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TUERHER £ (Leuciscus waleckii Cyprinidae)sf
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FUICHER 0 RhRE Ak th AR 2k 0 AL OF 56 LR B 31
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1 HRET®

1.1 XA

RS @ 201745 A 7 HITik
FHLI5 (43°22722.63"N, 116°39'57.50"E) 1 51 #% /K 1]
(43°22'33.56"N, 116°42'54.83"E), H P52 ik HL
W U B ARAS . RAE FUICHER fa 238 PE MR &
BRI, RN 45 B, W 45 B TE
Tt 155 J o2 4R A T 0 AT £ 391 2 A I K R
TR SR 1 h Nis I se s s . Mk
FERRES - MEf RSO TR AL, MBS BIE 2 4K
AFHALAT AR R, M RIMIRE R R, IEER
FAE, AmEAL A, PN T ST REAL Pk e M )
Mt 25 R, M w (MS-222, 1h2 45 Rl
R IR IR £ T TR R R ) JRR b 5 ) 2 HOIE 2527
SRR ), ZJ5 MRRER )] £ A £ 25 B AL %
H12 BT RAE, T A SE T .
1.2 XWAHZE
1.2.1 HRRESHE JEESEONE S N 60

F1 WTEEBMRE ALK
FaMaMESFESH
Tab.1 Morphological parameters of Leuciscus waleckii
form Dali Nor Lake and Gongger River

n=25;x £SE

EESH K HLH piy - vist|
morphological parameter Dali Nor Lake Gongger River
1A /g body weight 118.96+26.33 109.23+11.43
K /em body length 19.33+1.75 18.95+0.88
4 i /cm body height 4.82+0.10 4.67+0.05
P IR H /g gonad weight 24.92+7.05 23.78+3.90
PEMRFE 5L GSI gonad index 0.21+0.03 0.22+0.02

Al b A& BENLEEL 12 B, BEhkcrimn, T
1.5 mL B4, 78 4 CORF P CE 4 h, fRILEE
MriiJa, 3000 r/min, 20> 20 min, B2 I T
VKiz P SE %, 80 C UK PR AF, FH I 1M vE A=
fLt6#7

L5 FE oK B PR ), B EE . 1A
FINLA L, BT 2 mL 0GRS, AR,
5 N80 CUKFIIRAT o LLURE ST 4 CUKFE IR,
A 0.86% M0 A4 BRER K THVE 2 IR, JE4RK T
Fm Ky, FRE, A 9 F5RFL 0.86%E HHEL K,
F 2 mL FHRERBIEHLSK D, KRR E
JCIH WALk, B .0(4°C, 5000 r/min) 10 min,
B0 77 RORH 000 v A D i RN . OO
LRI ARt i 1
1.2.2 2MAUKEM KT Witz 35
=, TEWIKPIEN 2 hJ5, 55 FEPLE O 12 &,
e N K SREE, WK BTAS R TR 5 0 o
FRE% 24 hJ5, MS-222 ke, REFBKCR I, 43T I
HAEAIEFR . SCIRTE 120 L /KRS ThiEAT, S0
HRPAEE, Frns, KRRFE(2+1)C,
123 MmMBFENIERNE MAEE 4°CKE T
o SO DS TR TR A s o N & e L = | B
B i o R 2 R A 2 L - R A
DA TINE IE 8 A & R BCA YA T E
Hh =R R F GPO-PAP il ik iAo N [ e
P E kA COD-PAP ¥EHEATINE, IiEA bS5
(1) 547 34 2 mmol/L, I35 A Ak 2 E50 e 1R &
TR A ) TR T
1.2.4 BESENE MR LS5 KL
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HETE B HL AR R, R P T 32 00 s O A AL 1A
HAUPBEIE S BRSSO mg/g. BEIR RS
W75 & 0 R R A ) TR R T
1.2.5 BEREMWNE FNERZEH 25 R R
T L L R S I A L OO R L
TR o TS B0 B i (GOT) 1 PR ] 2,4- Rl 5
ML AT E, AT 5% 2 B (GPT) I 1 R FH i
G L AT, AR Br ofE M S A5 L0 AR > T i
TSR IR, OIS (HK) R H &AM et
PRI RE, TN FH A 2 - 6Bk i N S %) A8 BB
N, FERRME RS IR AT, 7E 340 nm K AL,
3 Ak 0 W' B ) G 0 R S e O W R T T
PR AR A5 D9 SR BRI T MR
IR0 G 35 0 F B s A ) TR ST

T AL 35 1 2 BE A7 0% 2 U O sk AT
E o T EE RN 1 S I SR AR AR - T i
Rk AT, TR S PR e BT 2% ol R
0.05 mol/L Wl ib- S S AL #N 2% v (pH 9.8), HAth 5
B AR B e T vE AR R, SR NS ) B
FESCR: AR 37 C TR HK BT BSR4 1 pg
& & IRAE N — A~ A B ¥ U (ug/min); 3
Ky g FNEF 2 R BTG R SR ) 3,5- Al oK e Lt
I TN E, SERBETE PR SR O 7E 25°C
FMEF, BAOAREALTER AR 1 pg ZZEHEIE R
— N VERY BTG SR U (ng/min); 14k R BT T
HNE SR AR 40°CTF, B AL AT 4 R AR K
1 pg BEPEER —AHBE S50 U (pg/min). Fr
D LA b 4% Fof il %) 355 3 B2 (U) Bk LA B 1 ] 35 7
A (mg) B MBS HE TG 71, LL U/mg protein
FIR o ARIH L 1 ok ] BCA 2R &tk T
W, DhAs I & Ve AR
1.3 HiEAIE

I BT A EAE 24 T B AR ME DR (x +SE) R
7N, K H SPSS 16.0 #1158t 434, FAh SRR
A ¢ R I Rk B R DA% ZR e R ERAE S R
B S HO T R BT, KR
TOME SR TR 7K 58 I 24 h 5 B FGHE %2 £ 1 ¥k 2F 4k
SHECR R T 200, #25 BER, Hif
T2 HE L (LSD’s test), P<0.05 B A K25 5 i 3%,
P<0.01 BFIA R 25 S i 2% o

2 ZEREHSW

21 ARAREFREKETEMFELSHILR

AN TR IS5 vk LI B A LT A Ak S 8k
DL 1o AR, 53k B A B ECHE 2 fa A L,
W01 i 1) BT A% IR 0T e HG I 3 A A B S i S PR IR
(P<0.05), 1 I /5 & JIH [ B 2 i W 3 ) 155 (P<0.05),
M BEEAE W =EsE LR &Lk,

55 BB FUIRHE R A e, 3@ NI 7K 24 h
Je L I3 6 28 W LR R 1 i S RN (P<0.05),
LS A 2 DA% 2% Il B Al 2 i T e 2
FLEE F 3 1 (P<0.05); 1Ly Hh = Ha & E o i
FARAL; I A R G B U, (H R AR
TR ) TG SR T0] 1 RO ECAE 2 i i I
(P<0.05).
22 FEHEKREZT&DEIEEMNAA
OEFESELE

T LI R T A% JI Tl B ECHE 2 o A RL A 41
SRS LR 2, BRI O, 53k B RC EC A
B A e, 0 ) sA% 2R S L 2 SR DR
T (P<0.01), T £ A A 5 2
o 53 A%, T I £ R £ LR R R AR, H
TREES
2.3 EEEEKES &0 RS AT 5 B E
T4

5 LA F DTS JR T B ECOHE 2 fa JH )k 41 21 rh i
SR OB RGP L2 20 R T I, S LW
FUECHER fa A H, 0090 2 57 A% R T 5 FE AT Ak 4 20
A B 2 I PR 0 3 B IR (P<0.05), 1T E 2 41
A5 PR Bt R O P T I AR 1
24 FEHERKKES &M EFEMZFESR
LUE L EE T

K FL RN T A R IR B B AE T O 0 i 3 T
ARG P LI 3o pr AT UL, 553k BLTEC I HER fa
FH G, 0 2 DTS 2R ] 5 AR £ I R 38 21 4
FMG . B ARCIBG . R R R UE R B Y
T 155 (P<0.05) o i #1113 2T 24 2R T 12 0 )
IR 3.42 5F0 1.31 485, 0] f0 & M5 Wi 3% M 2
WIS 5.08 151 1.27 4%, B 2R I 2R 20 )
IR 1.55 f5F0 3.48 1%, WA BT 4
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B AN [R)PREE i i P CCOHE 22 i L W5 A4 M (A) . BB (B) . HHM = (C) FIH [ (D) & B 281k
HET BT AR R /NG TSR 4% 4 ) A7 A 35 22 57 (P<0.05).
Fig. 1 Serum glucose (A), total protein (B), triglycerides (C) and cholesterol (D) concentration of Leuciscus waleckii
collected form Dali Nor Lake, Gongger River and during 24-h transfer form Dali Nor Lake to Gongger River water
Different superscript letters indicate significant differences (P<0.05).

£ T iish F2 REWMERULKHES @A
8 = IR hepatic glycogen e = F4C BB M b AS
54 = 7 30
§o 35 1 AUBRIS muscle glycogen Tab.2 Hepatic glycogen and muscle glycogen content of
r.’i Leuciscus waleckii from Dali Nor Lake and Gongger River
E 300 n=12; X +SE; U/g protein
Q
2 v % L TR IR T
fn 25 metabolic enzyme Dali Nor Lake Gongger River
2 MR GPT 9.56+0.42° 10.7320.59°
fﬂlﬁi BEILEE GOT 51.40+1.55° 42.26+1.96
PEv i HK 18.58+1.7° 21.34+1.17°
% MG
0 \ " N N . N e
KE piv:ye] e REE SRR RS ARG BE S (P<0.05).
Dali Nor L'Zaﬂkj;lj Gongger River Notes: Different superscript letters indicate significant differences
ZH77| group (P<0.05).
A 3 ¥ i /_"‘ ] " N At — Nz
B2 HEHARMA/E A R A WY 1.92 51 13.46 1. HACR IS
NG e i e ; y : 3
. - AT P 22 5, W] WLAE ) K i B IRORE % #8 Ji 3 1

FET 17 B2 (R4 117741 %5 9 57 (P<0.05). e o T
Fig. 2 Hepatic glycogen and muscle glycogen content b T A Tl T 1 3 1 ﬂ:)ﬂ:ﬂﬁ, 1 i 2K R

of Leuciscus waleckii form Dali Nor Lake and Gongger River EHRMEA @Q{ﬁ’fﬁ%}%ﬂ?ﬂﬁ‘:, 47 4 2 i1 1

Asterisk above the column indicate significant

differences (P<0.05). TR, A0 TG P 2 I AN 3 ZH 2 R A o
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B3k HLW AN ST A% JR T B FRHE % £ HUE A B 2F 4R 3K i (A) . TERIR(B) . 18 2 R (C) R B 2 1 R (D) I 1R A2 1k
TR (8 /NS AR 45 L R JE R T Ak B A7 7E 18 25 R (P<0.05), AR5 SRR AL RS AR e BB 2 R
Fig. 3 Cellulose (A), amylase (B), pepsin (C) and trypsin (D) activities in hepatopancreas and intestine of
Leuciscus waleckii form Dali Nor Lake and Gongger River
Different superscript letters indicate a significant difference (P<0.05) of digestive enzyme activities
in hepatopancreas of different groups. Different capital letters indicate significant differences (£<0.05)
of digestive enzyme activities in intestine among different groups.
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WA B AEAIE SRR . MBK 5 T 5%
BIKEM A, B2 358 sh G, KRB 778
HAFEREEASE I . TERARREE b, R AT 1Y e
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K F R R R 8 T TR I K v e L ot R e K
g TR AR Kt R T S MK IR B
WOCES -, LA RN B SR B, R RE a1 oK
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Bom 2 A%, RS ER EOKOFE7E A E O R R
50%, SiZBEFE AL, ABTFSE & B FL FCHE % £ i
Ui 2] TR J1 TAT i JF I R 3 DO o 3 T T 2 28 A
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K, KR pH P RRARTE — & B2 B L nT 42 T

A AR N ER S S L S EE A 2 T e
WAMFEIN N, WK TCHLE 7 X i B A
TS SIER, TPl F E B EH TR &
3 5 W o P T A I o R R Y, ik
e B 1) & B 4 B H 1 (Chanos  chanos)ipil . ik
I UTTERAFAER o€ Ry B A BOG1EH, T
BT (S TN a-TEA B PEDY, R,
AR S 55 v B TR 25 00 30 A0 Tl 95 78 I 7K T A AR,
Al RES I8 K s PR R A K

4 i

I HLIY FL PR HE 2 0 e ol A rp ] 4E R34 5E 1
e A K, I RURFRE I A JE 308 AR B 1 2
fift 2 RE Bk JTFJUE A 18 2 2 rb s AL B VE Y T
A v R SR ST AL I RE T, X AT g
e A B 3 A v ) — e P T

S 3Hk:

[1] Doucett R R, Booth R K, Power G, et al. Effects of the
spawning migration on the nutritional status of anadromous
Atlantic salmon (Salmo salar): insights from stable-isotope
analysis[J]. Canadian Journal of Fisheries and Aquatic Sci-
ences, 1999, 56(11): 2172-2180.

[2] Kiessling A, Lindahl-Kiessling K, Kiessling K H. Energy
utilization and metabolism in spawning migrating Early Stu-
art sockeye salmon (Oncorhynchus nerka): the migratory
paradox[J]. Canadian Journal of Fisheries and Aquatic Sci-
ences, 2004, 61(3): 452-465.

[3] Jonsson N, Jonsson B, Hansen L P. Changes in proximate
composition and estimates of energetic costs during up-
stream migration and spawning in Atlantic salmon (Salmo
salar)[J]. Journal of Animal Ecology, 1997, 66(3): 425-436.

[4] Jonsson N, Jonsson B, Hansen L P. Energetic cost of spawn-
ing in male and female Atlantic salmon (Salmo salar L.)[J].
Journal of Fish Biology, 1991, 39(5): 739-744.

[5] Wagner T, Congleton J L. Blood chemistry correlates of
nutritional condition, tissue damage, and stress in migrating
juvenile chinook salmon (Oncorhynchus tshawytscha)[J].
Canadian Journal of Fisheries and Aquatic Sciences, 2004,
61(7): 1066-1074.

[6] Glebe B D, Leggett W C. Temporal, intra-population differ-
ences in energy allocation and use by American shad (4/osa
sapidissima) during the spawning migration[J]. Canadian

Journal of Fisheries and Aquatic Sciences, 1981, 38(7):



710

Hh K R

%26 &

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

795-805.

LeBlanc P J, Gillis T E, Gerrits M F, et al. Metabolic or-
ganization of liver and somatic muscle of landlocked sea
lamprey, Petromyzon marinus, during the spawning migra-
tion[J]. Canadian Journal of Zoology, 1995, 73(5): 916-
923.

Xu Z L, Chen J J. Analysis of migratory route of Larimich-
thys crocea in the East China Sea and Yellow Sea[J]. Journal
of Fisheries of China, 2011, 35(3): 429-437. [#Jk4L, ik
AN AR T B R R E S [T K44k, 2011,
35(3): 429-437.]

Mommsen T P, French C J, Hochachka P W. Sites and pat-
terns of protein and amino acid utilization during the spawn-
ing migration of salmon[J]. Canadian Journal of Zoology,
1980, 58(10): 1785-1799.

Ando S, Yamazaki F, Hatano M, et al. Deterioration of chum
salmon (Oncorhynchus keta) muscle during spawning migra-
tion—III. Changes in protein composition and protease ac-
tivity of juvenile chum salmon muscle upon treatment with
sex steroids[J]. Comparative Biochemistry and Physiology
Part B: Comparative Biochemistry, 1986, 83(2): 325-330.
Tian X L, Ren X W, Dong S L, et al. Studies on the specific
activities of digestive enzymes of Cynoglossus semilaevis
Giinther at different salinities and temperatures[J]. Periodical
of Ocean University of China, 2008, 38(6): 895-901. [H4H
M, AEBER, BXUbR, S, RN RE X > 1 540y 40 7
AT I P 2 (0], P R A AR i, 2008, 38(6):
895-901.]

Luo M Z, Guan R Z, Jin H. Effects of the salinity on the
growth performance and digestive enzyme activities of An-
guilla marmorata elver and A. bicolor pacifica elver[J]. Acta
Hydrobiologica Sinica, 2015, 39(4): 653-660. [M4h, 3%
BB, WL 5RO B8 A DR ST- 5 R BB 4 8 A
A SN LTS F1 RS2 (7). KA 92E3R, 2015, 39(4):
653-660.]

XuJ, Li Q, Xu L M, et al. Gene expression changes leading
extreme alkaline tolerance in Amur ide (Leuciscus waleckii)
inhabiting soda lake[J]. BMC Genomics, 2013, 14: 682.
Chang Y M, Tang R, Dou X J, et al. Transcriptome and ex-
pression profiling analysis of Leuciscus waleckii: An explo-
ration of the alkali-adapted mechanisms of a freshwater
teleost[J]. Molecular Biosystems, 2014, 10(3): 491-504.

He Q, Chang Y M, Su B F, et al. Effects of high carbonate
alkalinity water and high ammonia water on oxygen con-
sumption and ammonia excretion in Leuciscus waleckii
Dybowski[J]. Journal of Biology, 2016, 33(6): 48-51. [{i]
R, WM, JREEE, SF. SR AR AN IR BRI

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

D R A R AR A [I]. Y aE, 2016,
33(6): 48-51.]

Qi J W, An X P, Meng H P, et al. Utilization status of Leu-
cisus waleckii (Dybowski) in Dali Lake and its rational ex-
ploitation[J]. Journal of Hydroecology, 2011, 32(1): 71-77.
Gracfh, Zhedt, SArr, & REB KRS aRiEm
A A FIRIII]. KA, 2011, 32(1): 71-77.]
Yang Z B, Zhao Y L, Zhou Z L, et al. Effects of copper in
water on distribution of copper and digestive enzymes activi-
ties in Eriocheir sinensis[J]. Journal of Fisheries of China,
2005, 29(4): 496-501. [k, Moate, FIER, . KK
A X v AR S AR N AR 43 A7 RN AR S P RS2 A D], oK
PR, 2005, 29(4): 496-501.]

Storebakken T, Hung S S O, Calvert C C, et al. Nutrient
partitioning in rainbow trout at different feeding rates[J].
Aquaculture, 1990, 96(2): 191-203.

Sauer D M, Haider G. Enzyme activities in the plasma of
rainbow trout, Salmo gairdneri Richardson; the effects of
nutritional status and salinity[J]. Journal of Fish Biology,
1979, 14(4): 407-412.

Fletcher G L, Watts E G, King M J. Copper, zinc, and total
protein levels in the plasma of sockeye salmon (Oncorhyn-
chus nerka) during their spawning migration[J]. Journal of
the Fisheries Research Board of Canada, 1975, 32(1): 78-82.
Soengas J L, Aldegunde M, Andres M D. Gradual transfer to
seawater of rainbow trout: effects on liver carbohydrate me-
tabolism[J]. Journal of Fish Biology, 1995, 47(3): 466-478.
Sangiao-Alvarellos S, Miguez J M, Soengas J L. Actions of
growth hormone on carbohydrate metabolism and osmo-
regulation of rainbow trout (Oncorhynchus mykiss)[J]. Gen-
eral and Comparative Endocrinology, 2005, 141(3): 214-225.
Cao Y B, Chen X Q, Wang S, et al. Growth hormone and
insulin-like growth factor of naked carp (Gymnocypris
przewalskii) in Lake Qinghai: Expression in different water
environments[J]. General and Comparative Endocrinology,
2009, 161(3): 400-406.

Wood C M, Du J, Rogers J, et al. Przewalski’s naked carp
(Gymnocypris przewalskii): an endangered species taking a
metabolic holiday in Lake Qinghai, China[J]. Physiological
and Biochemical Zoology, 2007, 80(1): 59-77.

Chang V M, Idler D R. Biochemical studies on sockeye
salmon during spawning migration: xii. liver glycogen[J].
Canadian Journal of Biochemistry and Physiology, 1960,
38(6): 553-556.

Abassi Z, Shaikh S A, Abbassi J. Serum cholesterol level
during vitellogenesis of teleost fish Cyprinus carpio[J].
Pakistan Journal of Zoology, 2011, 43(4): 739-745.



55 4 FFi 7 A ik HUI) P e % i A B i i aod e v R A AR T T S R A0 A2 1 711
[27] Sheridan M A. Lipid dynamics in fish: aspects of absorption, 2002, 27(3-4): 179-188.

(28]

[29]

(30]

(31]

transportation, deposition and mobilization[J]. Comparative
Biochemistry and Physiology Part B: Comparative Bio-
chemistry, 1988, 90(4): 679-690.

Vijayavel K, Balasubramanian M P. Fluctuations of bio-
chemical constituents and marker enzymes as a consequence
of naphthalene toxicity in the edible estuarine crab Scylla
serrata[J]. Ecotoxicology and Environmental Safety, 2006 ,
63(1): 141-147.

Li E C. Physiological effects of ambient salinity on Lifo-
penaeus vannamei and nutrient modulation[D]. Shanghai:
East China Normal University, 2008. [4= 8. £ Xf FLEA
TEONT I B9 A R e S B SR IR (D). Bt ARARIIE R
2%, 2008.]

Chang Y M, He Q, Sun Y C, et al. Changes in plasma free
amino acid levels in Leuciscus waleckii exposed to different
environmental alkalinity levels[J]. Journal of Fishery Sci-
ences of China, 2016, 23(1): 117-124. [ EAH, {3, Vg
A, S5 BRBERDIEE A N FCAUAED 0 3 U R A R ROK
T[] T EAKERRE, 2016, 23(1): 117-124.]
Laiz-Carrion R, Sangiao-Alvarellos S, Guzman J M, et al.
Energy metabolism in fish tissues related to osmoregulation

and cortisol action[J]. Fish Physiology and Biochemistry,

[32]

[33]

[34]

[35]

Fang Z H, Tian X L, Dong S L. The growth performance,
osmotic physiology and carbohydrate metabolism activity of
juvenile Cynoglossus semilaecis acclimated to low salinity
water[J]. Periodical of Ocean University of China, 2016,
46(8): 19-27. [Fr-1H, HIARFI, FEXURK. (RERDIALXT 0
TR 05 A R O e R 0],
rh E PR AR, 2016, 46(8): 19-27.]

Yan M J, Li Z J, Xiong B X. Food intake, growth and feed
utilization of puffer fish (Takifugu fasciatus) after different
salinity pretreatments[J]. Acta Hydrobiologica Sinica, 2005,
29(2): 142-145. [, 2808, REIFE. AR HiLL
G 1 IRE S r SR BE . AR RFMRRL AL, KA AR
23R, 2005, 29(2): 142-145.]

Tian H J, Zhuang P, Zhang L Z, et al. Effects of water tem-
perature on activities of digestive enzymes of juvenile Acip-
enser schrenckii[J]. Journal of Fishery Sciences of China,
2007, 14(1): 126-131. [HZEA, BV, Tle, 5. KXt
Jiti L 53 400 £ 9 AR B 7 A SR (0], T DK PR, 2007,
14(1): 126-131.]

Chiu Y N, Benitez L V. Studies on the carbohydrates in the
digestive tract of the milkfish Chanos chanos[J]. Marine Bi-
ology, 1981, 61(2-3): 247-254.



712 Hh K R £ 26 %

Energy metabolism and digestive enzyme activity regulation in Amur
Ide (Leuciscus waleckii) during spawning migration from Dali Nor
Lake to Gongger River
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Abstract: Dali Nor lake is one of the four lakes in Inner Mongolia. It is a typical saline-alkaline lake with high
concentrations of carbonate salts (alkalinity up to 60 mmol/L, pH 9.6, and salinity 6%o). Amur ide (Leuciscus
waleckii) is one of the two existing fish in the Dali Nor lake with economic value. Amur ide inhabiting Dali Nor
lake undertake spawning migration. To investigate the metabolic regulation mechanism of L. waleckii during
spawning migration form Dali Nor lake to Gongger river, we measured serum biochemical parameters, glycogen
storage in the hepatopancreas and muscle, and key metabolic and digestive enzyme activities in the hepatopan-
creas and intestinal tract in L. waleckii collected from Dali Nor lake and Gongger river. In addition, we studied
serum biochemical parameters in L. waleckii during a 24 h transfer from Dali Nor Lake to Gongger River water.
Compared to lake fish, river fish had significantly lower serum glucose concentrations and significantly elevated
cholesterol concentrations. Serum protein and triglyceride concentration did not differ significantly between river
and lake fish. Liver glycogen content of the river fish was found to be remarkably higher than that of the lake fish,
while muscle glycogen content remained at the same level as the lake fish. Measured metabolic enzyme activities
showed that glutamate transaminase (GOT) activity in the hepatopancreas significantly decreased in river fish,
while there was no change in alanine aminotransferase (GPT) and hexokinase (HK) activities. It was noted that the
activities of all measured digestive enzymes (pepsin, trypsin, amylase and cellulose) increased significantly in
both in the liver and the intestinal tract in river fish compared to lake fish. During the 24 h lake-to-river water
transfer, serum glucose and protein levels decreased significantly, while triglyceride and cholesterol concentra-
tions did not change. It was concluded that during spawning migration from Dali Nor Lake to Gongger River, L.
waleckii can maintain higher metabolic rates and store glycogen in liver in order to provide energy for their sub-
sequent reproduction. The elevated digestive enzyme activities of river fish represent an improved digestibility
coefficient, which provides more energy for their reproductive activity.
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