, SIS A 19 in
IS Ee B o AT W AR, KRR AR e B A R (SR 1962). i
DAT AT G A R VB 4 #1143 oy T i PR A I 2, DRl i) f B B 5
W HEABARH S H %

X T AT 1) B A Bt G 1 S A o B A R R I A K AL LRI TR
e KA R gt WSRO0 3, B RICHISG N, KERVAEY) (28
R WEEIEER S, MAEEK>209mm J5, RSN i R AEY), 3
FEANTR Y B B B HESRON B A7 — € O m i 1, X5 P ZbE (1999 BIFFi4s Al
ACLB Bl 5 RESRAAA R /N e /NI E G B 4 s ) HS BB G 0, e SR A
ANTUR ) ) B BE AR i B . B EARE MR A SR B R o, BEE K
TSR A K, 8Y°C 1 67N M 77AE B ARk, DLW R [ K e A 2 K
[ — B TA) Y B £ 7RI 61°C 8N (K 28 (Gu etal 1997). BFE A 35y
PR A IX M I i PRI AS AT B2 Bk R 22 20 1R 5 RS IR, DR A AR W] B ok s A
W 8°C MU, B EEAEZI 1%0, — B AT LLZ s ARt (DeNiro and Epstein 1978).
LI IS RERE SE LI R ) 87°C 20 H, Gu %5 (1996) Ak R4t figeid gtk
KO RLARE i 81°C fH 22 T N 0.2%04.1%0, ASSCRIEE I L PIRE S A 220 25 g
TALFE, H §7°C M2 A 2.39%0 fEIXATE 2 Y, DRI AN ) A o Rk 34°C {2
J R fEsE T IR ARAE IR N o SR ARS8 S B ) o B A 45 G b AT o0 b, 4 Rn]
CLHERR R R AFAEXT 81°C S0 (0 5m,  DRMAR [ A K ) KB 81°C (iR 8N B A7 4
BEMZERIEE, REEREE T A A A RS R R A R TR K
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HEAR A AL 8°C R 8N A TSNS, BRI K MK 41 Ak
Z G Y, X5 8 YT 25 B, ] LG D3R4 K
WA AR A R T R R AR T B PR AR (Grey 2001).

90mm-109mm A1 210mm-229mm K41 K 37°C M 2 ML 0 1%0, 5N
T AE A K AL 2] 1.64%0, TTEH §7°C F1 8N ZEBI 22 1t AR i
(RIRd R H 7 A (  FEAE2 BA 1%0 AT 3.4%0, DRI B HL Rk e AR s, B
S eI R E S R A TR R AR . KR 4h A R E TR POM. KA B
L RMWETCE MBS N AU R R, R R RS a2 KA R ),
X GYEAE AT WA BEN AN R A A K 1) DT kAR AL A R A TF & 1, ARG Sy
Frivgs RALUE R T X — 455 KM b A K Rk AR, wWReN 25
T K ZE IS 5% . [, Luciforaetal (2000) % BB A ISR K /N 32 3]
W D2 BEH) (Lucifora et al 2000); Santiago et al (2010) A A 1 2SBEAAK: (1) £
MR e I A BB R R . B ImE R, BARE RN EEAR Y
S B A R SR A A PR 18 I AEDARE A A /N B R B o, 330 B A S B/ AN ] 4
K B BN B Y w1 52 2130 B 5 S & 28 B IR SRR 2 . AR
5 4R R0 37 vk o BE AT 5%, IF BOK B T 6 A 0 (e E 0 JRORE RO RS e I R A
(Higham2007), TfifERIFSE, KA Z B 7% (Scharf et al 20000 H HA
BRI . [RIIN Wootton %5 (1990) A\, Bl 28K isn, HAE s m
TR T, X DARSK W RIS RIANA = A B 2ok . PR Kl
B A>109mm N, T 3RAF AR VE R AR P (i vk R S R & R A B, R,
A PR B 57 SR HX /) £ R A S5 A 6 25 K LI Dk Tt P AR R R AR ) . S b S
B A S5 R €K AR (Kikolsky 1963). MEmfEHa g, i
T R] BESR A S R i e A R TR AR, AT M2 DLk 4l € i v 6 1 e
(Gerking 1994). Pt, MABCK MK HMER il R, WRMREEE, Ak
e R P B R IO AR LG AL 1 S I RE R N TR, KRS B S AT B B
R ERVEY), TEEWEEY) . RN HES D RIK A B AR B O A I e i T
R AR I RE S . 5% Wanink and Joordens (2007) Ak -k T Pl A=K a
B, OO WIONEA A R AT O . KSR ARSI AE KSR (RS 19805 B
BAEEE 20000, HIEBMPERSGEARI AR 230mm (JFE L MR/ EE 1997), BRIt
AT A KRB I T B, R AR B B S B R K AL A,
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T B R it AR S AR AR A

M ) e AR AT PTGz o0 e UsOR T 1T JRE S b A (R Z5E AT % (Brrooks
and Dodson 1965; Grossmn 1980; Langton 1982), LA & AN Rl 44K AN A SR
Ko JiAh, NGRS IR AT I SES,  [RIAHAS [F) R/ A A7 R R s ]
ResxANIA] (Schoener 1974), /NMAARKAE /K DX TR 485 B3 F0 AR A A £ 1 XU
(Bacha and Amara 2009), PIULTHRMEY)A A REBEM S A AL, X PG A I
CAR BT T e HGE, AT, NSRRI, RAMAR A
FEAE /KX (Hegge et al 1993; Martin and Shine 1993; Hesthagen et al 1997). i 4
S (19990 KIN, BRGNS 28 2 R R OO i 3k, HLER IR 22
PR X AR BRI ORK X, A G MESh P A 7K A= B L gh B fr 2Rt 5 S ik
B, XFILZAR S S BTk 2 <100mm (1K 6 3 B RS B M Sh
KA BB B R MR G o 2 RER IR AN AR S0 25 5 95 3 MoK X 26 Bk fr
(Grey2001), JX /25K K HEBHAS 4 15 ANAMAAE B ) 20 B AT AE — 8 TS 1Y g ]
Z
33 BERMERTL

PR AR = ) H ik AT 2 (R B AR AL, HEE B it AT 09:30 T 12:30 AHXS
dere, HLON 18:300 ASHIFFURIN, K HEH Rk B o B2 A1 21:30 JZAIC T F R B4k £ ik
J£, 17 00:30 A1 03:30 (45t £ 58 B 2 75 A1 21:30 (R e s AL, i T4 (1 B = 47
IR P IIET . KMEUEAE B o AR A, S TR R RN S A IR K %
£, XML HAREF W BT A OCHGE (ALK SR 1966: Buckel 1999).
KO K JE a2 CTHE 1994), W TV A /K AR B R AT BT F A% 30 (1)
oL, KAERS R AEMEARZMETIRE (5K 2000); #REH HA7 B4R
AR S s DRI Rt 3 KA K2 B 2 SAF TRV E Y o B e W AERL AR 1 5
SRAFE, AR P ECK AR B oA ORI BRI E R . AR, SRR R R
JER AR AT BE L 0 B B B S A O¢ (P RARAE 1962).
4 NG

1. ARG H Wy o A R e [ 38 4 A Kt £ PRI I 45 A R A [+
LG8 B S W) o3 Ak A A R T R B RN 568 CHRZRARIBIRSS ), L2 Al
THEMESI AR A B RS, [R Dy se B AR b, AR Bt A 7 — e AR Ak .
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Feb s TS FEBEACA A KR 3= 22 LUBOREA /LA (POMD | RN (6284 £, Hirfr POM
DTk K. 2R FORA RN, Kk 22 0) POM, MR8, 8, M JCEHE
ENPIRIK A B g R £y

2. ftr R W 20 R A AR A B I B A, R MR A
K 110mm F1 220mm BF, - H S-S AN AR AR RO R g R AR T ek
FEAR . AR <110mm I, KR 2 DUNEDRL S B, W POM. TR TG H HESI )
AKAE B W, AK>110mm I, FEDUECRIEE Y, s, /NEF, 7K AE>210mm
I, RS RO K ) e R IR, AR TC IR KR A K 2 /b, POM 7R K
I YRR, AR A S AR

3. fEARZE R () R AT W B AR A, HLER IR AE 09:30 R 12:30
M e, FLUCH 18:30, PR 1 5k 5 B8 22 vy T 8 L 1) % £ i
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FNE BEE/IERMFEEELXNEYXR

Foft ) 56 4 S [AAFAE ) — P G, 2SR B8 A X A E 8 I
YRt o] B2 P A RPIR) SE 4, T B 10 U A R T S A s e 1) 3 4 ) 2 22 i R 22—
(B RR 1995) . WFFE A0 IR ] €40 5% Z A AT rmiKas Az ) At 21,
B THe S BOA (RS0 aE 19885 AR 19950, 534k, X IR &9 0¢ R M5
s TR R Ak SO AR R 9S8 422 — (werner 1986 i HIH 1989 Fujita
etal 1995), {WZREEARFHIFHIMN R ML — (S 1992) . KX T f 2 Fil
F] B4 % ZR I BIF 0 FL A B () BRI 58 B X

Hith)E (Coreius) )& T H (Cypriniformes). £} (Cyprinidae). fifj WV F}
(Gobioninae), FE="Ff: M€, [ L4 FILT74 (Coreius septentrionalis),
T AT E AR, =R £ e 0 AR [E A AT A, ARV RN A A R
fRE O (BREHISE 19985 T Hnfe 1994; Wb /KA I f BT =
1976). MRk . Ry JERACK T BBt 5E . BAETRIERUKING, f4R
BEAT 0, Zeathfml, TEEaIRMshY stz (Parafossarulus striatulus) FHi]
WIS (Limnoperna lacustris) S5 7K A2 ARSI oK A= B4 e, W5k B FE e g Al
N CT e 1994; {244 19800, B LR AAETE. K& T B, 7 3kKE
T BRAEAAE . AR R SRR, UKL, Ze ek, EELURMEY.
KA R gh HOh B, R | A SR AR IS CT i 1994 B IEAIXSH 24 1990;
XTKAE 2012) 0 (8] VAR RV BIPRS00, & IR L B A E e v 2R (g
AL 2012; X ARFI4E 1990; R 2008). A a5 1 i £ 1 D KT B 4
I RUFIAFR GHIRRER O™ 5 CT HifE 1994; A7 DU 75 A1MHHT ¢ 2005;  BRAFGEA
TR 20090, AEAEE FEVLBUAT A 32 SR RN G o il £ R[5 11 40 8 73 AT X 35
FEWARR ERA—ENES, BT A ReAA e I ) 5e 4R, EA
ARG 25 ) 3 e kond Al 2 R[5 110 £ P S AT HOARAE. (2748 19805 335
AR R 2 19905 X1 KR 2012), ARTAIIIR . RARE [F)Ar 22 BAKE PR (1 fe 1
T[] € ) G 2R BIRIE G R 16 IR

ARSCRI B B R 22 4 AR T ) £ R0 (5] 1140 e 1 7 S ) e S P ol
IR R, FERIH 00T (PCA) o4 £ A E] 140 fa 5% B 9% B TR A4
AEFR 22 53047 T LR o SR DR SR N T figR At e 1 (53] 140 £ 2 TR) 1) B ) % SR AR It
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P, BT E LB A0 S 45 MRS R R AR, Ok 7 A 0 B TR
feftie .
1 MRl %
1.1 #HmAilkE

FEAL T 2012 4F 4 J1 30 H—5 H 10 HR BT B 5B (8 4-1). sk
il 25 RN €0 25 &, L% 5 BRI R A RTE] 18 £ TR E R4y
BT B A R £ 3R AT 7 2 ) RO . IR SRAS S, A
SRR RS Y 0hs, AKRA KRS Imm, ARERHE 0.1g. F TN &
MR, MR AR G, SERVLES S AL (BR 2k, HFi
LA 3B ORAET Sml IR, W R GRS IORREE, N4,
60°C 4 RN ZE /b 48h FEMH T o 2254 £ R0 [ VA £ 10 OG- S MERTF 0 10 77 sk SCiik
HEILEAE I B o0 S AR ) CIIVA I )« MR8, BRI, SRS G MEZ A (5%
FBFO. KAERRL R (BERH . W HFEEEH D FE PR ESE 6 KIS, MR
WIZERERE B WO M AN BE S 55 3 25 1.2 R R S RF i A B3 2 r 1 28 (10 K it
IV 75 BT IS IR WSO B AR B

SR 20 FRAN[RI R /N IR £ R 58 VR fis A A T4 B 2 By TS Fa b (K A
B A TS Schafer (2002) [#RiE, E£E 5 MNMEbRUEATIE, Al HE CY 1
SEATRIFI, PR R H5%E CHHERRITFN, HRE RS, Lo
RS CH AT Al (0 1E 2 R KRR 2D el CY H 58 kIR, &
AT B R G 5 S KRR R, e CREIE K BCE, B DR R AT TR ER S .
KHREAE A 0.02mm IlERs = ROBEATI R, Aok NIl B 22, d ] A DL dhA T 4
1.
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T T
B N 104" 35" W 104" 50" W 105" 05" W

28 44° N

A
= 28" 39" N s
CES 5 % P
- A -
W HEER RS e o
e
filnaibaiion o5 fowm L pREEeERPR

4-1 B ERVLBCRFEX 5k
A B VLB E B A AR R B KL IR K E K 9 AR R
XA LB A B
Fig. 4-1 Sampling area in Yibin reach
A Sampling area of Yibin reach in the Yangtze River, the shaded area denotes the approximate

location where the samples were collected. Blocation of National Nature Reserve for rare and endemic
fish.

1.2 BRERMEZES
B, BARE AL 3% LG 2R 0 52 3 7 b EMOl RS AT 5 e AR IR 47 25 LU 26 1 S 56
ST AT ITAES A Flash EAL112 HT JG# #7145 DELTAV Advantage [A]47
FHLHRIEE . 87°C F1 8N [IAR#EZY ) % PDB (Pee Dee Belnite) 1 Ny. fi%.
A RN I LR RIS A -
R=[(X 4/ X 4)-11%1000(%0)

A, RAE 8°C 8 8N, X AL BC/C = PNMN. 883C BER TR L N
+0.1%0; 8N FES I HTHE L1 920.2%00 8°C EARTZLIN 1%0, —fn] LLZIEANT
(Deniro and Epstein 1978), &N {15 S/ 40 3.4%. (Minagawa and Wada 1984).,

1.3 #FEAE
VA B YD DTRR R 1soSource F A4 SRER  ) FH R 28 o0 A dont VERHAR AL
RECHAT 708, KH PRIMERS.0 #f1. A Gu et al (1996) 4t )R &8 i1 55
e R V) f 2 IR S R AR
f(%)=[1-(x-y)/a]
A F RN EWES R, x TR 5PN A, y AR N4 8N 1, a
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S B 81N B B T AR S el R R A I B R — MR 3.4%0(Minagawa
and Wada 1984),

A R AN AN AR (1 A KT £ (A T AR AR TR, K AN RIS AR (1 T 24 2 2l 5 L
R IEAT R, PAWBRiIRZE (Sheafer et al 2002).
2 BR59h
2.1 fAeFE OB ERYERH

2012 HEAFZSAE B BT By ) SR SR A0 R[5 11 4 10 5 2 o A 121 87°C (AR Ak v [l
K -21.15%0-20.31%0 , &N i ) 25 1k ¥ [l o 9.67-10.21%0 , 14 & o [l K
297mm-318mm. [ [14dfh §7°C HARLIEIE H-23.30%0-21.18%0, &N {H 11254k 7l
[ 7.40-9.21%0, K ASLTE I 222mm-256mm ([ 4-1). 4faf §2°C Pk
T VA ) 8°C SFIIME, ZEHN 1.51%0. W TAIfH, Fra s st rh ar2km
§°C H#itn §°C BT, HAH N -20.57£0.02%0; X h POM, HAE N
-21.73+0.39%0; LA ETWIAHEN §1°C St 8°C MIZER R, ZMIIRT 2%0, I
AL 1 8°C {5 fa 8VC (HE IR, N 6.55%0. M T 14 fa, POM [f]
§C EFTA WAL B S B Dt §°C BB, JLUCN IEHTC S HE S )

(-23.14£0.10%0); A HLIEJE ) §7°C {815 [ M4t §°C {8 (1 2 (2N T 4 £ §1°C

(M, HAE N 5.04%0: JLR BRI §1°C (5 4t ) 8°C 23 KT 1%0.
L5 fa ) §7°C AEAREL, B4 8°C {5 POM ) 8°C i 58 #2305 [ 1143
e LA £8 ST T DL POM £, BR8N P EEAE /N T-H £ 8N i f, 2
LN %00 TTRRAEA 3N E KT [ AR £ ) 8™°N A, ZEMEN 0.65%0. A LA 1)
SN A 5 £ R 1140 4 1) 8N (B 25 B R, 23N 9.2%0 i1 7.58% -

ML IsoSource BRI T LIS BRE AE S RAERIARN seik % (& 4-2). POM
X Al £ R[] 114 0 TR DR AR IR =, 2 A 42.342.9%F1 46.945.4% . BF0) 4 46 (1)
DUAR R iy T0d [ VA DTk 2, HAE R 41.245%. A AL S X [ 101 4 fi 1 DT
Rk TR L TR R, AR 14.746.1%. JRAICHEMESY CGERZ). K&
B WKFE. Woeds (BRI S6F [ 1 £ 1R T pik 258 15 R T 4l £81 () e ik e
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2 A-1 e R VR £ SR (E DRI §7°C R8N i (2012 4EZ)

Table 4-1 Values of §**C and §'°N of potential prey items and Coreius heterodon Coreius guichenoti in

2012
8°C(%o) 5N (%o)

Items Number Mean S.D. Mean S.D.
i £ Coreius heterodon 5 -20.73 0.31 9.95 0.21
14 ff1 Coreius guichenoti 5 -22.24 0.82 8.33 0.7

IR Shrimp 3 -20.57 0.02 8.98 0.03
JEMI TG A HESY) Benthic invertebrates 5 -23.14 0.10 7.88 0.15
WARBHY) Mollusca 3 -23.56 0.08 9.14 0.07
KA B L4l B Aquatic insect larvae 9 -24.29 0.26 6.80 0.42
WUk H HLY) POM 15 -21.73 0.39 4.48 0.58
RS Gammarus 4 -25.26 0.36 6.12 0.12
A ML S Organic detritus 5 -27.28 0.64 0.75 0.58

60

- §f& C. heterodon
(1 BEnOef c. guichenoti

[

40
30

20 4

FE®E Contribution ratio (%)

10

N (I

13- _EE# KERSHHR RS FAF2E BiNEBE POM
RPEEE Food items
A-2 VEAE BT WS TN B £ R 118 6 R AFDG) D ik

Fig. 4-2 Contribution ratios of potential food items in Coreius heterodon and Coreius guichenoti

2.2 {ERHBME 2T RBYMES

ZEVEAE RV TTHR A I IME, FIH PRIMERS.0 %, SRS IT 4%,
XA R 140 R 55 B R DR AR A E RS HGEA T 70, A ESREC, 78.69%.

WA AL TR POM, RS, (A POM e [54] 114 £ 08/ o 2 £
WIZEEE, DR PT DGR A4 fh R B 14 fh [ 57N ER A e I [ B & . N
T A 2R X A 1 T [ 1 £ 1) Ee M) T B R BTV, R R R HCN 55.59%.
2.3 BRIF|EMSHFELLE
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T L BT B B0 R A 2 C M SR

3 R 20 A f R[] A 40 EA T ER £ 3BTRS REIE I LA, 4 (AR
i 128mm-191mm; [&] 4 £8P AR A 112mm-213mmee k4 £ R [5] 18 £ () 5
A PERRIAT T 8T (PCA), £ 5-2 5IH T 5 MESTERIIRT 5 4 E K
OYHITT TR . BRI A . BT 3 AN TR T Z R E ) 88.5%, A 2 4
TR TTHR AN 69.8%. 55— s 52 T A e BEAN b ifd Jig RE IR s ma ok, 3L
YON T SERN s 28 R 32 s A SE R sE ik, SLUOh BRI RS 25—
TR 2 KR, HUCh N5 (G 4-2),

3¢ 4-2 HAERE TRt 5 ASTEAS PRI 5 AN RN RFELL B2 5 AN g3 PR A EL AN

Table 4-2 lodaings,eigenvalus and percentage contribution explained by the five pribcipal

components for six morphological characters of Coreius heterodon and Coreius guichenoti

F %43 principle components

PC1 PC2 PC3 PC4 PC5
¥FAE{Y Eigenvalus 1.99 1.50 0.94 0.43 0.14
J7 25 5k 2 (%)Percentage contribution 39.8 30.0 18.7 8.6 2.8
MR Characters

E #5412 F Upper jaw extension -0.565 0.444 0.009 0.013 0.695
TRIH S Lower jaw extension -0.625 0.308 0.033 -0.136 -0.703
= Mouth height 0.314 0.617 -0.174 0.685 -0.149
%% Mouth width 0.397 0.524 -0.241 -0.714 0.004
J# K Intestine length 0.184 0.230 -0.954 -0.050 -0.008

[l 4-3 Sy e R VA f ) 5 R A MR 58— RISE — R s . i
I DAL e R [ 0 AT B SR A B o FESR Rl b, AT A0 S AT A [
M ZE 07, TR — A ORI TS PR O T e Je 2 AN giifei e i HL
ORI A S, DS P £ b AU R BERT T e Jgg B R TR Ll £, RER
Ji g b 22 BSOSy AR IR VA ) R T, TR AR T A R R K 1 2 1 e A
Bl R R R (£ B o= o [ WP N1 o A K< L W=y S B NG R <
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e BOfA
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[ BN
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-0.5 A L
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A
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P 4-3 AR ] AR £ 5 AN TS TIR B SE — 55— 32 e wiA &
Fig. 4-3 Scatter diagram for PCA1 and PCA2 of five morphological of Coreius heterodon and

Coreius guichenoti

3 Wit

LGS S YT, B e R B VR A8 2 R s (A e bt 2 CT Eig
e 1994; {24k 1980; X K&F 2012), i fh T SLEk G SUHIRMNR K Fe S5 AR B )
PAROKA R digh e CT Hfe 1994 fa[27 4% 19800 [l H 4 8 - B A sh ¥y, 7K
AR d g R R, HAEARE A i IR s CT B te 1994 X1 KAF 2012), A
WS B £ 1 §°C IR KT D fa ) 8°°C, DA & 2w & 87°C i
FLA Y AR BF ) §1°C 5 HHE SR BEN 51°C AT LU IR 4 A R P A A
DTk, 250 BRI TR E IR, K POM, Ak i 2%
B R O AEE B 2N POM. AL IR R, LN
WG MES Y, AR 64 R LA T (R A i A0 2 o RS0 R 3 BAO W Rt £y
VERF ST 25 R L0 B S o A3 21 s RAURFAHR, 55—, ZBIYERE. R
WA HESh Y54k & POM, M1 POM AL Al 8 . 35—, WReRm T
PR N AL TR EE AN (Kaifu et al 2013), VRWEAEWR N 5L, Tk
). BRBAARZHAIT R, PILE 5 8 Pkt POM (¥ ZE V4 20,
BARSNY) . B SR A ) BRI =, Bk BT LR R
Y B UG (AR TP AG BIZRBL AT B E IR ), SRR 2RZ50% 3 4] (Persson
and Hansson 1999, [A] JH 4 £ 11 51 114 421 (¥ 8°C A1 87N 5z e (1) 7] fig S P o £ 28 K i
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)R E B IGO0, TTTA% ST S W (A2 I ik & fis 0 (Beaudoin et al 1999), Ay S0
FIOF T E G RAFAE — B 225 B0, MRS 740 (1980) X4t fr PEWT 5T Y
SR BN, B RIC, Z=A R ] AN [0 ) SR B A AN ] ) AR
(2012) X188 FIH f FRIT 9 45 R W, B 215 IROANR] [ 1 fex £ PSR ) i 2
AR, HAB SR Er A B 2= AR R A ) AN [R] 1T AR A A — A 3
i IS (BEAARR 1995),  DALHEAE S MR A A4 o SROAE IR TR) AT g AN ] 1] RE
PRI A3 B G RAFAE 2 R R 22— 28 Pk, 4 f0 75 B VLB BV e
BYISEE AR A POM, 17 [5 A f81 (R P E )2 1 2 POM R HLARE e, B
CEREEP R ITEIL 7/ =P e @ S P o IR e D i E R WS T SRR 7/ R P e o R T
HALRG & W) o Wik vl B sy B T T AR BRI K A B R %)) e e Al £ 8T [ 11 50 £
FVERROVER], ARG T 773 0 AR ) i f M5 1 P DR o

AR A0 SR AE IR R R b O S B A A, TR T e KB SAIE Y. (i
%K 1995; Labropoulou and Elefheriou 1997). Nikolsky (1963) A\ A4k &4 Kk}
AP A 2R DR IR O o AR 28— T2 B R 4 £0 R [ 14 18 5 i 2 MR
(3 A 45 R s, ] PR U R S RS A R O T I A e, B AR A
ARG 0 B 4 0 $k B B DRE A0 (1 BE 5 22 v T 15 11 41 121

MFHARSE R Z= R 73 M Wi, 0B T VLB f0 F [53] 140 PR AR AL 3 TR A
PIAEAE 8 25, N & sh P MRS LU MR B 22, O[5 1 40 £
1105 A VERPRHE LU S D VE DR N B 22, M 22 57— T A] RE S AT T ) ek £
A E RS EAT A ZERA K (Clarke 1993); 5 —J7 T, HH T3 LV A4 (1) 77 B35 43 A
FEAVPTLBE L G5V B (VTR RNV B A P2 19900, 4475 300mm LA
EAMATE BRI BAR MR 2, DI PR R A8 A I B AN [R] 7T 2 S BB AR A 22
SR A o AR AN AR i E B RS RECRE, HESIRAAET 60%,
VEHI R R W] RV AE T SRR, R ) se - AE . IXv] BE-L5 Al
AR B A — B R R, UL il 2 R 1) IS S £ S8 8] 1 )
FEEAEEIEAC (Platell etal 1997). ARYEAHC IS4 R Bor, i Kt
R, AAFAE R — WS A PP FE IR A S AL O 0 A, A A T2 AR e )
TEIRITEA, AR T AA7 R — SRS (Brewer et al 1995; Platell and Potter
2001; Platell etal 1997), =#RJEA -+ PR AR SRR, XK 20—
HIWTST. SR ERTIR, i 370 B T T B LA ALK PR £ R (5] 140 101 P £ € 4 B A7
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1EZE 5, H M BRI AR E DA, BRI H A B R LB S R
[ Er W) SE 4 ANAN, SR 1T PR (B /0 BT ) AT A AT — 8 AR A, BRI M o
VLBUIPRLEER B =, Pl ) £ 4 S 4 AU RR FE A P Rt 2 1 K
4 NG

1.t 8°C {ERT 67N AR, 4 th £ B S T B ¥ 3 BB AE () L U2 POM,
T [0 0 40 £ ) = S e ) 2R POM R LI s, BRIV 02 O 30 0 1 1 % £ 12
F 2%, (5 VA fr R e e LA AP ) e e S ARG S Tk I v A
T T ARSI AR AR B R A AR £ R0 (5] ARt b (A A T T POM
"] R (53] 11 4 £ P DT RIR

2. Al £0 RN G 40 £ 1) e (2 B TR AR AA AR 22 5, A0 A0 1) b U Jie BE AN st e
e RE SR T I A4, BB AN AR AL R 17 T 0 o 15 B AR AE 1 e
B TR 4 fa

3. HATTE R S VLB Rt 2 i) € 4 e 5 ANREN, SR PR A0 (0 s 1 e ) 28
IAEAE— 8 AR, DRI B e VL B RSB =, b ] S e 4 B R G ]
REALES R . 0 g 0 8 B VLB S USRI 5, e, ARV =L
B A0 1 E )i (8] 58 4 O RN
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AT B TV B B A R fr A 2 A SR B ) M 45 R R 5

¥RE HETRFRENIFMEZKEENM SCC. SN ZE
TEUIFIERRXFR
TRARHEE 5 KR R I RAEH], R RBRBRENGFA T, TR 2R AR 2
RGNS RGUIETR . AN ELEIAT (BRI 2004). AF5T
AL R ALY (particulate organic matter, POM) X T 1 il i vt AE & R Gofi ki
A S RG22 LB () (Angradi 1993; Barth et al 1998), [f] It A48 3R 15 fl Hu Bk o
FAEIR M EZA AR S (Meybeck 1982). KV 2t 88 = Kmfint, A EEE— K
i, FLRURAT HUBR (10 44k B 20 5 AL R () 1/15 (Milliman et al 1984),
VL b A B A /K A S BRI e oA 8 (7K —, POM A 2 B apad T e P4 R i AL
W (K 2 B P 1 A LA AR M B AR A, RT3 POM 1) 8°°C T §'°N 25
WAL T T HA R X
WL AL 23 AR BORCIR AT L4 (Coarse particulate organic matter, CPOM) Al
RLRLIR A ML (Fine particulate organic matter, FPOM) A SCiki 5 ALY (POM)
S HUREBURLIR AT HLA) AT AL RCREAR A WL G Pk . POM A4 i A= NS A o A K A=
WIRYED I, VR A . KA RIS AU E R AU A K, I
S 5T T B A U S A SR MU AL, WURME I T A TR . K
AT EER ALK (Kendall et al 2001). POM WL R — B is A G I (Rl
MY KA B KD MASKAN (BRI, H3EA PRI
U SR ANBIA NI . BT, 8T ASHAE BRI S KA WL £ 4 P DTk
K/NRI BB SA =P T SARE S (River continuum concept, RCC, Vannote et
al 1980). Ht/K Ik HE4& (Flood pulse concept, FPC, Junk et al 1989) Flyif i 4=~ Sy 4
A4 (Riverine Productivity Model, RPM, Thorp and Delong 1994). RCC Hi&iA Ky, i
P A LA 2 AU AT TP e A SR SRR, XTI RTIOR R g L
WEINATHLY (DOMD Rl /N RTREATHLA (CPOM/FPOM<0.0001) (117 A7 1,
[F) I 12 B 18 DA A 08 30 0] 2 A A0 T b A B RS R S e 2 /N ) (Vannote: et al
1980;Sedell et al 1989); FPC i A S I H AT HILAA = BRI T 5 o I A 1A AL
Wy, AR E R B M. (Qunk et al 1989); RPM FEiSIA b [ it H i
AP TR AN, FOOEKk A E P IA RN . E A EE R =3
XA R AL RAT L 40 B 8 SR MBS AR A7 AE S+ A 48— b X T~ RCC
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S N T L w1 e S DA

%, Sedell 25:(1989) W\ by A A HAT W W Z= 5 R A (R @ eI R 48 X T~ FPC
i, Thorp F1 Delong(1998) % Bunn %5 (2003) iAA, ABeAEAAAERE ] G A
B HSH R M ) ok 6T RPM B¢, Thorp Al Delong (2002) i\ Ky i1 T
W SRR S Z ,  Joidail s Had 3 5 FUE il ot A3 . BRItk fEAE, Jk
ATRAE = AN AE KT B =T B AR S R G 1

B BASE IR A7 2B BRI T Bl A2 SN PR AT LRI K A R PR DL S5
POM {55 % (Kendall et al 2001) . 4l ICHRIE, T AEMIANK A AP )ik AR € [F)
B FAHAAE R I 1) (A8 4k, X TR 8°C A1 8N MyEAIRT I & S5 45 77 A A
FIfI M7 (Yoshioka et al 1994; Beaudoin et al 2001). [F Py} F 4T L T POM
ANE R B R D>, S (20000 FIFHRK . EUAR A R 2 ARG
[¥] POM HEAT T dkse (20050 FIHIBR. EURE R 2R AN BRI 2 H & 11T
TITBAT THOGHOE ;. FEAE (20060 FIAK . R R 28 H AR = e K2
DB A i Bty AR S PP BAT WL 2 R e EAT T HE 9T

FFHRE, ASrk$E H ASVHER (Macrobrachium nipponensis) A&, HAHIEF,
AN, BABRGER I, v attahty, etk S5 IR AT W Wi —
Bt HATHUME AT WATAE B 21484, P sh ). e A A A AT LA
JETESAZEN BRI, B =3 2 MGG T R B K AR B ORI s B 2R iE
FERERMBFUKAETEER, KEEF BRI KAEFER, LAFEFEH
TOKAEZEBRIK AR R, BA WA mgE ) nlh 4-6 A1 8-11 H, &%
Ak, BT 4-9 JT CRYTK R WL B l0R A PMELAL 1990; X %245 2005).

A VEREE 2 A — M RIS (BA4hR 1995), sy e T
AR B AU o BTN S5 B0 47 0 B SR DR E D 2= P 22 5 (B¥%E 2005). T
it BT PR R AR S 0, X T AT TR T A 2R ) 0 25 1y 2 Al B
WAk, Bk BURSE [ 3 B AR 2 (1) B T 2R A 22 (s e b S T
— MR, 8°C — M T R 2 I kIR, 8N — B T iy S e i
WA BT AL IR JR A B (Peterson and Fry 1987). Fry (1988) Akt i 2 & fr
PIRIRIO A SATAE 5, A G 87°C 1 8PN thafife . KIT vtk
SRS A A BT, KOS A B BRI 1 AR A, AR E )
FiE &5 R I A R 2 R AR A DG IR AL, BRI A IE A VPG B = VT B A0 28 ) I (1) 45 )
ThRg, W1 A Bk EURE R0 3 E R = 5 A RS T 7 L EE 1)

]
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AT B TV B B A R fr A 2 A SR B ) M 45 R R 5

(ERCSANE &N 478/ L /T e T S BRTRE.: A PIIE 57l ~Peas | I - T 7 T B
K, HT NI KT B (R 0] A BE Rt 5, A4 Tl e U5 B IR T B I
HRTLEBC S Z AW & (RORER 2002; X 43°1-45 2005; 54 H]55 20105 275 4% 2013).
T30 KR A K IR e, AR S F 35 58 s i SV T B (T
K E BB FR T D IR A AR, R DA, FCICH I, . K
ik, HRARYRER R H RS 7 R A AR, KT ST BE R B 2 81
18PN WA THIT

AR FEFICA BAFEATL L VLB ALY (POMD R 2K A A4 CH AW
URRIfE2) 62C 8N 1ZE T ARLARIE f POM AN E SR AR A It B [ B2
IR . B YO B ST BOBRAT HL AT K A 269 8°C A1 8N fE K215 A8 Ak itk
AT TARIE, JExT S POM FK Y 87°C A 65N AL i w] B SR R BE4T T 20 #r . H
A =AY, —J7 T T AT AN P 5 SO SSOREAT B 1) T R S BURE A H1L4)
A 57 TR SR WL R K A L AR I R Ry deds s R E A
PRGBSV BT ) W Sl 4 S LD R iR B ie 2%
1 ¥R 5RE
1.1 BRIEHY (POM) #1HZABEN R4

201244 23 H (FZ). 7T H21 H (2. 10 H1 H (kZ) 12013 4F 1
H3H (&7, 4 22 H (FF) XEHFEILEIN POM Fl H AHURAT RAE . 2012
CEARZE L SEVL B POM [RAE AL T N: 28°47.2957, E: 104°57.033°, HAZARAE
IS HEIRTERFE S, KA A (B 5-1). HARUEFKRAER ] 2012 4F 4
H30H. 7H21H, 10 H1HAM2013 41 H 2 H, R W& 5-1, RAEM A
FEHGE, BT KRR, DA SRR s AR, (H37E 10km ()90 [
N o KT BRI S — ], AR A R, KT R~k S
IS I3sE 2010-2011 4EAAE ISP 45, KIT Ll 6-10 H OBk, H4 A0 kK
W, Ho7 Aoty (K 5-2) (HESIEREAKTH, MWL
http://www.hydroinfo.gov.cn/gb/sqyb/ ). A7 T4 ¥V R UFIR ) K AE 2012 4F 10 H 10
F-16 H 8tk &Kk mMsh, H5 POM [RIRFE &2 10 VT B EE 25 204 65km.

FTRGE Pk FIAL 2 43 AT 1K) POM K it KB S A B 2 % 58 3 5 B S VL B VR )
FEAEAT POM [IRE R RAE KACEE 5% . X H AR IR 1 R A 3 5 1 3t PO
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KA EN ) HAEERE A & # AR B 752 (Bunn et al 1995), N REH 28T /K IF 358
KRR R 24 /NI, Y. SR I BY T CANRIAS AT B T3 R RS 0E 1490
CHAHERT o N, FI ARt ls, W EARSETRNE T . PraHE i1 60°C
ZAFINFA 48h RAETE, SRS FRPERAIT S S S0 AR, TN IR B0 e, I EAH
BRSO T RS, DRAFAE A IR I T s T, DA A R A

T T T
B 104" 35' W 104’ 50' W 105" 05' W

28 44' N

= 28" 39" F]ii X @ 3
EIE=$] o\ e
§ ﬁ:?| dﬁ}é . T ,/"’ »
. : /’f{é ~ . L i
W EEER RS b - J
1WA I
EREHE —_— P
e * & i SOl s REEeRRPR

5-1 HRETLBCRAE X I
AL VLB E K A ISR B BACTE LIS FiRe A7 1028 [ 5 40 AR ORA
X AEKIL LB A & K
Fig. 5-1 Sampling area in Yibin reach
A. Sampling area of Yibin reach in the Yangtze River, the shaded area denotes the approximate
location where the samples were collected. B. location of National Nature Reserve for rare and
endemic fish.
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Fig. 5-2 The discharge of Yangtze River from CuiTan hydrological stations in 2010-2011 years
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201244 H30H-5 H10H (%), 7H21H-8 H10H (EZ), 10 A1
H-10 A 15 H (’%Z) F12013 4E 1 A 2-11 H (&Z) EKIT L sy T Bk AT #f
SIFSRAE (B 4-D) KIT BE2 H 1 HA 4 H 30 HouAsuall], KR 2R g i a1
M4 130 HFFAf. SRFEMIBCEEA MR, — ROy e AT, 53—
TR T RRT . RSO R 3RS 1 A R AT IR AR ) e 1, B AA
Ko KRR, AKMEKREHE Imm, RERH] 0.1g. o1 465t khi5 7k
K3 A7 e e ARG, IR o B OB R 28 2 WY 1) i R i R ik
PERRAE, ST A ZERE MR AR, 80 i 3R AT 5 R I 2R
WENLA, GRAET 5mI R T, W AN RRAE, ONETRI T, 60°C RIS
Nk 48h BAEE . PrA A E MRS, FHUTREE SIS SRR, IRAEREE T
BRI R, DA E R 3R M 5T o AN TR 285 A 5] A AN AR AE B i 24 200 FH W
RHEHF G BE T, B IERE S R4 X5 gt
1.3 KX EFHIME

2012 4E4% (4 J1). K (7 J) AR (10 J1) =AFHKIE. S8, Hk.
it 55 7K SC IR p ) SR Sl Al o 3 W BE 5 PR IS TR) 5 POML SRR (1 i ]
G2, N H 37 B BEA KR 2 IR /K A T 5, U IR i 5 POMY KA 1l i AH
i,

1.4 BBERNMLEZES

FIATRE R BB BURR € [R) 67 3% HE A2 s 97 v B ROl R 27 0 e B R 87 32 b
RFESLK =M E . M A Flash EA1112 HT JCHE A #H1{ DELTA V
Advantage [7£7 2 b % 5t 5% 1A% . 673C F1 6™°N HIA5#ES> %] 4 PDB(Pee Dee Belnite)
I Ngo s BURE RN R I LR R IR A -

R=[(X s/X 15)-11x1000(%o0)
A, RACE 813C 5k 515N, X 0% 13C/12C 1 15N/14N. 313C FEH M HTRE 214
+0.1%o; 815N FEh AT RE L4 £0.2%0.«
1.5 FEMIREIELLE

I AEZ B 5 Kruskal-Wallis 856 77 V2280 A7 20k 56 7772 (Median Test) 2343
B POM.  H AVHIR AN 3 40 2K 1) §5°C {0 61N (21T 25 S B bk . S HhKOT
0.05, 4 p f/NT<0.05 W, ZREFE, HWZERARZE. HXHHPH Pearson’s

¢
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5 13C (%9

S N T L w1 e S DA

F R H0 T POM.  HASVHIRAN E 340 2K (111 813C A 8N Aett. Brda i
Hedhi 41K i SPSS16.0 B AE43HT o
2 R
2.1 POM &Y 57°C #1 6'°N & C:N LLBIZ=F5 9 FotHiE

POM 7EANRIZE451H) 813C (i U B35 725+ (p<0.001), 7£ 2012 4E4£ZA1 2012
FEKTE (-21.09+2.03%0) POM (1) 8°°C {H# Wi, (E4Z=1 87°C fHEAE, LAH N
-24.88+1.01%0, HZE[ 87°C Herh, HAHN-9.42+0.24%0 (& 5-4), 7£ 2012 4 10 H
16 H 11 S & /K 5 2013 #:2: POM [f) §°C (/N T- & /KT 2012 £33 §°C 191l %
{4 2.26%0, HEKIG 2 N5 (2012 4EA R 2013 47 POM (1) 8°°C {3/
TEKHT 3 AMEN (2012 4EH7E. HEMMTE) POM [ 6°C (5 (K 5-4). RFEZ
5 POM 17 8N fHAB 2 I B 225 (p<0.001), 8N 7 1iasfhas 5 §°C 1
ZA AR AL, P RN S A K & (r=0.956, p<0.001), 8°C F1 5"°N
ARAMEIALF AR /N 2 T A 7 f2: 2012 4E45: 22 POM [ §7°C {E % /N T3 2= POM 1 §°C
{i, 1M1 8N VI E A ZNE S T2 . 2 POM (1 85N 50, HAE R 9.39+1.21%o;
EATIAR, N 2.26£0.26%0. £ ZU/KI, POM (¥ §7°C (A1 §°N {i#y 55 1L e %
W BEEZES, HSUC M 8N M¥im (K 5-4), 2012 K%, EFENKE
POM [f] C:N Ebf, ARk ikl 23-26. 36-48 Fil 23-37, H 2 C:N (¥, 1M
HEME N C:IN H I A H L.

[ ® POM 2 e roM
.
10 4 o
.
.
81 .
& Z
5 6 .
L] ; | ] :
. s 4 - L]
.
. 8 Lo
] L 24 ]
L ]
0

20;2%5 201‘25{ 20';23( 20;25&4 20:13# 20‘;2{? 20';251- 20';2?* 20;2% 20"131’?
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] 5-3 B EEITBL POM RRIZEATH) §°C 1 8N
Fig. 5-3 The 8"*C and "N of POM from different season in Yibin reach

2.2 BZAZBERES °C #A 60N BIESRH N WiSE
2012 445 (n=8). & (n=5). Fk (n=7) A& (n=7) 25 PUZ=nt i s=yT B H A
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T L BT B B0 R A 2 C M SR
VHUFHEAT RAE, I 88C {H AR [l b -22.99%0 — -20.30%0, 3N 1) 25 1k 3 [
7.32%0-10.32%0 (& 5-5), HAHIERK) §°C LA BE ML (p>0.05), Hr
R4 TR, HAE R -20.8140.26%0; fEAKTEMRAK, HAHK-21.4940.90%0. & FIFK
BRI SSC AL MBIl , AR BRI ZRIN) §1°C A B A T 5 A& 2= 10 °C {1,
ZAHNT 1%0 (B 5-6). EAMIFIMIZENT, HABRIFAFAMAR 8°C A, i stc
EH K ZET RS, ZHA 2.65%0; HLUCNHZE, ZHN 1.87%; HEMA
= H AR A FIANMAT) 85°C ZEAHE N, 3890 1% AT (BL: 1.01%0; 475 0.72) (&
5-5), ZHLG UL A A ¥ AR ANARLE A R 2= 15 (0 A T e AN m) o [ AR TR
ARRIZEAT) SN EAEAEN ) B 12 71 (p<0.001), 7E 2012 £ . FRAIALE
ST SN (R ML, TIAE 2012 SEFEZ 8PN F A, HAE K 7.8120.21%o;
FEA A, N 9.87+0.16%0 (& 5-6).

@ LI AGH4R ® 14 HEF
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Fig. 5-4 The 8**C and 5"°N of Macrobrachium nipponensis from different season in Yibin reach

A &Z Spring
v EZESummer
10.5 q W =T Autumn
® £F winter
10.0 4
| >—I—|.
} T i
9.5 4 A
2 904
P-4
0
wo 854
8.0 ]’
1
7.0 T T T T 1
-22.5 -22.0 -21.5 -21.0 -20.5 -20.0
5 3C (%0

/€] 5-5 B LB H ASAUE 8'°C R8N PRI T 4041 (2012)
Fig. 5-5 The means values of 5°C and 8"°N of Macrobrachium nipponensis from different season

in Yibin reach
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sl kY 2014 R BIEBFAE RrG
23 TEHEMAMERRHE §°C FA 5N SEH
AT At . FUECTf ., M. KR, P AEueR. m G, Mtk 7
Tt R BATZE ARG . S HAHCICER CT Bt 1994; b KAt i
IR 19765 2448 1980; X1 €55 2012) M AL 3 7 Kl AL 48 54
TR RS R, T R A 2RI B PRI RIS A PR (g
PLIRTE ), earbhmat R, [ D, Fhaeybef. i, #1) (8 5-1).
2 5-2 7] UG, KU SV T BHE A 4R 2 W IRATR I ANMA R 8°C {ER1 8N {H
FEAEAIRKI 225, [ARPASFEIANMAR 57°C {ERT 8N i 2 5 B KA e el 1L 81°C
AR 2GR 6.79%0, 8N B ZE{H N 5.09%0; LUK Kbl , 1L 8°C #2184 5.03%o,
SN AR N 4.12%0; §7°C W2 Atidm /M F N BL Gt , LN 1.19%0, SN
Wz B N A it A 2.05%0. 7 b 2 B RN [ AMA R 4E 1) 61°C 22
(I KT 1%o0, 8N W ZEAHII KT 2%o0. XiF 7 Pl 2 §°C 1 5N JALEIEHAT 4 L,
g R BoR §°C FSEI R i, FLAE -20.95%0; 8'°C BRI £ 2 il
HAG H-22.12%0; K TEAR. 5 M0, Hfa . FC RS R EvbaR i 8°C 4R
B HIL, 5N AR E 5 i I 0 2 O KL, L8 10.82%o0, LUK A AB bk
(10.69%0); FARKI R, HAHK 8.06%0, LR MIE L4 (8.16%0).
36 5-1 P TEVT B R I ET A R

Table 5-1 The diet composition and types of main fish in Yibin reach

& % Fish 4ol EERMEK RERMEMN
R 74 Silurus meridionalis ik GBS IFZE. AKAER M
K- 7% 1f Leptobotia elongate pSegin R, i, A KERR. RN LEHEsIY
rRrAEybfk Sinibotia superciliaris Ak JERIEE S . WSR2, KRR
44 Coreius guichenoti A JEAR B ) KAER R R, . MY
Hilfa Coreius heterodon Ak IERULEZIEY) KA R AN
LI # #ifn Pseudobagrus vachelli  Zu £ KA R gl NERS RARBI)
#if] Carassius auratus Fefrik AHERE . AR BRI B RIS iR

IR

2.4 TEEAEH 5°C 1 5°N BESHHFIHE

015 §1°C 1 51N (1 AR AT 0 AT A AN R (R A7 R I B HEAT R
JHAE §13C FE AT AR AR K IR i 7 i A, HC A0 2 A8 A1 L 31
-23.39%0~-19.06%0F1-23.30%0~-20.63%0, MM Z=A TR (FaA T E
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T L BT B B0 R A 2 C M SR
)5 KA AN ME 2 ZE 48D AE53 Wk 4.33%0 K1 2.43%0. fi fh 8'°C Z5 -1 B AR Ak 3t ]
H-21.86%0%0=-20.73%0, LA IZE(E A 1.13%0. FLICTFMA ., HHALVDER, SIA1E
i a [ AR §1°C W IMEAEN, A AT K -22.10%0—-21.34%0
-22.07%0=-21.19%0+ -22.62%0—-21.73%0F1-22.36%0—-21.39%o0, 4 Flfir ] i 4EZ 14 (H
A IS INT 1%00 T2 IEA I ZETT 87°C AR, 7 Fitanl Loy 2 K
KBE, FEBE R HEER ) —2, I 8C IMEE AR K B R PLEG
. PAEYREL. B B R g, 1L SUC H AT EAR L/
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% 5-2 BBV WA K 513C F1 8N JRAE UG K

Table 5-2 §*3C 1 "N original data among the familiar fishes in Yibin reach

ws 8'*C%o 8" N%bo
Fish wAME RRME & B FrifE 22 /M =N & BMH bRtk ZE
(Min) (Max) (Range)  (Mean) (S.D) (Min) (Max) (Range) (Mean) (S.D)
/7 i Silurus meridionalis -25.16 -18.37 6.79 -20.95 2.09 8.66 13.75 5.09 10.14 1.09
K6k Leptobotia elongate -24.97 -19.94 5.03 -21.81 1.56 8.59 12.71 4.12 10.82 1.1
R AR Sinibotia superciliaris -22.75 -21.10 1.65 -21.55 0.44 9.26 11.55 2.29 10.69 0.56
144 Coreius guichenoti -23.93 -20.44 3.49 -21.86 1.02 7.11 9.21 2.1 8.16 0.61
it Coreius heterodon -23.69 -20.31 3.38 -21.43 0.7 9.14 11.19 2.05 9.93 0.52
LG #391A Pelteobagrus vachelli -22.36 -21.17 1.19 -21.61 0.36 7.56 11.07 3.51 9.13 1.02
fill Carassius auratus -23.23 -20.56 2.67 -22.12 0.59 5.57 9.95 4.38 8.06 1.13
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SN JEAEZEANT AR AL IR BC PG 3t R e, L RAEZ AT (AR AL
JEFEK KR 6.97-9.27%0~ 8.31-10.48%0 A1 9.81-11.94%0, HANAIZE T (H AR AR 2501
BIRT 2%o0 LKAy B 75y, JA 2= 5 S AEAR A TE DN 9.7-10.84%0, B ZEAE A 1.14%o0.
1 8 () R AR R B TG B R, WA 0.44%0 . FRAETDBHRIAR 1 57N J
AT I TE 0.5-1%02 1] FHR[FIZET 8N M FEARA KN, 7 Fita
WLLOY R 2 REHRE, TSR ZEME KT 2%0, ALFEIN. P PG 30 fe K AR,
T RN EAET 1%, CFEFEG I il PRy ef . M fa R0 R V. iR AE
HIRIZETY 8N $E RN, USROS A2, bRyl K, ey e
e, EATEREAN TR I BE A T B IR B e [ I A AR R X . (1 2R 4
R B B AEACZR (K 81N Ab: IR BEA0FE PU IR A00fa 50 114 fra i

—e— KW

5N (%0)

Z 15 season ZF 75 season
] 5-6 2012 4F 7 B 2 B2k §°C 1 8TON AT AR 1L

Fig. 5-6 The 8**C and 5"°N mean values of main fish in 2012

2.4.1 EOAE 5°C 1 8N BEZY S 4T
P14t §'°C A 87N {8 AR AR A SEMEAR B2 (p>0.05), 1L 8%C i

BATBEMFETEZER (p>0.05), HME 5-7 AT LIS, (8 04 a1 8°C sk
TE— ST I ZE AR AN [ VA f AE R 2 RN AR §7°C (AL, JLAE 435 4 -22.24:0.82%0
F1-22.36:+1.56%0; fEH RN 8°C MK T-HFMAZN §°C 1, AN
-21.3940.41%0F1-21.43£0.81%0. of [ 14 £ 72 PUN 24T §Y°C I bRE 2 BT LA,
ot LGN [ 1A £ A 428 8°°C i AmitE 22k (F 5-7), T M K 2 311 A& 22X BE I ],
N T 58] VA £ A 0 DAL BAT A — 5 (10 2 5 o TR 2B 38 B 2 o] 1 40 £ §M°C AR 0,
MBI LTI §UC MR A SHEERE IR, S FREAES, ALFIL
SUCEL T AR, B N A R B F R EESR (p>0.05), HE 5-6
AL R, 3 SUN MR I E R . I ERE 3ON [k, N
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B RN 2014 i ATFCAE 2 B 18 3
8.3840.7%0; 7EAZE SN {Hf/N, HAE N 7.89£0.41%0. MEZTFILZE, I 5N H 2
I g e ase (& 5-7).
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Fig. 5-7 The 8"°C and 5"N of Coreius guichenoti from different season in 2012

242 FLKE#E 5°°C 71 5N AEZH S H4HHE

FUEGHE At 81°C fERT 8N 1K) FAE T AR AT 10 3 (A PE (p>0.05). 3L
SUC M LM EFIE N TEZE S (p<0.001), FI8 FLIK B Fita e U Z 1 §°C i
KN, ATLEIOANZEA 4ok 2 4, —4UA%T, UK EFA XA Z1T10 87°C (i
1%, HAE N -22.1040.29%0: 73— N . BRI, UK FHEX = A 1510 8°C
(BN AL, AR LI B0 1Y) 8°°C S, M-21.34%0.13%0. MFEFEFIFF §°C
(S PLEIE e, HAEGFETMMKEE §1°C WM ZERK (0.76%0), I §°C MK
BTN R % (18] 5-8). BLECHE#It 57N {EAE DA [FIZ 1T S AR 35 M 1) 2=
5 (p<0.01), HKEFOEFRERMMEN 8N B NARML, ERTE B IC T Fit
[F) 8N A de s, LAY 8.3140.31%0; 7EATEH 8N (K, Hh 10.48+0.5%0. MHF
7 3 K RN B A ZE P 8N (I, MWEZFRIREH: 6'°N fEk%
1%, AR EE 2R 5N fH24 9.26+0.78%0 (] 5-8).
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Fig. 5-8 The 8"3C and 5"°N of Pseudobagrus vachelli from different season in 2012

2.4.3 ) 5°C #1 3N FIEFH T4

fif) §'°C A 8N AR A ZE S AR AT 12 3 (A G (p>0.05), 3L §%°C fE %k
HEENZETEZESS (ANOVA, F=2917, p>0.05), #F §%C Hm, HMEN
21.73%0.65%0; K21 8°C S Mk, H-22.62+0.14%0. MFEFTHLZ, fillff) §°C L
BEIRIAI T 7E L ZERIFKZR(N §°°C {15351 h5-21.95+0.78%0 F1-22.24+0.10%o (] 5-9).
B 5U°N {E LB I ZE T AL (p<0.01), I §™°N {E 78 = ZEFAZEAIML,
HEFTAALL. KEM 6N (i, K 9.27+0.59%0: &7FM 6N (HEAL, N
6.97£1%0. MFEZFIH BRI MK ZRIALZ 5PN ALARML, 35 S8 P BRI N
H B BIRKEY N THim, HAEE N 6PN EH4 7.66+0.77% (K 5-9).
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Fig. 5-9 The 8**C and 5™°N of Carassius auratus from different season in 2012

2.4.4 HEEH 51°C #1 6N BAEZ B HWIHE

KT S1C BT 51N {1 4F ZE 1 AR ML UM EHE R 35 (p>0.08). 3L 81°C fi1 5
PR B T2 (p<0.01) . KMif /e AT 1 8°C ik, HAH ik
-20.63%0.53%0 F1-21.39+£0.2%0; £ ZRIBKZE () §°C HH/NFHEEMAE B/ E
MERT 1.5%0), HALSY 4 -23.30£1.99%011-23.13+1.13%0. XK TR 8'°C {E (14K
ZEREAT 0T, 4 R s T KR 513 (R bnvE 2= ek, A S AR [ K R
TR 81°C 2SIk (B 5-100. MWEFFIE F K60 57°C 11 L8 F %, K
R /E ARG 8C IR RN 81°C AN ZE B K, R 2.67%00 o FKP
FKH R 8°C AL, £EKE 51°C M KT ) 61°C 1. MM ERIAZE §1C
(A O (= N S O (VA A e =

KR 8N A B 2 T PE 22 5% (p<0.01), $2:1 8N (L IIA AL,
WA LA A, — AN BT, AN EFNETE, EFEFMEFR
R 8YON AR HA B, JHE 25900 10.47£1.05%0F11 9.8120.28%0; 75K ZHIA
ZA AR 8N FHBL HLI R, SUAE 251 11.4120.9%0F1 11.94+0.56%0 (& 5-10).
K N EMEZ S LB 2142 5PN H N, HILET/N
THZE.

8N (%o)
_{

——o—H
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Fig. 5-10 The 5"3C and 8*°N of Leptobotia elongate from different season in 2012

2.4.5 HAELE §°C 0 5N B EE TS AHISE

AP §C (AT 8N L ETF T AL IPEA B3 (p>0.05). 1 §°C {f
S E NN ER (p<0.01) . EKTF R BN 8°C &, HAEA
-21.19£0.13%0; {EATFE §1°C (ML, 4-22.07£0.56%0 ([ 5-11). eyl §°C
(MR LI %, MKERIAZ°C T, HE. EREK M
§1°C HECHAREL,  FAH o 3 -21.4940.2%0F1-21.43+0.21%0. HHAEVHH 3N AT 2
EYEMZET M ER (p>0.05), HAF kS h B §°C NBEZH LA
—3, 8N MFBFFRIE R INFLRE KT 8°C (M BFEF R M InFL . K
YD AR ) 8N AR5, TEAEY 11.08+0.37%0; #7352 8N {HIR AR, 24 10.3520.78%0.
AP AE B () 8N Al i T4 Z, S & P AEYR R 57N A 10.57£0.119%0(

5-11).
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Fig. 5-11 The 8*3C and "N of Sinibotia superciliaris from different season in 2012
2.4.6 EF 8 5°C #1 6N FEST 4
7t 57°C {ERN 8N {H AE BB A EAR B2 (p>0.05), 1L 37°C {5
PR BB IR 22 5 (p<0.01). 7ERKRRIJr i1 8°°C feirtr, HAH A-19.06:£0.2%o;
KRG 81°C Sk, H-23.3922.9%0. X FE A7 filiZE PUZRIK) 8'°C {E btk 2= 4T 40
W G5 R B RAEA R J7 it 10 81°C fEbruE 22 d K, DA ) 19 7 i AN 81°C fE7E
X ZEF RN, DU IR 7 i R (Kl 5-12). IWHEZ=FK
7, MY §7°C { RIS, MERIL T §UC MM R R, MG 8N
B BFEMETEER (p>0.05), H A ikt 8N ik, HAH N 10.8420.4%0;
FAZEIIL 55N (HIRAE, 4 9.7+0.19%0. MFRZEFIE ZRINAKZE I 41 )7 fili ) 57N
N, EAZFEM N SN R TS, N 10.1342.1% (E 5-12),
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Fig. 5-12 The 5™3C and 8"°N of Coreius heterodon from different season in 2012
2.4.7 $A£ §7°C 1 5N B EF T MEHE
Wit 51°C AT 8N EAFET A HIDEAR B3 (p>0.05). 1L §1°C 581
HIFETEZER (p<0.05), 1%/ 8°C (HAARMIEREAT 04T, 1P 6-9 nf L7 3 Iy
AN A, 4N EZE. REMLT, B W kS, fnisEs §8°C
ftdmei, HAHN-20.7340.31%0; 7E4Z 51°C fHIAR, 4-21.86+1.13%0. HEFIKZE
11

HRFNLT, Mt §°C (L IUBAA PR Mt SN BT B3 My
PE2S (p>0.05), M 8N fEAAHMIE, I 6-9 Al LAF St 8N {8 nf L4y
APl —4EE, HOSON Eem, o 10.41202%0; 4 hES . HENLFE,
Horp i fa e 20 8N A%, AN 9.54+0.32%0; MEZHHE ZM MWK 4
ZF, Hifall 8UN R TR, HELFE N NTHEES, EAFHLMEN
9.824+0.79%0 (& 5-13),
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Fig. 5-13 The 5™3C and 8"°N of Silurus meridionalis from different season in 2012

2.5 POM FN7k&E 44 5°C #0 6°N HIEP T KA
2.5.1 POM #0 B ZZERAY 61°C #1 6N BIZEBH T X &R

2012 445, K. KAAZEDYZE POM FTH AR IR 8°C (AL S HUA B3 (14
ek, M 2012 4EHZFRE Z POM 1) 61°C (B hnctle, H AR §°C #0418 ;
MRS ZE POM (11 8°°C {5 FI%, HAHURK 8°C {30, AR 2012 4357
KR 10 87°C (V9L T E S (K 5-14). POM 1 8N {ERIH A IR 3N
{ELREZ= () A A B 2 AR OCTE, A 2012 4 2R3 2012 4F4ZF POM K
SN LI FBRREATE, HAGRIFH N MIHIR, RiTMNEFSIEE, FEK §°N
38, 78 2012 4E L FEHH ) 8PN (LT EE (K 5-14),
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Fig. 5-14 The season variation of 8*3C and 8"°N in Macrobrachium nipponensis and POM
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2.5.2 POM F1 H A AT 5 2649 5°C #1 8N EH T X R

AR 5-15 R iR POM A H ASYEIF 5620 §8°C FW AR R,
POM 7 2012 4EE Z=(1) 8°C fH#i Pk, B 5-15 LI E], fF 2012 K2 POM
FIH AVAER ) 57°C (A B 5 5 40 5 §7°C {8 (748 fh v AL 78 2012 4E - 7,
7 ) 8UC A8 5 H AR 8°C (B NAIL 78 2012 4ERKEE, BRI drth. Kl
SRR 51°C {E AR5 POM A1 H AR §7°C fEAIASN, A2 (1 §1°C {5 POM
FHAER ) 8°C EAIEL; 7E 2012 4EAZ, POM ) 67°C (ALK, 55 HAd T 542k
) 81°C {E Al ZE Bz, 1 HAVRER Y 8°C (i 5K i, 4 fa . U EG B e 5] 14 £
) 81°C (ML, Z¢ R&E IR, 78 2012 4E#7, POM FIH ARYHIERE 7 R o 25 1)
LEVEREVEYD: £ 2012 4ERZ,  HACTINR 32 20 1 5 6 (I LE VDR &4 2012 4K
7%, POM FITHAYHUN 2 PLECHfifa . [3 CVHfa i 6 R R Ay D 6 i v AE R AR 5
2012 47 AV KT, 4 fa . FC PG o 00 R [ 1 A () 8 LR R AR

2012 4E4F. B KAIAEDYZE POM R H AR IR 2240 2K 1) §1°C ARk S8
RN I 2012 SEFZER 2012 4R, At SR )Y 61°C (i FR%,
H AR5 A 0250 8BC BB TF; M 2012 42 Z51] 2012 4EFKZ= [ H A VH IR A4
¥y 8C {1l FB&SL, HAmE §°C (1 BTt M 2012 4ERKE S 2012 4EAFE, HA
VIR AT 65 51°C (T, HoAx 1280 POM (¥ 8°C FB%. £ 8N {E )7 1fi, POM
FHAHER 67N {748 4 5 1 B4 R N 1 AR AT 3 ARG . AL 2012
FEHEEF) 2012 FEE, i, SRR DA A 6PN (E N, POM. HATHERFIH
M 6PN ETF M 2012 SEEZFH] 2012 (EKE, HACHER. BT8R [

I8 A 6N H FRE, POM FIH AN 67N {4 BT M 2012 4:HKZFE] 2012 4F
A7, BULIRTOHU . HATRIRRIR 7766 (% 8N (i 1 7F, POM FIILAR M5 67N i

BB (B 5-16). AFIZETTHAHERA POM (1) 67N {H 5 T 24251 6PN HE T
RN 3.4% M2, 45 R W] 128 R P E AL HASHERAT POM, £
eIt
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Fig.5-15 The season variation of §**C in POM and Aquatic organism

—8— pOM
14 - —0— K@
—v— @
—A— mes
—— fEE
—0— EREES
—— EOESa
—O— g
—A— B&BEF

12 1

10 A

85N (%o)

0 20125% 201258 20124 201256%
Z15 Season

K| 5-16 POM FI/KZE A4 11 8N Z=7548 4k,

Fig.5-16 The season variation of 5N in POM and Aquatic organism

2.6 KRXEFHETEL

2012-2013 X RAF A CRafE) HUIE I EEEAT S . 2012 4R34 (4 J1). B
(7 J1) Rk (10 J1) =ZAFEWRpKE. SvbaE. . mESKSCH 1ok 3 n 2K
WK St AR AR ZR 7K SCEE e 1 1) ZRINE K Z AT B RS POM (1)
KEENRIFEID . I 5-17 nl 40, B, KR, &vbE. WM s /K SCH 1
(BB 2270 AR IS R AR AR o 33 I A ) R K BTG, =N B B A2
BgA L 400mm, wARKIZES Y E 2, HAELY N 176mm; K25, &R,
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Fig. 5-17 The seasonal varation of hydrology in Yibin reach

79



S N T L w1 e S DA

31 EEIEBNANIRKEAREEZET T

AP T 2012 4457 HZBHEKZE POM (1) C:N LLfl, ALY IR A 23-26.
36-48 Fl1 23-37. Thorp %5 (1998) Al Zah 2%(2001)I4RIE AN, 5 C:N Hefsl ] LA
FHRXI A7 WU (000 S5 Ay NI A0 s o P e A o i 2B M AT B LA 40 o
C:N EE#ISE o 35-45 2 [0, /K AE W UETEA LY C:N LI 2504 12:1 (Wetzel
1983; Z=xt 2012) . BT EFRFURA NN C:N LLBIE 5 Fh AR SN ETEA B 5 C:N
EEBHEARLL, TR TR HLA ) C:N ELBIME A7 Tl AR SIS B ALK A
WIEHEA NI CN ELE 2 ), DB, =2 (UKD Bk B i 3= 2k
WABEAESNEYEA Y5, RIASKRAE Y G KAERAE Y. KAERY)
TSR ) N B RORLAT WL -2, ELHE C3 M1 CA RIS K L3 WL o
145 R AR TR ORL A HLA 1) 5 A5 Ay i A= AU PE A DL RN s L e,
LERS KA LRI EE AR A YY) GRIAEY) . KSR KAE R RIS
HEE) FIIMKENY) (ALY TG PR i SR AN B YD . T+
HAE (2006) X —WREEX A HLIRIERI TN A, Rk (5 A6y UIAHIAE A
F, AEHUKIT (9 A4 DUNMKRENAIhD E, HERUERT, AHE P L) 2=
i SGR ABFTORAE M SO AR PE X IREE, b5 F A PR X 5T 45 AT ek
B, BEA I KINE KR, 1 KRB T A, I E A HIRIE ST E )
SKIFANLL, A AT YL RSN KA T ELD & R A 0 A . R, [ R & 7K i
AR T WUR IR A UK, AE AR 1 KN E K AT U A A WU RIS KA DL
I EC R A T 038, b se i 1 7K AR A i S ) ks A 4k

KRR A W R =224, 6-10 b3kl Gefefhss 2012), HIE 5-2
TR, 7 Ay (B2 ARk, H 7-9 HRmEEE KT HE A0 Atk s
W, e A AT DR A K. SR ALY (POMD 1 §°C FI %N 7 B % 1%
WA, KM (B ks, FKIEAL, JTHALTERL. XMERER
A5 (2002) TEKIVLRHEBAITK S (2005) 7EKTTRAE RN E BT BT 45 LA,
UL E VLB POM 2 sz KT B AR AR M g i i oh W, b — PR3 11
HEVLBARIZE T POM FIRIEANE, Jf HASFEKRIE K490 5o POM 1K o1k B A5 2= 19
MRA T M2, B TAE = KIUE KA S 139m KA 2R i T BOE B T
KPR, FOOKSCRFAE A 52 3 =W KA sgm, 2 — AN B RVl R gt
2006), 5HEEILEBHBIREFAE . AU /K SCRFAEECA AL (YT K SRk B 1 25
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PIMELL 1990), FRAMTTURFE AT 252 450km. FRHE A (2006) X fisti [ B
A LR IEIE S T 43, 76 67°C J7ifi, Bfidth C3 R K28 (LT 4 -29.8%0-28.6%o5
Gl C4 I AIARALTE Fl K -13.5%0—-12.2%0, X459 5 Smith 11 Epstein(1971)%f C3
W F IR Kendall(2001) %) C4 AE# MIFFT 45 RAL, BIK AR 4= C3 #i4 8°C
(ARG N -23%0—-30%0, C4 AE Y §°C (AT N -9—16%0. HITASHZETT (it
AR AN (BTRGHLY (POMD 1 8°C (B 5 C3 #i4, XM C3
T B K AR T ZE 15 POM 1) E RIS, S AMERTH 217 POM [HIBR . A
e A Z ALK, X T4E POM FEML AR, C3 A C4 FEYIRESE BT &5 1A L
AN (Hein et al 2003;Matthews and Mazumder 2005). #EAHCHRE, HT A5G
PR A BTG B BN SR 1BC A (Mariotti 1986; Kendall and Aravena
2000; Kendall et al 2001; #&% 2005). ifiifE& 2 POM (1) §°C F1 6N th 1% =,
WA AN RN, —J7 1 e T =2 ZE 3k, AP s BN
EE TROKE; S 0710, B C4 HEYI §°C M, fEEZ CA MY BRI
LI TR 2 v T3 e Yy, BRI ZR C4 MW P RE 2 POM 2R U5 .

#i& Mariotti 25 (1991) FI Barth 25 (1998) fHHFF745 5 i~ POM [ 8N £hti 45
PR A TR M8 2 T TR, 5 A KRS 4 LI W v A I A R LA I
A (5K 2007). BRI, M 2012 4FAZ= 3 2013 4F 5 ZEREA /KU A T i AE Y A2
3k, PWIEPEEHLIE POM O LEGIIE K, 3L 85N R AZshn, A SRS i 45
RARSZIXANEWT, EVEURA P 5N M 2012 4EAZFF] 2013 4EHFT . £EAIH
[RRFE A, 2013 4E472 POM ) §7°C AT 8N i i Ik T 2012 4E472 POM [Alfv;
FAH, WHBRAFERCE A (POMD (1 IR TE A HL RSN TE A H LA L &
A, AR IE R S 2 AR T RN AN, s K
R NS AR A LS SR N R CA RaRE 8 & B R ZE B8, 2013 4F
HEANDG DN C4 RIDRE I & BT 2012 42, MM 2013
452 POM 1) 8°C {HAN 8N {HFFAK, 17 FINE K S HOK B S 1 VLR 0 F I A
WU BEL AR, MG A0 B SV T B3 W 34K BRI A AL (POMD 11
§1°C {ER 61N BEA, g5t 1) SN /K LR B SV BT ML (POMD i A=
ANIEPEA MU RIK AR R LR LBl = T 5 -, AT R KRR AR T
—ENAE, Bl 2013 EHEZRIKIEAR T 2012 FEBEZRKIR, 2013 EEZNIEMEGHL
] P (E Y T e e S P O 9 50 504 NP B 1 RS B = R R A ]
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SRV SR EITIR, AEHEILBON TRRA B (POMD A7 =AKYE, —. kA
RN — kA RS FRINANA: =, Sk AARHKERN
VEPEA W, AR =T =Rl A LR BURAT HLA (POMD (R DTHRAS [,
FEHKI], POM LIk A M 7 PRI A A HLAIAK B L eh s FRTEI N E, 15
MZKIA = A Y, 49K, ZEVAMk B PR I N AT HLRR B i
i ORI I 2, i St — BRI, K IE KIS, fEAKk A
R ORI WL TR R BE, POM 322 LK 19 19 0 N AT BRI AS Hh K
A PIETEA LA T, T RAHEIE KOS UK POM. SRSk 5 5 5 0
VS ERiIR /S E SR
32 BEEIBKESEYMHERERTZTTITL

WA D 5 2 300k, HARTHURRD 7 R0 (B g fa, P ifh ., . K
i, hAEYbE L, FUTEG L B RIS AR, A AR E B R A7 3R
H AR A6 251 §Y3C EAE KT B4 — 2 1B 1L, B 8 Ak A= A4 i) e A ik
LEBIK AT S 35947 — 32 B . KA BRI AR Y (C3 R C4 R4 (¥ §7°C ik
79307, 45 BoR/KA YA H L ARG HAE Y0 5 . FLAR$ Persson and Hansson
(1999) MIWFFTEE KB, BN 87°C 703 2 VR 913 B N 75 2 — 2 (I 1] . A
72745 H AR 87°C B A7 4 22 57 BRI 190, VEBA HASYRERAE DU 1
WA SR e 225, RIS SO AR I B 2R, X 5 X424 (2005)
R Ge o0t H AR T e MR 013 2000 45 R AR . HARTHER 87N HE M EZEH
AR R, Hh BRI BREN, iTIEEREFG
Hermiel, NtEFRE S SON MW E. KR, HAREFE R
WA MESIY . 7K A B RS K AR B ) LSS I INHE BE N, T i A S AT LA 3R
HIHLE IR, I A H AR IR 85N (3R (R e . $ ARS8 5
SR 8-11 A HASTEER 25 — AN &m0, A2 H AR 1 8N
ISR m . FFEVIEERRE, (HAREUL, AESEiEmmAEL, HAAEE
P42 H AR P B iR AR, DR H AR THIR 87N I (LT H e =AY
HASYHIR) 87°C {H A1 6N {55 POM ) §°C {E A1 8N {EAE T 484k F ¥ i i 3%
[RIARSE, i POM ) 8"°C {H A1 8'°N i 2515 48 (54T 3t f W S e 3145 5 5
ZEY AR AN, BEHASHERAEL POM yfr, Wi B i 2est.

AR SCHRARE , B /KA 25K SCIR 7 (R sh #0251 87°C (A0 8N &7 A
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ZHiVEAE 4k (Wantzen et al 2001; Wang et al 2011) . #B2r fa2KAEGe 2% FEAR KA
BFEMETEAAL, H R B R AR R E AL, §°C TEA T Rk
PRI KIS (Peterson and Fry 1987) 5 8N ] UTI T S W 44 py 20 2 1) 39
R (K52 2005), PR, 0 28 ) )RV MR IRA IS B A5 2= R AN ) 1T 52 0K
225, WER T KIVEFRAMNRZVEN . 7 FiaSf b4y, ., PUIGEE
Fita . [ DUt A5 5 Bl 8°C BIMEAEDYANZENT MR KN T 1%0, B
TE 4 DN, %5 MR & A WM BB B2 =AM, IR
FEVL BRI F 2R R B PEAREL, HAEAN R 215560 A1 R Py i e = R UK AE TR/
A RARE A RBRA HL (FPOMD . 7K [ 35 FHY) NS 2 /K AR B M (1) 32 225K
J5 (Thorp et al 1998;Bunn et al 2003; Hein et al 2003); CPOM X /K A& €4 Wt 47 5k
(¥ oa#k (Polis and Hurb 1996;Brown et al 2001; 54t 2006). ASCHFFTE, Rk W,
1 2012 . BHKEFEFTRRAIY (POM) AT H =ILB AR TYM &
Yk EEER (18 5-15), {fEAZFMRR/DH ] POM. & 5-6 AT LL1H3,
A RAE B T Bt /K] (6-10 ) 87°C IMH M AL TS FlK T AE MKW (FR&WZ),
Ut IR A A R R IR I A Z R, R Bl AR A Gl A HLA i AN 5,
FAARIILGAE TS R AR S B S IE, T Wang 55 (20110 56 FH il £ S 5K
AR (2013) 0 AT B2 il £ 2K [F) A7 R Z= 1 AR AT . a2 i, i TS,
TEHK I, BEAAMEMEA I EINT S B 23545 —J7i, REHKIKRR &,
& AR N IETEA A, (HE W R I BRI, s i 14 Iroes s v B i A
FEHPEAE T BRG] (Vannote et al 1995), ] B £E ik /K A B A B4 Kt R RE T K
ENUEIEA NI ARG 7, BKIHZ R, AN T R RSN
B, — 8RBk EBERMA, 55— AW fif, A8 RO AT HLA
(POM) ) EBRIE . X —45 38 th WK 1250 8°C THefa 8 TiEW . i
FAEWIN 83C LEN U5 Uk Py #5381 5 5 B2 (RN IR), A e A 00 ) 04 Ak W i
POM [ §'°C #£ 10 A4 (#Z) 1331 T /K8L. tT- POM ] 8N {E 521 §'°N {i
7E 2012 £, HMMKEZRAK, Ll POM ZEAR WAL It A — e B s
B, TMAEATERIE I 8N 2 80K, H ik POM £ 2 fr 4l b i) o 4 L 451
NG

ARERFF ARG RY], AR & R 2 BRI aYkiiz —. AR
RABA R EREY), BN EWEREAFRAEDFZ, XEEYRRE S AEA
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A (178 724k b (Jones and Waldron 2003). &g LisHg nf LAfS 3, #Eut/KI POM J&/K
A EEEYPRIEZ -, H POM I8 3= 2 BRI 2 M AR B, B POM
AR R B PR PR A AT B AR A ek T oREATHLA, T/EAE 7K i) POM
(F E A HURIE K AENIEEE . Bk, 7R bl A AN HUTRN K A2 U5
PEATHLTOR AT E 0 8 TTHIR ORI B IR AN BE 5] BT — 4 A7 2= 1 R AR S AR — il

MR AR B ZE AT I 18, At K IR K. I POM RIASE R4 35 4Ly
B, AU, POM EZK A AR ANETEA NI, A KR AETER LA,
H.32 30 7] Z WU /K R 5 m, RPM BCRANIE H] T B VLB ) B ) A, T FPC B2
W By R HLTUC O B N 5 /N R S8 (Junk et al 1989). A2
BV BN R B AT TS MERN AR A, 1 RCC AR LA A &3 52 310 (R AR R T ML )
KIS I HAWGON N FATE N 5 B A Z= 1 MA@ MERT R R 48 (Vannote et
al 1980; seddell et al 1989). £ LTIk, AWFFTIA A LRSI A IEAVPAL KT B 2291
BOANRIAT HLDO T £ 40 ) TR I B 455 RCC Ml FPC A5 P RP BB REAY,  7EAk 7K
454 RCC. FPC 1l RPM %5 = Fh B i A7

4 Ih\g5

1. EESLE, AFZFEFERAYE (POM) A HIKIEA, LEF K
FEERBAARANY) G KEMBRY . KEMYMBEIRTE) MIRA
LY (R 3BT HURT N _E3l S SO A AT B, AEOKI (%)
RURATHLI ) 12 2R SRATHL - AEBR R ZHMPAT 2715 C3 #4472 POM [
TR, MAEE T CA RS L IRAT WL B n] g2 POM [ 32 2R YK

2. HEILBRRIA N (POM) 2 KT BRI I B, W25, HARE )
R HEARAT BF AL, AEBUK s A B e, RV, JEHAEX T
fik.

3. I E K Egesgm 1 B A SNEVED) O K A A IR ) oA B e T BRIk
AN (POM) i I ELB, ATt 52 ma 1K LA B R IR S A e A
ol L1 o025 = P T TN U0 S = 20 I 1 2/ W R 50 4 S SR S 1 K R N e R e S
PIREE] s AN _EXF G, AEASR AR SN AU A 2K A A A LA B L 451
FEIR KNG KRB A T oA e M ZINE KA, AERAKIIMERS ok A B s 1ok
FIATHLI I DOk R B, POM W] HE 222 LUK 8 4 2 000 A A AT LA AT A - K 2= [ P9
PEATHL N
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4. XTHRME, wt/KIE, FASNEEAIW NS E B354 Bk
Pl (POM) 2R E Ak, HAZE POM 7RS4l o 1 di 4 Lol
ALK

5. 0 FH EILB Y A LRI IR, AR St — R i =T A
BAE—L, MR AANFEZETEAT IS, WK IR K. B, AF0A R
SRR ATl B A SO Y R RV ) AR A, TSR A R K
W IEF A VLB VL BN R ML ) M sk i, N 4545 RCC Ml FPC 4§
PRI, LEARS KN 454 RCCy FPC fil RPM 25 = Rl iR 45
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EARE BEIBRKEEAYNEREURETK

H1 352 205 A7 K A K L TR S AR /KIS Bl 52, VL T R AR
M FRUR IR BRRGE S (RIZEP45 2005; R4 WIAF 20100, HLETLBURMNY R S
KT N R paSAM &, WD NG Bomrg IR 2R B A e fn
PP IEIR, M ARE F7 2 IR R R e fr v a0 2 BB BT A 5 (2= 75 25 2013)
WEEJT T, N AN 2 22 4 B2 BEOROR] FH v DU, SIEEI Y 5% 5 1 T ¢
BERE, AT BT IR ) T (0 2R S M P D g S AR I A (485 2 41 2000
Larkin 1996: Garrison 2000). iy 75 i A= A RGN AR R (kB At E
HI (BRAEFE AN 2004, (KL, X ARVEFEITR Hh 0 f S E5 fr AR S AN 0 v 4
o LD Mt oA B - TR S R S

AU S5 MK AR AR YRR A B T 5 (ISR 20000 T fifta 2R
WEFEES KNI g 1) B IA T e R S I I AT (Ross 1986; Fogarty and
Murwaski 1998). [ 42725 i1 [E] A 27 3 75 )i 2K B4 W 5 T T e 1 V2 A9 A%
(Winemiller and Kelso-Winemiller 1994; Pusey et al 2012; Brian et al 2007; Vitule et
al 2008; Michael 2010; Wilbert and Anthony 2012; Moraes et al 2013; Ronald et al
2014; Xuetal 2004; 5K5% 2007; 25k 2009). % T AWM IIFFT, H AT
W TR ARG E S o B A B AR E ML R =R . AR B & Hrik AR HE
HER S W e G A HLESRBEASRIOR, AR SEBRmE st  JLF- AN n] BERS W K PEAY
KA E FREHIFI X 2 (Hobson and Welch 1992), #T4EK, e [AIAL EBA
TR A AP E TR AR IEZ B — R T IR RO T B, Bk 2 (10 3 H 1K
R R LR ITFE (Fry 1991; Michener and Schell 1994; Harvey and Kitchell 2000;
Woodward and Hildrew 2002; David and kirk 2002; Keith et al 2006; Katrina et al
2011). HHIMARE R ZE N8, B, i EEH TR el R ek, J32H
THEW B E IR (Peterson and Fry 1987), — kI8 s SAHAI R 1%0, i A4
i ATt (Deniro and Epstein 1978), %K) & £E{H 294 3.4%0(Minagawa and Wada 1984) .

R TIK A A E SR AR T 9 2 AR b B e A vE (3 i 28 TR 1992;
JEETE 20005 #ERE 2005; #R7E 20050, HLMESGE SW5r ik 2 IR
RER A KA AW Er ) W G54 e AR T 50D, ST B /K A A i
FRAR BT >, AR (2007) AR AR B SVLBURK A ) ) 46
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e S ZF 0 (20100 VLSO /ML S B M a5/ HEAT TaF9E. did . EaE
[l 25 BEAOH FAVE i B SV B AR AR eV 5% 5 A B AR AN R E 5 0 e
Ko

AR R EER KL Rl VL BOK A AR BEA 450 AR, JF N R AR
58 [T B AR 2 T WA RIS TR, IR T 1 K& Kt K AR AR i T 4
FIRIRENR o ST N FERTE B AR S R G Be I sh R IR A 2 5 s, b
AT il o BRI RO R 245
1 MR 5RE
1.1 #miisE

201244 H30 H-5 H10H (%), 7 H21H-8 H10H (%), 10 H 1
H—10 H 15 H (3> 1201341 H 2 H-11 H (%2, 4 H 30 H-5 H 10 H (3%
) (KA B E ST B TR R4 (B 4-D. i FRIT RS 2 H 1 H-4 H 30
H ot DA ZR KRN (1) 4R340 4 H 30 H o SRR bl S R AT
PR, R RO, RO IR TR B . s, HARVRER. Bk
BN IERE IR AR AR KA A o I RV N SR 2B, SRAERT IR, 2013
AT, RAR M SO PR B R 0 HLER /K I K Hf Sk, R H N A5 4L
SN o JLH AR L RIS W B A A R K AR A R U S R B AR T AN 2%
A5 SRR A . A KRAAE RTINS, ARSI S Imm, ATk
%) 0.1g. IRAFIIEEFE S IUIZAAT A0 H, RECE RS HMANUA, 17T 5ml 1)
O, W EAHRARSE, TONEETRT o B R R TE 60°C 4 T in#as /b 48h
BRI, K5ORS S SR, R AE TR TR A A A, DA AR E A
FIIE
1.2 BEMRIM RS

S5 3 B H VLB S B 2R S 3.1.4 WWIRIAL A AT
1.3 R ZEEIELE

SN HI TR i o s 2k, A

Trophic position=A+ [(8"Neconsumer-6"Npase)/AS™°N]

Trophic position 571 3¢ B F5 s 6" Nuase IELAE CHILLLEV N Y477
I, A=1: MAWIGHEI, a=2, HWWEREFRHENRT 2 I HAEHE4L, Vander
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Zandan et al 19975 8" Neonsumer 4191 B 5 1R SR IRV 25 L% 5 AG™N Ay it 9385 (1 6™°N
R T8 61N P22 Al CRUN R B2 0 3.4%0, Minagawa and Wada 1984).
ST KA AP E TR e, — AR B P B ELR AR A7 AL R B S )

(Vender and Joseph 2001), AL ASHIF 5 S HIIVA b (1) 8N A g 52 2K A A4 s 3
G IHFELRAY
2 BR55H
2.1 HEITER/KEEYIAY §°C F1 5N 451E

2012 FEHZFR 2013 FHEFE 5 AN RMAFTHORAEK ALY 28 B, 362 /MM

F T B VT BOK A AR 8 R W S LA A IR 9, F TSR R LIRS, 38 0
M RS EA LT (€ 6-1 A 6-2). B EILBOUKAAEY °C Atk A
-27.52%0—-7.35%0, 6N {EAIAEALIEF K 5.01%0~14.87%0, I HIXFh AL WA 55
AW BN B AR ) RIS e (3R 6-1. 6-2 I 6-1-6-5). 2012 4EFZKAE
AW 8°C ARG B -23.58%0—-7.35%0, iR 8°C A, ARALIEE N
-13.70%0—-7.35%0, S5HAK AN 81°C (2RO, HittKk A4 §5°C (2
N Ay -23.58—-18.78%0 (£ 6-1); Wity 8'°C {H AR, HAH A-23.1120.38%0 (5] 6-1),
2012 4EEZF 3°C HE R KA AW N RIS 8, JEAR 93 1 4 -20.291.04%o0 Fll
-20.31£0.22%0 5 57°C {H 5 Ik 1 4 K HE 8 ( -23.88+0.22%0 ), ¥k K i fiit

(-23.30£1.99%0) (& 6-2). 2012 4ERKF/KAEM) §1°C (AR, v 7 il AR 2L
IR AE-23.21%0--21.00%0, F5 5 il 8°C {5 K H-19.06+£0.2%0 (& 6-3). 2012
EATER TG 8°C (HASKVE R, H-25.16%0—-18.37%0, FHiA/K AW 87°C
(B SEAR RIS e R )y il 1 AR AL TS L 2 P, T S5 R il fE AR B ) 0K il 11 8°C
A, H-26.15£0.26%0 (|8 6-4), 2013 EHZFFHELEWEHT §8°C HHKK, N
-24.06+0.38%0; KR 57°C {H B, 4-20.75+0.06%0 (/& 6-5), RIS, M
RS SE AN MES ), X LE 2012 FFEHZFS] 2013 FEH T H R TLBU A E IR K
RN §BC (ARSI, 45 BN L BUK A B AR TS R, b
-27.52%0—-18.78%0, IR NAZE (-26.51%0—-18.37%0). 2013 £E457= §1°C (HIMAZALE
T 2012 £ §UC AR, HET §°C AR IuF{E 5 A RFEF i
/N, h-24.57--20.69%o.

2012 HEFZEKAEAY) N AL 7.15%012.57%0, MRS FATE R §°N
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fi, AN 11.68%0-12.55%0, LU M (11.784+0.23%0)5 HASTHEF(K §'°N i
A%, AN 7.8120.27%0 (& 6-1). 2012 4EEZ, KK 8N s, HAE N
11.41£0.9%o; fiff 8N {H A%, }y 7.4320.42%0 (& 6-2), 2012 EFKZK A&V fif (1) 5N
(AR BB K, 4 9.35-14.62%0 (6 6-2), KHRGH 1 8N i, A 13.0120.01%o;
AR £ 8N (A%, HAEh (8.11£0.61%0) (18] 6-3). 2012 4EAZ=Hikiff) 85°N i
Fetdi, N 14.62£0.27%0; I 3N fHIRAK, h 6.97£1%0 (& 6-4). 2013 HHZF/K4
A4 8N HASALTE FE R 5.01%0-11.94%0, HIVA Bty BLAT BeAR I 8N {8, AL R
9 5.01%0-5.49%0: HHAHEEVPARIY 6N fEAL R, HAEY 11.20+0.16%0 (P 6-5). FEBR
WS L IV TR S SRS G A ME S 1) 8N L, 45 SRR 1, K F K Z KA A1) 35N
EAR LT Rl X5 813C (AL, 2013 4EFHZR /KA AW 67N AE A8 1k 18 il #5t/),
) 7.08-11.94%0, HAKT 2012 47,

PE5KkE (2007) YA, K 8°C F 5N AR HUNIN FHEAT I, Al LR
) S et 2K B O BIR . AR SR §13C AN 8N 1 IR F, 3@t PRIMERS.0
At (Hierarchical Cluster Analysis) AT, HERFEHrR EWRHHES ]
A5 81N (I S . F R R KAE A 8°C (A 8N, KARZET
(RI7K AR5 AN TE] I D 6635 RE . Hobson and Welch (1992) A A ks iy A /K 28 4=
W E TR R LT RANTTREN, I, AFE4ES 2012 FHFS 2013 F4F
5 ANSRFFZEON B VLB RIZRBE K AR AT T Ams 53 Kl 6-1-6-5
FTLAE AU B e s VLB — @ 158 1 80, AR, S, [ A
Wi fh LI R NI A — R 1A 2 2R, KEEWEE . Wifil . TG, rhAEv b
H S R ARt ALK, AR — R T 3 e, WA Bh. BEEK.
B RHRSE— MR 128 4 5. R, BEATTIANIE, R B o 2 5,
REZEB A A R SR 2. Bk, AREINh, KIT R E ST B a2k
BOTor oy 4 ANKHEE, LR R VEREE O 2 K IMAEATEI A B SERE
53 B MRBIITERI AL e O 4 S e MR
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Herpofoll R 2014 Ja i WFT AR 2 A iR S0

% 6-12012-2013 4EH F=ITBoK B £ 3°C
Table 6-1 the 8*3C values of aquatic organism from 2012-2013 in Yibin reach

2012 # 2012 & 2012 #k 2012 & 2013 %

s, Spring,2012 Summer,2012 Autumn,2012 Winter,2012 Spring,2013
iy 3"C 3"C e 3°C e
Fish n - n - : n - n -

min max min max min max min max min max
PLA Siniperca scherzeri 3 -20.94 -20.39 — — — — — — — — — — —
fi§ Siniperca chuatsi 3 -20.02 -19.63 — — — — — — — _ _ _ _
KHEH% Siniperca kenrii — — — 3 -24.09 -23.66 3 -22.08 2117 — — — - —
7t Silurus meridionalis 5 -21.28 -20.32 5 -20.89 -20.23 5 -19.32 -18.78 5 -25.16 -18.37 — —
fifi Silurus asotus — — — 5 -21.39 -19.24 5 -21.84 -21.14 5 -26.51 -25.78 5 -21.36 -20.63
HHJE i Leiocassis crassilabris 5 -21.08 -20.46 5 -20.57 -20.02 — — — — — _ - _
FLK 3 it Pseudobagrus vachelli 5 -22.36 -21.63 5 -21.58 -21.27 5 -21.50 -21.17 5 -21.89 -21.23 5 -21.95 -21.34
Y63 Fifh Pseudobagrus nitidus — — — 5 -22.71 -21.78 — — — — — — - — _
K #6f Leptobotia elongate 10 -21.47 -19.94 5 -24.97 -20.09 5 -24.04 -21.37 5 -21.66 -21.12 5 -20.83 -20.69
LRk Leptobotia taeniops — — — — — — — — — — — — 3 -23.05 -22.63
HhAgyh ik Sinibotia supercilliaris 5 -21.69 -21.17 5 -21.65 -21.14 5 -21.41 -21.10 5 -22.75 -21.41 5 -22.02 -21.53
H Bt fi. Gobiobotia filifer 5 -22.45 -21.34 — — — — - — — _ - _
SH#EH fie. Xenophysogobio boulengeri 5 -21.24 -21.02 3 -21.35  -2093  — — — — — — 5 2256 -21.61
K:AEW) ) Rhinogobio ventralis 5 -22.83 -22.28 5 -21.93 -21.74 5 -27.52 2129 — — — 5 -22.77 -21.44
Wil Rhinogobio typus 5 -23.58 -22.62 5 -21.56 -21.03 — — — — — — 5 2227 -21.03
It fifl Saurogobio dabryi 5 -21.71 -21.29 5 -21.26 -20.61 — — — — _ — 5  -23.40 22154
4 Squalidus argentatus 5 -21.66 -20.94 — — — — — — — — - _
il Coreius heterodon 5 -21.15 -20.31 5 -21.82 -21.31 5 -21.79 -21.31 5 -23.69 -20.82 5 -21.31 -21.09
14 £ Coreius guichenoti 5 -23.30 -21.18 5 -21.96 -20.91 5 -22.44 -20.44 5 -23.93 -20.80 5 -23.04 -22.27
TR FE 44 Ctenogobius giurinus 5 -21.14 -18.78 — — — — — — _ _ - _
AL Lepturichthys fimbriata — — — — - - - - - — - - 4 -2457 -21.09
FR AL VIR Jinshaia sinensis — — — — — — — — — — — — 3 -24.43 -23.68
fif) Carassius auratus 6  -2242  -2056 5 2323 2112 5  -2239  -2213 5  -2281 2245 7 -2386  -23.19
fi% Hypophthalmichthys molitrix — — — 5 -23.26 -22.94 3 -21.26 -20.73 3 -24.61 -2453 — — —
s 3 -21.87 -21.23 — — — — — — — — — — — —
H A EF Macrobrachium nipponensis 8 -22.17 -20.30 5 -21.36 -20.35 7 -22.99 -20.34 7 -21.08 -2036 @ — @ — —
12 Monodonta labio 5 -13.70 -7.35 — — — — _ _ _ _ _ - _
WHYH G Limnoperna lacustris — — — — — — — — — — — — 5 -24.66 -22.40
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% 6-2 2012 -2013 4B VL BUKAEAE I 8N
Table 6-2 the "N values of aquatic organism from 2012-2013 in Yibin reach

2012 # 2012 & 2012 # 2012 %4 2013 #

“@y, Spring,29512 Summer,2012 Autumn,2012 Winter,2012 Spring,2013

o 3N 3N 3N 3N 3"N

Fish n min max n min max n min max n min max n min max
BEHH Siniperca scherzeri 3 11.41 11.76 — — — — — — — — — — — —
i Siniperca chuatsi 3 11.56 12.01 — — — — — — — _ _ _ _
KHRHF Siniperca kenrii — — — 3 11.00 1157 3 13.00 13.02 — — — — — —
w7tk Silurus meridionalis 5 9.51 10.26 5 10.31 11.32 5 9.52 9.97 5 8.66 13.75 — — —
fif; Silurus asotus — — — 5 10.01 11.51 5 8.22 10.56 5 14.22 14.87 5 9.48 9.96
HJE#fi Leiocassis crassilabris 5 10.01 10.67 5 9.57 10.23 — — — — — — — —
FLEG Bt Pseudobagrus vachelli 5 7.56 9.06 5 8.55 10.29 5 7.92 8.70 5 9.89 11.07 5 9.00 9.88
Y6 Fifh Pseudobagrus nitidus — — — 5 9.23 10.18 — — — — — — — — _
K ffl Leptobotia elongate 10 8.59 12.57 5 10.34 12.71 5 11.05 12.38 5 9.47 10.13 5 10.35 11.81
X7 Leptobotia taeniops — — — — — — — — — — — 3 9.78 10.23
HrAEy b Sinibotia supercilliaris 5 9.26 11.37 5 9.92 11.43 5 10.58 11.55 5 10.43 10.72 5 9.67 10.50
‘H E it Gobiobotia filifer 5 10.32 11.51 — — — — — — — — _ _ _ _
S5 i Xenophysogobio boulengeri 5 10.80 11.42 3 10.41 10.89 — — — — — 5 10.43 11.94
K-#&Wfif Rhinogobio ventralis 5 8.87 9.99 5 10.18 10.35 5 9.35 14.62 — — — 5 8.96 10.17
) fifl Rhinogobio typus 5 10.78 11.32 5 8.82 9.22 — — — — — — 5 10.72 10.86
i fif) Saurogobio dabryi 5 8.28 9.21 5 9.63 10.13 — — — — — 5 7.91 9.23
#fif] Squalidus argentatus 5 8.17 10.62 — — — — — — — _ _ _ _
i £a Coreius heterodon 5 9.67 10.21 5 9.14 9.93 5 10.12 10.69 5 9.33 11.19 5 9.05 9.42
14 1 Coreius guichenoti 5 7.40 9.21 5 7.1 9.13 5 7.27 8.85 5 7.39 8.43 5 7.44 7.88
FBEWIF HE 4 Ctenogobius giurinus 5 9.37 10.93 — — _ _ _ _ . _ o o o
L3 f Lepturichthys fimbriata — — — — — — — — — — — 4 9.01 9.71
HrAE G b Jinshaia sinensis — — — — — — — — — — — — 3 11.04 11.36
fill Carassius auratus 6 7.15 9.52 5 6.72 8.53 5 8.58 9.95 5 5.57 8.38 5 7.08 7.63
it Hypophthalmichthys molitrix — — — 5 6.96 7.86 3 8.93 9.39 3 6.98 741 — — —
s gt 3 8.23 8.71 — — — — — — — — — — — —
H A VAR Macrobrachium nipponensis 8 7.32 8.09 5 9.23 9.86 7 9.08 10.32 5 9.56 10.03 — — —
H1 17 % Monodonta labio 5 11.68 12.55 — — — — — _ _ _ _ . _
W78 B4 Limnoperna lacustris — — — — — — — — — — — 5 5.01 5.49
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] 6-1 2012 4E4RZ LR T BUKAEAEWIN 61°C A1 8N CPIEHRE %) KINREREERAK
Fig. 6-1 The 8*3C and 8"°N (means +S.D.)values of aquatic organism and functioning group from
spring of 2012 in Yibin reach
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Fig. 6-2 The 8'*C and 5"°N (means =+S.D.) values of aquatic organism and functioning group from

summer of 2012 in Yibin reach
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Fig. 6-3 The 8'*C and 5"°N (means =+S.D.) values of aquatic organism and functioning group from

autumn of 2012 in Yibin reach
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Table 6-3 The trophic level of the different season in Yibin reach of the Yangtze River.

125 2012 # 2012 & 2012 %k 2012 % 2013 %
Fish Spring Summer Autumn Winter Spring
BEHR Siniperca scherzeri 3.86

fii% Siniperca chuatsi 3.92

KHR#% Siniperca kenrii 3.77 4.28

i J7 i Silurus meridionalis 3.36 3.64 3.30 3.43

fili Silurus asotus 3.66 3.21 4,75 3.31
HSH#fi Leiocassis crassilabris 349 3.36

LT it Pseudobagrus vachelli 2.95 3.17 2.89 3.53 3.26
J6Pk i ith Pseudobagrus nitidus 3.32

K fifk Leptobotia elongate 3.53 3.81 3.96 3.34 3.62
X6t Leptobotia taeniops 3.39
rh ALk Sinibotia superciliaris 3.49 3.62 3.71 3.56 3.44
‘H B i fiv. Gobiobotia filifer 3.66

Sk fiy Xenophysogobio boulengeri 3.68 3.59 3.68
KAE W) Rhinogobio ventralis 3.28 3.46 3.69 3.29
) fif) Rhinogobio typus 3.72 3.11 3.62
i fif] Saurogobio dabryi 3.05 3.36 2.98
HRf Squalidus argentatus 3.26

i Coreius heterodon 3.38 3.26 351 3.34 3.17
[5 [146 #4. Coreius guichenoti 2.9 2.89 2.84 2.77 2.69
FFEWURFEff Ctenogobius giurinus 3.44

34 Lepturichthys fimbriata 3.20
A& Y0k Jinshaia sinensis 3.74
#ifl Carassius auratus 2.89 2.70 3.18 25 2.61
fi# Hypophthalmichthys molitrix 2.64 3.14 2.57

Fl A<y iF Macrobrachium nipponensis 2.75 3.25 333 3.35

“ AR

2.3 MRMEKAEEE?

TER 3 68°C 70 6°N R EF LBk,

H T80 0 F 24 2012 AFFRZEM 2013 AR — AN IEERGR =, it £
10 e B i UE KRGS ED 2012 4E#R7RAI 2013 4EARF 4 WLt 261 §1°C Al
SN [FIARFHE JCE FR A /1028 Ak, 10 Fhfa /)y S, 4 fa . [ IR A U IR B 00f
Kitfl . rhARyif ., KCEEV) M. Wil e R e B Y . POIRTT R K EE) A
Wt ¢F 2012 4EFZ () §1°C (/N T 2013 4EFEFN) 8°C T4y 7 e dr 2012 4F
FN) 5°C KT 2013 4E#HZH) 57°C {H, 5 POM fEANZ 15 AR AL, )
{E 2012 4ERZEM 2013 4R §7°C AR, HUChVItRIRE A, JEARPhE0
S13C AR INI AR IE 1%0 (P 6-6)0 6N fH: FLIG 8 BRI FEBR/E 2012 (R4
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Table 6-6 The 8"°C values of main fish from spring of 2012 and spring of 2013 in Yibin reach
(abscissa: 1. Pseudobagrus vachelli; 2. Leptobotia elongate; 3. Sinibotia superciliaris; 4.
Xenophysogobio boulengeri; 5. Rhinogobio ventralis; 6. Rhinogobio typus; 7. Saurogobio dabryi; 8.
Coreius heterodon; 9. Coreius guichenoti; 10. Carassius auratus; 11. POM)
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Table 6-7 The 8"°N values of main fish from spring of 2012 and spring of 2013 in Yibin reach
(abscissa: 1. Pseudobagrus vachelli; 2. Leptobotia elongate; 3. Sinibotia superciliaris; 4.
Xenophysogobio boulengeri; 5. Rhinogobio ventralis; 6. Rhinogobio typus; 7. Saurogobio dabryi; 8.
Coreius heterodon; 9. Coreius guichenoti; 10. Carassius auratus; 11. POM)
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Table 6-8 The trophic level of main fish from spring of 2012 and spring of 2013 in Yibin reach
(abscissa: 1. Pseudobagrus vachelli; 2. Leptobotia elongate; 3. Sinibotia superciliaris; 4.
Xenophysogobio boulengeri; 5. Rhinogobio ventralis; 6. Rhinogobio typus; 7. Saurogobio dabryi; 8.
Coreius heterodon; 9. Coreius guichenoti; 10. Carassius auratus; 11. POM)
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3 Wit

TSI BOKAEEYIN §7°C (A1 85N BT = 9 A4 W BB s e e i A
Py S BLE I R, B EARE [ A7 3= 0 P A R e A b A T
A4 (Xu and Xie 2004) . $EHISCHEFUHRIE, §'°C (L AEAHARE FR UM 1 & HEEE ) 1%o,
BP9 B e 2R g, 3L 8°C (i HLiE Mk (Cormie and Schwarcz 1994; Post
2002), ARMAEAFIITOH, AFZET o0 R ME R YR IL 8°C {4 R B,
IX PRI G AL HoAh 2238 B e 4 e A7 B (Persic et al 2004; Bunn et al 2003), iX
AL RS AR R SR IR S AT G, MRS AR, I 8°°C (I, MR AR
S, 3 81C {81 ( Deniro and Epstein 1977; Monson and Hayes 1982; Macko et
al 1987).

Kendall % (2001) 7565 6 [ PU 4RI TRIFFE R I C4 RPIAT B §7°C,
HAEHTE-9%0—-16%0;  EH-AE (2006) XKV R i LB (1) C4 R TR I,
3L 8°C IR hy-13.5%0—-12.2%0 0 A ST HT AU UR I §°°C A A4t [ 55 LA
L, Ui CA MW IERA NI EERIEZ —, SR U] C4 M B R=ILBUK A
AN R HA — 2 DTk FIR, RN DI R — @ My ), VT
Pt UL AR R EY) (Rl 2010 TR 4E 2013) . HHARDCHITUGE, KA NG 2)
[FIAT HLY5 G AN K A A A 38 S A B 1¥) "N (Mariotti 19865 Kendall and
Aravena 2000; Kendall et al 2001), TfifEAHEFE R 5N (i, RtkIX ] fig
TR AR R WG G Sk A A HEE R SR e, TS 8PN i
B, B2 BUEW] T RS AT DUE R S SRR ). 2012 SRR SR RILBUK /R
W) 8 C AR IR TE I AE 5 SRR AT PR K, — J7 T AT RS2 FR T AN 22k AR
PIRIF AN Sy —J5 i, TRV R 7-9 o utoK it Rk kIEE ) iz,
T2 B R T B N RS20 (Wantzen et al 2002; Wang et al 2011), #efi)ifiit,
KK AR DI 87°C BRI, P fes HA) 2 M & Mok — 2 IR R,
WUE T AERKI, KA At AR AN AT WL S N F & H 2 3k A5

AWEFTICAH AN 24 Fh, ATLARIGN b 4 ANEFRISRE, Rabhamk Wik m
BT, W2 E s, NETEEE, mEFREWEALE T LR BIFEA
[FIZ= AT R TR T 2.5-4.75 2 J0), HeA FEATHE,  HAR RS FRR L RBAT
B WA, AURRI R T AR E R LRV, 28R
BB L IE 1R S B AR S Al & i G R LA & W) M 544 (Hobson and Welch
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1992) . AN[RIZEAT T WIRE IS FRMANA], 0] B8 BT /KA AN A 5 80t 2 0 B o A
A, WS ECT EWaE KB &4 T 2246 (Post and Takimoto 2007). £ AH [FIZET1,
DGR S AU PR TR N i T ) DR ) BC DR B e s 0 007 I v T I Jes [ R )Y
Fed: FRUEEHAE TS TR T E BRI R IR, SRR, R R
Sk () VDR E W b S A R PER AR K T4 1 [) i e 2 B U R 2 114 S i 1]
TSR, X520 (20100 X 6PR R RN FG EG 35 675 TR ATE 5T
i YUMIE . H AN AR I IR, Xl e 5 e M e YRIEa ¢, Jo fm T
ZYIPEIERE (45 2010; )% 2005).

X B SRV B WA RAN RS R P AT /00 (Uil 6-9), 45 R EIRTE
FLEVL B (2R A A ) 5 i s I 1) 2% B PR f 3, R P e SR A e 2R A D,
MTE TRPAEA R ZIAE 4 DL ERARLT8f, Wl U AL 15 7 i i 14
T B FIAL T Tt (1) S 200 0 4 A B SRV L BOR D 1 IR 5KV B AR DR U S IR
TR AR, BRI T8 EE R ) A B P 2R M RIS A gk .
1= (2003) K AMEYIRER Z R R BT BB R R A S R L &Y
R AES R S, I MBI BOKES RS, KAELEDFRE S
HARh i LRI . AFIE RN, A TR IR R o AL T8 IR
AR ) B P R R D, HEWRE R, st W B =V LB 2 g y)
W Z A AT E o FEARYN Victoria ¥ 135 P B0 1 £ S8R0 85 31012381 47 £ 28 Rk 250
40%, HAFENFE, HE513EkM M e BT (Lates niloticus) J&, &
FRTTN B SR IO A IV IS8R, DRI, Rl i Bh T4 RE, B2
REHIF I (AT 1995) . ARIMNAE B TV B WK # 58 JLF- 43 b 1140 2%
BB, LENR AR, s A 2= 1 47 2] H AR
B NI LT, HEVLBI MR ATEN, RS RS T
AR . i BB 45815 5], POM J& B 52 i1 B R 1) TR e ki —,
TEAGZKIN POM FZERE A A AN GFUAED) . KB KA RS
) FANKRA N (BEHATH . 3BT LA B3l K SR A LD 7k
K POM 1) = EEATHURUE A S RAT WA BRI T B VLB M, 7R3tk 3
FEATHIRIE R A KATH, AEAS KA WL 2 A AT DL RISk AT
M. TR 5%, B POM b, HAVHIEF a2 sk
—, WA BB, U5 EERHIT B R 1) B AT 1 — P I A
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