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Review on the methods to quantify fish’s ability to cross velocity barriers in
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Abstract; Fish passage structures are constructed to facilitate fish moving to suitable habitats that are important during
specific life stages. However, whether fish can successfully pass through a passage structure depends on their ability to swim
against velocity barriers within the structure. Therefore, quantifying fish swimming ability is essential and to date, this
knowledge is lacking for many species. Up to now, there is no widely-accepted method available to determine fish's ability
crossing through velocity barriers. Establishment of such methods is important in both theoretical research and practical
application. This review first summarized the widely-adopted methods for testing fish swimming ability. Swimming ability is
mainly characterized by sustained swimming speed (i.e. the speed a fish can maintained for at least 200 minutes) , critical
swimming speed (i.e. the speed a fish can reach when using a step-wise protocol of speed increase) and burst speed (i. e.
the maximum speed a fish can swim at, and this is usually maintained for <20 seconds). Critical swimming speed is the
most common indicator of fish swimming ability. The critical swimming speed, burst speed and sustained speed are often
used as references to design the fish passage, together with velocity field that is calculated by mathematical model.
However, there are strong arguments that it is not effective to design fish passages according to the above swimming speeds
because they are mainly determined in uniform flow condition which is significantly different from the complicated water
flows in real passage structures. Unsteady flow (e. g. turbulence) , which is a common phenomenon caused by the frictional

effects of substrate and other objects in the water that disrupt laminar flow, might bring differences from laboratory results to
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field application. Thus, this review analyzed the key factors which affect fish crossing past velocity barriers, including fish
behavior, metabolism, and hydraulics. Fish behavior has important influence on the ability to cross flow barriers, and such
behaviors include sprinting, burst-glide, substratum skimming, jumping and flow refuging. Accordingly, researchers have
defined the sprinting speed, gait transition speed, burst-glide speed and leaping ability of fishes to quantify their ability
cross velocity barriers. Aerobic and anaerobic metabolism provides energy for fish swimming, and the related parameters
such as oxygen consumption rate, blood glucose and lactate are effective indicators of a fish’s ability to cross passage
structures. In recent research, excessive post-exercise oxygen consumption and transport costs are used to measure energy
expenditure during and after swimming in order to understand energy utilization and recovery. Hydraulics is another factor
affecting fishes’ ability to cross velocity barriers. It is observed that turbulence and jet-flows affect fish behavior and
metabolism, thus affect passage success. Appropriate flow fields can increase the potential for fish to cross vertical slot
fishways and culverts. In summary, a fish’s ability to pass through velocity barriers is complicated and depends on several
biotic and abiotic factors. Future studies are suggested to (1) analyze the relationships between swimming behavior,
swimming ability and hydraulic condition, and (2) quantify the energy cost-recovery rate during fish crossing velocity
barriers, and (3) develop mathematical models to describe the probability that a fish can pass through velocity barriers

according to the above relationships between hydraulic condition, swimming behavior and energy dynamics.
Key Words: velocity barrier; fish ethology; swimming ability ; mathematical model

FEAS T2 K Tt BELR T KRR b R i fa 20 B RSV E TS 50, (B g I fa 2 Fh e i s 22
S A — LR SZ B R ANK A ST B WO IR R W 2 2 R E A EAL, HR, HAT
25 E 0 TE (W32 1T B Bt Y U RCR , B K 22— 1 N BE AT X i i 1T 0l K T bm e DA A2 £ 2 v il
IR R A i I K T R

81 28 14 K D PR 0 A S R e 2 S T OAS B A AR R KO B A2 AT
i, 0 R85 1 A /K it B A HL 52 B A i sl ELA R S, o e i 24 A A i o R T v AR 4 P K L
BB A RERIA =B M ZE KR R AR T R WL R GE R R, BT R S R T A Y
A 2P RE ST, D At 28 A AR L o A R RRAE 3 (TR RTIR R A ) BB 0 i
i PRI T 45 oK I R o B, 1 SR A a0 T 5 0 283 e T P O RS A i T e R ), AR SR
Xof £ 283 3 £ 3 PN 7K R RS BE T B PPN TR AT A BT
1 &EfExReE DM A%

F TR RE 6 1) 2 A0 TR T 0 R R st TR R B O R A0 28 B 7 3 ek K O B A A SR SRR H
AT Ry Z AR 432 i, A2tk 2 0 43 S e Xk e Qi pioRn A =ik ) o X B 4%
FRIFUICIRAS | 722 P23 Rl 3 50 i 1 (B0 fa 2Dk o B 5 7K o B AH 46 A o £ UK B ) I e b R 28 A
T UK AR Ife LI TR o 3 M R TR B KT R FH £ 2Rk 2% 55 Y B E) S T 200min B A
[ A K P B e Rk, e R S i K SRV B A Ay £ 280k 2298 57 BB TR] /N T 200 min KF 20 s B (4
FE KR A SE R i T o7 VA I nT R B i A Sk 1 B R AR AR 2 Uerit, WAR by d5e KT R 22k
P 3 Y FH 2 S (] B A v ) R it D T DA A e 0 2S5 3h A T B T, s O O W R
— R A AR PR SRS T A S 1] PN a8 S KR 5 5 — R 54 20 s IR R A AR e Tk 7

HHT, B TFIE Uerit BB AT R0, ik nl fs ko, AR BI04 B A An s B g B #5201
ARG, ARZ2EE KA 2 min ] 75 min R EEK A 1/9—1/4 BL/s B9 B X Uerit 7752 &5,
A FBA> A F AT AT T oetE | 2 AR A B R) A R e 11 v — el sk U 52 A R
R 124G R B F N Pettersson 25 FE T SLB6 A E ML Ucrit J5 , 5 FH PR 18 3 RIAE 2 min 3400
0.2 m/s [T W5 7K s B VR 4 28 75% Uerit, #RJ5 4F 30 min 34/10. 3 m/s 5{0. 4 m/s (958, ik Uerit, R

http ; //www. ecologica. cn



22 4 AN A R AR TE N IO R A RE ) PTG O vk 6969

B Ucrit 158 72 BT E PR, B2 F AR IS D0 7 e AE 7 AR 2 1 B . 1 e DU i3 5 H AR A 25 4L
e, MAS A 25 AR BB AR 14 S ke 1 SR CDR 0 T 14 40 28 i vk g 1, LR, Uit T 52 st 1) A5 4K 1 A B B AS 17
T , AS R FH B I S VP IR R S VPR A B 31O 100 5 SR R A (8 Bt ) 1X 437 R ANk 2 | 3 4 £ 28 T Dk i 30 U
SEFICIRZS A 35 AR B JRIBR T 20 s 31 200 min AYFFEEIEGK I A

S R UK BE ) G BT VEAFAE BRI AT SR B 2 VR S VE A £ 280 e /K O e 3 AR AR i, T2 A )
78 Ucrit fEAE TP R R g R 3R FH 3 T AR, — e 7 £0 T8 v F Ueerit 14388 B U
VK, e Sl B A R] 5 Ucrit HR s AP — 20, iR 26 Ucrit 24 50 em/s, & I ] 22K 30 min,
PUE AT 50 m KA faTE R, X UK BE S S0 m+30 min=2. 8 cm/s, PR L faE PN 19 55 ROK I 38 A fig
3T 50 cm/s-2.8 em/s=47.2 m/s!"" | Peake %50 DU G W AUk F I MR bR S 3] T £ A B AR )
UK BERIRL.S = ag+ a, X + a,Y + a;Z + e, 3 S HEAMIHEH (m/s) , X HAK XK (ecm) Y AKIR(C) ,Z
RAAE S JEH T AN ST (min) |, ag—ay, AEIISEL e iR 22, JFDIMBARITHA T A . (HIE , S 2eff i
VKRE 73R40 T A S04 7 A AR (R DRI A 10,288 AR 100 38 5 £ 3 7K A e i ) S O i 2 2 P g A R
JIE | 308 58 3% 2 /I U B AT ] B R 380 A e DR AR S PR T UK, AN REAXUH] Ueerit BOE IR HE . N T 0T
) H Ik I f2 2 0 T Dk S R A 34 K R T 1Y 56 &R, Peake 1 Farrell 7' K /N 11 BB 5 ( Micropterus
dolomiew) 7 25 m INEHMIE AT B FHIEIK , A B0/ 101 28 i g i ok 8 B 5 7K e 5 389 hn iy 338 1m0, 4 B8 Uerit £l &
J7¥EAS B A0 TE 7K I SV R e N TS PR AR N 1 RE 5 g K R I R AR Y Uerit AR 8 TAE i
FH R 7K AR E KR 5 55— 7 T, Peake 1 Farrell ' [A] I H 45 %8 ik E] 254 AT BEHR 5 Ucrit, 91 Al fE 8
AR A A KRR FE AR
2 ®mEXBIKRERENNXBER
2.1 BWHKATH

TE A AR i vkiz Bl e — MO EEE IIB SRS H 5 B Be Ve e 82U UKz 3l B B A vk iy b
WUz s ELZEAm R A O o LAAR BRI Ry (9], 1 2 Ui i g £ 2 Jkaod 5 380 36 7= B S S 41 1 I e, R X
T A IR DI £ 2 R B i rh R A AR A AR T AS ] A 7K i 0 e, 5 o i 3R 30 R 1Y
WEDKAT A AR 383 A AEAR T (8 ] S A e A (S | 7 IO 0 o2 ) 5 g AL 20y 2 66 B e | 3 5
i PR AR B AR % R B 1 B 0 B R e R s OR T — R ORT R -l AT i vk O X5, A0 dE W) B (Acipenser
brevirostrum ) €5 1] B H#SN MIE (—A> Mo 68 e A3 e IORE IS 38 ) R -1 AT (3 SRR A IR 2 Btiad AR [ o A7
KPR T WEKAT AT R R A B Re e IREE DR R AR S AR A G, A A AR /DN 52 i 88 i 3100
it o S o K L A A B R0 Sl R i e £ 5 5 VR S K HE ) A W) o 2 R g R R S - WA T
SEREWRKACE I 4—6 5, AT A RER Y BB [ I8 30 F ek Oy 3 A t kR, Peake' ! F5
Uerit P AT BEAIAG 1 B S M 2RI VK BE T .

FETXF FRAT ARSI B A TR T 2D R e R (57 A A T ) B AR L A AR A A TR ) R -
AT SRR AR R S N B e i B (AL (] N i sh B B D4R AR ) |, LA SR & T Uk R
B RIS KR TOU Dk B S 1 2  aRa Ah ik BE 148 455 Ucrit A1 Uburst 25 f [ 22 387 1545 1 1)
FEPRANI] S LUKt R s B BT T A A iR A 0 B 288, ORI T vk o A b R 4 RS SR AE A%
Folv ek aod A v B A E G S Sl ke Ay o O Ao R B 22 i R R 3 i S £ IS A2 R I D) e o
JEEACTN 52 8 532 28 SR FH i A o 8 A Ay e RO it i B 2% T e R Tk 8 I i S e S £ 2 i
ot RS2 0 K BE 4 D A — AR R L LRI s kT L AN IR 4 0 28 LA R R U R S
TRAT A, X 2647 Ry AT RE B f0. 20500 1 K B 5 . Lauritzen 25 % LT K T W4 48 ( Oncorhynchus nerka ) B Bk iR
JE AR AL 18] K T P fi] . Reinhardt AT PIT Fric FIMIC IR AIAL B 5 RS- RS ( Petromyzon marinus) ban
PR UL T WA T oA IS RE S B [ B AN RE B BY BRI, Meixler 5520 DUBKERAT hy St | 45 31 Bk
BRIEEERIAL, JH = (9L)*/2g, b, L A MBS (m), JH HBRER & B, g A 8y B, F8 = ) fi

http ; //www. ecologica. cn



6970 A E = 31 &

( Hypophthalmichthys molitrix) F1#8 ( Cyprinus carpio) HAT BKERTT A, M AK 6 ( Myxocyprinus asiaticus ) A I 1 A
JEE T _E B/ INAHR LUK BRAIAT A, (HL i e 2 01X 2647 TR AITSE
2.2 RS R Y AR R ARG

01 IS0 5 UL B A P ) E ) P 7 X S R R R fRp RS R USRS I ] P A 3 IR B2 I ] 257 28 1)
FAOG HERR DA 257 T Ry F0I2 BFE RE Iy 20 LA B A BRI 55 R B2 119 56 28 3 £ 2Kl o /K I e st SRy s 200770
SR A A A3 5 3 K i B R A £ T I AT S8 S IR 22 AN K I B A | TR o — A K B A S B — K
D A o) 2 ) 2B BRI T RE SR R S Y P TR 2 P G et 2R i g Ak T A
TP FEREHLIE  FERE =X KR ) 12 LA K 25 B A W Rl A 0 R ) R S T RE A S I L 200 281
IBFARE R A B ), ARG LT UK BE ) 5 A FAR DL BN 4 FEAERE UM (FLIR W DR B BT AE 4 br k
SH T ITRERTIEAE AR YU EOR SR, KPS PEE ( Gadus morhua ) 439143 B A 55 14 43 AR
HEREFN A FLRR R T B0 95 L X a2 BIFERE (cost of transport, ¥E R A HEHR) MIAFFE 5 B Burgerhout
AR PR K TR BB ( Uopt, #E 508305 Sk v BN 14 380 188 ) O D 00 S i BIOIR S, I 2R AU/ N 1 e 3 i
(Uopt %) R FHEERHIF UK AT A /D BEFE , SE 0 5 AR B (Uopt B ) 1 MESS g [ 20 213577 075 . g vtk
iz 8l J5 W FES i ( Excess post—exercise oxygen consumption, EPOC) #% F T b a2 i e K IS £ AR B8 77, an
Lee 22 [l EPOC H# T A RIS A A K - v £ 1) JC 48 iz S BE 1 , & BRI B B K ) Gates Creek £ K5
I f0¥) EPOC i, Peake Fl Farrel "7 DA 2R FF i ESF [60) e 80 U0 k118 K Wk g Xef I 4 I WG O 75 i 5 11 ) 2 A
FE T /N1 TR ) P Y DK PSS 100 T I 1 T R UK N B B IGR  E A BRT P A DK  E  A, TR
H R BEIE KRGS R 1 43 Bh AT K e i Uerit 75 25 09 RO A (B0 25 M RS 3z
NG
2.3 KAOHTF

K I3 R 0 2 38 3k K i A 00 T O — A TR R RS AR A A AN T H B K A a2
UEUKAT A Lo siaE e vkOE 2 2 R FR SR 0 2R DA T o (UK 7 SN 34 ) A8 2835 Uk BE ) 5 P i T
BIISCER  IKH E B A5 4 K T R AE 5 0 28 T Dk B T 14 O Z2 WF 9 4 v A a3 A DG 5, I i P b
Z M PR RUERLA ( Fluent S0 ) IR LARSRS U0 14 0 AF 5 #0038 i 43 A LA K 11 oK TR AIE 8 R A% 450
FIHE AR TG SO WRST 1 S0 0 [ ) s e Xt S AR A 3t v 1 o X BhBE TR U BT DR S RS o A TS5 L T
Sl E R R AT LU MR (0 20 B e A7 O M Sk BE ) . 2 DK BE I 5 12 v RS 28 503t 37 B 2
R T WD EE AT R TR . 22 S A e Y 20 A SR | I8 T RV PR I T R Bt SRk O Uy ) 3 ke
RET) P 24248 i 30 AT 35 2938 ShAERE , U Liao %) R L6t 7630 13 D JE WA 40 I 1) 388 Ui st (S 75 1 26
BT A ILPA , BRAIK T #ERE . Richmond %57 FI SN 404 40 W 45 i =X A0 T8 A TR AS , R LAl i RS 5
BAF a2, 5 R REOC K HREESECR B U E TG S T AR IR A, HARA S
WFSE BT T 5% 0 2558 i 8 MK GRS I RE T, FH S & s SUAHAILAT 3D B4 B £ S5 6 B | it Tk 3 138 R
VKA EE | 2100 4 1 KR it o3 A A0 i A2 Ak A8 HE > 450 B R AT LA Bl i g rh O 22 0 K
BRI R L, TS 0 AN S TT AR i £ 2 A7y, #0214 T [0 R AR TR ARIE Y
3 REERE

A K AZWEKAT R AN BB SE — B EE SRS TR i T AT Sho0d (8 28 52 ma i in ) 1 AH G
WFFE R PIRR B, Q=21 1F 2010 4FH1 2011 AEAEPUHE A | 55 [ R R 43 5 43 FF 1 40 2880 vk Az B2 i
2> (FitFish 1) FIfiEHFT4s (Fish Passage 2011 15" Australian Technical Workshop on Fishways) . H i, [P
HMEEA TG R 2 F AT B8 B PPAl 0 28 A4 2800 S VK RE T WU AR AR A Ty i o & P b AR 18 e ] 11 ke
Bk = Xf K ) A7 A B £56 25 18 2 I 0 ST 24 2 i 7 B DK AT O B — B A IR BN 1 i 4
AR BERE R SRR ) A1 2838 5 K A RE I R AR AR RS A A R AR U R A 2 R
T, BTN AL : (1) B2EIFIKAT M MBE ) SR E AR X R 5 (2) i /K i B4 T o LA

http ; //www. ecologica. cn



22 AN A R AR TE N IO R A RE ) PTG O vk 6971

AR SFYREZ AL 5 (3) 1R RGEARIT LIRS REAt b e fy A SRS T B2 B il ok Ao K 358
FEFIFEREIYOC AR, M 22 R AR A 2Tk R 0 5 2R O S B £ K e £ 1 P /KA R RE 0 TN D T

References:

[ 1] Castro-Santos T. Optimal swim speeds for traversing velocity barriers: an analysis of volitional high-speed swimming behavior of migratory fishes.
Journal of Experimental Biology, 2005, 208(3) . 421-432.

[2] Webb P W. Hydrodynamics and energetics of fish propulsion. Bulletin of the Fisheries Research Board of Canada, 1975, 190; 1-159.

[3] KempPS, Gessel M H, Sandford B P, Williams J G. The behaviour of Pacific salmonid smolts during passage over two experimental weirs under
light and dark conditions. River Research and Applications, 2006, 22(4) : 429-440.

[4] ZhengJ X, Han D J, Hu W B, Wang X, Zang X M. Fish Swimming Performance Related to Fishway Design. Journal of Hydroecology, 2010, 3
(5): 104-110.

[ 5] Peake SJ, McKinley R S, Scruton D A. Swimming performance of various freshwater Newfoundland salmonids relative to habitat selection and
fishway design. Journal of Fish Biology. 1997, 51(4): 701-723.

[ 6 ] Kieffer ] D. Perspective-Exercise in fish: 50+years and going strong. Comparative Biochemistry and Physiology, 2010, 156(2) : 163-168.

[ 7] Pedersen L F, Koed A, Malte H. Swimming performance of wild and F1-hatchery-reared Atlantic salmon ( Salmo salar) and brown trout ( Salmo
trutta) smolts. Ecology of Freshwater Fish, 2008, 17(3) . 425-431.

[8] LiDL,FuCZ, Hu W, Zhong S, Wang Y P, Zhu Z Y. Rapid growth cost in “all-fish” growth hormone gene transgenic carp: Reduced critical

swimming speed. Chinese Science Bulletin, 2007, 52(11); 1501-1506.

] Plaut I. Critical swimming speed: its ecological relevance. Comparative Biochemistry and Physiology, 2001, 131(1) ; 41-50.

] Wang P, Gui F K, Wu C W. Classification of fish swimming speed. Journal of Fishery Sciences of China, 2010, 17(5): 1137-1146

[11] Peake S J. Gait transition speed as an alternate measure of maximum aerobic capacity in fishes. Journal of Fish Biology, 2008, 72(3) ; 645-655.

] Hammer C. Fatigue and exercise tests with fish. Comparative Biochemistry and Physiology, 1995, 112(1): 1-20.

] Pettersson A, Pickova J, Brinnis E. Swimming performance at different temperatures and fatty acid composition of Arctic charr ( Salvelinus

alpinus) fed palm and rapeseed oils. Aquaculture, 2010, 300(1/4) . 176-181.

[14] Tian K, Cao Z D, Fu S J. Effects of velocity increment and duration on critical swimming speed of juvenile darkbarbel catfish. Chinese Journal of
Ecology, 2010, 29(3) ; 534-538.

[15] Tudorache C, Viaenen P, Blust R, De Boeck G. Longer flumes increase critical swimming speeds by increasing burst-glide swimming duration in
carp Cyprinus carpio, L. Journal of Fish Biology, 2007, 71(6) : 1630-1638

[16] Reidy S P, Kerr S R, Nelson J A. Aerobic and anaerobic swimming performance of individual Atlantic cod. The Journal of Experimental Biology,
2000, 203(2) : 347-357.

[17] Peake S. An evaluation of the use of critical swimming speed for determination of culvert water velocity criteria for smallmouth bass. Transactions of
the American Fisheries Society, 2004, 133(6) : 1472-1479.

[18] Kieffer J D, Arsenault L. M, Litvak M K. Behaviour and performance of juvenile shortnose sturgeon Acipenser brevirostrum at different water
velocities. Journal of Fish Biology, 2009, 74(3) . 674-682.

[19] Calles O, Olsson I C, Comoglio C, Kemp P S, Blunden L. S, Schmitz M, Greenberg L. A. Size-dependent mortality of migratory silver eels at a
hydropower plant, and implications for escapement to the sea. Freshwater Biology, 2010, 55(10) : 2167-2180.

[20] Kemp P S, Williams J G. Illumination influences the ability of migrating juvenile salmonids to pass a submerged experimental weir. Ecology of
Freshwater Fish, 2009, 18(2) : 297-304.

[21] Winger P D, He P G, Walsh S J. Factors affecting the swimming endurance and catchability of Atlantic cod ( Gadus morhua). Canadian Journal of
Fisheries and Aquatic Sciences, 2000, 57(6) : 1200-1207.

[22] Drucker E G. The use of gait transition speed in comparative studies of fish locomotion. American Zoologist, 1996, 36: 555-566.

[23] Martinez M, Bédard M, Dutil J D, Guderley H. Does condition of Atlantic cod ( Gadus morhua) have a greater impact upon swimming performance
at U, or spirnt speeds?. The Journal of Experimental Biology, 2004, 207 ;: 2979-2990.

[24] Lauritzen D V, Hertel F, Gordon M S. Experimental studies of jumping preferences of adult migrating salmon. American Zoologist, 2001, 41(6) :
1502-1503.

[25] Reinhardt U G, Binder T R, McDonald D G. Ability of adult sea lamprey to climb inclined surfaces. American Fisheries Society Symposium,
2009, 72 125-138.

[26] Meixler M' S, Bain M B, Walter M T. Predicting barrier passage and habitat suitability for migratory fish species. Ecological Modelling, 2009, 220

http ; //www. ecologica. cn



6972 A E = 314

(20) . 2782-2791.

[27] Peake S J, Farrell A P. Fatigue is a behavioral response in respirometer-confined small mouth bass. Journal of Fish Biology, 2006, 68 (6) :
1742-1755.

[28] Peake S J, Farrell A P. Locomotory behaviour and post-exercise physiology in relation to swimming speed, gait transition, and metabolism in free-
swimming smallmouth bass ( Micropifrus dolornlew). The Journal of Experimental Biology, 2004, 207(9) : 1563-1575.

[29] Claireaux G, Couturier C, Groison A. Effect of temperature on maximum swimming speed and cost of transport in juvenile European sea bass
( Dicentrarchus labrax). The Journal of Experimental Biology, 2006, 209(17) . 3420-3428.

[30] Zhang Y, Cao Z D, Fu S J. Effect delayed first feeding on the energy content, body length and swimming performance of southern catfish ( Silurus
meridionalis Chen) larvae. Acta Ecologica Sinica, 2007, 27(3) . 1161-1167.

[31] Zhao W, Cao Z, Fu S. The swimming capacity and energy expenditure of juvenile crucian carp Carassius auratus at low temperature. Journal of
Chongging Normal University ( Natural Science) , 2011, (1): 13-17

[32] Lee C G, Farrell A P, Lotto A, Hinch S G, Healey M C. Excess post-exercise oxygen consumption in adult sockeye ( Oncorhynchus nerka) and
coho (0. kisutch) salmon following critical speed swimming. Journal of Experimental Biology, 2003, 206(18) : 3253-3260.

[33] Burgerhout E, Brittijn S A, Palstra A P, van den Thillartt G E E J M. Swimming trials with male silver eels indicate a higher efficiency by
swimming in groups. st International FitFish Workshop on the Swimming Physiology of Fish. 2010 40-40.

[34] Hasler C T, Suski C D, Hanson K C, Cooke S J, Tufts B L. Effect of water temperature on laboratory swimming performance and natural activity
levels of adult largemouth bass. Canadian Journal of Zoology, 2009, 87(7) : 589-596.

[35] Cao Q L, Yang W J, Chen H. Experimental study on hydraulic characteristics of vertical slot fishway from side to side. Journal of Hohai University
( Natural Sciences) , 2010, 38(6) : 698-703.

[36] DongZ Y, Feng Y P, Ervine A. An experimental study of hydraulic characteristics and fish test in vertical slot fishway from side to side. Journal of
Hydroelectric Engineering, 2008, 27(6) ; 126-130.

[37] Enderg E C, Boisclnir D, Roy A G. The effect of turbulence on the cost of swimming for juvenile Atlantic salmon ( Salmo salar). Canadian Journal
of Fisheries and Aquatic Sciences, 2003, 60(9) : 1149-1160.

[38] LiaoJ C, Beal D N, Lauder G V, Trinntafyllou M S. The Karman gait; novel hody kinematics of rainbow trout swimming in a vortex street. Journal
of Experimental Biology, 2003, 206(6) : 1059-1073.

[39] Richmond M C, Deng Z Q, Guensch G R, Tritico H, Pearson W H. Mean flow and turbulence characteristics of a full-scale spiral corrugated
culvert with implications for fish passage. Ecological Engineering, 2007, 30(4) : 333-340.

[40] Muraoka K, Miwa J. Can fishes pass the fishway flow? — Fish swimming performance and ultra-high-speed video analysis. 1st International

FitFish Workshop on the Swimming Physiology of Fish. 2010 59-59.
S 3k

[4] %I%ﬁ%,ﬁ%%é BB, TR, RIEEL. SIS ARG AT A IY. KA AE, 2010, 3(5) : 104-110.

[ 8] ZFflzs, A, WU, B, WP, RAET. POl AERKSEEE < m” AR BN SR G Rk B AR, Bh2E ik, 2007, 52
(8): 923-927.

[10]  EF, Hemdh, R 3C UK B 2RI, hEZKZ R, 2010, 17(5) : 1137-1146

[14] HEL, WIRAR, FHHE. R R RSl e X B EG #3006 40 £ s LAk o B I R ). RS2 2% 38, 2010, 29(3) : 534-538.

[30] BKiA, WIRZA, Tt FER RN B 8 (Silurus meridionalis Chen) 1740 B RS RER: AR R e ik fiE FT RO . A2 Z8244R , 2007,
27(3): 1161-1167.

[31]  MA3Csc, WiRAR, M &, A R A& T i ) iy e Dk e 0 MOLRE RS AE. F BRI R4 ( AR , 2011, (1)
13-17.

[35] WP, BOcR, MR, S0k ae = SE K ORI I AY . IR M ( FHARBMERR) | 2010, 38(6) : 698-703.

[36] HEF, IET, Ervine A. [AIU%REE M K ) RFPE OB RIRIRAFFT. K & H2EHR, 2008, 27(6) : 126-130.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.22 November,2011( Semimonthly )
CONTENTS

Hyperspectral estimation models for plant community water content at both leaf and canopy levels in Wild Duck Lake wetland +-+------
.......................................................................................... LIN Chuan, GONG Zhaoning, ZHAO Wenji (6645)
Potential distribution of rice in china and its climate characteristics +rorererererererreceeeeeees DUAN Juqi,ZHOU Guangsheng (6659 )
Effects of seed soaking with soybean isoflavones on soybean seedlings under salt stress — correrererrererererereiiiiiiiiiiieeee,
................................................................................................ WU Yumei, ZHOU Qiang, YU Bingjun (6669)
Ecophysiological responses and adaptation of Tamarix ramosissima to changes in groundwater depth in the Heihe river basin =+=+--c----
.................................................................................... ZHANG Pei, YUAN Guofu, ZHUANG Wei, et al (6677)
Melica przewalskyi population spatial pattern and response to soil moisture in degraded alpine grassland «-+-r-everereerererreerrreeneees
....................................................................................... ZHAO Chengzhang, GAO Fuyuan,SHI Fuxi,et al (6688)
A study on ecological compensation standard for Zaoshi Water Conservancy Project based on the idea of ecological footprint =+-«--+-+---
................................................................................. XIAO Jianhong, CHEN Shaojin, YU Qingdong, et al (6696)
Spatial-temporal variation of NPP and NDVI correlation in wetland of Yellow River Delta based on MODIS data ~ =+-e-rveeerreeeeeeeenes
.......................................................................................... JIANG Ruizhu, LI Xiugi, ZHU Yongan, et al (6708)
Marshclassification mapping at a community scale using high-resolution imagery — «------- LI Na, ZHOU Demin, ZHAO Kuiyi (6717)
The impact of bacterial-feeding nematodes on root growth of Arabidopsis thaliana L. and the possible mechanisms +v+ocoereeerrereeeeees
........................................................................... CHENG Yanhong, CHEN Xiaoyun, LIU Mangiang, et al (6727)
Spatial and dynamic analysis of plantations in Xishuangbanna using network K-function = «esessersrsesrsrenrreiniee
....................................................................................... YANG Juejie, LIU Shiliang, ZHAO Qinghe, et al (6734)
Contrastive analysis and climatic response of tree-ring gray values and tree-ring densities «=+=correeerrrrrorerererrenrieenriiriiieeeen..
.............................................................................. ZHANG Tongwen, YUAN Yujiang, YU Shulong, et al (6743)
Fractal structure of dominant tree species in north-facing slope of mountain of northern Hebei -+--+vrorrererrrreerereereeeieieeeenene.
.......................................................................................... TIAN Chao,LIU Yang, YANG Xinbing, et al (6753)
Characteristics of radiation fluxes of an evergreen broad-leaved forest in Maofeng Mountain, Guangzhou, China -+-«-vxesorrererereeeeceees
....................................................................................... CHEN Jin, CHEN Bufeng, PAN Yongjun, et al (6766)
Effects of seed-dressing agents on groundnut and rhizosphere microbes - LIU Dengwang,ZHOU Shan,LIU Shengrui,et al (6777)
Time series prediction of the concentration of chlorophyll-a based on RBF neural network with parameters self-optimizing «=«+e+eeeeeeee
.............................................................................. TONG Yuhua, ZHOU Hongliang, HUANG Zhefeng, et al (6788)
A trend surface analysis of geographic variation in the triats of seeds and seedlings from different Quercus acutissima provenances
................................................................................................ LIU Zhilong, YU Mukui, MA Yue, et al (6796)
Comparisons of relationships between leaf and fine root traits in hilly area of the Loess Plateau, Yanhe River basin, Shaanxi
Province, CRina «+++ssseeesssemsrreesmmnmnre ettt SHI Yu, WEN Zhongming, GONG Shihui (6805)
An analysis on the water status in twigs and its relations to the drought resistance in Five woody plants living in arid zone — +=++eeeeee
....................................................................................... TAN Yonggin, BAI Xinfu, ZHU Jianjun, et al (6815)
The effect of fire on soil properties in a Pinus massoniana stand ---+=x-vc=e- XUE Li, CHEN Hongyue, YANG Zhenyi, et al (6824)
Water-environment effects of industry structure in Taihu Lake Basin in Jiangsu Province «teccececeesrccseereneeiieeiiieiiieeeee.
....................................................................................... WANG Lei, ZHANG Lei, DUAN Xuejun, et al (6832)
Effect of high temperature on enzymic activity, pigment content and chlorophyll fluorescence of two Kappaphycus species «+++seeeeee-
.................................................................................................................. ZHAO Sufen, HE Peimin (6845)
Analysis on characteristics of a typical drought event in Jiangsu Province «-:-=s=sssssssssssssssnssnennenieni
................................................................................. BAO Yunxuan, MENG Cuili, SHEN Shuanghe, et al (6853)
Surface heat flux and energy budget for semi-arid grassland on the Loess Plateau ««+++++ss+ssssesesseesmsanimiiiiiitiiti
.......................................................................................... YUE Ping,ZHANG Qiang, YANG Jinhu, et al (6866)
Effects of light quality on photosynthetic characteristics and on the carotenoid and cuticular extract content in tobacco leaves — «+-+-++--
............................................................................................. CHEN Wei, JIANG Wei, QIU Xuebai, et al (6877)
Cyanobacterial diversity in biological soil crusts on wastelands of copper mine tailings «r+escerrreerrrrorarereneerreieientiiiiieeene.
............................................................................................. LIU Mei, ZHAO Xiuxia, ZHAN Jing, et al (6886)
Stereotypic behavior frequency and the influencing factors in captive Alpine musk deer ( Moschus sifanicus) —+=+=t=sososerererrasaecaeees
.............................................................................. MENG Xiuxiang, GONG Baocao, XUE Dayuan, et al (6896)
Zooplankton ecology near the Tianwan Nuclear Power Station «-«+v+ecereeeeee- WU Jianxin, YAN Binlun, FENG Zhihua, et al (6902)
Diel variations of fish assemblages in multiple habitats of Ma'an archipelago, Shengsi, China «:s:otseereerrrerrereierrieariieenne.
....................................................................................... WANG Zhenhua, WANG Kai, ZHANG Shouyu (6912)
A novel cognitive-based approach to motivation for non-use value —-+-roreeeereerees ZHONG Manxiu, XU Lizhong, YANG Jing (6926)
Review
Salt-responsive proteomics in plants «ocsererersrrsrerraesrreaiiiinen. ZHANG Heng, ZHENG Baojiang, SONG Baohua, et al (6936)
Research progress on forms of nitrogen and determination in the sediments -+- LIU Bo, ZHOU Feng, WANG Guoxiang, et al (6947)
Review of research progress of infectious diseases in wild birds ««seeerreeeeeeeeeee LIU Dongping, XIAO Wenfa, LU Jun, et al (6959)
Review on the methods to quantify fish’s ability to cross velocity barriers in fish passage «+=+toreorererrerrrreeiieiiiiieee,
.............................................................................. SHI Xiaotao, CHEN Qiuwen, HUANG Yingping, et al (6967)
Monograph
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services: foundation, prospect and response strategy «=«+-++
......................................................................................................... WU Jun, XU Haigen, DING Hui (6973)
Scientific Note
A comparative study of the spatial-temporal patterns of fine roots between young and mature Caragana korshinskii plantations =~ -+-+-+-+-

....................................................................................... CHEN Jianwen, WANG Mengben’ SHI Jianwei (6978)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 HYHEFE 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

F31E FE2H (200114F11 A) Vol. 31 No.22 2011
% L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn

Bk o ' iq,cl‘]engtraixue})a()@ rcees. ac. cn
* i E R AR S Editor-in-chief FENG Zong-Wei
I EAEAREEE S Supervised by China Association for Science and Technology
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i - 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China M A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press g? N
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o =
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Sireet, Beijing 100717 , China L ==
“matl: journalt@ cspg. net Tel: (010) 64034563 o —/—m
Y . — O\
2 N in‘li] é%ﬂgﬁﬁ A E-mail ; journal @ cspg. net 8 — O
EsET TEERERRZ BAF . L . 0
. e fope omestic ocal Post Offices in China 2 —C
Hmlﬂléﬁﬁ% .100044 Foreign China International Book Trading 8 =E
: =N
IT&2E o o Corporation |\
¥ A E LRI 5 8013 5 Add:P. 0. Box 399 Beijing 100044 , China o
BN 1009955 ERNATFET REBER S 827 EISMEATHR S M670 R 70.00 7

CN 11-2031/Q



	1.pdf
	fm.pdf
	z.pdf

	stxb201103160331.pdf
	2.pdf
	y.pdf
	22fd.pdf


