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ik
X 45, WA (Z) WIS KUREE/m WA ==
RN AL 3 0] 7R B3t 11 X 0.62 2°% 370 39 D. Ventz(1973)
EEN 0.42 7% 425 231 S. Horie(1962)
22 0.59 7>% 444 39 J. Irwin( 1972)
JIEwN 0.45 7> 115 60 Chow-Fraser(1991)
FUL 7475,
PR IE . 1 Straskraba, 1980 F1 Chow-Fraser, 1991 2% .
(RN
] LN
100 - *
ot L ]
- L
PP [ ] . . .
i@ %t o
- * %ot Sedn. 17 -2 88 ANk vk 113 i 7k s
z Q&- e, R % (FR) 5 198 2 1] 1 5
0.1 . :- " (VP BT B T B 1Y
a5 WIS/ ) R, A2 9931
0.1 10 100 1oo0 IR E K CH R FUAY 6%, WRT =

L m

1/FR,) (2 B Chow-Fraser,1991)

IKARE TR e 1 3R R G, — R UL, BEA P TR BE BB, 8 FR KA
BEA IS ETROKITA (& 7 = 3) , ib J2 J8K A 3T % ( Chow-Fraser, 1991) o #2849 4 )

ol HAC A 1 2R a B9 E 5 (TE YA RE R sl H o5 P 3Lt s ) SIBE & K IR
TRBERE NN RRAR . PRI, #0208 A A 0 Bt W T R B B i BRI (7 - 3)
I8 [0 . chl a(mg/m’)=248,313 > SF R (m) !
| : —M. Sakamoto, 1996
| TR0 mg/LI0.109 9 Y475 (m)
14 4 M. Sakamoto, 1996
L 10 B A R (kgha)=15.027 2 FHIBEIE(m) "
E 1 ' =D 5. Rawson, 1952
- : I'I.I %
F i
#H o5 \_\
O \\-H;""r-_\_\_\_
':I. 4 g & l._.._.l_.___ _____________
0 30 60 a0
1 8% FEm
B 7 -3 A4 R BN ER B 2 (Al 285656 22 (BL A Striiskraba, 1980)

JUSHER 1A 3 ANHIA A i R R B A 1000 m, 53 AN 9 AN IA A4 Je R TR B ot
500 m , (HR ZHOHAT L PEARAITFE AT e KR 2/INT 50 m, By Fil 4 46 R 240K
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87

WA SR |

ISR IE (4 - 4) , RRREE DO LR B

Neumann (1959 ) HEWT HH (VRS L ( £/ Z,,) S48 T — A4 FHIH R I K BOR 5102
B, — BRIV (FE A A 291 ) A3 HE 0 T W6 R T 1 3% M1k (272, =0.35) AL
WA NI (2/2,,, =0.33 ~0.35) FINAIRIK (Z/2Z,,, =0.66 ~0.67) . {HhFIKIE A
ARITA ELT K A A S BURRAE (1] 7 - 4) o FE3R/NTE 0. 35, — KA oK ) 180 2 A
HA— AN DA TR, 5l HA S R ) HE sl B (A T 25 k1] DX
AT AP R TR AR R TR KRR —F (R T - 1),

e 1 ] FEE (2 E LE=0.66)
— i R L =0.50)
----- 00 M 0, 35)
—— T R He=0.35)

............
........................

B

3
B7-4 44 HAREZRER AR SR R S ARFREAR R 25 14 930 20 50 T
(30 LR S R R RO o WRBE LS Z/Z,,,..) (31 A Carpenter,1983)

A TR SN SEREEE (D)) o B 5 TP IR 5 (4
TR 0 LA, Hes B 45 TR . W% D, R R ok i, Wi 2/2,,,,
B3 A5 E B WA Dy =1 BSE IR AYHEIE . AT T S5 RS A BE I 0 = 0 isn , HA
HRTHET 2, LEEMLMMIGEFR I ET 3, K] D, 5HIAURE A P2 (Timms,
1992) ,

WATE 2R B9 AN RIS 5 1090 e 3 43 9l T AR 0 S5 58 9 i BB A5G, -5 9 9 B 7 1)
FIE A 5% o Bl vk RS (1) 25 A1 A= b T S 11 A =2 10 9 /K I 2 C ok il ) ELB e 1Y)
“f”ﬁ“th I HEAVPHEERE (R T - 1) o RHE & A RWEDE, IF B P&

A5 AR RIE , oK1 0 0 B KA 3 (L km ) 5 e RIR IS (Z,,,) R HIR I (Z) 19 06 2 7]
ﬂD—F/A\;—cEi'é;L_( Stragkraba ,1980)

7 =26.6L" £7-3
Z, =12.1L" X7 -4
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7.4

WERE |

TN A BRI (27 Z,,) 45 X8 S0 T 45 10 MR X 45 e 2, LR 22 by T —
T RR 2 e R — IRARIN AR o X — i 2R AQSRARDRS TR P 70 L s PR B X T 482 19
B (BT -5,7-6) A -3) B0 A 8 T & A BB B E oK A , R 20% /Y
DXIRIRE R T 10% Fifi) DX X WA A — D MUER/N—38 23 B TR, JF .
HATE (Z/2,,,,) VA IRE RS . SORP I 1 W30 oA TR ) PR 7 9 EL3 A T
T R o AR, A (T AT A f(3) | Sk R BRI 22, AT BE U 19380 52 -
HEEH (1817 = 6) o BRHINME B KL AR £ PR i) (11 7 = 7)) HoAT SRS A BE U A 7K T 35
JE , LA AR/ IN—B AR R K 23 B KU S AE FEK I o 0 ] 1 L o K 7K 180 A i L
e R 2 H A PP AR TR EAR X BRI (B 7 = 7)), 9F HLI A AR TR A TR
FERARBIEGI(E 7 -8) o RS RLARE AR ITZ AR Neumann (1959 ) v 45
TEMIWIAEAS (1817 - 4) o Hakanson (1981 ) W 4136 £ T 41 vk 1 XS A WATAAUA 13% A
R AR MG B RAAE , R 19 PR 38% HAA BRI AR, JLAR I BT 34 43 LR 1Y
DL

A A ERHE

&0 &0 104
TS HTIE AN

FI7 -5 FHIIA T FRAE X T A5 PR AR BE Tl i TR 25 [ R AR RDE S 19 23 R 8 ok f( -
3)FIMAF(3) o IR TR B4, mFAEWAR K TR ] (51 A Hakanson, 1981)
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BRI Z o2 N A S b T ARl AR B AR 93 A T AR e AR 0, 705 D0 0 2 446 00 25 1
2o dant A LA e SRR A R AR L i S BRIR A RE (7 -1, 7 -9) ¢
YR TRIE S R AT, HC U S ) V2 P e S T AR R SR A 4 T L 491 A I 278

TR A H AR R (mg O, -
L0 d™) B ATRE S A, S Lk
] DU Bl X 3 1 AR 0 ) 4 A
HE[AAALAAR (L) SR A (m®) ]
5E , LA RS R 5] 40 9 4 7
it (kg/a) HiL )" (Va) Z A ()
KA e, al LA B A5 el i
XN JZ A R R B T
W (/L) BYINE , AW L
JERUIR 2 B 5 R AR A
o %of 2% R 4, IR E LAAR 2, £E
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ERNAAOE LR, E R, Tff‘i}_a-ﬂ"
A
0 M o) :
Fu'
P = T e
o0 e THRENAK, K1)
"
aaﬁ
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I 1 | I
L1 5000 100000 15 (0 20 (0T
e
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3 ANIIIF AR 28 X0 5 R 4R
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27%

W S RERE |

R L 2 G R K TR 2 G T I AR RN R4 A 0 T A A, A S B
DYINGIE R DT

B BERHE I — WIS SEOE M KR (Z,) BRI R R (Z,,) 58
BAR L LAWIA TR AR A7 MR (A ) Ferm ] B0 UAfL .

Z max T

Z(%) = . £7-5

204,

KILB KA AT AR YA XS IR IR B (< 2% ) |, TN TR IK K AR AT 1o 1 AR X 7K
TR, X F RS UE, TR L s i3I0 AT LB/ N R TR, s 2R — i A fe 1)
)z AT RSN A A ST Z,(4% ~5% )  Ha A e o)z, B, JE
AENAREE T e IR A (U 11,10 745) R A KA BIRERN I T Z, hE—mmMmeE Z, 1)
A 3E 5 T BES /NS N, B 32 R B, AL DR 380N , 3 i AR 2D 1 WL
PR E SR . BRAESZ NG Shsgma , HA AR = TR BE L i R T B TR,
BEERE R (UL 9.5 ) o X Foh iy ()25 BH 838 % 38 5 VR A AR 0 AN O & Al T AR K, A ) A TR R
2 A BTEB T )20 LA BRI g e a (B 21 =26, (8122 - 14) . 7EIRER)ZE , iU AE
YAV X 5 A S0 00 R I i 5 B0 A S i R A X B B (L 15. 4 7155 Eberly
1964) .

7.5 #iAEES

WAV s (R R /INAT DL Bl sl AR (V) s R AR (A) 5 R K E (L) Z kR
7o AT AH F AR FR Bl AR [R) 22 AR B A3, 35 0 a2 26 K B S 20R B AR R . R
A AN DUt 8 e o 2 B XL 20 P80 7 AR5 7K 8 AR £ 288 A S R ) A= 106 1) 9 b B o
( [z] 7 - 10) o

B0
LHli=3 3 B EH+748 -
0 20,64
A G — -
'E 500 — .
< 400 — e
Ii= [ ]
£ 300~ * o o e
« 20 = . ™ - L] . .
'.l':" [ ] L N Ly
wo—{ . 8 F7-10 sKE AP (0. 8) 555
0 I I : : I ¥z 8] 1) % & (£ T Patterson, 1976 Fll
i 20 40 6l £0 100 120 140 Nilsson, 1978 %) %455 51 H V. Connolly
(B | e e T 1 F. Kalff, 7 & 5088

JiE 2 0N R U 0 e o R R B R T (D) SR A 5
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| 7.6 | KTsmE R |

D= L' +

(2A7)°

L L = RKE A = SEA A R AR A E K . D ROTINE R LK KT

[ T 311 T AR ) A B0 ) S R B o DB A D = 1,18 22 K L A B AR v o BSK

SRR BRI BII D R 1.4 ~3, K EZ8 D R 1.5 ~2.5, H LA KR H K

(A 35— RN LA DR (R 2R ) e D > 3.5, B g W 2t A - R0 i

HARIIAZ — , H D (&34 10. 0( Hakanson, 1981) , FERURHASCIR 1Y /K FE (4 D B 7] &3k 20

(129 -3) . 2k W3 M bb s B A R R0 1 (it ) Xof D (B R3S REECh 2, oA

A T BYWIA AK 2B KB B U R AR, TR 1 2 W | X ST Y B IR EE KA
R H 3 TR AR FIAE P02 B A ik A5 23 TR VR XA AN ]

HX7-6

7.6 IKTEE RIS E

T A6 R T TR 197K TR B8 (2 P BB 50 AR 2 A R B - (DI 12 4 9 98
JEFNBEMF LR ; QUUERYI AR E PEAZ5 4 s @BUR PR 15 Al BE (WLEF 20 22) s PR A
KRR TR F R o DRI M A2 3891 4 2 X O A AL G Ao A 34 2 A A R
JEE(ILER 24 55) s @IEMG S EDTAR I v B0 2 B B A (DLES 25 %) s DUy Rl X U 17
KRS (E17 -10) s @M H 4 FRFH ke AF 18 030 P 25 1 B 2 (WL 26
) o IKTFBE(% ) Fom

S:%XIOO *7-7

b, L =W R AR RS s h = R RIGR B . A 1P K00 AT LR B Ik 5 fR R
(Timms,1992) .

100 Z,,.
= Rz
S Y7 AR 25 U ) DI 7K 2R G0 TR T 5 B e SR B KO BE B8 T3 R R IR . ek
Tt T R B — R /N B IO ) RE 7 3 i 3 T Ui, T UKL 49 1 DR/ R A R o 5 4
XS E A HUAR IS P (18120 -3, 18120 —4) o JdsloT- 3435 B sl i 5 CREAESE 8 e ) 3%
M o5 A7 DX AR O 45 i (T 8 — 12) D K - I RN - S 2 AU O Je () M B | 3X SR T

S 2x7-8

FEAE LA R B 26 2 7K A= 25 R 40 rh 9 0RO E SR T A E ) B A LA T AL BT B
B o W) et 3 2 R A B U (H, ) | S i oA i e 45 i I =2 ) P L (B
m) . PRI (H; S m) RoR
H = H, #£7-9
cA®
L, CA = FIRIE B (km?) o TR E IS (R,) «
R, =% #7-10
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B7E | ASREES

b L= W AT T RSN A 1 B K KPS (km s Gregory il Walling,1973)

AEER

o MM ASHMACERER HAE RE KT HE, X 5 F F E 83 ¥
FEEEYM,

s EMAB/IAKRAN, RAHSHFAZY B TR BEHAVSHRANTEN —
ﬁ%ﬁ(;%%~éﬂ%ﬁﬁ§ﬁ%éd7ﬁé?§%%f}’é’ﬂfr}i%%%%ﬁ%ﬂﬁﬂ%}ﬁo

o EFTH NS BE, HIhRE RS E A R AR B3 AR, T X — 35 B e
iéﬁv\/%\ﬁ}]l:)%é’]f? KT Ot BB DL BT AR A By A o

o PHRE BREGFLMANASEN KR, EFXRMENIRNFRFT
R AR AT o

o M AEW, BFE AR ARE(Z,,) FllaRE RN, 2fdd RSN
MHEERERDE, RERZTHPEMFEFART LN T LR 6 MRG N IEIR AL A
KB B o 3 90 LTI W BN R A, R R AR .

* RARFHETEMNELMMNEZEWEE, LT HTME N HBEAERLKERX
TRERENEKNEE, GRAKENAREA) HNERFMASNETABEEY
LN L‘X/Eimﬁfrﬂﬁiéffﬁ%ﬁ’vﬁ}]/%o

(KM% 3F)
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% 38 :‘E: 55.[7” 'ﬁi}l i‘kfﬂjt—uiﬁutljﬁ’]%}ﬁ

8.1 3|3

B IR U 2% B 52 0K AR B I E BT A 2@, 100 4RI, Forel 55— U2 1
TS T K AR A 2 2 Az FE K X b BRI A BE ) XS UL 5 SR8 Nanmann (L5
2 #) 1€ 20 A R SEUESE, I HL iR Pearsal 1 H4 A5 FIVHE 24, Rawson(1939) i
— NG TSR AR B SRR IO S 2 I A 7 ) Z R 56 R MRS L A Ak . A TR

IE A AR AR Ml i e I T 412 7K DX PR I A k95 288 B 17T 5 R AR AR YR ek 119 DG 3 , Vollenwei-
der(1968) it — L & e T Lk MM — B T T ik, DL R BN RERATEER
DRI AR XA AN AR, ] A ] i R AR K X SR 3 AR A

Vollenweider [ TAEFIAL G £247 S KR 6 8 SR H) R EX L2 BB, X
PR TG R AN S BRI B T5 2L PR A ) 0 DGR 8 FR AR (R 8 — 1) o FRATTH L,
FEKAAEY) TG B E RO R D iAKW Z Sl 5 I8 P A KRR, 207%
Al P IR R BT R AU LSS 5T 5K LR AR, BT AR Ry PR U ) i PR A
PERF (£ 8 - 1) o ZFTUAFH X —Z518 , J& B 7B 1 B IR R DY R 4 00 ol 1 IXC
TP BEHELS LU AR (N P) AR, 3 B0 3E 125 VT G VG 3 2AS AR T8I 91 77 U ) 4 i e
TREFRER R (R 8 -2) . HARH A BB T A S RE 0% il 7 RO A FE 45 (PO ™) L {HLAL
T TRUAAE DI T BE 2 2 BRI 1 . SR, R B B SRR RS RGP N : PG (EE AR
A%, DRSSO BRI (55 21 55) o (AT 24E R, A KAE SR IR A T 1SR A5 7T R
ANJ HE R IR

T T R T ) A 760 T e S % i 9% R0V , K s A1 Jr 281 198 3 ) 96 ol
(limnocorrals ) S 56 il /P AU S22 45 ( mesocosms ) SLHG (29 1 m*) o B AYSLIAESL, Bk T /0
BCREBLA1 , ASTT B AT A FAth T 2 T U e d A, (A Rk T A 4

O FliKHEIE TR e 498 R B E I KR M Bt A

109




IR SRR S 4 B

288

A R, ST SRR Bt 5 T A TR AV 98 26 1) A 0 R KR 3 (Stockner AT Shortreed
1976) o BWIER P ZAYHABICER (32 8 — 1) LUKCENTHY AT R ] LU i S i fp e
U R ENHER K B BEA A TR ORI E R 22, X T B 1 2R KR A W)
R UL E AN R A

ATV R WA HLBRTE O 2 GE M B BEN . U BRFEAR ) A2 7™ T T THI e
P ZAEAPRAESS 17 18 21 .24 T2 rpigid , i iX 46 5 37 70 28 FIAT HLER X T0AE W) 6058 R
AR R RS 16 ZAIEE 22 F5 b ik

®8-1 RKEWERVPELEZNAE MR THTRHOBLEEUREN SKEMTEL

I =2 TP TR &/ % Kk i/ % oK AR T

& 0 80.5 89 1

= H 9.7 11 1

ik C 6.5 0.001 2 5000
fik Si 1.3 0. 000 65 2000
A N 0.7 0. 000 023 30 000
4 Ca 0.4 0.001 5 <1000
fp K 0.3 0. 000 23 1300
7 P 0.08 0. 000 001 80 000
3 Mg 0.07 0. 000 4 <1000
W S 0. 06 0. 000 4 <1000
A Cl 0. 06 0. 000 8 <1000
i Na 0. 04 0. 000 6 <1000
3 Fe 0.02 0. 000 07 <1000
il B 0. 001 0. 000 01 <1000
ki Mn 0. 000 7 0. 000 001 5 <1000
b Zn 0. 000 3 0. 000 001 <1000
4 Cu 0. 000 1 0. 000 001 <1000
4 Mo 0. 000 05 0. 000 000 3 <1000
I Co 0. 000 002 0. 000 000 005 <1000

@ g R TR 1 S ok H T K2 20 5 06 F R0 /K AR M 0 A 2# A 9T 18 30, 3
KGR AT IR EAE 7 1 R BRI 30% o Rl —IoRAEK PR R (BRBESL) R AR 4Bk
TR IC R A LA T o XA A8 T B AT P X B A HE T

@ A B B A AR AR P S AU I L TE L R AE B

@) FEETES — i R R EHY A KA LTF LR HEANRE Y ARG LTF LR,

@ P FTHN LTS LU ARAR , JC SRR, | PR K i R 4 i e e AR A2 LA — PR 25 5 A 0 Jor e i
W RAETE A R ETH B IEARS 2 R LA 2 TR E TR A K,

PRSI  Vallentyne , 1974,
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8.2 | monzs

F8-2 RKRFHEFWEIREMN N:P YA RMENIRERMFHF KL
(W5 21.23.24 &5, AL 2.21 HRELCELAERLE,)

b N:P ko N:P
AN AR 38 A AR i 547 TRUFAEY) P K, Redfield H) 16
r S FIE IR - 11 i 166 INRLPR S HE 15
A L 4 H 157 PIAEE A AR 14
SRR Hb i 135 A TG K 14
NE IR A 35 0% 4 1 74 HE IR TR 12
R K (R A1) 63 KELFRE S Y HE ) 111
Rk 54 W S I AR 10
T AR 52 TR AN TR (JELAE T ) 10
AN i Sk 44 fe 2 HE 5 KRS K
WK (B PEVE L) 27 & E IR
RAEEY)SAED 24 R
B OREEE) 22 PUREA
AR CPE41E) 17 72 <0.2

8.2 HMmAEL

T B R S8 (lotic system ) AN ] B HRE 7K AR W) 765 37 i AT AL 490 Jo It 7 A 2% %)
WA AN 512 A, EATEA R RS WIA (X 8 -3) , M —215 A O B Ik
ZERSERAE SRS, EATHA A C MRS HOR R GTRRHIE R B 1 KSR Uk IR L
EATR B TR o SR DRI i A A (98 R R It HE R | HE R
o FETT BT BT AR ) DR L TR D T AR AR ) (8 —1a) o ]
T AEYISERERT A A AAT B BT AT 1, DA i A B0 3100 R 4 1) AT AL B8 3R i
Ko e AR SCEAT B RS

F8-3 JLIEHARBGARAMIBRERS B XL

I meoow 7 I (5|
F R MK S Bh IR 1) T 18] SRR
W1k 3 SR B 1 i =S (O B Ry OR )| g S
TS A SR LI AR e P AU 3 BIK B
IRAE % K, bk IN G B X % 3R
KT A 0 R B ) B  E S IN(HATER)
7K 1 i B s ] i CBOR B KO 21804
JEAR K, & il 17
SR KA < K T T AR = ik
R K LR AKHEK R (R Z) = BRERIfES
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gk

IR 5 o LG
IKBR A TE 25 Z5 () ARk T
IR R 2N
e SRRl 2] o)z
WA (%) = AR
BRI 5, 1) U7 1 A i, st
R = ik
A B 5, AN AR, IR
5 IR B I (] ik 2]

GERISRIE . 2 A Ryder il Pesendorfer,1989

K8 -1 (a)RMETELEEIINFIGFH (Lehigh River) FiiF (LR 1A TR - KT 31X
TS FARZ 1B H . ) (BB A iy Micbael Gadomski/ Animals Animals/FEarth Scenes $2£/4£) ; (b) H T
A A PR FH b X ST T A — Wt (7 58 [ 29 3 A N AL 30 1 1 30 00 ) A g R R (9 - e
SV DXL 5 AR 22 ] 9 7 sl PRk o) (BE A Animals Animals/Eartb Scenes $24t)
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8.2 | gorRs

WRARRGEOITLA T 19 HEAD 20 4R, ARXS TR KR R SR UELR & ARG iE 2
FRITHY S Flt JLH4F TR A M)A R ER 1R 0 — B A F A= 5 e AR
YRR R G, RO R ST U LE P BB PR

BB IIAT A )27 58 R B K A B A48, O 3t S A v 0 B LR AR 5 MOk
WO R SR RFAE o RSO R GEF L M R R A2 A 1 B B ) 0, RV R 8 00, 27
JZAE I (E 8 =2) o /NRLRY AT 53 SCH A _E 307 0 S BT B 20— AT, T U M 4 7
FEHE EZ ) — IR "G, L. A 8 -3 R

A

- gl ¢

"

et
ok

K18 -2 Strahler(1975) F| f— Nt AR RGEUEM 1RGO K 53, — AR IR Ao i TR A 4
AT I F () RIAE B S A% ST L A I R AR R 48 (b) G« ol THUOE AR, — 4> KR
T AR AT — AN AR T RIS [F) R/ A, B R R 6 )

K8 -3 fHE—%
BA 3 900 HriE
AR LI (R
i A. Gadtgens $2 fit,
R I A W
BT 38 BF F. Scbwoerbel
HAZINA AL
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VRS RN S B

EE

FUTR AR (8 DI 13 I 38 = T I IR 2 B A i i R A A T B {ELAS B 3 4 4%
Beo FRWIRYTIR G IR 220 R — SRS 247 5 4 DX S8R A 9] T ) A R T 26 X Ik
HATFIBL R A AU o AR 0 DX T 05 55 A K T AR It Tt R 2 | K
JEE R A AE AR DG A YT 0 ) B4 R i A 6 — L8 AR W RRAIE o (ER T R SO A R o
XA DA UM (HRLURE ) MBI K SCAR B AA B 5 L, 2845 BXT T K A= A= Wy i =
JE A AR R B A R AR (148 -4) ¢

(a) A AoFR

%
Wiy
L2
R
W

8 -4 JbIERIREFM

; TP K AR (a) e

OV R ) e () For by
it i RIS () ¥
e fi ] [ O K 3

e Bk B Ry — A K il )RR

TA[ A TG AL TR D

Bz 1] A5 1k B 37 B X
P B 5 K BH 4 S Y
R E R AN O i ]
i IR R A VDA G
@A M T K (i
) BT A O RS
A ) i1k 77 JC WL WKL
Ve B 45 A5 B 34 B W)
—NHiL X Bl R Y A
2345 ] [ (a) M (b) 5]
H Langbein F1 Wells,
1955; in Whitton, 1975
(¢)5| B Thornton,1984 ]
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8.2

BRAR L

A I K R AR A (0 T A X I8 ) — ST B 3 23 20 O 4 ABLAE T 52 S
DX (YR A — 8 43 T2 T3 9 ), T B 3 R 43 9 A R AR A A o v Sk T )
TEHEAK I T 180 B 8 2 5t 7S g 1 0T 370 % 391 50 Sl 43 (310 A 22 R W B 1) 2% S5 A T )
T2 9 A P DA TR 0 LA 1) WL R A R R B R, T L T A R S e 4k
THA ARG ISR K SR L R R K X OHEOR RGPS . 56 TiX A
SRR B S — S MERS T % 1 6 25 4t 1 R 8 A T 72

Hughes Fl1 Omernik (1981 ) @ 18 F| FAF - ¥4 i & (7K I i & 50, B0 1 AR I 6,
m® - km e a ™) R IR A A (L, T T IR XA [ AR A X
RGNS HAEYRFEZ NG R Z 0 HAsE o B TRTER 1) 9 et ACH: F S 28 s HE 1) oy g A
SRR T BRI AR TS L R S A R K M 32 R NG
EFM(EK8-4,%£4-4),

F&8 -4 1RYE Strahler (1957) YA KA X 7 09 X E R R KW E R T HEEFIKE [ Benke(1993)
RIACTA KB I K S (m /s ) X0 W OIS EAR DG, FHZ 0. 001 m®/s R4 — 2
SRR, 249 0. 01 m*/s 7R 58 G ML |

TR 4 Bk KHE/km B JE/km BRI/ %
1 1570 000 1.6 2528 000 48.3
2 350 000 3.7 1304 000 24.9
3 80 000 8.5 676 000 12.9
4 18 000 19 354 000 6.8
5 4200 45 187 000 3.6
6 950 103 98 000 1.9
7 200 237 48 000 0.9
8 41 544 23 000 0.4
9 8 1251 10 000 0.2
10 1 2 898 3000 0.1

BRI 51 Leopold 47,1992

AT E LR

K320 F=LIAT, LA Hynes (1975) BB TAE Ry Jfilt, — 2L BF 5000 3t B L 09 2 % T iR
H H T % 22 A & (river continuum concept, RCC) ( Vannote 55,1980) , Hynes 2 H
R LS A HEZE R R G E R — R AM IS RS, B R W R sl 5 iF
KT D RENLIRER R AE — A o RCC U5k BTT 1 30 I 09 K /0N (B35 B AR EE
TR ) ALY A (REE) A ALY 5T (4 T] Jiaed 72 0 1 HE 30 40 1) B i 45 F 1k
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VRS RN S B

$8%

Rk,

RCC 2 ARG b XA /N (ARG Y ), AHHAT B s 1 RRbR A o 32 4 7]
TR ZR B (B 8 =5) o B2 Wil R G A 1E B AT A 1) 4 BRASAE AN W22 Ak i)
B AR S SR 7 T , WORL AT HLBI A R ) ( LT AN A0 T ) 14 BE K 8 ( Barloch-
er,1992) , AR W& R B TCH HE S ) 0 B2 WO IR . TCH AR Sh 4 i = B2 R A ) 1)
BB LUF RERA B B YIC R : ORI 200 €47 B iy Hh 0% @l 3145 i &
Yy R s @IE , TR HES YIRS BT JEOR RO S, BE K S R il MR G
TV R BIBEIK S (0 A AR 1 HE K BEAR T R0 S 1 2P % B F0AE 4 4t ( Quinn Al
Hickey,1990) .

I = G e
b - Rl i
e L g /W0 G W
2 —| e f #r'“ *_. I|

| OF | & [lemany
Lk ] L] -,
1_; _6:{? ‘\\# lg;\p
m:sm?!r—'rrl,i.j e [
Qrom
= .J W AT
T AR /TR e
85 A Iy
E 4 It-.,"""* ;E\},-'Mf:#h
54 4 AN VT
t—
- WA _F. 2 ﬁ
B u—g‘ .Ti-E L H—-.,
. g Lo FEE S R ) -2

B8 -5 M UiELL ML (RCC) P AR IR A 25 AR GU R PE ARG BT [ A 45 AL Jy RS b DX % o R
TR GUFIRAR RGE R 53T T F KA B I REIR i . B RUBURICER A= 1) ( collectors ) IR BT 5 /B
TIOR3 BB £ (shredders ) LAESE SRR P) ) 570 £ 3 B0 535 DA R o 3 THT R A 381 60 5 4 1 & LA HLAB A= P 1
NEY (WS 25 7). ] (B H Peterson 45,1995 ; Cusbing 45,1995 5| )

A TEJLTT il ARREE 5 X, SR A L) 5 SR AR R Tt ) = S RE R IR ok
X S8 K XA ARAR B SN A WL R K I T IR 928 7 i, S BOL SR
SREEIER AP R)/INT 1.2 FERZPERH (PR =3 ~5) RS, i TH AT
PR S (458 5 AR, BN RIS 35 AR A A M e b 00 5 B L 135 1) R Y e AL 15

@ BRI —ZATE SR L R INE ) 3h ) SR EURL A HLA (> 200 wm) FE 3 200 700 A4~ {4 A
148.9 kg T F/h( FE/KI) F 17 440 MK 0. 2 kg TE/h(A/K 1) PAE5)” ( Tockner Fil Waringer,1997) ,

Q@ BRI AKX PSSR IS R T KBSk RSN DL AR R 5, 453 P R <
1, FEAERKZET, RIS A LS FREE A R £ PRI AR P BARMR (WA 21 #8) . SR KB RERY
A AN, eA e TR R a2 BB .

116




8.2

HAERG: |

PUAE K TR0 1 0 e A e A =i (WL 24,1 77) 6

A RCC AR, P AR P R > 1(& 8 =3) (HSERR | P: R KREZHEHZ/I
T 1R 8 -5) , TEIRMAESI R A ( >5) , G55 T 2w 94 7~ iy b, 52
PRl , X4 PR <1 B, V7 22 0 05 (AT 9 A B 78 3% =F 65 1 1K iy 3 475 /2 H % 7 (autotroph-
ic) (R P: R > 1(Descy Fll Gosselain, 1994 ) , FEAEW)2: b, SFE I R 48 2500 oK 28 4 il il
FIVE FRERACEA LR FUFER KA . IR X, IR A) P R<1(£ 8 -5) , FH 2
A WK IR A R, AT B Tk ER I N TS AKCRN A BEHE K 5 1R B A 0 IO R R 8
(Webster % ,1995) , D) K & A= 72 i U6 2 18 i) A6 9 P Wi (AR DA I 5 UL 8.3 45) . RCC $2
BET —ANFARAEARAT FH B4 AU R S A DX oA 32 00 DR IAT 0 1) 45 A M, 3 S T 3 A A 5 3
MHRAL T — 45 FH AR VA 2 PR HE R

£8-5 NHRRGHKFEZTIRENER TN ITE H KM BHKEFE (GPP24) F1 2 IR
1ER (CR24) [ SCHik A Ay 25 B0 e D7 322 OB ) 2 I B 1) 28 W RIA o2 R A AR A8, (ELIX o
T AN REARAT R I E 7K IR AR (L3 15 -2, “GPP: CRLLBIPE™ ) o ND = Jokids |

GPP24/ CR24/

Woow BRIt dy (g0, omt ey CTPICR
FUOR 58S ( e 1 A PG ) 1 0. 14 1.45 0.1
IRMRRZR (SE AL RS M) 2 0.07 3.41 0.02
AN (G EIA M) 3~4 0.9 ~10.2 5.0~14.0 0.2~0.7
BB (EETHRIIMN ) 4 0.5~1.5 3.0~6.0 0.2~0.3
PEAK B (S5 AN AR MV 4 9.4~10.3 10. 1 ~10.9 0.9~1.0
TR (35 FE 2k ) ND 8.5~11.9 6.9 ~10.8 1L.2~1.1
DU g 37 ( € B8 =2 A AR 4 0.4 1.9 0.2
AT (AL R 2 3g))
o 7 Ty B ND 1.8 2.4 0.75
S 3T B ND 1.3 5.6 0.23
SRSTIE =) 6 x=2.5 x=3.5 0.71

PRI IR : Mulholland 45,1997 ; Uehlinger i1 Naegeli, 1998,

BB S R RS

5 A FPROFFE I B BE & IR ER IR EHE & ( nutrient spiraling concept, NSC) , B #%
A1 RCC —REZ 0GB SR IR ML & AT AE ) 5 37 48 0 SRR T3 A R it ( New-
bold £5,1983) o & FF £k sl A 18 A K JE (uptake length, HLA7 : m ) J2 TR A ) 6 I FY
Py B HAF R RGPS BE R o XM R IR R 8 R R B A T P AN R B 45
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ZRAFT I BRI E] . NSC SRR MU 7K It J7 1) 9 75 % h 5lOA AILBR 7615 ik (278 ) AR W)
FHB B (i 88) (UG RR o Wy Be TS 3t b I 380 T Wi 7% ELA SR RS T, 3 e i AR AR 2
N —FPIRE . WRTE KB (spiral length) J& 22 ¢ 8 37 W) o i B A 2k 188, 52 026 ) R 1
25 557 3K LU A (R 5% 1) 5 8 /N AR 1) 58 PHRT 38 v, 80% B3 T 22 1y 1l 5k 1l A= 4 W2 Wi ( Elwood
85,1981) o YRR YR TCE HESh ) (Allan, 1995 ) 15 Sy B 5 ke U5 10 A7 ALY 5 48 i,
WA B 2 ( DLEE 22 &) o WK R B IR B A O v T 4 U IR AT S ) g i
o, PR g i 1 s b 1 ORI TR R MR IR R A YT X UKL ) 114 i B 5[]
o8 NV N R EST N N R IR e =R = Y @ L = = NS B DA N R E 87 = B S SNSRI T2
AR, T A R I JZ W ( £ BR) |, BURE 47 & ( Rutherford 45, 1987 ; Butturini
1 Sabater, 1998 ) It B FIL i A [] 9 28 50 % TE AL 77 490 5 A9 o oK LL it i 7 B KRR
P SR FE (Marti Fl Sabater, 1996 ) , U W] T RUEE K/INTE T R OC & 1 (9 22 4%
(W2.677),

RCC 1 NSC AR It A/ NRR] 8 by BEfily, 475 A= 3 At 3 A48 A it 2 e 1) Tl dt A
T (Thorp,1994) . Fp 3 JE % Al & ( series discontinuity concept ) FfiiR T KM AN K FEXF RCC
A2 5 K BK P& (flood pulse concept) A04iF RS (R ) {17 3 Hh 8 3= 1 s MTTTLAR W 4
Bl K LIRS X T W X s, LA K I 7K S 2715 748 Ak 8 A= A T 0 3k 858 3R ) Joa il
DU A A 3 5 T3 A2 7™ T3 A6 (riverine productivity model) 3R T R #B i [ 574"
AR [ S Rt — K R XA AL D,

BB AN T AL E 55 58 1 BR 41

S A 1 BRI TR AN KT SR L , BB A LY RT3 R ) 5 A
Hel EAE S IOEIRAPET W0 1 F 2 72 T3 2 KRB ( Kjeldsen 48,1998 ) . 3 1)
FAGE BRI AL 2R B DTS00 eI 0 52 b K T AR A 25 L T 48 52 1y
(WA 24 %, France,1995) . {EREE A T, MK AR KART, (LR FUA IR0 —
4 A AT 1L BT K (Huryn, 1996 Kjeldsen %,1998) @,

V42 T 0 106 9 590 S 6 Y 2 564 0 M 52 6 1 38 7 2 9, 16 9% 990 2R 5 £
DR T T TR T A6 M OO 2R G 1 £ 0 I8 o 5 7 4 1 VR I 8 A 5 7 70
AT FE 7 (Johnston 45 ,1990) . {ELJ& 0 I 7 45 HO B 52 473 4% 2 2 2 1Lk O 6 5 6k
S 1 , 36 K A K SC 7 A AR 25 A KR, T LA 10 A 00 O 1 5 5
(P8 —4) , 3t 4 Bk k22 BT L 5 K 10 47 I 30070 1 10 A 1 28 15 M A 0 1 MG i
F e 6 25l 2 B 9 1 B 0 T 7 (P8 - 6), 60 A 110 i A ( Puckridge %,
1998) ,

© “HEANAT L] RN BEAR LS (Theil ,1971)
@ KT REGRE R ANE FRER T S0 L G 167 5 p0 ) AW ik (B ) S BERI A T A 2 LA AR R R 2 4
i, X—RRIESHEE A KW TSR R,
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8.3

/ /J\L%Dﬁ':jfzé

K8 -6 Sk hmyhn i g R i £ BT AR TR Z 1Y (2) ARRIEZT5 (b) MR 4
ZWKI AR BRI TR ATUAKR Y (A R 0E K IR UITE AT R. Safford $243t)

8.3 IAmMAERSIZET

PIAN AR A 25 AR e 0 1 P X I A A 2558 BT (ecotone ), B HAT BB Rl A PR AL
RIS N 32 S P A0 A W b 28 2 R A 1 Sl B P AR A 2’£7J<iﬁji%éb7rﬂ‘l3ﬁﬁﬁ%i&%§
GuZ [T 3o 152 DX AR Ay ] 47 (riparian zone ) o 10 2 DXXE P9 Bl AU A ELEESE 0), {H2:
Uz s gl E%ﬂ@}ziﬁ‘m%%%*ﬁ@ﬂﬁiﬂzwﬂE@J;{TEETF;&T%~$¢E%E’J€E*“%&
o FEBITA MK BT VAR IR T =90 (delta) , =Ff 228 = SR B0 K S ok A4
BRGEM R EX

S VU EE B A A A R AR T 5 M R K TE T P B X, AR T 2
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s

£ 8E ISR

(hyporheic zone ) S{JiCifitHs (hyporheos) (&8 —7) o XA~ X dskthy Je A AR H 2O S b, oy
M KR KA [ R B2 TR B AT, Tk 38 R A S R 27 7 TR B BRI JEE . 7
RV B DU B 10% {07 7K BRI B TR BE A D 2% DXCBOAY T BR 34 B¢ (Triska 45,1993) o IR AT A
WEEL@@JH/ALE’JE% 7 ELAEUEZ - I K RS R B8 B M I, & FK ALY

A LA 22 AT BB I8 S VR I AT IR AR S E AL KX (I 8 -7)
DOM T !
0, T Ny EFhi
° MO, CO, N”
"x}:g{, e ."\/' #EIIES \\(a\
""--‘_--"" e T P
l_,_..—.--:;—,____.q__‘_ i L e e e T H_._"___..-r—""h--n-—-
3 T il TITTT T EBE S T LB
{a)
- ?:_,_,_,——— A;EE'“”.”J]E _;_T-\:\-""A - __r‘_:,_,_o—'—-'— '1"“!.“”’{&
= T EK e A
= BEEEe = IR G
DERE - LS 13/
(b) ) e} .
B8 -7 IRy [ (a) i 7m 28 1 2 3w 19 7K SCHTE 24 38 36 i 3m] R 1] W T ( 2 H Boulton,

1993) ; (b) B/ BEA H T K S5 WK IE R T 2 81K S Hfeied i b g R AR [0 W 1f 5 (o) SR I IRl
Fs 7RI 284 o ] (B0 H White,1993)

TENR AL HT FIUEZ S A T R A L5 PR X {H 33 4 DXl 2 7K AR T A W) R TE B AE B )
ARG S, A4 — SEAREA (1 AU TC e ) (CHAb 3 T A 1Y) o Strayer 25 (1997 ) il 1
TENE T - 2445 3 LKA A R 600 SFh, T2 48 28 (e HUR AR AR5 G 1R 38
A RAY R ARSIV, AL FE SR W e N RS T2 AR e A DL B B RN RS R
BN DY | N TR Nt /e b V| I 3 S (o P O B e o R A =1
LLAT AL HEA TR 9 B, 76 B R A R B I A0 2 DX b, 5 T) DR SR TET O AR A ) s A= AR LG, Bk
FAJERZE X B RERAE S K (76% ~96% ;Naegeli 11 Uehlinger,1997)

A~ BRI 2 000 m 2l 7K MR AR FIK AR B g (A i, 16 25 - 3) i

© “19 K E 20 thaw), — M RE Pk PR T K B £ RS REA MR B A SRR
HHEZIY . REREA W T K SRR R B2 AE Y AR B © B 72288 0 By R A 3l g R A
THEMEY). .. ... " (Strayer %,1995)
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8.3

SRR A |

2RI 5 — 2R HALBR AR i (1 B B g A, Bz P IR A — A BRI A A s il
(Stanford ,1993) . 7431 b T 7K )2 [0 2500 35 B A0 AP 00 o 8 TR]JEG , 8 B4 K 78 G 5 Afe
BN 7 2 R R AE TR E 1), 32 B AN IR] 233 8] DX S50 38 14 14 5 ), 32X A0 372 422 )
A7 BRI RN KA BB R s o A5 B o g b s b DX — 2T e IS G S R
W2 X, XA T TR HESh ) 0 AR AR I R AT o A, AR 45 90 3 Je IR T
B D I HESH Y SRR (g - m T - a”h) SR T RIEZ XA 56 (Smock 4%,
1992) o JAE X P HETE S Sty B B A 7 3R LTI A, (HR S A X T AR R . DAEEAS 2R
G ENRTE ,67% ~95% (1 JCE HESh ) = i J2 th IS I Ay Atz K4t iy, A 5% ~
33% K HIM KR I o X LS8 RUBEXT Pt i S5 e A AR m (DL 2.6 75 )

e AR S AR R Z TR (> 1 mg O,/L) b JEEHESh W EE BA R &Y
(R 8 -6) o XPFIVH 2= KA /K I 22 47 AE R M i S AN AT 58 22 BH , BR ARSI Iy G
A HE Sh ) AL BIIR A0 il G A S 2 Rk 2 15 DUDYAT S v A K TR R A s g A
PR BN LSRG (1 A2 4 (Huryn, 1996 ) o 578 535 90% 1) Fili 1 5 3l 49 1l Ay e
R EY) (Hunt 1975 ) KB, 26 KA [ T0] 5 5 2 B Rl i R 7k 1 3 A v 7k v B HRUK
) T EZAVEH (18 23 -20, Jackson il Resh,1989)

F8-6 mMAERIEM—F/NE—FEHMATRD S M ARAEREEH
KERHKFE MAFEMSHENE THE

A FhE Fpe g LR
i 920 61 1.96
Wk 1300 82 2.31
AT 2130 76 2.02
i 3480 92 2. 40
g2 5680 66 1.73
® Fht =

@ Finely $/NKIFHI T BB AT 3R0N) BT 435
BRI . 5] H Mackay 1 Kalff,1969 ,

S S R G L, W A A SR AR AR R A9 5 S RS SR A
2 () A TA) ROBE B A 2R AR AR, A I R DA B — PR Xk ST 9 2B 25 & 4 ( Bretschko,

1995) A AT EE PR Blidts — ACHR G AT 7% 70 M PR AP 2R e AL A ) 1 il
R R B R E A o AR T DX, 2G0T PR AR R K IR AT 1 — S R F)
ORI IAR BT AT B R AR B

ST T I R T A 1 2 (T ) R b e R AR A= sh ) TE | 3
B RN 7 1) e i 1Y) AR S SE T X (Siole, 1984, WLER 26 %) | [R] By ELA 9] 5 428 It R Ak 22 7K
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(UL L1 9) DA S ik it AT i A0SR A WL R DI R

$5e 52 I T, T SR BT U B AR 2 4 A B K AR ) = f I (R 6 - 3) .
TERFAE 4 =10 F AT, S S5 piving 1% 28 P Bl = £ I A9 K 067 T 3k B K A2 15 m DL
b IR 50 000 km® o 25 K HE VDT R T I T BRI B (L 6. 5 4T A
24.2 75) o AT ST FIAT AILITT N 32 AT I8 24 bl T AN M, AT KR A P A
DX AT o 75 2R R I FR B0 100l YT 2 2y WS ( L 6. 5 45 FN3E 24 &5, Naiman Al
Decamps,1990 ; Breen % ,1988) ,,

A8. 4 AR ANZEED

AZETE B CHoll Al AL X R G RRK . FER3Z TSR IX,
AR A RIFEE A IR 1 BRI, 5 11 7 SR AR 3 , X8 L ) 7 T A g 43 JEE ¥ 30 v v AR P 1 28
83 B AT R RE R (52 ( Barton 45 ,1985) o BIAR (A \FIAS 3t G T AR [, 14 22 | 3%
TAT 4 70 ST ALY o 0 A IR (R I R3S e s ) o WA A IL RE R IR XL i 3%
PR bR I S R AR A K XCHEA (UL 5.5 719) o J& MR HILEE S HERUE iU BELAS
T BAEBME XTI G T /NI, PRI IR 2E 4 AR O ME Sl ) R £ 28 55 1) R ) 20 A
(118 =8) , Ay Bl T35 A LT M ARARER i i i1} (Bilby ,1981) ¢

518 -8 10 ZHA ARl AR 7 8 i K 0
IXTPH VF VT T 18 /DN 2K T R R TR A R 3%
% B AR 33 o R T A /N K Y R
0 25 1 L 26 0 HE B ) i T A S M
( Bisson %,1992)

b o 750 (R A TR R I ) St 2 e ™!

0 T CaE Fa T T i = o i
0 10 20 30 40 S0 S0 70 %0 90 100

(AP

AEED

ARMRBICAFN KGR T R B B 2 T R AN AT HLT A, DT 5 BOK I T e A1
VARM B ARER Y SRR ST 3E I (18 8 -9, WL 24.9 75) o BRARAFAEAF T
EAERI AT, 75 00 05 Al Sl 4 R £ 5 ) S0/ 2 Wy it e B 2 389 0 ( Bisson 25,1992
WIRFR Y C G B PR AR AR 1R T 1 2 Al 4 3 DK B i i ) AR At (34 ok
FRTRMLURE ), AR AR AR o B R AR A DX S B V356 3l S BOK PR BE RS A5/ ok
TEIA KA TE W
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| 48.4 | TR ITIRRA L E S

15 5
e
P
& 10-
-:;
=
T
¥ 5o
X
0 ] ] | 1
] 20 Al (] R ([N
e T P

B8 —9 AR eI — AU IER L ] e AR 2 L AR A W R i 2 DA G % (T T %
TA Y B L AR RS I P R W) B B T R B A R R T B Y, ORI T
ML FL R VR L5, T PR T R B 22 S5 T R S 52 )

255 Sk B A B R 2RO R BB AN (SOR s 1 R i Al A 5 K A i,
FOH R T KA AT R, T L o YT R B IR AR SR A R T KR B HERL
LA B TR A BE AR HEAR SRR I Bl TR AR A D o A iR KL S R 3 4
Jo) Y T R A AR A, WA T R KL PR R T B, AATTHE T 17 B 438
AE ST W R HUSEI, LB 1k ke ki DXk K A, ORI 1 i 7K A8 4 DX T AR LA
S it 5 Hm R 2 (A I F (&1 8 — 1) o AR ZSATHEARARE A — 1> G2 ity A1 A WU e 75 A 6
BIPEF R T o JRAT AR AT K AR I D KR 9 4 i A, SR 420 T B T /K T A F) 99
Yy AP LB E SR, (e AT B R M ( Pinay 55,1990) o VR 2 B 224
LRSI, XA 1 0 AN TCATAE S Bl sl , i ELSZ e 1K 3I0R K R GE P i
T AR S SR (L 5. 8 1Y RIS 29 55) o oK i e 28 S B0 R i p itz IX
TS TR AN D N e RIS (o S e ES P et /0 L B v 31 J e B R D R Y 678
JIr i A A e ANEL A AR o 5 5 L ) AR R K S DR g AT £ 95 3t AN 8 FH oA B i3t i
RO R MR Bl P ACHE B, i 18 114 4 2 6 R st o Al AHAt K45 Bl s
KB A o

N T E R PR S i SRR AR R A FH M AR, AT 8 0T 5 2 ) AR AR R A T 4T
FopR e X ST S0l i A= 158 5 i U A SR ) T A S 4 K H 1 S A A A S

AR, AHLZTR 2T Bt XAtz KOl A Y e 4 SRR R ™= R K 4y 78 R 7= I Bl e B 22 88 3
K ARTF A o 00, FESE PRS2 BRI A ARG =AY, P 7. 11 x 10" m® (3R, HA 54% ik A
IR/
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P AR TSN (S -7, 168 —10) o SEiz 2, T2 Hi D IR BT -5 A2 7K DX 2 [1] 4
Py B EE B . R RS A0 2 el BE A U T R AR el A S B e SRR A LA
BRI (K8 = 7) I A K ARG o Zemaly S (— B 10 ~ 40 m) i — e fik
BIR S L, He PR AL MR A S H 2 1 (18] 5 - 8 Pinay 4%,1990) o A& IRHNT 7 IX
TEN )75 — A E A I RURAR & 7 SO A/E AT (WL 18. 4 75 5 Hedin 55,1998 ) , PR /b 5§
B 1k 1ok A AR B R K AR R R AT o 1T EL T DA R 2 AT 7K B I8 K B A
P AR E R R A (R 8 -8) ¢

120 10 R =
= R - Ll .
-
100+ . 80 e
;"& " a8
= B0 ‘ : = 60 L &
= . = £
= &0 H .e
. = 40
3 401 - &
" pes = 20
204 e » E
0 '} T T T T T 1| 0 T T T T
20 0 40 50 60 70 B0 o0 ] 20 40 60 30 100 120
ek EE T 45 I AL
(a) (b}

K8 10 I 7 g A BRI O A TR 23 8T A9 820 o [ () BEE 0 3 0 A b 3t L 31
R38R BT I WA o AR B R K 10 AR S, B4 A A7 25 18] A S 1k AR Al
BN (b) BEAEIE IV /K R A= 158 Bt B ) £ B R SR G Tt A 358 B i A A T A2 1K . ] (B0 H Rotb,
1994;5] § Allan,1995)

x8-7 HEZWLAEBRIMN, REMRRELT,1S FETRMIMHEERE A FTTHLLS),
GE:ZMHEBOTRYIRK R RELER, BN I REE T ARPERBKT,)

AR B =Y fismEh
Bk 205 214
AR, (HA VR 2% vl 54 0

X R 0.1 0

PR 2 1 Moring, 1975 ;8] [ Karr 1 Schlosser, 1978 ,

SRR PG S5 T , NATTS% B A O 4 o 7 g R0 R /K VB AR B D R R R A
R, o E 5 4 BT B T IR B RS, WO SRR PR it T — A Rl B
M (7R ST (18— ] B 18 52 5 UK TR AR 19722 Al t 8, A WL A A 258
s i B I TR S, —BE A8 )RR 3 4F A AR RSN (Jungwirth 45,1995 ) o JRAEBEA R
B AR ZS ST SEA TR S AR G, 40028 4 JRE R AR et FSC A 1 0, Bz ke 1 DG ME sl i R £ 2
BEYRIRR S bl fefe it TR (18 8 - 11) .
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| 8.5 | e pomAns: |

£8-8 FHE(QERMLERER, REGEMAS TN 0ERTHITH,)

Kok WA/ (kg-ha™ »a™') R B8/ %
AR () 119 TN 89
EIERAEEE(EE) 58 TN 64
5 () 100
B (L) 83 TN 89
IR (SE ) 35 NO,N 85
Hipats ST (W), FHAZ ) 59 NO, 97
PR (W), 142 ) 711 NO, 56
R (FHE) 884 NO, 99
&I (A 2K HE A 3510 b ) 5046 NO, 54
HrETT (VKR 5 A7 K U AR e, FHE ) 979 NO; 48

1987

T

1988

1950

=

1 | | 1 I I | 1
AW 300 2000 104 o ] 10 20 30 40 50 62

fn B MR 10Pm ™) S =107 kgm ")
P8 — 11 LM R/ Sl e T 722 T (1987) FIZ2 5 (1988 1 1990) fi (A S0 LG A it
(B A Jungwrith %£,1995)

I

500

TR B R R B AR AR T R, T2 5 1 R AR FF4 R Tl o {2l
b IR - HERE S AR HE SRS Ak, B N, AT N, O iE A KA 37 KUK B X AT L3S i
FIA AL 5T A TCRR R B, S 0 0 ) 0 b 2 3k 5 3% W) B O 18035 Tl WAL 1R 7K B ( Tversen 55,
1995) o SR, AL A2 A 4t o AR A PR SR T 5 5%, 7R BOR BN MER B, T LA, 7T
P o AR IR RIHE T Z R, ST ZEXT F AR T IR 9

8.5 s KB AN

TEARSZA B AR 5 LU Bk by, RV 4 o ity B 58 A i 226 AR I8 TE
B IR LU . AR TR A RA L) (B A A B BBk, DRI IR EhHE
JCEIRRESR C/P F1 C/N o G7K WA M b A/ i /ORIl T 22 3207 3 R A8 AL Y, 37
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IR SRR S 4 B

£8E

R A W R ARV R0 22 7= TR (IS 21 %) o i TRPR st L AR 7=
B SR (4 I ARG I 8 s EL P Ui s 0 (L2623 555 AT S (L2 25 55) A28 (IL5R
26 F) AFA A AR . TR A R DX, DT b A KA SRR AR IR, DR D v £ b X
IR A AR LEEAI, TR  i2  IX — 4 F B o0 A A i AT DK A A2 (R 8 -9) ¢

#8-9 BEMAHMNBHRB (ke km™” - a” ) MERRRBEBHEABRELL (N/P)

- I 5 A bR BB L N/P AR
HR 27 — 1.4 — 19 et X
FEIRH AR 97 — 4.1 — 24 WA X
FRAR 300 130 ~ 500 10 5~12 38 kit

£l 660 500 ~1 000" 18 5~50" 13 T

AR/ i 126 — 7.7 — 16 S - B
FogN 998 — 46 — 22 b7 i
Wi 700 500 ~ 880 480 30 ~ 1660 5 Ay

@ AR A AT B U R B 8 — 13b) -3 2k S B R
YRR . Schindler 25 1974 ; Jansson , 1979 ; Lesack 45,1984 ; Lesis, 1986,

MU, o T SRR 57l DR i M X0 K X ) B K A 7 8 s AT 25 T L
E AR A T (58 -9) . AT M FH0A YK R 55 160 0K K i th e 4
IR B R 2 T MNP B 8 5 80, S B T AR 1
SR IR 56 1 RCK /2 30 000 kg N+ km ™ + ™ 11000 kg P+ km ™ + a”
(Van der Molen %, 1998) . BRI I i, oA 53 6 2 4 BR800
HHH A, AR R 2K P01 B LB B A

B IR T R 8 (nutrient export coefficient, NECs ) {3 T —4F PN S AL AT I AU 5K 19
EIRIR(AO g - m™” - a wi kg - km ™ - a”) o NECs A2 {5 K B4 HH AR R (A3
m® -+ km - a”h) DLRASUERIE X TR A G R S UE B AR B0V R O Lo R

# (specific export coefficient) , 3% FLAY ™ [L” 24 AL TIAR A Hh o & I b i R4S L3
MM (R 8 =9) o (EAERN L oA IS RIS 1 It dul ) A [] 1 398 2 2 LA K% 34 X ) 4 5T
FHHS (RN EE ) , AN [a] = o A FI 2 B A DXCAR R o 1He &b, B 30 Jol P A7 A 3 o T
(10925 ARIARJSE 22 501], DR b 7 3 B Ao T ARl K (R 00 3 R i R A o i
FEAEmS a2 L

A T2 NECs BFFETE DN I ARl B R 4h SR K (kg/a ™) BEANBEMER . 6 b
T 5 SRR 5 AT Y B T AT (/) R A 3R 40 O it (g/m) o MERME 1L
BFERIMGTE T, AT BE H 3G — b a9 o A4 5 1R 2 P A B 5l i 100% ( Scheider 4%,
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EX

B BB |

1979) , NEC [ AR 138 6 2 1R 7 i i S 800 A B o 1 3 ), HIRTBOK 12 1 28 2 i e
MR TEFFRANE CEFRERUNE x HEcE = F il ) o RBEIC SR A9 K2 M T B8 IR 4k
wf# DOC THH AR , 1l W — 1 H 2= T Y IR A HE O AR e LR sl U ) 28 7 it e
B, s S BR AT AR S B 1 e ) R (K8 -9)

AR A U R N TR R KA R AR RO AR Y G R b C2R X
SE T K FR KA A KA E SR 2210 TR AR R KL Tt TR (gauged river) o R
BRI AR AR A R RS H A D BUNE TR B /N R ST T WA 2 0h 5. 1e A
R 5 W M 0 M A R R R R 1 S 2R A S v i A 5 B IR 3R (Stevens
F1 Stewart,1981)

Xof TR L P AT T DN S I R ST PO R U, 7 R AR R BR A T
— MEE M ERR A (U, STk B NEC 808 (3 8 - 9) 3l % N 3494, ol J& o
NRGIIFE . [, B NECs BOAERR 22 57 B, DA by~ 49 o 5 e e O k22 )
TRAK o X2 AN LA 58 5 I W) SR HECH 3 AFAT ST R W, It et A 47 B 22 1) = 2K
BRI AT 2 ~ 3 AR 1L (Jones 45,1976) o X Hig LAY 6 /> Ui s ( Forsbery HI Ryding,
1979) WFFE L & B, it it RO AE PR A8 A0 S 20 T 8 IR h i th i 22 5. S AN, 7E BT B
EREDLT ,NECs J&n] Y .

B AR Y ek I R AR (R o TR o v i (kg/a ) J2 NEC (kg + km ™ = a™')
SR (km® ) AT RBETFR S5 U A R NS TR R RUE & /NI
SR RE LRI B (18] 8 — 12a) o HETT, R FIERHR K % BE (stream 8, drainage densi-
ty , YT AR/ I AR 18] 8 — 12b) AR, X R ORE 7R R b i A 28 3 B Y
IR A BEIC AR I o IR HEK 2R 58 2 B2 R S35 B 1 235 5 84 0 1 i o A0 0 114 £ A
JE IR R T /N b T AR T R URE ) B DT R Z ] ) NEC HAHSC (8 ~ 13a)
ORI R o045 A A LTS Gt A BRI A <6 Js B A AR s A W R BE 7, R ARL 9 1 4
AR el Y AR DN ot R B/ B RIS TR B oK o SR T R FIE SR
ERBEW BT Sk I ELAS LAGRAF AR Rt b 5, T80 T R 38 M 3 T B e 22 R AT R Ir A 1) 7 57
FRANS YA AR E T (LA 18 FEAIES 28 F) .

BRSTMBNSERE

AN VI ) Pl 248 IR T R ORI B o 4914, % 116 Sl i el A5 B,
)2 16% HBEAS 2 5 WORE ) W R 11 ( Praivie 1 Kalff, 1986 ) o X 2 T, HEK R4F A&
My sl (G480 Hh RER 43 1 S R DA S A& 19 I8 2 I ACZ AL ( Keeney Fl Deluca,
1993) , iy th RECE A A A B e ek B (8 = 13b) o i T2 5 e - 33 0RL W FfT
IR SR T OB N — 8B 53 BAEPRAAEE BT L o L X i A A A AR A ( Forsberg il
Ryding,1979) .

TEHRK R G RO T, IR o3 S U LA S RUR 25 A9 i R 808 A
BE IS ARG s . SR S R AR i R B (4235 D R AR G
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¥ 8 ZE | A EREMATHHAY R
1 000
& o REIE A )
. o Kmi(NER)
o BRI =)
100
g
E
i
_f@“?
=
a ID_
log( B )=2.11-0.31 log(ili#1)
P=0.88; n=117 (@)
1 — — : _—
0.01 0.1 1 10 100 1000 10000
LR il B km?
10
& i3
L ]
L ] - e
H-%!__i' s B .® X
_ . .“ - se ® % _ .
< . o "o ? o ' 1 .
= . .
_E-r L .. . o .-‘-\_\_\_""‘——_._,_\_\_
é: L] ]
% ¢ "
e
58
[ ]
logl( % I =0.21-0.14 log(ifi #)
P=0.14; n=7 ®l
0.1 T T T T 1
0.1 1 10

B BV km®

B8 —12 b iy H X Jii duk
) S T R 5 I S ) A
P (a) AR T3 AR 5 2
Wi (57K R GE) % B A Sk
(b) (7 : BEFSR AN, 3
R ST R, PR R
BERBEAR /IS, WK 4 T 38 T
TR, 00 ) 1 T B 4l
AR

log('TN export) =2. 6In(runoff) +2.5 Geo —0. 189 Geo x In(Jitsmf) | —15. 1

A8-1

A B HA7 4350 A TN export: kg/a; runoff: m/a; Geo = 12 K il ; Geo =22 AE e FE i
Geo =3 . A1 KFTANVKIN X o N 220 8 — 1w (1 it $8 it AU 5 5 3 OB 25 45 A >k
Mo 7 22 MR RERE 1 () AN TER 0 B A K DX 38R R 3 T A ok S 1 Q2 S B AR 4 b T
EFPIS AT RE S A AL FHA ST Bl DK 3 B R B o
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AiE g A RS

B —
?ﬂ—\
_ mﬂk AfEE S n=31)
_rp AT (- 14}
< s0-] g i L L | L)
-
i°.£: 40
g 30
F i
20 T i (=4 n=47)
10 __ Sriaie=14) (a]
0 T r T T T T
{ 10 20 30 40 50 G0
it B T 5 e
B8 -13 (a)XRT
20 BRI A Hb X 45
PR (o % B Al
i " ESEENGERT
£ GBSy
T R S i 8w R
% i (915  Prairie £
= Kalff, 1986 ) ; (b) 3t
- T2 [E R AL 9 4
® 5 B R T v X dak A
fji:;_‘;;-‘{%"’*-“-“ LU CE s
bl AR SRR E
o1 T T T J T T S H (% ) B9 AR G 1
L] 10 20 30 40 50 60 T0 B0

§§ 2 Bl M ( Fordan 4§ ,1997)
i fy

PEZ XS T8 TR i ST AR AL AR O, Ok T 78 9% 5 IR 0 L PR R T L U ek
WeRE SR A ik BE O A A AR i AR X A A o ARl IX Bl 2 A AT A i 3
BRFETRIEV AT R, N: PR F) KHER 24 (28 -2) o R, JIERH(N: P 257 14)
il P20 B o K (A5 Wl 2 ol - SBERIURE I B, 7E 44U AR 1 NHL 401 A 25 R Bl 4%

RNV B S A I ATKAE . FERMAEY 8 SR AR /N 2715, IR R
PR AR, S ETEARAS IR - B S W3 NE , N FE R RS o, JLP iy
1R R R A R KA fﬂ%@l 4(8 -1 Y 3 FhEREE P IR 128 sl i FE AN, 52
M P50 37 i L AR R Y i T N B AR Bl i BEAR R IR B B, Y & B R B, H ik
GE 7 V- 2 g 3 AT LA RO 2. 5 %L'F,ﬁ 25 M, 5 250 H RIS A R Y,
20 S HERCER A 24 T 400 kg N/a( Cooke F11 Williams,1973)
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VRS RN S B

TE & PR AR S 01 97 3, K B2 B1))™ B 95 2 ROREZ P B ) (Jones 2, 1976) o
TERT 2%, 0 L ) SR IR 5 20 o B AR ( R 2 A AL A E JR 4 ) )™ A B R W) e ik
I T SRR AE ) o T B AR ARG RS A T A H R I, DA K A
AT 2 AR S TR0 BRI T A KR, 525 U5 1 224 390 R0 e 1) 5 7
A (Manny 55,1994 ) {EK 55205 R A B 5 3% 20 TR T 88 ok = 2/ MRZ

EETK

A TG 7K R T B 30 A9 T 8 A i B A B R ORI B AR AR Y
12 g N AL S g P i b i m A e Yy 0R: i i . 76N 0 AR 2 RIS 7K Ak BE B i
sl AN S AT, JLP T e B S | Pe AR 2 At A 7 A B3 IR Rl i R K aE HEA
KMo ABAEZE T AR S {5 K Bl e 4 , Al B TR R Tm ead Rt R

TE5 K AL BE R AF 9 K ik T R, Ao 2557) Gl %O R R B — A AL Bk sl A e )
B2 TRIGAE BT 2 b FILAZR BERTLIGE 5 22 1) 5 SR Eh A HILA LB 8% B R 95 e
Yy (K 8 - 14) , DLTEMAEHERT AT bR o SESEHE (3 & 52) A AL BILR 48 ( Ak B i H Bl =
2R ARt A LY B FRER A B S QeI DT (18] 8 — 14) o DLRR R TITEY) e 22
SEHRAE PR B ORAS 7 AR B T s B BB AR H, (E AT e 2 1) R HERC LA A B

Fe;uim, B

i ﬂg,ﬁ e} e
g, O me NE o

Wy B o lom-pN| s Jompn| |
S _ : i
(@) 1 “fﬁ( 'J'l*d'l A beAdd == '_h_tglrﬁgPa'L
a

l #130 mg N/L
el i) #15 mg BODVL
b1 4 = pa
#£98 mg P/L ;JE’FE%.&

#J40 mg N/L
#9200 mg BOD/L
Ai~{ . ,
(b) i e (1L i s PR g
W P« R : : J‘_J— s
A, A 1 ik
), B |—|_:-'_-'I mg FfL
—— 4~ mg N/L
iR o i =]t #95 mg BODVL

[REs |
R

B8 -14 WIFEAYIL2=A A PIRITE A b B RR [ A% 25 bR T A KR . A= b3
A FE B S 7th o A0 A PR AT AR AR K AT P . IR b T 2R BB S 09 AL LR, RO & Tk
AR RS SR KI5 e s e, 15 VRV R RP A R B MR At . XN R Z R R Vs e Ab B, A FE
Bemi B TR IR S R AR I T iE L - Rk, feaE A H b I e A R B R
R IIINAEE R LI " BRIC I LA , (58 75 W] 35 e 0 Ak 0SB0k A Wl o 2635 {8 2 LU R R B A AL
PR BTG e b 3 . S5, H IR T ) T s AR T v] LU S S LT B S R AN R S R . AL
FBRWD T Y BOD (B I FEAGH J K AR B AT BB
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8.6 | ExmHASTH |

Kt R B A7k 1R R4 8 3R $h RO DI RE, U T5 /K AR B 9% L BE AL
TEG I B 78 1 BOMIRER B3t X, 5 AR AR SR A IR R, SOAv A/ P S i 220, I e f) IR T A
JIH R, BROK NG DA R GE N il B o R 01 K T M B R P ORI ) R G D, B SRR
WK AL AV ol A= PRI

8.6 EFRHBHASRTIE

FFAEITA Bl AR 2 RGBSR ER R A TRl . — 2B B T LI E (9 GlOK 2
R (DR ) AR Ff K (RREDTRE) B B i i — 4 FE . PRI, KR R 4
AN AZ B R ), 032 B Az B 2 DR R AR R A DX A A 7 i FR A Y
IR TR T T AL RE A S B, X Se ] ESR AR B BT A LA M X
SN, RS B T Tl AR XA K A FR GE, HE IR R T2 EMAE 2 A Bl 3
e 8

il M SR R K B IR (942 523, Herp— 38 e B IE AR A . Schindler 25 (1976)
YOI AN R L BRI 04 BT A W 32 A I8 T R, RO i b B A B e ER 19 A
SURFIIR A AT E R 2 KA i % , T LSO i o0 152 30 g 56 (1910 B i 4k, A
P AR AL, WA 15 W) TR Tl DR R BBk Pl (3 5 - 133 56 28 %) .

T L ER P R 280 R A K AR RGE RUNBIEAR D, 32 1) PRty Al X4 i, XUWCES
TR 5975 IR BETCHLAL R Bl FHTTRE I (55 8 - 10) o AHF XA A3 1 R
TR (3R 8 ~ 10, Brezonik 1996 ) , 75T T4 il 1 1) 2= 7 LU A TR a8 ok =5 782 2 ) N A
TR R o O B BOE T R AR AR AR (8 2 A AR A N, SR Y 20 (NH AN,
0) B BRI . RAIHEMAR KA —F 20k A AL Tl HAT, PHERAY R 4R
S E (NH, T NO; ) fy TURR I A0 1890 4F R 3 A, J 1950 1 1970 4F 2 5 (Rodhe Al
Rood,1986) o WA Fr Ehifk BEARLRFER RN, 02 P 2 52 3 3 a2 1) A b A0 T 395 il ik ok
SUIRZ R o BN, F e A ZR I 87 T 58 [ e PGS £ Tk Al IR KA 600 km PSR, H
1906 AELIK, A EUKF- T4 T 6 7%, P EAFE K 2% , B 34 AFAYRH A ZUKFS4 0 1 4%
(K18-1),

£8-10 REMEBHMASTFIERMENTHER (kg -km” a2 ) URESESEILRES
BEHEXRNEHRBRE (/8 (BFRRBERSBERMSES, AN EESWREG
30% ~40%.)

oo R MA S A/BE (s
A CmERYEILER) 90 5 18 Schindler %5 ,1974
AT R (B b ) 115 6 19 Jansson,1979
Tl (B HLk ML) 140 6 23 Happala,1977 ; Persson i Brob-
erg,1985
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oo BA M A/BE o F

SN RS g X (2RI 7S 480 ~730 24 ~53 19  Schindler %F,1976

JLE8)

TWAA R H L ONER) 424 20 21 Shaw %1989

PR (52 Bk a8 ) 524 20 26 Happala, 1977; Ul Persson F
Broberg, 1985

e 870~1900 20~80 28  Lllen %,1968

B AL E PG AL (1979— 1000 ~1400 15~24 62 Kopacek 25,1997

1994)

e ir A M AL Bk 7 AL (3B 1200 2607 5 Downing, A G IR

)

R R O O 1130 22 51  Molot A Dillon, 1993

9 5 B3Ik N b 5 3k T 0 660 45 15 Brezonik %5, 1969; Riekert, 1983 ;

(£H) Iil, Boring 45,1988

FLABTOE (Z N L) 750 170 4 Lewis fil Weibezahn,1983

BB NS (E7) 560 20 28  Ungemach,1970; i, Likens %,
1977

HHEH(HRI) 480 677 7 Kalff, £ & EHIE

WAL (A7) ¥ 39 J&  Hallam, A A 18 il; W Likens
& 1977

El2 1063 47 23 Archibald 1 Muller, 1987

HE = 370 38 10 Rutherford % ,1987

O wHRRER LR,

A REER: #HKEERLL

RAEIRER DU -5 7K AR A A X E AR i HE A IR L (4237 HE , drainage ratio) 2R
JE ) QL sl AR/ K T T AR, CA = LA (H 32 b JFOMI = s A1) 2 R 20 . AR HEK TfT AR EE
R B s R BT AR ML, R SR R DT 2 20 AR AR HE /K T AR LUl o BRAE R
T 307 , $ RS A A A B UIE , JE R B St Ak o S0 2R G BAT Al AR A 7 T T
RSB, EATHEAS R s s A T4y o (H2 , 8 i I i 04 i s 2 Dy R
HEAKAE SR B T RIS A IA o 5 I AR T ™ T A i 5, AR AR AR T REAR ME Sz e i 2 7K
LT 7K B HEK A R

S FE I sE A RHBI AR IR R BORA 0. 2(38 9 -3, K 8 - 15) , i Mil s (9 1)F- 15 B 1ok
AU R A . AR R AR AR E RIS E IRk BT ORATIRE . B
W) T v T 2 P R A AR R T S R AR A T e 2 T 50 ARzt bl IX 52
M 24 DX B R TR AR SRR I I I3 i B, 0 4 e A8 i T bt ] B R I PR R 2 —
(Larson,1984) . ARHEREHB AN Ui Hh RBCAE SR W (£ 8 - 9,38 8 - 10) , JL LAY TR ab F
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|68.7 | s s REER AAA T NREE AR |

IR (ARWELE R 1. 6) FZRAR B 4E 2 MW (AR LA 1. 853 9 = 3) il ad KA AT
[EE NS BORTE WA R IIE U TN U £ 1= - v SO IS I e 7 I 2 bR A D=
ZEH I ATKIRB K G FIE FR 8 T HAB R AR R/ N B B B AR 2 R4 T AR KO W)
T OL T, Fi 22 A 3 b 52 X I 2 9 D R SR TR T LR

B8 —15 HKKIEH /I
B3 T R KL (6 ED)
(9 3k T B/ K T T R
HAEA R 0.2,)

ok A Bl IR B0 A ANBE R LU B S5 AR LR AP BTR (UL 8.7 ) o Bl il T AR L 7R 2
ROSIIA b U SRR A SR ER A DT RR I N AR R X B LR R P R
TG YLV N B I K Ca R AT 2R, AR R BOh 6 B, KRR
B AE T e TR IR . A, L TR0 XY B30, Tl b N TRAE AR ) 2 o R 1 1 B
LI DX TR, X FITE B STk LR R B0, A EE R R AR B R, A
TN T 6 I, RARIR A AR =5 TRl K I ( Shaw 25 ,1989) ¢

VPR IIA AT Th AR (> 10,29 -3) , HEATAL T & /K & A
EIRER SRR AL . XL, K AUE IR ER IR R H AR /N ER 23 o H ORI
A IR SR LU RER A R AL S B, U AR A K Y X R E SRR BT N 2

8.7 EF#tWl mEERHBRSNEMERE MEER

DA WA T AR (CA = LA ) J2 4 8 g SR /N 37 8 074 O R A 728 Bk (LR 9
BE) o VRIBCGEFRERA T (FAAL kg a) FION B Y K A 77 2k B —— DA AR A B K TR
(AL g - m ™ - a”) FOR AR BUTE TR SN 0 SR AR b, BT LS TE R
FY AW (2R a) o EIRER AT LUINIK B % 0 W B2 A0 7 B A IR HE AR IS, PR kg 7k
R SRR U L R T 7 i A A A Wy (&1 8 - 16) WA IR RAE 7= 1 R 5 328
FRERMIARZ A 29 (ULES 10 ZAIEE 21 5) o K8 — 11 Wit 3 1t/ NAT A1) 2K
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NS A e BT K A= W7 B0 52 ) < QO Yt Ssl i £ 30 7K A B it A D i AR o i
7o 3 QTEAR MY St At A TR A L AR Sl b i A R LA 7 L S IR iy
JFEA X AT BB g s QR TRVRAEAR L /I BRI 3 DI, AELAE 4 R Al i 2o,
RARUFAR S 7T LA 2200 1) 5 (OB 3 It Sl v AR K, P00 ) 988 26 A 0y i R £ 28 7 8 T
OUATRAEA ) I B R b ) B DA R RS D0 T, B0 B e 26 A i (2R R ) PR
PHETEARL I AR RS 1 2

. e o
-
-
a® .___-"" .
- .
- - —
_,____-—--"——'_'_'_—'_'_
- -
= . »
= L]
Eo ] &
E .
= -
B
»
=
] 1
1 000 10 000

M mgL™")

K8 -16 (i Fdbilaiity 133 B 0S5 ) AR P i (2R ) MR OCSC R [ LUK ST
IS . R AR A log(MH4EE a) = -0.39 +0. 874 log (EHBE) (1 =0. 69) (UL AE[RIH
o TR IETAZANER AR B S AR a B R . L FE RV L S BRI B I, A OGS AR B
L o XA B E SR BRI TR . IO A AR DR S IR K AR R AL K K
P, W B SE MR AT ' R RO BRI PRI R . R B FLARINIR, 7T RESZ 2R BRA B0 K 1A (B HE < 10, sgArn
P IR I <22) o FERXFRISTA A AL AR A AT AR ER a S HIR(R 8 ~2) | (M Prairie 2F,1989)

F8-11 HMKHTHERBMH (kg/a) BBAR (g-m™ - a™" ) AN EXEEHRH
8 (g/L) [ BB A AL T b 2 B2 b DX WK B AR 1 ko ELYR NS A0, EL2E 36 25 AR AR
A PR A AR A L . RADIRE TR 30 kg« km ™ - a™' (R 8 - 10) . itk ih
TRy G 45 RS b T ) 677

0 m VA ke’
5 10 20 40 30
PN
VLB 1/ (kg - ™) 40 79 157 312 617
WG/ (g - m ™ - a") 0. 04 0.08 0.16 0.31 0.62
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8.8

I VRS

% m I A A km®

5 10 20 40 80
M/ (g-m” vat) 0. 07 0.11 0.19 0.34 0. 65
KT/ % 43 28 16 9 5
B/ (g- L) 4.8 5.6 7.1 10.0 15.8
Mgz a/(g- L) 0.7 0.9 1.2 2.1 4.0
far g/ (kg »ha™' ~a™") 0.36 0.41 0.52 0.75 1.19

Al X

Tk (kg - a™) 228 390 666 1139 1946
WA/ (g-m™? -a™") 0.23 0.39 0.67 1.14 1.95
M/ (g-m cat) 0.26 0.42 0. 70 1.17 1.98
KA/ % 12 7 4 3 2
(g L") 8.4 11.5 16.7 25.7 41.1
M4z a(g - L) 1.6 2.5 4.3 8.1 15.9
(kg ha™ - a™!) 0.6 0.9 1.3 2.1 3.1

PRI TR . 256 /A T3k A Prairie 1 Kalff,1986 ; Dillon £ Rigler, 1974 ; Hanson 1 Leggett, 1982,

TXLERLLUIT AN REATE Hh ELAAC A T, FUI AR T T 26 4 e o 2 3 o ORI A AR B . 3K
LERLPLA YL TR R ACR IR X T N B K A B FR R K KA R G T B
TR A R

8.8 MIBBEWBRE N

Pili b 7= A= (A BB I o AT SR A KR, Bt e b 1) R A L) ( B ORI )
BHEHEATKIR . TERBRRE b (3 8 - 12) , K4 1% BRI 94 7 I Hh 20 AT A
W FEGRER) T HERR I T ALY WA R A S Ao i, AR R IR A ALY, A LY
B TR o R ) A AN (USRS IR A HTLBORL AN A A AL B9 0 0 DR, BT
PR R LY (TOM) 3R A BLAR (TOC) to 2 HoK A HLY Bk I, 5 % i A DL
(DOM) sl 7 A5 HLik (DOC) fiy t LA C sk, 598 5 R P AR (P 8 — 17) K s 8 i
[B] (1518 — 18) Wi EEAHIC o 7EBR /3 A AR MK 2k, DOC i H 3 BER IR T B AS I 1 £
AHLYI

© Y TEIER B 45% ~50% ,DOM Hl DOC Z [8] 54 35utl 9 7 i .

135




IR SRR S 4 B

288

®8-12 HKRMEMBENEK(DOC) MM FHK(POC) EE.
BEAHE(TOC) fir it R BG4I R £ 7 H

TOC fiy H R EIME/ 51 Yt/
— DOC H1ff/ (mg L) UTHIES el Bl R AR 7 I M

(kgC-km™?-a™') (kgC@km™> -a™")
HRIF R FE X 2(1~5) 6 000 65 000
Jb 77 5tk 10(8 ~25) 2500 360 000
el 3(2~8) 4000 225 000 ~ 585 000
T 6(2~30) 6 500 315 000 ~ 90 000
kit 3(2~10) 300 32 000
TRty Vi 25(5~60)" 20 000 —

O WAEEIE—EHIIZE T DOC £ ik %] 91 mg/L ™" (Petersen %45,1995) ,
B H Meybeck 1982 ; Schlesinger £l Melack ,1982 ; Thuman, 1985,

{i} 30
DOC=0.26{"peat}+2.39
¥ =0.78
25
T3
o - 20
I_"F -
E ‘=
o o
5 5 = =15 H
5 2 &
- =
o =l
=) -3
-0 &
2.5
-5
TP=0.57 (%peat)+3.1
=059
0 -t T I T T T 0
] 5 10 15 20 25 30

¥ o R e

€] 8 — 17  1980—1990 Jini = 22 Mg 1 X f) 20 SHEK X A AR A HLEK (DOC, O) LA (TP, @) #Y
s BRI K DX 4 X S 8 i b, HE KR B 4 i) b T 3 i b TR/ IN, DOC I TP K 5 F & 9
M, OV st 5 B 5 L ASIRAR IS, 1 H Al 8 B2 A0 A8 B A AR R A e S A A b A 22 AR
I ABTE SIS 428 30 K JU1 2 A RS 13 A 8 Ak AR /> B M T, M R AR AR DOC. iyt 28 40 A F 2 il
7 (1B 8 —18) . Qffe/ B LLAELRR ] i IR IR, Wl B0 45 5 i AR AR 1B M Al A S R e B T AN 2 B

PR R (£ 9 -2) ] (5] A Dillon F1 Molot, 1997 )
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I VRS

10 00
o i 4 B AR (48 )
1 01 —
] ”m;'r’j:;ﬁ o TR KA IR
; ARG R e & LT PR R RS W)
Y 100 ol S S AR (R IE)
= FERER) "
;; FRWHRE) e w
2 RBIOL) @
(]
10— b R RO
5]
\ P T R)e
1IN
1 logiL)=3.74-0.78 log(WRT)
P=0.72; n=24
A CR I o] L R
1 10 (L] 1 (W) 10F (D
A i 57 i)
B8 —18  — Lyl WIYA A /K T35 7K Wi B3 15 IR] 55 DOC $7 faf (8 AH S (73« 22 5 R m JE ZR AR Wit

s A RR RS HS ) (B A Groeger 1 Kimmel 1984 ; Dillon F1 Molot,1997)

W B2 HL5 A v BE A ALK IR BE TR ST AR 14 7K G T b ke 7o) 66 i 32 22 Fl TR 4R
A AT, BRI = A2 T 8 20 b . N BKIE EE W02 IR % SR e — 4
etk By FEEORPE (16 =1 hx06) o AT Y o0 Ak 09 R S 7= 9 LA R AH X 435 o 4 1)
A AR B 8 A () o 288 0 AR AF X 43 JB 2 14 40 1 i BT Ok, BIOBE K U HE A He g K 1K
(W3 22 %) .

A ETHAER T i AJKAR ) TOC Z8id i i (B BGHE % 0. 2 pm (0. 45 wm) Ji5
AL 53 R RORLAT HLEK (POC) R A7 HLex (DOC) o PR Ze4d 1 mm ML id 3, POC 73 20
TURLAT HLBK (FPOC) FHLBURE A BLes (CPOC) o it i TOC v, POC F1 DOC L 141 2 57 4R
Ko FEMGE M BUE AR AR, DOC 5 TOC 14 K43, POC: DOC 1Y LLHZ
0. 1(Schlesinger 11 Melack ,1981) , X Fh FeAE 7] v FHBYTE E T (Wetzel , 1983 ), 1Mij 76 Hb A
e B AL ] /N PR R PR BE N , A By 7 A kil AT 5 OB B 22, BT RO
POC: DOC WY LUAH . T H., X — M BA Z 5 A, 7E 0 24 TR RN

FORAF TAERY POC Hiy H A0 P AT IR ME Y o JRBE (1% T 490 v B 7 301 DAY B o T 0
B MAEAEAGE S X B AT W, a0, 34 AN I SRR, 3 A KA e D ) AR AR
lﬁi%ﬂiﬂﬂ’] POC XJ Lt i 22 W U i) POC 5 Z5 A4 AR Ak 1T 30% ~70% ( Cuffney 1 Wal-
lace 1988 ) o 3% 232 i W A A N 7 e A H o 2 1) 2 T 478, S BB DN 7 Df I TV) R T A S

137




£8 % | AR SREAKSE B AR

KR IR TVER Y K 3% o BIVSCRE , SNSRI A HLBORE A LR ( CPOC) B b 28
il - AR 2 (LS 20 #5) 3 A KA AR DRl AR Sk, DR T JE o B0 91 37 05 0k PO 0
FREIVE AR/ . X T AN FIHRAZ B8 40 POC( <50 pm) to/i2 B HAR kA Ik
X FHLBURA HLITE TR K 2 25 2R G0 v (A AR I 0, 2 00 0 1 2 P R 5, ol i e G
T B 25, 33 46 Sy T HESH 3 (L EE s IR ( WLSF 25 #5) o B A I TR GE BE, 740
W RN BOR A ALER Y R OB B 4 S B LR (WL 22 75) .

ok EABBE BL I B I B DOC 25 60, /K 6 W S AL B B T I 1 (Fe’ ™ W B 7
DOM ) o [Hitk, 7K €6l 15y DOM ¥ B 5 &) I % #5475 ( Cuthbert F1 del Georgio, 1992) . i
UL IX K LE 25 R G DOC 2 JIIR S VR 45 5, DRI TG R K %8 8 o 10 M X 42 %
FRERIIICT 0B €0 7T L2430 3k 7 R A3 I A5 K i ( Rasumussen %5 1989)

log (/K1) =1.599 +0. 344log(HEK T ARLEL) - 0. 586log (IR ) ~
0. 178 log (AT FR) —0. 368 x Jii sl H8-2

208 =2 W FLA AR R AR I T AR LA e 3t A % F) ST RN , 5 149 (A8 {1 ) DOC
W22 KPR I AHK A DOC 855 Bk 78 AU o (5 B R 18 LA B A 030 o 9
R PP AR, R ey I TR R (m® ) R 2KV (Z, B s m) — R I 2
(A (19 ) DOC kit 25 03 00 2 i 2 T 8 0, 300 2 PR A S 3 32 1) A WL 0 2 o )2 T L
W21 TOC 14 H FiT AL AL DOC,

TE& A Tt DOC B A B0 3 A BE AR B F iF DOC 4 B p/E T, 7EJL kAL 2
R R 5, G 6343 19 DOC 3 % B 25 54 DOC By /b i H no ML I, 7E b 36 B
X, Wi A8 ) AT ) 5 3 o T 03B 23 0 A WL G DOC 384 T 384 i ( Curtis A1 Ad-
ams,1995) . AT REJE: i1 T 1 (i B2 I 1] (IR o s 380 ) £l 75 DOC 76 % , it AR5 WL o vk
45 IV SRR IR I R (LS 10 25)

FFAEBTA SN TOC(RIICHLIY E 53R ) B R R AR AR . — eI T KT
A BB oK s AR R i DOC FEA 38 AT KT B i R SUURI POC(=0. 1 g - m ™+ a™';
22,6 %),

AEER

* WAMAREFRBEVEHENTENESRA, BN T REANS M E & AR
PR N AR SR S B 2R

o R A/NEY BRI AR KK, RHORAE S RGN XM IARE

e MRELFMARBT —MAANER, AXMEREZXE, RAESRAEN
W b A B A ALK R I R | e B A K B B T i A A R LA B R e AR B
REK,

o MM - ARIEX(ESKER,TEW) WRAERZIGEF b A AL HFF B
AR, EXREFHTEREFANNRWEARFEAREE, MR RFHESRSE
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WD BRI R ALK, BN LRI AR E R, AR X, TR 3R A
AR . AR ThF ARG FEELENHRT LD

e KRR EEHH W LA fuk BRI Ko AR AKfH TR RNE
AR, REMWEREEEH . IANANREATRAGH R REMHEBZK,

o WG Z MR MBHBEZHKM L MEARTR LTS, B0 T £49, LB
BRU(TERE, ERHRE i) ZRTHE BRSO KLR KRR R TR L
TP T 5 At e B B A AR 18], N T T IR, B B AR D T O O A AR R
FMRBE, A EREHN TEEERIRT,

o R E IR (kg/a) HRHE R AR B AT A, E R B MR M
FiAn £ AR R o AR R R AL E AR R AR, B AR R AR e B
FIEA T, E SRS

o EHRBMTRMITUMNKRIFNKK, KR E T RTESSEH KB, AR
A A X AR B RS 2R A TH B AEER, RAKDRRRERBAILE
Ik o,

o NI H N A B AL R R K X 3 A T e, A )RR IR M B9 R K K N
AN E % o K BB RS IR TR AR AL (DOM) 2 S A € 8 .

(HH-F HABE #F)
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EIEFE KERGFKT

LA IE

9.1 KN

B K PR T RE A R 45 TS s R E A AR S O XA S DIBR R, B T el i AR
g, AP ERE () 2R (1 8 — 12a) , I BUR A TR L8/ FHS, TRV INAY
RARA i) T HA AR EBEUR 3R o 5 2L, B A S i B 8, S e (AR i AR
PRI AL B ) 2RI (18] 8 — 12a) o PRI /N, BV T i 14 549 7K AR RO 0 )
SRARA (va) |, B T BRI B AR 5 S s G 0 A OURE A9t L B g 3 4 B i s ( DL
8.4 7)o [, FETAER/IN IR EE AT , DR LR A 7K ARy Jo ) 2 ot 1] 4, fe
PN AR OXAE) BB A o AR I s AL R e ) b DX (2D R A
HIX) , Z BN ARA AR kA e AT LR DR o AR TR — AU A X, /)
PSR TR AR E FRER A 1 3 /D (kg/a) (DL 8.5 747) i el 5t BEAIR ( ILEES 13
) o FERERR MK, EAT IRGE 3 1 TSk E A HE KOS R 1 b DX BT i, 35K 26108 b
RO A AL (8 - 18)

A9.2 KR

SR 2 T LS B a2 T A5 LA A (0 FE TR R KR 0 A5 R (L
557 ) LRI CETEAE ) . RS IRAAESE IR 2 7K R I MBI 2 1 S
N5 RG IS BRGNP P A e M S

TSR e T 3 B ) S 97 SR R0 R R, AT AT A/ M R XL I A A ]

@ ARSI KRR S 3 X, — A28 00 TR AR AT R BL AR g it Rl st R T 25 L L B 1 9
ey b R A AN BEE ( Landers 2,1998)

FE NAN S RGBT XIS BT, M2 S RGURA GEE R PG E I IR R S L1, il A 2
SR A A HTE (Schindler 4, 1976) .
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0.3

ol + R A |

TE S B Y B A B AR R R o A 9 — 1 rhxb b 36 215 AN WA R BF ST 4 R
Jt7s , RS AR A 1A AR R A OG A (r = 0.82) o A B AR SC VR L 18 WA IR 2 5
TR TR 58 IR 3R R S B IR SR A W (AR 3R a) 55 AR,
T TR RRAS A2 T B T R 19 5, 2 ol b B TR 790 19 BB, TR S vy 5 K DX 114 38
I CULE 13 55 — M L ARBR AR ER D0RR DX (9 WA L I R AT S /NI R AR 5 2 LR 88 3
A Ty 1=k B A i BR R DO AR DX AR T T A S /I A 9 S v AR5 99 TR 2 L2 (CA = LA Du-
arte I Kalff,1989) o S BEALE R Z 0] 0w AHSCHE (r = 0. 84 ) fHAFA W] 42 25 A0 1 1 52 55
RME A3 E AT A= i

F9-1 JeEFRILE215 NIRRT S U EWEESRERER T T AR LT
LA EEBI A T A (P <0.01) i, il By 22 15 A7 7E . ]
WK WREER CPERE B e MHERE a SR
WX AR * 0. 82 0.59 — — — —
Tk AR * 0. 46 — — — _
TR * — -0.49 -0.59 -0.66
AR s 0.79 0.71 0.73
§5Y 7 # 0.82 0.84
483K a - 0.77

YRRV . 81 [ Duarte F1 Kalff,1989

9.3 mETERER

AL AN S phe 5 2 R HE AL R AR M B VA i . BT TR DR E B X 2B R
MR SEAH A T AR (XAl ) R RS B 25 o o 87— F J ) B4 i ) 2 0 5 [
ThZEEFEN B LB TR A T O o A HGE T — RS2 TR AR A S R G
T ARRICR AR i th AR B B0 (% 9 -2) o BFSCIER, L33 R XA 2 B T 6
MR Z M RFR 73 ICER B 5B, I PR B iy XA , R 220k H R RliA A=
Pyt E R KR IR (NP LK) B R0t I8 B 7E Rl iy A 2 i R B . A, Bl 2R A2
TR RACRIRAE S R BRH (£9 -2) .

O RSP 28) (AR XA R R MR AT RE . i, T BEAE 25 S M T AT R E Y SE B e
TE A AR5 LN B R 45 SR T RE S 2 SE AR RS20 o 7R AR Y 2 vt S A IRDEE, (51 4, o BRI R 32
FURALERZ X, TEY B Bertr MY 25 Russell (1913) FH AR A — R0 R ST 1O SCE P R OE : “ R
PR AR TR —HRRPRER  WAAEE LR TR
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®9-2 EEREEERTB—ANAZTFROBTKRESREPTRHNIEMC
(EEFBERSMEEESRREENRBEAR LGS, « =xkil,)

TR % Ca Mg Na K N S p
i
MR 9 15 22 11 31 65 1
SAEEEFEYEA * * * # 69 31 *
TS KL 91 85 78 89 * 4 99
iC
Tof g 59 79 98 28 19 90 <1
AR ] 35 17 2 68 43 6 82
ARARVG ] 6 5 <1 4 37 4 18

GRSV . 2 [ Likens 45,1977,

L) I s B DR SRR SRR A A 4 KU, IS WL AS 21 1 8 AN R . AR
T, KA A 8 SR R U ) B MR B # E 0 R (IL 8. 6 1Y) o JEUBR A A1 A
FR(FR N3 -2) AERZ BT, 2 3 B0 3 A 181 U T AR5, BRARAL Tl
Tl BHC A o) SRR A T XU AT (AL 18 )

TER i B R A0 B D PR RS B AN R AN ] o BRIV e, J 4T 2 e i K2 8
DRI A T LTI R ) A~ AR R A R B K (LSR8 BEAIES 13 55) o 7ERli B Aok
Ak I, SRR BB AR O Hh AR oK, T Al DCE SR ER A B AR F IR AEAE AY
T ISR R B T AN X ) A e it . Tlk DRSO AR R 194 I (SO, \NO, ; L2
27 7)) g Jm AT HLIS G, AT 35 T DT XU R et e A A PR A2 380 9 G (O

28 F) .

9.4 ki EBRtE

HIAF0IE

JK B IRFIE] () BIVIAE SN ) 7K e P A3 e 4 — R P 5 190 I [ A AT A X
PR T ARS8 3t P 2R A A i B ) 32 BB T 2t AR A SRR IR (LS 7 3)
FIRHEZ T R PR 43, DT A SR A AR I (m®/a) , i b — 2l 7K () iy
NI e 1 B TiwA Ve = iR M RIS AT A AR S R ) N (I R A W i = S A N U e o
{E 3t SO0 K 1A AR TR A BRI AN AR [R] F9 5 S 3, B (S O R A S A [, ke Ay
AN TR KA BRI TR] o SR, RS K s B P S ) R 7 5, T PP 2 i B
0] (7, ,a) IR F@ L A ATV, m”) HEFE AR R (Q, m’/a) 37745
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|90, 4 | Aomemsia

=% £9-1

SR FH B TR A B 7K i B R PR AS s 08 3 1 2 e R4S R A5 B B TR D 97 o ] i 1)
T H KU B AR TS RS K B B R] e LA BA A 2 AT R KR AN & fl A
EUA IR BE R4 2 0K A TR A (W 11, 2 350 11,10 35) . s, WA MK L
B 77 2 HE KA Y B K PR B o X —1% DUAE VA AN 232 B X A B s B 2 AT SB35 52
{EXTFAREA A2 FEZ R AT I sk AR w2 . X 7 1A 0 9 491 12
WA (R HA) Bt PR B AR R e E 24 E R R A vk & mifb gk, X
ANAIA BT 2 R4 B B ) 0. 13 AR (1.5 AN H) , i 4 i B8 B e) 24k 4 4

Ty

KRS

IR R K 20 i AR R AEZEWIIA AR 43 E I (& Z B M), R 80THE
SR BRI HE Hb X IR 7K 43 T2 W 0 £ B ) L ST SO0 00 1) e B W) D et R At % PR
ZoH IR A CHNFE R0 T 585 B3 ) | w8 DS TREAS A TR 9 G JELIES 2 e 38R, A it SR 41
S JE M AVEE IV ) (147 BR s DR 156, BT 113 HR ) i B [ — MR 2E R (R 9 -3) .
it T ph B AR A TR AR 38 L AN [ A R TR T, K B B IR — S R
R EA AR B — B A R A R LR (AR 3 ) i R e ]
327 (K9 = 3) ,ALEB  H R e P Ak 1 - 2o B B[] 430 A 505,221 i1 92 4= (' Verbo-
lov % ,1989) o 53 A B F AL FE 4K PR 1 7K P, S 28K 20T~ 38 190 of ) o 238 L S i b
(D529 3) o JeJm AT T8 H K 08 B T80 S0t , 7K s B B ) PR 0 B s ) A, Py
XL R G R K A — AL, KA i 28k (AR A48 5K — TR 3EA 1988 ) 198 X8 IF
(F5 =120 13.7 35) o TR FF X LLF IR R« BG4 KW B s o

®9-3 —LMAFKE[R] (FSENBERTEE)BKE T 7K Bt E (WRT) 2 Rl E
(a) FHRE(Z,m) REBEAR(BENXER) SMRERZE (CALA) , UREFHERET
BRAERE (Zy, m) (3T B EB KRN, e HakiEBrE XS 28T NR.
REEMEMNHARTE, N TAFENEARENHHEERETHRNEE,)

won A K ]/ a Z/m  CA:LA  Zgy/m
HHIE JE W) (FLAHK  SH SRR ) 6 000 557 7.1% 14
S AE ( Shrde, 5Lk v, IR JE ) 1225 290 3.0 20
P8 A R R A ( RN 2 I, BA ) 1183 107 3.7 7
PR (L) 700 313 1.6 28
DUAMZR 3 (% H7) 327 730 12.1 11

@ XTHRoKEGEE B T 2 ke (I S, ph 9 R I TR] S SO R R 22 BIAR N SR, X
TOK N BYIITH L R EAT v T A8 A A, SR b U ke B, i B o ) 2l I
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wom 4 K ]/ a Z/m  CA:LA  Zg/m

SErELE Tk T (k) 330 145 0.4 33
L (BT SETERR O R ) 210" 182 8.3 12
SRR gk, ) 191 148 1.6 9
SRR LT (EE) 150 329 0.2 29
AR (B RA) 137 89 2.4 6
AR (CHNEER) 131 72 5.0 30
e ZFH (e HEEJE W, 51 ik) 123 40 2.8 4
R () 99 84 1.6 7
2= EF I ) 74 182 1.8 17
FUARI (Fi ) 58 39 3.3 12
SCHICHA) 51 266 2.8 20
AR P A () 40 23 2.9 7
IR CERA) 27 136 6.4 12
FLRZI (&) 30 39 2.1 32
AEW (k) 22 61 2.1% 8
LN (% ) 13 47 15.0 2
SRS (FHEZ) 18 12 11.8 2
Rz ) (PG =% ) 12 91 5.4 17
H PR (B, i) 11(9 ~15) 153 13.7 6
RIFEWI (L) 9 54 11.8 2
TNFN R (LLES], 2 ) 7 24 16.0 3
R B3 (i ) 7 9 5.7 4
LN ENIIE SN 6 86 3.4% 3
KGR 6 153 45.2 4
EEH(HA) 5 41 5.6 7
EL Rz (g 5 ) 5 3 8.7 0.5%
BLZEW(EE) 4 12 16.7 3
Ih 3 B (i, R 4 177 30.0 5
JAEHH S (B Bt ) 4 100 20.4 4
S ANEARTQE R 3.8 37 6.8 8
SEEGIA X 227 S (MEK) 3.0(2.0~4.0) 4 8.8 25
TRIE S (25 22) 2.9 17 23.7

R E K (L, e A TS ) 2.8 30 87.8 5

144




EXIES

R B 1)

Howm 4 W fFa]/a Z/m  CA:LA  Zy/m
(IS S SN N 2.6 18 2.3% 5
HEIEAT (SE =) 2.4(1.7~6.1) 33 17.0 8
IR T8 T ) 2.6 12 19.8 4
IRERAH) (B 1) 2.0(1.5~3.0) 44 26.0 5
HPIRIEE (A 2) 2.0 6 0.4 3
NPT 32 SUIESENIEYN) 1.8 16 17.6 4
N (B ) 1.2(1.0~2.0) 9 11.4 1
B ALAR ) (i ) 1.3(0.6 ~5.0) 5 34.1 1
e (K1) 1.1 6 6.9 6
TRABK K] (2 ) 0.8 21 14.6 4
MR HE T R K 2 (R R ) 0.7(0.5~1.1) 8 207.0 0.8
FPE (&) 0.6 6 7.1 5
CADETE s viI¢ =9 0.4 11 389.0 2
LA (B 0.4 4 10. 1 3
HISCH (Bl ) 0.4 4 10.9 0.6
TR (5 1i5) 0.3 2 39.0 0.4
e (B M A ) 0.3 20 37.0 10
HATER IR (far 22) 0.2 2 142.3 0.3%
FARAKPE(E ) 0.1 3 41.2 1
L B K e (HE ) 0.1(0.05 ~0.26) 21 93.8 1
KW (KIS) 0.07 2 34.4  0.5%
W A BT (A=) 0. 06 7 24.0 4
PEIREEII (£ 0.125 4 113.2 1
L Fig L (I &=k) 0.015 2 976.0 ND
I 2L VKR (S ) 0. 007(0. 001 ~0. 04) 1 710.0 1

O FETIIIFR T A8 IR/ INR AL P 30 25 APA L S A 280 9 7K B F ]

@ /NI AR 2 R BUE HAR S LR T AT PRI D, LKA EBTIA CRRS) , BN ERRG
JZ B B ] B R T A R

@ AUURYI BT A T EM

@ HR DI, A AFEHIA AR LW AR AR X L D, U CA 2 LA (Y LU S0 - AR 6. 45 B
W17, 85 2RI 27,5,

® MM ZH .
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A TR L BT A R AL DX 3 P Y 2 o i ) T LA Ao R SR Y0 T A AR A AR
H, EFH 3 A ASE R S0 G At b DX A VA S A AR R 22 o DR, 67 T i R K B RG22 ko
DX A i B KA 2% 22 /N B3I A o ] BsF ] 2 0. 02 ~ 1. 26 4F ( Knoechel Fil Campbell
1988) , 1 {3 T 55 445 B R S50 AH 7] A9 2 R W 7R U 358 T 285 0 b Jot 2% 4 0 1 &% FH L (%) 180 3
HIEA K (K & 1 ,2. 6 ~ 3. 8 4F ( Brunskill A1 Schindler, 1971) . % KW A it I 1
AT ELA SR A K i B I (], 32 05 PR T R K AN 52 T A S e B AL S 2 ) —
oz HIE R B LT R R OV R LAY R TR A LXK RS V2 RN
FATE , L B4 B () 1T g 23 B 4 50 B 100 4%, 3% Bt A 37K H ( Mitchell F1 Prepas,
1990)

MIKRG

T R GE T B I R] KR K FE 3R G0 N 45% BR i I TR B8 AR IS o /N AR 8RR i R B
(B AT REAA TUAS /NI ABAE 22 Mg A vh S5 R/ N AT s Hh i B N TRI R 28 7 d(3 ~ 9 d; Basu
1 Pick,1996) , MV 22 32 [ It 1) 5 B3 1 3] 2 2 18 d (Soballe 1 Kimmel ,1987) , 7£ 7]
— AN, BRI R (CA) 2 e Tl iy B8 B () A AR DR 3R {H 7 5 R A 2 ) RUBE
e, WA SRR K HILZE IS 28 R A (Q) B 7 KRl RUBE Y L, /K s B8 B[] ( WRT) ]
PAREUH T 2R (Leopold %5 ,1992 ; Soballe #11 Kimmel ,1987) ;
0.086(CA,)*°
o
309 =2 H1, WRT Sy RAf i Ot B Bt I] (d) 5 CA S RFE AL AR AL (km? ) 5 ST A

P (m'/s) .

WRT = #£9-2

9.5 ERBIRE.GFFHRREFMKMHERE

K B B i) A6 e R 3 S VA A P R R R RN A B — o 5K A (¢, m” -
km ™« a”h) | RIVERARETE A SIS 1Y 22 K IR (m) ARS8 . K IR BT 5
Fedh ALY T5 YA X A K B IR DA A0 T AR B FRAR AU AR - O KR R 58
L2 s MURL A LR WA s BT 85 A I 8] 5 7K A= R GEAE 7 1 8 7R s DTE B K &
Ge K PRI A ER K R GE AR, TR AR K R A =2 iR B P T L R K A A KR
et (R )V ELJ2: KRR B R TE) AN Al FH R £ 55 A L J22 (IR BN ) 1) 0 e 2R W B e 25
FE B R T, DR g S S o A58 50 88 940 A D A L i b e T8 J2 TR S S 484, 1T WRT fi 3t
(Y 1K B SF- 22 s B P T

AR 7 i B IS 1] 2 B 5 I 2 BRURISP- 2 TR B8 S AR S A A O B I s i (1819 - 1)

©  FAVRAART AR BIFK - WK RSN X IR (Odum, 1959 ; Margalef, 1960) , 5 KB, 4 7k
A ZR G FR AR A B e A e e S 2

146




| 9.5 | EsaRE ERREAA R R 5]

5 G FRTIF , AA “CA IX -t J5 DX WA ) 7 s P ) 2 o 3 T R ) 6 (R 7K BE D A 484
i) T REARG o K B IS ] 54 A2 2l BE 82 U5 PR AN ) ) sl A8 3 LA B TR 2 (T
U AL 9225 o W TR AR IR (P 9 - 2) sl AR =, i im AL ( CA) 5] /)
R II T80 LA A BRI B I T A T B A (X
T BN R AL, O IR P B AR 5y 4R 15 R AL (LA ) o CA = LA $FR 4 Uit 3 [t
(DR) o ZINHYU I U B DR AR 50/ N B K DRI A 38 SR R R . 25 52, AR /N ]
T (m® +km ™ - a ™) EHIEEREIIA R A , B EA K I R B (B9 - 2) DA
SO K ZR G BE R TCHLE SRR A (1819 -3) .

1 000 = .
[ ]
1
= 10—
£ 1
0.1
o i
o log(WRT)=0.26log(V)+0.55 B9 -1 RS b IR AW IR i K i B
0.01 . e L L TR BB R 2 T K B A
1o 107 ' 1 10 1w HAEBUEAEM,) (3] A Lerman A1 Hull,
FH N’ 1987)
10 000
. 1
LY
1 000 e ™ oo
. L]
1wo-| *® I * .
= ] 'i‘ . . El9 -2 4BR66 1A R ELIS K i B
£ 10 o%c & * F i) 55 Bk AR WX i R L
& o« WVt (CATLA) 2] 15 5 [ #4950 0
® ' .’ e* 5 @ SRR T OFEK ; @ sk 1) 2 1
N Y S B S BN 7 1 O VB T B
: . @M 76 K 1 ) X T AR B
0.01 [ A A5 A A B 22 51 2 R e (L
0.1 | 10 100 toog FEIAREE) , AEE R Osu(HA),
CALA 1988 |
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10f
] 'L\h
' ] —
10 i
.
— .
Py 1o/ ¢ e ."- -.. .
E - ™
7 *
E . e * s 4 0%
= 10 . ., . ap * . »
e . ® a %
= o8 o'y %
1] . _e ™ . .
107 . - .i'_- ®ee,
.
L = L]
1o
10+ 10! 10® i 10? ilig
A i B )

&9 -3 Ak 66 AR WINH (IR N 38 AR AF 0 K JE b 78 ) (4 3R /K HE B A ) 5 8 47 A 22 R 7Y 56
Fo [ —MEOUT  RE SR CUURR ) S A9 W T AT 1 A 07 7 I 1], 2 0 g 0K 0 288 24 W 4 0y 38 W
B Z BN S T YR oK IR RSN . TR, i T HESEOR A Rl B #5 E FR 1R K AR K
A LA B IR A) A A R TR IR T IR M (R B R R A 5 K 9 - 3) o] (51 H Turner
%% ,1983 ; Niirnberg, 1984 )

ki B EEFRE

FA A7 B o 8] ELOR 32 75 B B IAF e AL W 0 X S IR i A ALY (i
WABUE) L RILFEE AT, (A3 L8 T 125 W] R vy, St — A e 5 VR I vl LLAE TS
AR KRR FITR B I AT (DLER 10 55) o il B IR IR B 0T HOK A 7R aR 230k | R,
DR Ak RIS 7™ B 3t DX PR TS S 2 S AR (LSS 27 ) o MHELZ T, R CA: LA (B
AR B8 AT -5 ARDOT ER A I o] ok 25 L2 ey 4038 5 A0 B8 1 A A O, Ik S g
A A7 AR A A R R R P B 5 (T 9 —4) o A TR /K 8l X 4 A P i
AT, th DA AR BP0 R 4 ) DR It Sl AL B 9 i A WL (SR ok i) DOM) (141 8 —
18) o AL T2 52 DX A TF , 3 5 3L o PN AR BOIR DL 22 , 72 W Z 4 5 52 s N R 7K R
o B2, KRG IR RS, T A BIK A R G R R VIR G . BB
S5 P FE B RN R R T AR EUR AR

A B Kt B I ], AN B R | HC I i /K R IR0 S tmr AR, 30 S A ke
Hhk DOM B AR BEAT K AT: P W 31 R B4 JORE 49 B DD SR 3L 1 Isf ] ( IL2E 22 &) ¢
1, X SE IR OR AT A A LRI A A B ORI, RAT AR A — 8 UKL W Bt 7K
T WA o K B I ] QA5 A5 (8 DOC By S'G I5E F RO S A HE AT B A I 1]
TEME R b, AR AR SHE DOC S A S A A TE i A AL/ -1 (LA 10 55)
RAZ A5 G AR B IR T A VA — R R B Y o 2 I EE o B TEATE PP R0 AR )7 3 v E A
iR AR EFRER (UL 8. 6 ) LUK P4 52 RS 8 TR 3R 00 A 8 30 (FERTHT) o
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| 9.5 | EsaRE ERREAA R R 5]

o log( THH1E ™ fik)y=1.627-0.509 log(WRT)
A=0.32; n=20 t
~ 200 |
s .
E 1004 .
i;; .
E’ 51 = * _
ol - ]
= . ¢
= &« "N
L ]
e | . . (a)
o log - HI0Pu 8 )=2.03-0.27 log{ WRT)
=0.44: n=20 |
200 . \. B9 -4 e Acpg b s i 7 1
2 - IR BRI IE] 43 59 5 V7 WA 0 OF- 240
'8 e (a) FIE W E 2 PR R T
";E; . * PP R (b ) 22 6] (9 5 F [ B0 40 A
= "o YR WA /N o R LA /N2
& i . I R (R I B ) A P T R
< .. RASEIE N T 2 ARG R T
50 * . (O3 RT3t 5 AU B A AN
025 05 1 2 510 S AT HCAIE T 76 RIS R
AT H i e () O S AR A

A R 2205 W e O W = 5 izt ) BB /N o S b R TR P S I
TR AL sE A SR AN SE [ A IR R 2 W (3R 9 - 3) o AL SR SR BT AL T AL AR,
P B0 J8 oy TR B, A AR/ N AR EE (0. 4) o 53 O, HLJRAE —4F rp 374 (I [E] #8214
SEBY X BE— 2D HI T B SRR N B o X SRR B Tl DR X — e
SR T HIRADTRER AARMR (52 8 — 10) , 3R SGTIF AN T 5L a5 TR 58 5 97 BT TA
R E P B A K R R 33 m(3R 9 -3) o BHHR MYIRIR 21 135 WA
A 32 m SR TR X BIL LK S /NI P A — A ) (I sk L =2. 15 Larson,
2000) o IRRZWHI(E 8 = 15) AL F—AFEER a9k 1 1L JE BT 2922 JTHT 6 500 4F ., B
B ik 38 m (HAER A LA L B, HAP- 2557 B AR T 25% ~ 30% ( Larson
5,1987) o ifs W EE A REAR AT AE 32 202 th T BEE W T UB0R b R BETORE (459 in 1L %
K BT 1AM DI B T AR R A N iR AR A AR 3 A — TS B T
PN 2.6 193329 =3) PR 2 (2 28 m ) AR e ) 58 [ SR 200 , Moz W) 8 L7t e IR
T o BT IR N B EGEE A LR R ATTRE B R, A5 5 2 B L 4R N S R W R 4
PR LL 5% BRI W ERIURE ) (B2 ) R DOM fry 3 it s W 2 e i i)
FEFEHE9 -5)

149




$9% | KERGRIRH

i 1 FIE

40

; - PR S . [, B
]‘?Iﬁﬂ 1970 1972 1974 I‘:}I'urfr 1978 1980 1982 1984 1986 1988 19901991
iFir
PO -5 e e i B A I e 2 24 45 o BT 8 AR 1 1 3% [ 18T o g — s AR FRODLIY o2l 43 JA) — IR
S A — AL 35 YR A P . R DB B EE AR BRIAIAY % ) 5 AU S FIGOK & 3R 3 LI Y
AR UIAEOG ; QA N I R 1 R4 5 JE /R JE W — i dr G sl G (LS. 4 99) A6, A bR, ]
(5] B Goldman,1993)

TR Z IR~ FAR AR LA KPS L FI AR (1 ~2 4F) AR (0.5 ~ 1 4F) 5k
W BN TR) (< 0. 5 4F) A9 (6 9 —3) o H A5t i B ki) 8y 980 911 975 4T 37 980 A K
26 (i B 1) D %80 HBIROA 5 ISR 29 &) DA SR 2667 T HEZK Ak BE U (4 ISk 40 9 387
(CA>LA) o JR[E [E 3K I 2 12 5 15t 5 A AL A PG 3 1) 37 a0 52 20 il 48 ]
HEZK B 1) DS P G (B 1S T AR e 0 e X 52 vty S 4 ot U5 7™ T 1) 3 PP
44 A B DL B B R IR UL (6) T BAEME 2 HUB N , HHAT — MR & L i ok
[T ALTS:

7K 5 B8 Bt 1) 0 4 40

o A RIS AR AR AR AR AR A, A 2R 22 g /K RS /N K T s (| 7 - 2)
PR B R R IR R FR L A g 1 78 i (1819 = 6) , 3K SRR AR (1 i B8 Bsf 1] ( < 2 4F) 3
RN IR I AERR (29 = 3) MZEAT AR I . WA 0 wh il #2238 (1/WRT) 8 ad — 2677
A= 0 HE R VR A W I A O 32 AR ICE i (R 2 —4) o /KO TR Y b DX 37 it AT
VIRETE S5 AR B ZEAR R AR FE 132 T B2 (R 43 1, o b 0 G 38 10 A A K R0 1 i R
]2 60 ~ 100 d AR LEHIY (Seballe Fl Kimmel , 19875 I, 29. 4 7). © & # 7T EAHBF5E
F18) JEL A JRcL i B I ) A 30T 5 VR K 2 W (P P 2 M- 120 100 L, DLZR LR 235 1l oy 42
d) R L2 CFE R 47 d) G EcRE) P38 90 d) B3R 1 i {1 MR
ZEH (80 d) o AT Auf 5 A2 JAE b DX A4 VR AR B2 P R (1R 7 - 2) o TESHEZ 16 AN
i A ) A o, B B A s RIESHIRL /N T 29 d ATBIIAAE 8 S (Windolf 45,1996) .
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| 9.5 | EsaRE ERREAA R R 5]

0.20
e
’mn 1972 7
025 |E1972—1973 7
= 033 2
= : i
= =
= 050 iz ?
= 7 7
N
100 7 v
Z ./
% - Z)
2,00 : Z Z
7 & 9 10 I 12 1 32 5 4 5 6
H

B9 -6 M BURRAIE/RELHI (ORI, RN 39 k' SFEVREEN 4. 1 m) AR A H P24 K i B2
P 18] B LA (L 22 ) S e 1 7K 2 K 2 LA S AR I RO B AN A A9 72 46 o) (0 Turner 2 ,1983)

KA IF Ui B 038 5 LTI A S ) A R (LSS 23 %), WSR2, e AT
TE 5 2540 32 B 7K B B [ P 52 1) A0, B 7 DR AL 400 ) FF 6 85 A R A 40 8k T 32 1) 53 Wi B K (
2 -4 U529, 4 75) o TERK YR [RIFE (CBUR) P, 4ok KBS RS P iR sh A 085
M), [ S 6T 0 A1 508 P T DL 00 7 A T 2 P 5 M, 3K 2 i) B A6 7K L X6} V7 Vi e 400 ) A
SERE FNAE W) e B

MK iy B8 B TR 46 2 LR sl LB, IR K st AR ARSI it . 75 A Rl TR A 1EH
HIEHRAAETT R 202 AT K I 110 32 25 o 3 23 T B BF ] /N 5 ~ 10 d, 4230 il 3k
A AR TR ) SRR PR AR R AR Sh A () A R (DL 21 3) | & 30X S8 A i vl 1
AKHE S S B IR AR 3 d LATE B, B AE 6 B S5 RAF A A it , B 2 i
TR AR Y R A A5 L ( Basu AT Pick ,1995)

TE ] —Hi X TRV SRR G AR L K A b S oK R RERE AR A ) 2 FE v . BAEfR
TEIX — A B, P A ) 2 S AR D2 TR )2 (0 i B I I

SR A WA AR L K R GE AL T Kb 7K R S DX 3l 30 b ) i B s ) — RS Lb el
(324 —1) (Sgballe Fl Kimmel, 1987 ; Basu F1 Pick,1996) , i £ Ji] Vi 1) Vil £4 BsF 1] 5 /N T
3 d, R E 27 Uit e R AR B 4 n A% T 5 1) e e B TRD X — iy B AT (] A R 2 BOR A
T B W A T T A N () 4, S2BR | Seballe F1 Kimmel (1987 ) (AR 3] . H A K 1Y
L TN AT ——EL A U8 388 K U R (R ——F BRI R 2 R 1 1 VR T A W R
GERE o AEIE: K B B RIS R B8R A /N BRI 3aE A, m] LA LA AR 5 19 V7 AL 400 RV U sl
Ay HOTR A ) AR ) 1 5 K b B8 SR AR VR R 4% U0 A OC (Basu AT Pick,1996) o VRl
A=) A T RE AT HE DA T OISR 5 A P AV S 2 U B T R T VS R v 8 TR i AR
Y MoK — Bl ALl ) v AR HLAR 33X B AN [R] > U5 9 AT LA FE V7 T A 0 28 B i)
L2 F AN R A 3R SRR IR R 1) o T 48 7K R 1) 3 7K R 46 v AT KA Vi sl W A A E
Mt — RS T AR A LR ST 5 B4 A 1 38 b R K i 22 A (BL T LA R (1 3 B
[B]) ) EE L
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A 9.6 BTEFAIKEEXT IR FR Y R AN ALY R A0S BB
M X R, BA KRR (r,) B R KRS B 08, KR E RS &N
S8 ARAL AT LA et R A A 7R O R K AL BT S8R B R S A sk, Rk
2RI N, T LA I N7 B (4 v B - PUr i L A s T
1(95%) =37,(1 -R) £9-3
A9 -3 H1,6(95% ) ik BNk BT 95% Ptz ZER BT TE] 57, i WRT (A ca) ;R ARV B
FEECE AR BRI 43 (OECD,1982)
IR B BE ST 90% FIF T B A I TR) A
1(90% ) =2.37,(1 -R) £9-4
XFF AR it K AR R AR D sl A 9 NaCl S Bk 1, R E 3R F 0, i
A —LET0 R (UNEE) AW 752 (AL R fl AR K SEARAZ AR IR 2 (R 8 - 1),
RAGWIEE T 0, XY BBl A N R RSP BT 4N, s B4 Bk (B A 1 AR gl i b s 3
TSY A , AR A AT 1L 2 SRR T 22 3 AR A A B [B) A REHUAS 1(95% ) , i %) T ¥y BA
B 1] Ry 20 AF B9 MIITRE T 28 60 AE A REIRBIEAl . 5 —JrTH  AEIRSF I BT, anAE e oK & K
(85 I R B W BT UCRR Y A R i, R AR R AR b 2338 2ok TR 5 T oK AR ABATS 8K e
BIERGEN ., BB LIES R=0 ~1 B LEEH (K9 -7) . I, JEARF R
PR B —AFT A

1040
R ——
m_}ﬁ—
3 L
L]
2 g0 Bee”
% " R=1/1+14WRT) R=15/(18+g,)
S
204
| - o ——
i —
0 T T T ] - T I I
0 50 100 150 200 0 50 100 150 200
7 I (6] A AR ma™)
(a} (b}

B0 —7 54 AT SR AT UK RS TR P R O BE B R (R) [ B B S/ B A () A
WL TR KB (g, m/a) (b) BOREEC. BEWERA TT LT Larsen A Mercier(1976) 419/ R =1/(1 +
1/ /WRT) 3, T Niimberg(1984) B2H I8 2 R = 15/(18 +q,) AN AT 72 [ BE 0 BA R
I, I B R G FUb LA th K 1B K ( Strtiskraba, 1996 ) ] (9 F Niirnberg , 1984)

il B INFIE] 3 AR LRt B8 R4 R = 0.8 OWNA A AT RERS B T BK 3 7 2885 KA 21
RO (W17, 3 795) TEPEELA AT I A BE BT ¢ (95% ) BT A2 iX SEWA Y
DU SRS . AR AE R — DU 7E L TS 1L 2 5, NaCl 2975 9 44 iEiA 2
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| 0.6

FAFIK XS A4 BURN R 49) 5 0 7 BB

HTHIUREF-7, DN R GE P G NaCl YR BER ZOR S AN 8] 4 RER PR 250 2 TIIRLE A=Ay
BUARA K Bt BRI B TR, WU 2 PR SO AR X R s TR T S TR AR (DL 20. 4 55) ¢

JK i B s TR] 7K 38 Ao 55 Wity B =2 B) S B AR LR G AR (1 9 = 7)), X Wit e o B s 1)
AL AR PR ST TR A P RE T B SR B 45 3R . TEZTE SRR, IO 23 BR 1 SRR
A AEAT ILIACH) S A o L, 25Kt B R ) 36 T ek, 3 90 2R ) 2 2 DURR W Th 31458 3R 4
AR AAT A 3RAS

HER U TEIAR )5 IR R A BEAS LR IR0 SR R, RO BIH B0 5 IR B AR R
B, SOMTEARITIA S FRK - B B S BRI, FAT Si1IA A9 5N IR 571 4
BRI 5  WAA A FTREAFEKIZ (DL 17. 6 735) o U/ NS BRAIHITH BN 1 E AR 7 K e i
WY, AMLTCHLE F7 8 0 B 100 EL MR A 35 A A AL (DOC) i B Ak Tk K 47 2 (]
9 ~8) o FEATATH B HRITE N L, ok A RN KL 5% = AR MR iR 5 ) DOC, Hedis B DL
Ry T IPIRA R F I R BRI A3, BEHok A R & JOHUE FRER AR A TR R
APUEHE C: P HURT C: N HEXTRUEEDIRER (PR ) BYEEZAVRREAE 2. 9 F5H124. 8 PR
o SRMIATESE AW, PE AR DX B WA L, DR 20 5k il P A (O Rl U ) 453
(9, MAERKIE o (B FRER) BT h , R R et A/ DU (Mollot A1 Dillon,,1996) .

100 [ Ret=—1.81433.60 log(WRT) A /e AR
#=0.77; n=12 s 1 M1 TR (ELfR)
|r'/ﬁ s o
] R g
g0 L— W——
WIHEAIRRTIN® “i}'ﬂfﬁ*‘ 5
o E#nE g
PHBEER . i : L (k)
= 50 : a2z // ERERCES)
ria WS TE) ag - A
g . 2 o _
it A A1 182 PR
= / ~p o (kX)
= 40— 5
= // W7 4 1 A 4 S"BGQ} o Wi
S . () (ImgEk)
// * - =Ty
20— d . 7 AR 225
/ mwm (mEK)
" ORER) 7 s
/ P () Ret=—13.78+20.11 log{ WRT)
3 vl ol P).64; =22
: PR, : —
1 10 100 1 000 10 00¢
KRR/

9 -8 AEARIX( - ) R X (o) AYIIFTRIZK PR 11 247K i B 1 8] 5 A BLA A B 8GR [ (A -
i) /A B %o ) Z AN G FR [ 3 VLAY B e SR R B AT s, E 8 HLA A DT L e
G3fig (VIR ) kA ZS SNBSSy o B A AL U (8 SR B2 7K e (BT 8 — 18) Sz Wty AR XK (4 i B8 4, (2.
B4R 2R, 1 (51 H Groeger il Kinnel ,1984 ; Dillon {1 Molot , 1987 ; Curitis 1 Schindler,1997)
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B T BRI HAL S IR ER V2 B 4 R AR A LTS G W AR 75 5 i R B e A Pt e
PUBTRLY) L (DLER 28 &) JFERT IR . BRIK RS (VT 1AR) AR S, 18 5 15170 ok
R A B JCHLRIORE P 1Y) R A2 1 ( Borg 45,1989 ) o {H B — LL3i B i ] {50 JLJH 22
WA B ZR 58, o n] AR CHR 20 9 AR DU BT B Ay FR R AN e o, IRk, £z
TR I K 2R BRI i ) TR AR I A TR Y AL (8 - 18) Rl
FEPI AR B8 (DL 8.5 1Y) o VR T WEHEIA AN R REAR S X L B Bk R W)
Fi(£9-4).

RI-4 KEXNEENEGTRIERERELMKMOERBLOI/ (10°t - a™")

oo ZHi ZJE KW
V5 V4 LI 500 210 WG] AT 6 JAE R RN
K 2= 4y 20 0.8 4 JERIN
Y ZEAT 125 ~ 150 0.1 JUJER I, L4585 4 R 3
B L Ve 50 ~75 20 B A DA, R
Je B 125 3 BT 37 E A3
Je H /R 40 ~ 65 5 PRELAH
EJE PG A6 & A 70T 3 250 50 PEATRL AR B A Y e 5 %6

PRI IE . 2 A Milliman £l Meade 1983 ; Meybeck %£,1990

9.7 KERZHHIRRY A

TEHEK RSB CIR B0 R B IR M X AR K R GE D 2 BAT Bk 25 A2 AL LU AR 4
JEE 3 X /N R, AR TR VD e A A LB o ARSI R i (1 - km ™ - a ™)K
(%4 -6) IR EICHLIRYD & 4274 20 ~ 200 mg/L( Milliman il Meade,1983) . 1 F*
ARZAYEHIBRIR RTJAIAE K YT 5 B [ K, T8 S T LTLER WA A=
Wik o 7 EL, KA RE v 00 M DX AR T B AR T 5 R AR 5 3 b, I AR AT 4%
vl sk LA LT KA R i 2% (TS - 8) #EAT o KA P s A e Vb e BE o T R o T
TP IS B ERARRICAR T e e S 24 T i 0 I DR VMR BE TR o Ll X A8 ok TR i
BT KR APV AT, PR AR, Al R B K

AFRARTT B AR 25 - 3t 1) 2 TR A e 48 m] LS8 38 MU st sk g e VD Uil . XAy
A P AR 25 SRR T I MR TR f) et T (YR VD DA i 3 ~ 10 A5 (K1 9 -9) o R
B RAT KRR W TR B (CA = LA) AYIITH Ee /N SR WA 2 O 2 e 10 (vVa) | il
Hy b AU AR VAR (- km 7 - a”h) BRSSO AR SR A A
A IR JE VP EARAE ST o WAL AR LA AR/ IN | BE U ) U sl 126 5 22 4 U U e IR
HERYEFRER (188 — 12) Fy5 Yy Bk AR op (AR G fir 22 ARG 7R AR IR s b 4 g
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0.7 | KRGt RARI S |

JEAR X, HG 4 g 8 v 677 B R O B4 7 3R R i 1 X e IR A A A A BT R e (P
8 =10) ] SER AW ISR MR . HAb 7 T H 32 0636 A 5T AR 1 0 2 LA T
PRI S AN A8 ARV LM 0 R RS A (LA 24 B5) o R BRI b SR i sl BE AL X 223
TR T8 bt Bl - K00 7 3 50 9 25 4R AR U040 117 T A0, Sk 45 T
JEARYP S IR R G SR it 1T R AL,

MARBRGEI) FRE T, OB AR B i ) DX S 807 1 ok e o B0 TR Y 2 70 I 2R
LS FHBIX (3 4 — 6) 306 M DX 11030 U A 1A AL AAGHE 11 1 4 0 85 22 LA 9 35
It Hih T pfimish = m % BN E S . EATRIEY & & —&Sh 1000 ~ 10 000 mg/L, H ik
S M D KB 37 5 4 JL A B G ol B — 86 3 37 92 V47 7 BRI 50 000 mg/L
(Milliman Fil Meade ,1983) . 53¢ & fit S RHAT 3 K 2 H: 4077 A4 T 92 19 67 TR 060 ( Non-
i, 1994 LA 29 55) o RIS IXLEK R H A2 H O BERT, EL T UTRRAR HIAE 7K 2 2 AR
SR, PR R HIAKRE QR A

LT R MY BAR R M HE /K R4 o R 32 DR T TA FIK 2 78 S B AR AR AR A 1
] TAAFRAL , S BORBAR PR o JTCE HR 8 54 2 400K B 7K P2 e 33k 75 T 1) s ), 2 )
PEVF Ay 100 47 [T fir VAT 18 4R , BER4R ok F1HRUBR 2 IV BLRES 6.6
10° m® (Nontji, 1994) . 38 job I 5t V44 1 725 01 T 4550 ) Bk o 9 AL 5 S 7 75k o, 3
VRREL 41 cm/a 3O (o 25 54 4RI T 22 m) . 1934—1987 4F 5 U HE ) i 7K I LA
ST em/affBEREAE (WA 28. 6 m AR S 1.5 mi Nontji, 1994) K i ) 75 W1 2 — it o
20 emZEAT , YUME A LI VIO B IR SR A LA RO SRS X LR (33 L
R PRI B L2 o I L A ot DX AR, (B o) 3 A 2 R AR FE BN S JE VR T

SUE R ekm e

K19 -9 20 A~ A TR ) &

(B s 2 B0 5 90 38 T AR L 1) 2

WX EFLEL (CA: LA) Z Al IR 2 (A

LTI RN, B LA RGN

1 B 10 B 100 B 1 008 A ) (51 A Dearing il Foster,
CA:LA 1993)
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AEER

o NIRRT f B R A G R R A K

o PR (AR FE A R E AR B e T R Bl — AN R R/ T X L T AR Y
TARKEAEE R TR K, B, EFHEDEKTFNE R LT LD
JR 8 R L R e N L AR (- km 7 - a ) BT R, R K 1L
AN S (VaTh) K

B 3t A TR R A A B A T A 1 B AR R B

o SEAAMARMEAFR/HENLEANTERARMRIERZTHREE
HAW

o K E A1 (WRT) RAKEH I EZ-—PRAAKEK FR"GERET N &
Fr gk By N0 8 I 245 3P0 F A A LXEUMEEF75751%é’v"?%ﬁﬁﬁﬁ%é’ﬂﬁl‘%\%ﬁi%jﬁé’ﬂ
& I 3 B A B R A M DRIF O AR A R B R AR PR DUANE K R A B A kS, T ML
BB AR K R

o /NI E AR M E AR (CALA) RF N E R Ha s Rk T % L E
T ACER B I 2 B9 B 2 AR He B o TR K B A RN, 2R G N B 9 SR M B A
REANYFERE AT, Hib, XEEHATEEEDERARAD, KEK
Koo GBI AR/ BT K3 T K B 4 AR DL R A PR B R A L, XA
HHERERB T AREENERANZ AT LE R,

o 5 I B 90 A B, SRR R G0 AR IR B B ] R %?i%i,k%%ki%%]ﬁ«%ﬁ%k
ANEE B BUR T AT B — AR B R TR AN LR B LA E - R K
MEZT%,

o bR XX AR BOR S R B R P IR K R BT R L R R (Va) 24
B o FRAMBER AR TR CRAEA) B A 18 B3 Ao i 3 A1 By R 00 An 8 3 3k OF 24 IR
o A AR

° NEHKRE, RV EERE W KR TR LAt FERAURKZHEE
LR 37 0 AL By 3 K3k o

i #)
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£10E %

10.1 5|§

RBEEAALIR S G5 A 7 A RCR , T ELPRE 1A ] 26 2 M X 54 47 e 5 o (1
5 -10) FEAEHERKR T TIE ACEABEIE (P10 — 1) o Sk IAVBR B B R 1 AR IR) 493 B2 M X 4 e

>
£
=
:,:.::
11
g
&
=
i
L
R
Eg 250 | o
'E 10°5
= el 2%
E 150 0%
& 100 40°
i s0°s
£ s0- 0 B0 -1 S BIRAF £k % 0 A B
# 0% PP Al (V2 4728 L B 26 1
0 T T2 -
T T3 4 s e e s o 1o o i ST AR AN, O I bR (B
A Straskraba, 1980)
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#10% | |

AR , KGR (R AN ] i TS e I B I A it (1S = 11) o AR S AFAE R IR L Ky
JETREE 53 530 5 2T DX P RUBE A2 ARG A G

ORI 1) 3R A2 i ) T A R B O AT L S 100 ~ 3 000 nm, S F 28 0 70 RE i AR v
7E 300 ~2 000 nm (& 10 -2) . Hrf, 294 3% (Y RE & 7E 5 5P X B (100 ~ 400 nm) ; ) 4%
e Ay — 2 8 R 7E ] OO X 8k 3 6 S A %04 51 ( photosynthetically available radiation,
PAR,400 ~700 nm) , —EHEHFELLSPX K (700 ~3 000 nm)

i/
303 10" 15 10™ 6 101 3 0™ 1.5x 10"
i | i i i
40H) <450 S0 570 590 610 TOO nm

*® 1 . | i

1.01 % 10° 1.21 % 10° 15 10° uW/im?
e — - - — — -
fE ir
S0 LA IR
- £93% e EUAEY —E951% — -
I T 1 | 1
100 200 500 1 000 2000

5t nm
10 =2 R ST AY R PR S A 34 H i K A9 43 Atk e (B - Reifsnyder £ Lull, 1965 )

AR BRRE A VR A 1 22 i F G U, A AT DITA O K PR R B By e it o IR A
TR, i BEREE H LAANK (nm) F7R o SRMTES AL OB (ALHE 6 A AR FH AL SE ) v U e e
T FE, — TR T o R R BH AR S 78 AR AR v & 1 A ok 2
PLBHIE AL 4 B A6 A VR IR S50 A 2% SO rh U267 Ry WL6¢ 31 i) s e =40 (O
THO o Htk, T HZEACRIEFEE,

AR TR FREE SRR UL

E=h 7 10 -1
B A R S R R(6. 625 x 1077 J) v AR . HAE 10 - 1, AL RO E R R
(o) BYIGITIE AN, o TRA SRR S OCFR R BN ST 1Y BB e BE K R
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TR . I, 1 mol £T3¢6)6F7E 670 nm AL FGRE R 176 x 10* T, i ARG F ¢ 470 nm 4b
MyREREA 251 x 10" J, LeHT# e il T 43% .

SR R 380 ~ 770 nm GG A7 RUR S (380 ~ 710 nm) 32 T HL #4561 T 1Y
WG H L], IXANE BN DG RS RE L2 DG 1 b s Z (Rl i A 6, 5|
EICAEVEFIGE . SCEVEFBEIE A R 1 B0 8 R DU A E BRI T AR 4R
(DO) 737752 8 M ARERH AT B N e+ C S E RO E TR R O &
FRER) SRR 1T mol J6F, [E 22 0. 09 ~0. 10 mol f#5% , Hirfr 1 mol =6. 022 x 107 ( B[tk Al
TR HHD o PALKT 700 nm (KRR DG BT 77 A L0 E R AR v, SRAME AT IX
(AN T 400 nm) F9 =7 RE SR OG- DU AT DLBBESR DNA FIR (B854 , & e B G ALk
A DL R A b G 3R AT (UL 10,5 755) o FRATTI % B 3610 O 2 48
PN LR RPN SIS R NG 8

AR g B RE AT DS o A (M) DY (R 22 5 4 IR 4 380) Sl il , 1A o H
PR 3552 B RE I A 2 2 I I L /A8 Jli A8 H-, DR R R 3l i o7 o g PRS2 15 [
cal  em PAER W« m ™7, BRI AL TR H , BIYE T B %5 5 (photon flux density , PFD)
WAL X A2 S A PR ST VR B IV, Al 5 5k R 3 5 %% 8 2 DI AH
KB T T RE R R AR AR Ak, JBE 2K RE i ) F 45im HE S 400 ~ 700 nm )
BB (29 550 nm; WL 10 - 1) o EE/R2JHE EH mol - m™ « s ™SR FIR (HAEAE Y AL BA:
A I ] 22 P B AR R (1 mol =1 E)

F10-1 RFRMEEHREXR] T AMRBOLEROLEEH AT KR B E AR, 1000
Ix HYG(PAR) =19.5 wmol + m ™ - 57" ]

FH WA LA SR T B A e LA 1%L
R £H 4.19 0.24
R HE cm™” - min "' (PAR) pmol + m™* - g7 3.17 x10° 3.15%x10°*
R HE cm™” - min "' (PAR) W - m*(PAR) 6.98 x 10° 1.43x10°°
FEH md! Wem? 2.31x10* 4.33x10°°
Tk EE IR pmol ( pEinsteins) YeFE -m? s 6.02 x 10" 1.66 x10°"®
o ergs + s '® 1 x10’ 1x1077
TR m 2 (300 ~3 000 nm) pmol + m™? + 7' (550 nm) 2.11 0.47
T4 m? (PAR) pmol + m™* -+ 7' (550 nm) 4.67 0.21

@ erg, /RH%, BETE BT
PERLR R : Biggs, T Genser, 1986 ; Pennycuick ,1988

@ “EFRATL IR PG 5 M IER B SURIVEEE . PRI, DA wE - m™ - s~ VR g BAL7 JEAT
MY 8 MEF 5 AFRZ AIRE 1 AFRZ HFEIE 1 ARZ b FiEE, B8 1 NERKRZ bET
R (Incoll 4¢,1977) .
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wiox| x|

A 10.2 5=

JUF-TAT 2 ik ek S HoK TT_E AR BHAE , HOGHE Y B0 7E 50 /PR X Y 300 nm B £L 41
LR XY 3000 nm X HUR S G 10 s A K BHBE T A — 853 (mW - om ™ S0 AR 8]
cal = em ™) o HIAKFHRE(300 ~3 000 nm) 11y 45% ~ 50% Je: £ EA vl A G R (P 10 —
2) , HERf (e R R DL Y s, BER R AR . T A K BHBE B 'E G ml R IR
50% , G Rl B R BN D P g — 2 S A A AR AR B IR AR RE B L
PRI LR R ER 73 0 20 TH:20 80 AFACLLRIT, 38 ot HIDGRE I m] DL AREE FDIG 57 28R
SFo BREIEIT RN b , BERE A SBOCREF A FL 55 R 5 B AR G A B sk A |
B Lo a4 JUPHEROE A& TR B TN A (181 10 - 3) BTk I g VR LT
AT o REBARIIE AR (4, WFRAEA XA G, FR N He T ARG 538 E5 16
TR TKT AR IE B T A7, A LERk e a8 Bk b it IR 20
B Am L LT RENCER IV J7 18] B AR ', BEAR S M8 7 10 A= W) R B R L3RBT . X
T RAK R T R R AR e e B i Rk Vs

K10 -3 i ke & [ 1F
HER—A 2 K OGR4k, il
1 R ZOR O B — A K R 4R
i CANPEAT T 71 ) B A 0 o (1]
HOR ) IE ) A B L
AR AR o — PR T3k
HEAERE R AR Lo (e SRR 22
MR — A BRI b f2 i R Sk
(4m) o IR 3 7t — Aok
AN — A 45 S i b
#ro | (MR HET LL- COR 22 ] 36
B5338)

FLIPIOC T /K Fa BRBE A 88d 2 rh 56 [ 19 Birge 1 Juday 71 1928—1931 K751, [ i} 72
[E1 Y F. Sauberer 81X} 7K T 58 B8 B A 72 i a2 o 76 52 a0 B &2 M , Birge 1 Juday F—HE

O RAATZICE TR T OCE T REROERR AL IE , A RS A A X E A A 22 25% ~30% o ARt iR
SRTIEXERACAE , B B SR R [ A&7 B RYREREIF 7 A R AR B0 TR . 7EBURLY) B BOLBUN B5R 1Y
I, B TR S5 B B i 2 L TR A SR AR R A {1 55 4 70% (Jewson 45,1984
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|10.3 | KRERKTRORE

DUAIK T IS AR AR A SR O B AL A I S 1 50 A gt B A2 M B TF PO %
B TR B AR AETE O o AT 0 1o 7 PR 5 e e T A TR B30 (5 A B ST 43 AN A Y
JEIELH AT T (350 ~ 750 nm; Birge 1 Juday,1932) , JL-F-5uGEES, i T/K FOGH
MWHARR K KT GG BT AR Al o SR, SRR R A RV T 0 AN [T 4 4 HY
JeE A RS I RABEA—HF o I Th U, S A b X 45 A 280 S 3 B P AN [R]85 K ) e
ORI NIFA—RE . OCRIBTERAE A BE TR BE R B, 10 SR B i 715 5 A U2 32 BETR
JE T T R B0 O B 5 5 5 W, 3 2 32 ) T PR R A Al T A2 1 B K R Dl 3 A 2 A (W
10. 4 795) o FTAFA T LA i B SR A RS R0 6 A AR S R A B RE Ot 1) 1Y
FRABPEHATIEIE XA VAR . A ZRE AR R R SCER &%, foels A JRe A
A TR S A RERS S AN ZRATOE 5 A7 R A Y B P 8 nm (W] KR 563045 (L 10. 4
) o RIS — LRI BE 0045 UV — A 1 UV - B FI7E PN 280 ~800 nm Yl

10.3 /KFEFAKTHIFR

SRR R S R B A K T8 AT 50% £ FPAE e S VR HIFE IR A, 45 K sl 454F 21k — A4
RFRE R MRS TR ) R S 4 0 g WU it 2 P AR AT AR AL (181 10 = 1) o AN 26 B =2 ) K A= R G e
W IR P 22 S DA I T BR A Tt/ FUAR SR 2200 . I 220 AR BRI B LB/ 3
WX, =i Al R CRGER 2N R IR . AEse e g A2 = 1R,
LRI BIEREAR RIS M R 225 . EZ2 ZRAUTI T, &= MR = REE A S K
BH R 23 S FEAER 35% F125% o SRMAETC 2 KNGO T, FRERE 12 = M58 27351
WA 85% A1 75% B4 K B4R 3 ( Straskraba , 1980) o A3 LA F-) T8 10T 30 sl Jo T e g 44
L8 SYEOPAN  SERTE O 65 81 = S 5 £ 21 < 0 N R e e s (9 B il 2 B A

ol 24 JEE 24 RAS VI A I B A S0 SR AR DR B2 BB 1 A BH g BE A L TR Rk
TR o CPH Ry OB Ry, KT S S /N BR TS A 22 5 RARAE TR I H R S
5 LA /NI 22 5 R 23 6 18] 55 68 0 A7 B3R 5 o LU AR /N (R 2 6% ) o it
IR, RN (2% ) o I, WZESEDKTE S em 2P 204 8% (77 M)A RERE
i S R IR b 2K 44 ( Schanz, 1983)

KERIR M

A TR A REINAT S I RMASD S ARUR M N RIEA T 2R KT . BT
TR (S BA S ERI HLAE) 1K 0.7 ~0. 9, ZEWREE 70% ~90% A5 K B 69 =
457 (Ragotzkie , 1978) o RAKATIRE RN E T LS OK S Rl AL AT 2 BRI S S 42

8 3 25 AT HE A RIS AT R S , WP I i UK AR IR BE R SO A A
IR RERE . BRI, X T AR BB 3 oKk (AL T B3 |, D6 Ay MR Ae (2 sk ) B S R A
/N0 —4) o SXSRVKFR AR IK, LA T UK. FOKIE T A B TR AR — 2
MKz b ERFUR R LR OR)Z TR, #4352 40 T kK T LT o il TS B0 5
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T R T KoK Z R R AR A TSR B AK BT, 217K MUK I 23 Bt rP it 5 45 DK
RENT A — A BIKIIE I T o T8 32 A IK)Z T2 T OLE A RO SR A4 7
Ko P, ZFi% 10em JEE SR TH ) PAR FiEARE 2% ~4% (& TS KT T4FH),
X TR [ JRE B B P AR 44 %, TIDW I8 A SR oKL 98% (181 10 -4) ¢

FFEFPAR Y

10 -4 HRHOIBRIFG 5 5 5 vk 2 R

, B 2% (- ST UK 32 2 0 4 A i

0 ' 0 20 S 100% , b S UK S (G DGR i 3
MM fem W JECHUAFAE. ) (81 Welch 45 ,1987)

0.1

BN L ok S5 A 4 A B G 18 2 R s 2 125 3 KR )OI A 0 A, A L
FIRFN AT L2 Y ACF- o 8 FP 23 R [ SR AN 22 OB SeAR 22 9 R R W1 T KT $2E
R BRI ] AT RURFZE LR, 17 5 B o 4 AR B3R 52 R A g 30 30T B Fry R 248 17 ) v 40
LA B2 i 5 R g A0 A P G DX b T LR 1 28 6 AN (2 BE g, 3R 22 Al ) o

T AT 75 5 LA D i 43 R s DX 1) 0K B8 T AR 1t 5 T ARG TR BE (181 10 - 1) {7
KT BAHINOE AR AR S B2, 78 2 Zo K R B I R A P o 38 2 e 22 [
AR A RERE , DT 5 | LV 2K P T B, IX R B AR RS vk =5 3 2 K5O 1Y 8 SR AL WA A0
AU E R C I o 7R R AR S R G, B R T S T I M A D 3]
T, AR S AT RE 2> DR A0 At A e o P R A P i 9 e, DT S 250 £ M1 IG5 M 5l
PIFET  (winter kill) (ULES 15 3) o ABATE T —RICUKIE A b, (2850 T2l 2 0 HETS
BEAL P A AR B AR X R VR 2 ISR AR

10. 4 JKR3T S B UR U &+ Fn B Bt
HEATKAR 64 A 280 B — 05 A WLBURL W e ( BE0) , — 3404 A o AT VA M
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| 10. 4 | ekt AR A EROSS |

B (POM) WAL, A AT — T8 43 B ke 1 IRt 418 40 /1N 0 10 sl T LS - J5URE A el (W i) o 7E
FR A /D 3 PR B2 vy 4 DX, A DR 20/ N R TEHLAORE ) o T T 2, 3 26 ) B gl g LA
RIZRWBIEAE . — L6 77 W0RL ) 3 i A AN 2 S 2 i BT, sk 2 JE AL
TR AR 2017 A BB MR

T 375 W) B A o B I AN e, ORE IR o B L3 AT BL , 66 A1 350 5
HELERR 23 (600 ~700 nm ) H7K 73 3R FUTEN o I A EE A X I (UV <400 nm ) 16N
YA QAN P I s . A A ALY R TC USRI A 2D (37 ] RE 5 e
FRIITA 2K T R R A 3 S eI

TE i BEZ W B AR, WD o A it 2 S B B I, PR R 7K rh DI RO ) 38 5 i
KA 4 RI7 B L, T Ao 8 G A S SR T 5 K o T UM o AR OK 0§ OO RN
AEAEASANTT 1], A B 45 U 25 PR MR BT AL B B3 S e e A e g B2 i W A v 2 B

A PV /B AT (0 i ) A RO )t 2 SR RO B R A DG AR 23, Ml A 201
TEWRE IR SROCHE A 5 R AR B, (A K R AR

T L a2 TR i A K A Y SO AR B I, DL 200 5 UL (R 206 A
2156 > 600 nm) o ik AEAERY R R IAT (R IEA BL S BR LXK T A
MY, ALY 40% ~45% S A LK, PR A AR VA A Bl (DOC) Jin
PR A OAEMEA U ERE W i

T e I PR 3 MO AL (B4R (U (2% (40) CF B TR M3k B DA i
ARG A BRSSO EFEE R . o0 e S Gl H 5 K T A9 - 274
PR EARSE ) B2 T, X SERIF 5 A5 3 AL A1 LATE I 20 AR5 F A iR .

FIE TR

FERS I B e (BRI ) — Z F09A A FF T A K R D6 8 St s, W P R i3 1Rk
A R Y B R P () AR AT AR AR, X343 B B Ol 15 m g TR DL I 4 K T O R
R I L R A A (0 (A e/ N R A R S T Y DX, TR ) TSR0k
X (& 10 —=5a) o HAT SR WA F /N 30 e L (28 ) DL BG4 R 1 22
FEFRK I, A R R IOGA A A0 SIS Y ) e e/ (B 10 = 5b) o 76 B R 11
JAHT 2, A A R S R v AR G (10 = Se) |, fEZE S B AN A (R LR I
R A A VR VR E VOB R A Y N Bt K AR ) AT ART R B 1 D O - AR P AR LD ER
5% o BT BURLY AR €0 ] VA AL 00 3 5 1 W A, A K SR T T I SN IR BE A AR HAF
FEHLEA

O© A RK IR S A —LE T 1Y) DOM(dissolved organic matter, # A ML) , (EAE G218 i 2 (1R K 180 A1
B IR CERW) P, JC 60 DOM ¥R H5 i (L 8. 8 1) o fim 4 R W) A0 360 b 7 Al 1 4 J3E 1) G €5 DOM
SEUNROGRER, X2 th TR A RS R R DOM $OGEIA 1 (Arts 4F,2000) o
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S0 R RE A 10V BT om 2 s nm )

#10% | % |

LE#, 1983421

2 50014

s ¢ ¢

£

k=02 m
Zg=15m

1 500

k22m’
Zg=12m
C=45 mg PUL

AR, 1978fE6 220

=4

3 000 <

1 (i

. 1983fE2 180

krd9m!
Zop=0.8 m
€320 mg PVL

T00

SO0 60D
¥ tnm
()

K10 -5 A BRI R R (k) GEBE (Zg,) MUK (C) B 3 A3 & Je CRORANIE) ]+, A
[RI TR BE S 14 1) T Ol 5 ORI E1E A CGEEZIEZ I 2250 . ) (20 A Bowling %, 1986)

TIURL) AN SO I A WA, T L e e e s ek n] S BOCEUN o B i i 18R
S LA ) _E B T A& A, SO T R IS T REYE o ORI B LI — 7 THTHL
PRTORI ) (9 2 B BT i, 55— 7 IR A2 OB MRS 20 A IR o /IVREARAOR P38, >
TN Z 3G (10 -6) o X AEIRAE Kirk %R HEE S A b B A 2HE
o ZHIEINN, [FA 3 mg/L 4R a i HARON S8 wm BRI RERE L AR
8 wm A PEBIFAB AR B EOL R IR BE IS N 29%

Z.=1.69+0.83 In{} £ #a)
#=0.86; n=11

K10 -6  MkFLL
Hrlp ok % (HEAR)
FOUGZ R 5 17 i
R ER () &
BRXEE(Z,)5
TR BEARE AT (B
PRI 2R3 a
i) 5(b) 5 (a) M
fr Ak Z,, 57K
MR R a FHEV
T ol 4 S R (T
) R A 2k
AR (5K a)
PAE FOLJZ TR (i
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|10.5 | geohims B HIREM R |

BEZEXPEAI FE AR AR RN . (B2, BEAIHIBOR (3R 0 JE 00 fdi 4
FOEWMCRE AR (Agusti, 1991) i1 HAERREA Py 2506 T, RBYEEE A L 3#n WA 22 L/
FAR Rl 5 PS5 B WA B OCRE IR /o 7R R B FRIIA T, KB s AR Bl L /N R 4
P2 R R PR 2 T I R R e R AR i

10.5  ZE5MEST R HIRE R

PRSI 3l 5 DR AU AN i R U2 253G I 1 A 35 S MR (UV) 3R EZ . E. Stee-
mann Nielsen(F+22) Fl 1. Findenegg (K ) FL7E 20 22 50—60 LRI T 48514
SIS EE AR BRI ST o 2T, S0 AR SRR Sk 1 K R A5 AT G 58 A S xk A Wy R AT AL
YR RIS B0 i

L HNB I IR FE R A 200 ~400 nm, 43>k UV — C(40 ~280 nm) .UV - B(280 ~320 nm)
UV = A(320 ~400 nm) , UV - C g RSZ5EUR U, LA ReR ik Hsk, UV -B g T
AR AMNR S TS IR DNA KOG A ik fe vh A6 3= B 0 AR Wi 7 AR B o L5
SRS UV = A SR HAAR/INR OGN , 5256 W 7n & REFR IR E S | 4 v A s 2F 3 1y A=
KR, UV - AP SRR RE R, 3 UV - B (45 % /N (HAE A L AGIE 16
W,UV - ARERAI UV -B —FZH BT L, P UV - A XHEYA LR B 6 2200 ] BE
5 UV -BHEESHEE K, A, EBHKEE T, UV - A L6 UV - B B2 5 %55 (3 I8
/) (Sommaruga %£,1997)

PRI Ay 5 A1 560 0 i 2R S A RSk, TR ' & A 8UR SO i RSk DL R 2 850k
TSR REXT S AN RS AT I o B R A D5 A o nl i A ALY (808 ] keg/L DOC
) WRE T BOCHUR I 51 KEDG T30l , A %05 cCEE SN S, DT R R 1% 7K
AP IEE . ks EAEKZ R 20 ~ 50 em 4k UV - B & 5t 9 58 4l 1 (&1 10 -
7)o [FEF,DOC BIH/NE (2 ~3 mg/L) HERERT UV — B 2™ /4L 2% % 0 . William-
son %5 (1996 ) I\ hy , 76 R 2 A >k A Bl K A B9 UV 6 S Jr T, <A 722 Ak X 428 i £ ¥ 7K
HE TSR K i B8 ], DA S W DOC I35 fifk J32 R0 J32 1) IR 170 o I 3e 1l %) 52 e, g 1/ 22
LU 2 SRR RAE 1 R I AT 2 7 26 R Ll X — SRR B S B I, AR R
YIRS TE 53 WA PR AP R I e 55 A1 €0, 3 B2 B 31 TR K IX s K KT e B 4 UV X
T DX ZR Y AT S e R AR O T TEEROK R M AR S R G (W IE I iR )
UV - B it 2 — D EZE R KR, K UV - B &8 Il 7e oKk R4 Rk 4k
o R

TERE AR (R, P EEW R Zg, =5 ~ 10 m) , UV - B F&5F A SRHR 7> UV - A Fglt
XTI G ™ A 1 07 A0 B v AR BB JZ R BE Y 1/3 b (6 m) AR T 13% 9]
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#10% | |

log(,,,)=0.44-1,19 log{ DOC)
. P=0.85; n=64

K10 -7 UV - B 45 5§ (320 nm) {4
1% 2R 5 3B A MLk E R
\ . [ETILR MR £ 59 Dok
. 64 A AT R 2 ANl A R ] o

.' . 1% % B REHHWNF: Zy, = - In
ey . s
2 w—? i (0.01)/k,. % DOC [& (%% 2 mg/L
i 5 10 VI, UV - B 25385 PR s 3., |
FRERHLR (mgL ™) (5] H Morris %5 ,1995)

n
]

E
§
°® o 3* %

1% UV-B(320 nm) F & H (2. )m

7771 (Gala Fl Giesy , 1991)V BAR R /K- UV — B 48 S0 A 9 1) 52 i 2 R 1] A5 I 11
SR8 2oF B AL A I, RLARUZ KT B TR W3 S HT UV - B 95R 5K

IS IRT UV — A 5 5 (14 SO A o7 PR =, RT3 UV — A SR X A
SRBFRZE R 02 AN Z e o 1 an , A G I RS Ry rh AU SE G o, UV — A SR g 2
SEM BT e A B, DT B0 T R V7 VAL 42 RS A7 35 25 HH B ( Bothwell 45,1994 )
SEEAF IR E PR T UV — A B8 (1) S LE i 2 988 B B5UR% ( Gala il Giesy, 1991) , R,
BAR H AT E S AR BEE G A R 2 (0 UV - A da i i G =, il
W, UV g 5455 T DOC Ay AR T ek, 39 TR & 2 A6 6 2 R (UL 10,7
7)o AN, DOC St Ak 2 B i 18 52 e A ALY 53 K /N DA SR Wk R AT (L 225
W) il & AL F (077 (H,0, OH ™) iIXSEE b FIXT A WA 5 . ok, LR Kk
2R e R AR 1 3 1 T LA 1 SR Rl B R A (L 28.°9 715 5 Seller 45,1996 5 Mora 55,
2000) .

10.6 FZ=RE
Xt R R KR 18R GG R S B ] AR T o

100(1, -1,)

#£10-2
IO

O XL AR SE T MR DG A 1E IR CR ATy B/ A KR Z A SC R, X — K R IR

BV IS RO AR . L, WA ) S R TO A A MR TR BB T AT . BRI BB L M A B UV - B

(2’15%),ﬁﬁ UV - A g3l 50% ~60% . PSR UV — B (R AEA5 AMTA 88 w5 Al 7 7K i 10 5 15
LMK — A28 T
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|10.6 | stz |

10 =2 P I AR ISR BOE IR 1,08 Z TRIEAL R EIRE . oA A AU 5 i 3 B
I S TR E 334 T A SO T e, i e B AT (B YA v Sl gt A i, i L 2 m IR
JEAE G R  FE R 50% |, RS 5 X IR AT 10 em SR, BIVAE 2 325 P £
HUSIL BN A AT (Y, R B R R T A b SR A SR AR s R
AT R PR 2 50% RTREE R 22 10 m(1&81 10 -8) .

I 'm

P10 -8 ] T a4 R0 5 22081
PR T ], L DR A B TR I K 2 Y
— L Bk (2 A Bowling 45, 1986
Smith %5 ,1973)

A R T RIBOKTOLE AR R EDOCE A BERS T 0 e Z 50, AR I ki
THE ) T R T B U R A, KT R IR B IR SR RS TR A T R UL 5 A B A R
RIS B AR R, TR Z AR T 4 B AT AR ARy

1, =le " #10-3
K10 =3 1,00 Z(m) PR EE AL BE 18 f B0 1l 5% B 5 1, /KT T UEDR AR 956 758
B e S FUARATAN 2. 303 3k, T REAR K (In B2 m ™) o 242 10 - 2 4 g 5 1] 21
1) A AR EEOT BOE A, 210 -3 AT LA S ilian P g
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#10% | |

d:ln[();lnlz 10 4.1
ey
_2.303 (logo 1y —log,1,)
o VA

D A RO S X 3 el R BT T R o B TTOLIE AT A DG 1
MR, WEMTHRAF BDE G IR BRI R A TEFUE IR AL LU i B W A U L), 7K R 10 m
GALSCRRE R TDE IR Y 14% o ARPE 10 -4, 00T, =100% ,1, = 14% ,10 m fb3E B
WARECN 0.2 m ™ SRINTTE  E A A0 , AR 0 Y 2 R IBR B 2.2 19 m ™ (]
10 =5, 181 10 = 8) 78 il HEL 787 50 33 JRc i) 980 A0 pe A ) 7 25 W8 (B2 T L AN AEAE A BT AG TR
18 Vincent 55,1998 ) , 2 EUR IR E05 52 0. 05 m ™1 0. 03 m ™', iX ufif 55 2R 4T 57
SO ) ) 25 SR — BV

A7 22 VU e B B SR K WA AE B 2 s IZBARAE 4 ~8 m ™' Il R AU —2F
AT RLA PR TR WA , A 00 05 PR PR I U A A LA ( Blom 55,1994 ) o TE ks
B3k 13 m IR KIIIN P AR A ML 3 56 %8 ( Chambers I Prepas,1998) , it g
TP SRR G H ks KT 18020 7EICHUBURLYI AR e i g K 2, WL 3] 2 B
U AR B 22 ik 57 m ' (Allanson 45,1990) .

e IR R (b, PAR) 2246 322 K AR NP ORI 3R a A (IR LY
WL R AR B IGE . BT RAEKIKR DG ARt 2 A, T B e 08 R H0E 7T L8 R e —
IR BTl R R (1) (5010 -3)

H10-4.2

10.7 XZ=RSHEER

HE IR 2 5 R 2 R B S Y VR W AR 00 B 1 T IR W A4 T A R 9 43 K A
SR KA LR}y B JZ (euphotic zone ) |55 ))2 ( photic zone ) 5% 37442 2 ( tropho-
genic zone ) 4 , %X I IS MR A MR HE ((compensation depth) , 73> TR I VW7 L 1)
H A VR R AR FAA P 3 AN =2 T T2 662 (aphotic zone) 58 3543 ik 2
(tropholytic zone) , FiFRZRHHE I, PEWEAL I REA KM IR BE 0 % R AE AP0 1% ASTR IR Y
FIZAMIREE . B 1, ELE G RMELURBE (A B2 3 0 1) S 2 N B 77 7E 0. 1% A St
R R AR . DRRAE 1% TREE DL R0 7 Jr ek /N 7 A AR 2 0 LA 3

@ A DOM FElizk st UV B 9 HUR S5 PO i, 2600 &, (UV) KF &, (PAR) o S5 EHRIBIIF 92 B
k,(UV = A) BIE R 0. 43k, (UV - B) #5948 0. 72, 43 142 k, (PAR) 9 2 ~3 4% ( Gala Fl Giesy,1991) , 3% 64 %}
FERCRATY LU AR N R BT B T A0 s, T ARG &, (UV — A, 380 nm) ¥4 7 0. 02, k, (UV - B,305 nm) HJ{E K
0.08, 4 £ UV BB %M 3. 5 m R K 2 , 115 127K M & A EAm B /E A (Vincent %,1998)

@ AR ks TTH ). T. Scott (1964 ) 7 Ragotzkie fF ¥ 3 il vk A Y kys AT L AR, BUK: 1.5 4
UK:6. T8 24 ~34, DL A M,
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|10.7 | sezms st aten |

DRSO R B AR AR 5™ g Il 0 O LA 28 o 141 10 — 8 B, ANIRTIITA 1% S R EE By
X Y O JR TR 22 57 3
ATE 12 /NI IR PRI SR IR AR T, SR TS 45 B A AN SR EAE 1 ~ 10 pum -

2
mol

+s (2.4 ~24%107 W - m 7 PAR] . fESEEE MBI F RS TR T

KB [A] 3 MR 77, IXFIMICARMEE R B2 T AFAAE R (36 10 = 2) D, SR, X - F ik As 4
e, HOCAMESR SR 2 0 DUKMYIR M R A 4 LA A0 20 3h X, REMR WK &
196, IF Bt R A B A8 e 25 b S il ) R AR IR . X TR 2, 1% 3REDG RE B — i H
BEF A H TN 1 ~4 mm( Sand-Jensen,1989)

R10-2 BEREMAGERERENEXETEETERNEEN

/N % M st * 0 W
SN IRES A L R Y. 50 ~120 Harris, 1980
ES

ST ACOKAE R S5, AR L&A 100 ~ 400 Boston F1 Hill, 1991

HEYIEIER THEAZ

UK K I A7 Jitdity [ AR A& AF 45 ~90 Sand-Jensen Al Borum,
1991

M T UUKED AR SR ERER 2550 Sand-Jensen F{I Borum,
1991

B PRI A ) b 3 (1 /N 2515 Kalff 45,1972

HE)

WA KWIRE LG 0.1~1 Middelboe FlI Markager,
1997

HE TR A A K 532 250.3 Pfennig, 1989

HAMC 2 e R H TR Ao 5x107' ~1x107*  Haney 45,1990

(M F)

DA NEER N2 bl Byl RIS 4%x107' ~4x107° Appenzeller FI Legget,
1995

HHEN R ERREET AN 3x107° ~15%x107° Ringelberg %5 ,1991

(1)

IR T PRSI A S #52x107* Blaxter, 1970

icy

ZREER O P RE Sy kiR lIp(8| 1.5x107* ~1.5%10™* Ringelberg % ,1991

F TR AT ke 1 fEL T W 4x10°°~7x1077  Gal %,1999

© RIS S BT ARIIE 2 P AU — 03, WAMB S P S IR R 32 2 G T, (B R R AR EE A
SCo B S AFFEE T LU IS8 0 JR BRAE , SURT LATE Z 45 55 PF T B4l AR AL, 230 3 IR oAb
T I sr B B S B E S LA S A I A ISR
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£10% | % |

ESE 1, =100% .1, = 1% , EOEIARIE (Z,,) AR 553 F okt 3 21,
7 -nl00 4.6 £10-5
ke ky

LAY BEAT (0 (B BRI RS S0 52 ) BRI ) RS 301 8 T 44 s il (S ) ],
710 -5 MAIET 10 -8 BETHHAAFRIHEOCR IR 73510 0. 8 m A1 90 mo SR, sef 458 (Y
PR (CEBE) AMETREE R T 90 mo B ZR7E v S Rp i) 28 WL 21 28 3R a (9 B KA HY TR
120 ~ 140 m ¥ (Larson 25,1987 ) , A LITA G 3 2 73X A R B B H: 0. 1% Az BN TR
JE o HERYPAETHTERE Y 127 m 4k,

— RN, FOLRRE (Z,,) 2/ TIRGRRIEL (Z,,) (W 10.9 745) o HZCHi 4518 61
S HREOCRRBEA S T A= s T = (10 -8) o EMIBR kA A B 32 A
TREZ R/ NI ISTIA , X SE T — RO TR B i /N R B, X 8T AR A RO i e A
LI

ST I A RIRT — R BE CRIRJZ ) i (BB i Y e R 5 )2
(BRI R ) TR Z [ AR, HLAE TR (452 B8 Ik [E] AR TR], ISP B0 B E (1) sl R0k
Yyt T XI5

7 ®10-6
In -~

I,
10 -6 1,1, 5 135 AR 2 B8R & 2 B3R Z 5 IR ZE IR PAR

10.8 FXZ=RERGHASE

2 R R BSORT R AL 2 50 v P A G TR DY, e /K T B B N, AN AL 6 55 41
(<400 nm) FILLAR( > 700 nm) 4@ 5, B ALHEE G A 85050 5 (400 ~ 700 nm ) FRA Ak I 7K #4
H(E10.8) o AR, X 25 B A Jgi 07 B A2 i AR G Al I T A 92 26 B, 26K THT 10 em TREAA
40% ~65% AHH:(300 ~3 000 nm ) %Ak il #i ( Birge Fl Juday,1929) , &4 2 5K )2
(B A AR S R g I S 2 Ak A 8t ( Hutchinson , 1957)

JEA A SR S R A TR A B A R R S B T O A R A R
MR S0 SEBR b, T4 N2 B 0 3 9 AR T8 %) 2 )2 K PR 0 T A e S 2 A A i
I, X IR O LA 2 LT 2 I B L R T KU R /INAH I 1 TR — A X
DAL 4035 BE I I AR e, 010 2 K T T J2 KR 25 ) R, TR A I A 1
ELUA R G BRI, TR s IR 2R 2 K ST A 1 R BHRE , fof 15 2% J23 7K I B8 5 o3 T IS
KR B, AT B 2 (I 117 118 45 o BRI 2 B 4 5% i I 26 A8 32 3
FR) A 0 A R Al OR300 A 10 AR A T2 WA e K A AR IR ) o 92 1100 Y6 J2 R g 348 i
KA WL B S RE ) E IR N 6 2 R AR T BB 1, 2 T R AT 5 2 N 08 3R 38
MR o
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10,9 | EAEER LM

10.9 ZEHESERENHA

75 P B SR 56— 0 K AE IR B 3 2%, ‘B & DA Secchi 2452 e FLIR) =5 Cialdi
M2 TFar 4 (K2 - 1) o Secchi (2 ST R Cialdi 5 M08 F (932 W1 B2 4%, BRI 98
AR . B EAR A 20 em (9 S EE B A SR T A O RIC4 T L ARG 1E2EA
K HRD | 2 R T 2 7 R T ) BT ) 9 B e A AR B B A Y L 76 4Rk (Kalff,
1983 ) (1 & 35 3= AR WA ITAT T 7K v BH B A JLJBEK , T 637 eIk v e kil (Cin gk
RORZWH) (S ERrrei (56 [ sl (e ) , A=W A 4 2719 I TR 110 328 I 32 T 5k
32 ~33m, LRJEPANIIER B — B AR 40 m, XS B TR 8K
TR ) s i ORI A R 35 40 A L DL T

P II A TR e 2 T TR AR A (T 2 el T JC LA A0 RN A € 350K ) 5 1 Hsf
i, L RE FH B W B okl (R 10 -3) o 2, IFZm AR KR A 3, s Hopth 2+
LXK Rk 8 AN E (IR B WA B ( < 1. 5) il S T 7E F 2= A0 XU 30 s st JC MLk A
e T 4836 T (Walmsley ,1980)

F10-3 FEEEFUHIBFREZE TSR RR AR EREMERRES £

M e

ERAK B0

FIE /MA
HBRE SR =12 =6
FEIR =6 =3
e 6~3 3~1.5
BB 3~1.5 1.5~0.7
B E SR <1.5 <0.7

POkl R I . OECD, 1982,

RN TR AR A S RGOS A SR AR AL, PR B R 2 U T30k
WA AT BB RE 175 W B S A B AR T A5 R AR A — 2R T A REXT B 22 1
VAR T 2 PR AU AY i , SR AR RE T TR B, A, A A B K 4 i
FErp IR T TR KA AR S R GE D REAUGR, T ELE AT, 2 A9 AT TH R4S 1 AR
(R, B — P EORERA R R IE . A8 25 DA @ S R IR E (Zg) g
A KT o GR, Zo TW WO G AR AG TR B R B (k) LIS KW 6
SRR R TR IR R A EOCJRIRIE o T — 10 R AR A i o2 U 500 2% A TR JEE 15 e sl 8
ARER ARG IR A R & FEAEAMTHR A LS RGP RO A R o

©  RENNE-SHEEER KA (TS ~ 100 em) , B2 20 em B9EEFEK A RST R/, FRE w0 IO AR B L
BiE o /ML, BRSO I ¢ TR BE 1L SR AR, (B A S TR A 1 BR 41 ( Hutchinson , 1957)

171




£10% | % |

10. 10 ERESENERME
TRREAE KR S HL R 4 S SIS R B2 3 T R 4 4
(VRRE (Zgy) Fefliit, i Tk

17
ZSD

ARZAFIEH H. H. Poole Al W. R. G. Atkins (1929 4F) G @ , 15 F T AH X2 B A 7K, 1
TR E R B RKIR LU Zo fRZE 9 em (Y7 BETR I A1 7K (Tdso #1 Gilbert,1974)

TS T kg5 Zo Z I HY R F, K 10 -7 (Wetzel, 1983 ) 153732 i . Koe-
nings Al Edmundson #E17 7 #E—2ABFFE (1991) | R =3 22 8] BeAT i 5 19 5% 4 9 1, (R
ST — R 0.5 ~3. 8, REEEIWITHA P ER 19, RMERT S NTU(nephelo-
metric turbidity units) WITA A PR 1. S, & M85 KT R RALE | -7 FREGE
P10 -7 TR T I SER R AT A R i . (HIE ZSD£%%@E$D?§7EEEZ
WA IR, BT A (70 53002 3. 0 A 1. 3 (3R 10 =4) o R st i 1. 7 1A D516 B 3o
AR ARAS 1, IR M WA T W B il 1o AATTER T BE— 2P e B, AR Al 2 W
FAGTE 00 b {8, AN R B G TE SR B &y, AT BE 2 X I 517 408 B 81 T )
SO FEAG TR (5010 - 5,38 10 —4) o fEUR R4 S0k, L T3 — B ] 1 1y &
JERERANTT Z, SRR 388 , 1 EL7 5y 5 BT G 19 Z., 55 PR AR A O BDK A A WD &
VEHIZ 18] 56 2R BOTR L , X LE B BEA RN E 9, A 45 5 @ W I E 1

k, = #£10-7

£10-4 R EEREBR( >10 Pt/L; <5 NTU) 538 ( <10 Pt/L; <5 NTU) f#1iE# 8 ( <10
Pt/L; >5NTU) #5880 ky x ZoyZ., : Zep T : I, ¥R, ([H _EFNE T PAR EL{E ) b B (R ESKEH
Eb 18151 3o BT 5 B 0 433 )

P e R E
J 5 o R TR TRl A
kyxZg, 3.0 1.9 1.3
ZutZs 1.3 2.4 3.3
Iy 1, 3.2 10. 4 22.6
R/ % 1.4 4.6 33.7
10 RRRIE : K 0.4 1.4 16.2

PRI IR - Koenings A1 Edmundson, 1991

X JRE (R A T L B R BRI (B L) B9BFIE R, Zsp Ky 2.,
=B Z RIS R EAAAELNESE AR (10 -9) 5 Zs, SAARIGRE 1 PAR Z AL 3
AWEERZR(E10 -10) o [FRE, AR5 Ty IR LRSI R 080 L W2 bt DRt ik
BOKRZJE: 10% (Wetzel ,1983 ) , ik MED TARIEFE BUMITA A BAIE & (K 10 -5) o fRIBLIRE
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|10.10 | BB EEOBRY |

T TE 2 — A~ B = JE 58 I, 10% 19 3K — BSUMELARL T 2 22 T IR 68 v 4538 R 800
Zg =4 m LAl (& 10 -10) . R. A. Vollenweider {5 H1F5% & IMAFL 15% 5% FBAE Zg,
I RIS GORAR IR A R, T Zg, =3 m (8110 = 10) . G 2RI T ix St e
WA T & S SRR h B Zg, =2 m, IB2 5522 0 i St st BH Z, 4k
B ST 4 B B 4230 30% (£10 -5)

1.0 T

0.75

kym o

050

loglk,=0.058-0.61 log(Zg)
P=08T; n=142

30

) BE(Z e Vm

10-9 1979—
1981 5 fy 3E B
Bl SR v SR
AW (B ) 19
B (Zy, ) T
BN R E (k)
ME )RR E
(Z,=1% I,, 4
Z, =4.6/k 15
) “HZRSE
% (P B Schanz,
1982)

20+

Y I TEZp M

log (%al,)=1.67-1.08 log(Zy,)

=082 n=111

K 10 - 10

it =

79 (Zq,)im

AR IS 2R (M A Schanz, 1982)

1979—1981 5 AR 78 5 B v s SR 95 BRI (Bt ) OB JE (Z ) SR AR 2Ot
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R0-5 AERFVEXAERESEAELENTHEMLR Z, 0 \NHERETSIT

Wom 4 Z. 2y Z o I NG R E 43 1/ %
FENFFRLTRH (i ) 1.3 2.5
TR (B 1) 1.6 8.0
J5RE S0 HELST A (SR ) L ) 1.7 7.0
B2 (kI Fm ) 1.9 10.0
IJRIRH KA 2.1 20.0
I B (3% 50 2.2 10.0
9 A~ H AN 2.4 15.0
SRR I (B A ) 2.5 16.7
ERRII (W2 JEe HIR JEHJETE) 2.7 17.0
RHEEH (R BT ) 3.6 22.7
B (CRORA)) 3.8 26.0
A IR (SR ) 25 ) 4.6 35.7

PR VR - Dokulil, 1979,

75 W1 B SRR REHIRA A B K AR AR A R M elUE 2 LA B W1, SCRE oK
FURA IR AR KT Z 6] (3 W, S AR RA I T R 3% 10 - 4 i 28 YT TR IR
P A A Y R L g DR ] TP ANEIES sl T FEBOIR e ol T A S EUR R Y
WIVA Z 8] B AN )7 R A o R T 2 45 DR 3 A BE R A TG 0l R B FOL 2 R
B — I HARHAT HAL IR R

10. 11 RFFREF=H

TER IS XK A5 1 2 I RV S A 40 o VW AR 40 £ A 8 0 R PR R 5 3
(¥ RN T A5/ N BT R S R 2, 33K — s WV 2 R AR R T A L 38 W1 P s K A %
BRI 12, RIS 9 8 DOC JEAT S HUR R G A T 5 22 25 il , R T 5 9
ERAOHA 2 STRTRE AR AT (L 117 45 ) o T AR 7475 B B2 1 /N 25 KA, ) 2 T, D
SR/ o PRI , 7K P o Y6 A5 A 280 S A 28006382 2630 T AR st/ T 84 ([
10-11),

WG A R 2 (1] 10 - 8)  TCALT IR M A R KK 68 iR (11 10 = 5) , 3
BTN T T (1) ' BEUR R, T SO AT B O, B2 VR E AR 4
JEURBE I LU BEAI , LA 3 AR T 062 (RS 230 43 o Lo (10 = 12) o 73
Y TR SRR RIS R (2, Z,,) KA TR P 58 T8 2,
AR A WO A E TR o Z.,0 Z, B HO 3R B V7 AR 4 94 5% 0 76 5 — 3 o

174




|10.11 | st = |

SR A EULR AR NS (K110 -13) o 2,0 Z,, HBUBCRIY Sl T A
5P TR ) R 72 T LA B P i AR XU AN [ 75 | B 7K AR AR P e A 72 e T S B (AL
12 3) o 6 B9 A 2RO B A T AR AR AR A, B 5 | W A R B A A

(Sephtom #/1 Harrins , 1984 ; Steinberg #1 Hartmann,1987) ,

B0

E{%)=10.86 log([iii #)+56.40
=053 n=20

A

0 T T [ F rro
1 10 100 (RUEI] 10 (00
il B ha
2™ Z =l 44 it

(c]

10 -11  SEEW2IREM 20 i)
THRAJZ N 5 IR (DL 10. 6
AR ) AR AR 4 L
BRI S E AR e R [T OF
ROC W I T AR N R, T R
FEIRGZEERN, SHRE RS
JEAHI KA T 3 2 (1 06 RO A G L
5 s QP B A 43 HIOH R T
[E) 7K (L FIIR e BE 4 22 5o ] (20 Ster-
ner,1990)

BI10- 12 SO AR A R
JEE X PR AR P A 7 g A A e
B A5 m (2 @ Thornton %,
1990)
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AL
&
0.75
0,50
(a)

.25

2 000

Ty 1500
I__"f': B 10 - 13 1979 4 B R BUKR T s
o R IR 2, 2, 1 FL S
fe(a) KR E S E(N® - s 7)1
. W FAS e (b) (P ARRGE PN 1 A
by B 2 BEMETUMCS 2,0 2, 1
= j | AL, ) (P Sephion I Har-

6H30H TH31H 8H19H  1is,1984)

H

A W SR VR T L0 P T A AT, £ 40 P R 452 ) YR 5 PR
TE TR WA P R AR P2 o K RE P i P WA P04 A 400 S5 3 A ML At
SYIENTEAE . BRI , IBESAE RO A P PR EE b, 7 Wk M R O I I A0 e A1
JHEE R 10% , Cloern (1987) fliH4E Z,,: Z,, fIHFH 0.2 ~ 0.5 s /NS, IR ] 11 )77
W) T AESZ BN, Talling(1971) Al Grobbelaar( 1985 ) 76 FLSE 45 Hy , 76 95 [ 1
— B HAIN Z., Z,, 13 0.20(1:5)  ZERG IR R K I A 0. 18(1:6) i 8%
BRI, TR DRI S 36 A5 KPR A 1R IR 0, BV A, B Y
AN A PR KRB (375 W 2 LA e S 9 52 0, W61 e 9 s PR IR R R
— Mo A, WRIR AR BEAR K, RV EOG R WI AR 7= T3 AR 5, AT Re#RUE LUK o i A
WIREE AR A2 RO AR FH o BRI, VAT 5 JE WD (A 46 R I sl o A ) sk 341
375 B 2 W JS 9 T SR 301 ) 55 K R 4 SR B 785 2,0 2, LRI 7
FEE WA L , X 3243 R 107 A5 B2 V45 TR 43 5 ( Reynolds, 1984) . YRR 2 B As (4 W1
BIARS 22 1 JE ST, 7K e B P A A 2 3 A A R VG IR S, BV 43 2 i R 52 30
Feth H R

LS TGS , 2 FEORAZ R BB, B K Z,,0 Z,, B LR L PR A 4
ﬁ%%@?ﬁﬁ@ﬁiﬁﬁ‘ﬁﬁﬁ(h,iﬁ10—6)0 M LI T mol + m ™+ d TR IEUAIEE
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| Az |

YA K EIF R 1 (Carigana F1 Planas,1994) .

5 243 b DX R R K A3 J2 A ZERK 2 fR T IR S A R il 2 D R OO 2 TR B T e
%, S8 2., Z,, W LA LI E AR /N, L, BRI b K AR R R AR D R R 1
I BRZ A R IR G 2 ORI, i — 20 S 2,0 Z,, W LEEETR B, DT A5 55 2 B U
IR B OK a2 R 1 T B — 2D BRI

10. 12 K TRILE

TSI AL LI e W' R B 0 28 ST £ 5 I T 5 1) ik ) O'6 3 1 %8 18, B LI
TR A0 AE AV FH A G T PP R A P ) T 7 19403 2 G 1 AN EUL AN B R (£ 10 -2)
A OCIR A P B M A0 S 5 N SC IR B Y 3R T, B AT TR A8 SRR R B R 7K 7 1ife 3 ) 1 i S
B R R SRR E 0. 6 wmol + m 7 + s (0. 147 W/m®) 245 ( Vinyard £l Ob-
rien, 1976 ; , Confer,1978 ) , 7EE Z 1/, Il FL il & 5L AH Y TJ2 0. 04% W65 A 245 S i
B BT T/ NS P oA 10 i S5 it 3 o 25 TR

TR AN HAD LA 2 B S S R B R W sh i 0 I SR BE (Z,) T3, e
it Z, AR 7 A8 58] (1% SERKF, X010 - 5) Bk 5250 = TS 1Y S n BE 25 7E H 4R
FrhniE A, I 10 -5 Al A T,

8

Z,=%" 10 -8

Kitchell 25 (1980) {3, 4n 2 B 3 B0 232 6 (R S0 (BRI, 3 i 47l 20K -t A
R B DI T f A 7 A S T R TR L TR S I B R AT o AT X e
EE N0 b S RIS gt — AP IE S Tk — BRI s KA A 32 BB 2 i /N R
AR BUAE I SRR A LT i R A R TR i R U B R K X AR I A 32 DX el g T
JER T R R L

REER

o F|IAMIRKW 3% i B P A LS KE(UV,100 ~400 nm) , Fl 2 0y 6 & —F £ 7
W, 2% 4 o8 A 348 4T3 4 (PAR ,400 ~700 nm) , — 2 7£ 1 4h X 3%, (IR, 700 ~3 000 nm) ,

o SUA A BUAE ST P e I U A O E 0 A R B B R Tk WA B RO, T 40 o6
HE S FHAKE. EREWH AT, LI 5T IR R HA TR

e BEENEMEAMAENAERK, REARI € FHE M KE UV, Hlhfng
My 3RS B By RBUE R R, S A48 5T 0 A A B BB R R L AR S AR A LT B O R B Aok
A, HEEREME,

o EHEBEAFM AR R MAHEHE T, FZ IR T B UV f1 PAR 7 3|34
KA, HENROAENEF R OAEET BRI ORE 2B,
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#10% | |

e FREBHMKNWRE (Zo) WEWEMMERET —MARNT B, EXEES
ARG B ] A R B A B OB E BT R R R R SR AL SRR 4 A
N E IR

c AXNEERLRBEEEE/NREZWRMIAE NN, YR HEANEREE FIT
BHot , ERATEE TRKE B, A AEEF D FEBRBE, 4 2, <Z, B, FHES
MREFHEERZE LR T E FRRA

o AWML LIEN B LR & RE B RO R LT EESE, BT
HEMEKTFENAETE RN KER.

(KizH  iF)
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FNE BRERHB.HESEN

1.1 5|F

A TR IR FE LI, 138 27 S0 1T AL BE A3 J2 ARG 7™ AR T 2% Jl 3 XK
I A R R T, A U BT A AR A Z= 1 PR A, 2 R L SR B R 2 MR S, DR, AR K
TR A RE XA AT R B PUN AN 26 o VA 2 58 Z BT LIl B2 7 A e TS A 4 , AN ASUAY
T P BE DR AE T WA A 2 JE LR DL , 328 PR 8 T Tl BE A H R AR AR B s T AR WU RETR Y
SRR MUK AR AR S RG] o

TEYIK AT KBS 3 2 (A AU SRR R IRAE ) 43 2 : DTOK )2 B R
JZ (hypolimnion) , 5 R TURALE I EEA LA K AEZR S, A X ML) 322 AR i i sl e i
WAook HKR)Z (K1 -5) A HLBT. @M B2 (epilimnion ) + 528 <A 8 107 HL
W5 K HE DBl s A2 B0 A 7 R R O A DA R SR S R s AU
At TR e . QI )ZE (metalimnion ) « ) b JZAIW] T 2 2 6] 3 P , 1= O H
A il R AP JEE T AR P A TELIER = (thermocline ) o i BRJZ REAiE 2 I7 70 AR BOR 3R, 4 4 1
TAAE A OO Gt 45 B N IR], DR, b A TRLIBR 2 B A8, BEAR- 993 23 J2 R 52 i AR ) X 3R
I ELE B AF (UL 10. 11 97) ¢

FJZ WK WOK B BEEUIELEE T , KGR AS R LU REAS K A 8l , RGTA RE4EF7
Yg— KL, T B 22 W2 SN, 2 T BROK A R 7 A 2 S, I 2 S A — IR EE T
oK, HICTREE AN 7K AR RE A2 AN 32 XU TR B, IRt 3043 2 (DL 3.3 5 RIS 12 %)
LS 3 L2 )R R AR Z A B T o AR I IRk Tl P A SRR Y i A
HARCHY , RIZ e NI/ TR 22 5, B BR 5 O BEL T /N T el AR A TR 7™ A B 4 sl
JEATE B 2 B R A — T ORI ZE) o AKAERYTR G TR0 RO IR 5 JZ (mixed
layer) s # JE R HIJZ (surface layer) , 75732 8 H oA L2 sl b B9 — 80

VFZ WA 2807 AL TR 202 AR A MR, B3R JE 3 (overturn or circula-
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BEESHES BRARKS |

ENE

tion period) o 53— ZIEZ AR E. Naumann 78 1919 4 i H (19732875 %, MR
PR REAS B AL A0 5 R SR A 8 5 3 BRI T B2 T . JSRIX PR 7 SN J2 KT
FALRTE , PTRERUT 24, IR AT T HE ST AR SR T T M ol fie S A A i —— B R 2
WA SEPR L WAL E IR T S A R AR M o3 2 R L I 18] S5 07 A7 AR AR R 25 5+
LN B T 3t 53 L B — 2L

11.2 #A%EE

1892 4}, Francois Forel 7EAMMAFFRZANE LI & vh 3t T — 3L AR 028 05
LI ST 3 FRIA2EAY . ORI LU TE 5 ZR A T M s ) oy 2 5 A
TRA IS HS ARG s TR A 452K IR — 80, 2% BE R B i oK @G Biin - LL S sl g 43 12 1
R AU, B MAIET 3. 94 °C s OWMINA Bk THEEFAH —BIR &M, HilkE—
EUIRT 3. 94 CZ Ak, KEB S R 45 5 iR VA A S A 43 J2 555K {H Francois Forel T4 i
3% — 7 AR PO A AN G 38, DR R 2 A R R TR A S B T #is i0m , i B
FEAEAR b DX 5 IR M . G. C. Whipple (1898) 1 S. Yoshimura (1936 ) 43 51X} Forel (%
HEMFF TN, J5k,G. E. Huntchinson fil H. Loffler(1956) % HFR R 547 T & KB4,
il Lewis (1983) XX Forel (175 28847 THEIT , IS R4 T /328 &

A kFH(TTREM)

A S B RK R (amictic lakes ) 2 AZE UK (11 = 1) (19, HIEBR |, KZHUK
PRINER 22 /D 2570 528 1 0 — B 18] (94 T R A S B8 00 P T vy, R A B =2 R A 1Y)
KA DG R DB (UL 6.2 1) A 2 W AEBURIA 3.5 ~4.5 m MyKZ B . KR
W e 5 R TE ORI 7 A 2 22 5 T PR 3R T R TR D T f ) S A i — R A B L AR
RIZAVNRACIA R K 231 2k 5 3 P, WA R | FH 'G5 i Bk ny WK ORI
WSO B 8 45 s 25 1% 3ot — S R i, e 2 7K DX R 7 AR AT AR 0 ek B2 T i, I BTG K 7K B8
(Welch FI Bergmann,1985) ,

RIS 7 390 T PR 2 4 PR v S 1 ), FE A Y 2K, B 538 UK 2 7 AR 1Y
g 2 WA A [6) 25 B2 K O, X SEAR R B LK I s R ARG o D35, AW
T PA S W R i I 2l R ARt 25 5 1A [R) 5 B2 A /K, IR K R (TEIR &)
— ISR, RO TE IS 09 K AR B XU R Sl T KR A 1 S e B X A
TCUKNEE MG Z o RIS 2 T KRG B A B KA S 5IR G s R M
JEAAL et T TREER AR ST AR ) 2Z 18] 04 1) A6 W) s BR AL S G PR 2k A8 o I35 44 IR
)2 RSN BT SRR T T o SR, AL T R b R = S AT £ 9 AL 2 7E B
HARMER(Z R RAKZL ) BIKHRRE  AHTE R 2 BAF Oy 19 B =00 23t BT vk
BCAMIHIA PR v B IR & B WIE ( cold monomictic lakes ) , WA EE KA AX il
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| 112 g |

100 -
Mh&m&w
75 ’,@Ff E
ik |8 KA am o a
.. i
@ 5
E i
® 50 :
2 5
\//—
25 = i S b o g E DL % o PR g
EESN R i S
0= T T T T T T T
&0° 60" 40° 20° i
I
B -1 RIEEBE (AT TR IE) R BRI 4 1 8 FPMATA 9 43 A (M HR 4338 i 200 m AR 24 F

P ALES 40° ~ 502484k 1°, 5iR Jb4 0° ~20°78 4k 0. 6° — Sy DR RESIA & — UG 2A,
R 32 58 AL L% ST T 1 Y053 M) ) DX 3R] B U B 0TH ) (M0 FT Lewis , 1983)

B. A B RAEHA

T PR 5 LTI 20 A0 7 1w 205 B8 b X (P 11— 1), — 4 v 468 K 22 B8 [] 1 oK )1 B
i B RTE R E Rk 2 ml Ak, KR TE 4 C ety , W3 gl & UEIIIA AN & A 53 J2 B
ZOE T =2) 3% S0 IH LA —4F — W TR 5 0 R A 40 m 52 KA A 390 0 A 7R 3 i
(Schindler, 1974 ) B[ % 7 Jin (17t 437 75 151 ( Hobbie , 1961 ) 1L Kz B #1537 3 = i hr i Jin Bk K%
9 ( Nauwerck ,1978)

; * | —
N e e e T L e
e \( | i 05
B, S~ oz [\ 98 i TN
E 4 ] S II.'| 3. jl L rin ",
5 ., ., | AT ] %
- B ) \ e J,| | | 4l i/ S
ﬁ HH‘"\-\. ‘-H--\""'H.\ -ﬂls---" —_— / |II | 3 3 H l,-'ll \"\h
- . 0.75 075/ 2 | 12 075 =
g I, ~. Y, SiE- 1 .
s | | I . e
15 28 33 42  sA 68 78 8A 9B 10 uH 128
1971
FI11 -2 1971 A ERIEWI (g K MSFIRZ (B A Schindler 55,1974 )
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BEBH AN BEMARW

ENE

C. RZRBAERMIA

Y ZUCRA BUHIIA (cold polymictic lakes ) $5 KWL 5) 32 XL S BOTR K V& W), 4
AERAR I T W KB i, (A VKR xRl . K& ] (<20 m) 75 L R BH G 58 2 73
SRR W A 2200 J2 5 MR KV 6 R 2 2 A — BUBOR BIRCR W e] iy 20 JZ 30 491)
N, He A2 AR K B 3 (Kalff, 1967 ) SIEAR MV (Light 55, 1981) JL i £ 2 A
AR KR/ 552 X1 2056 A 4 A R 1 M b 3, AR [ i i Ak 22 O g B o =2)
T S YN R AR XA ITE o IR SE S 2 BUR BRI INATE I 1T —A> 2 0GR & B TH A 0
IR A BUHIIA 2 18] B A (WL B XX AR & RIA ) , $ Lewis (1983) & LA
HELEN Z AR TN o

D. B REAEMIA

i 22 UK & R (warm polymictic lakes) 51 ZUIR-A HUBIH MU R Z AL 7E T EAT]
AR REAR AT DK 352, He P — SO BRI DX R B R 52 B XU ) 4, ] BE 2 I i
FAYCIR G AW (warm monomictic lakes ) , AT P4 22 (1 —SEIHTH ( Lewis, 1983) . #viy TRk
WA R AR D EERGEE R BE T, AT R A 1 KRB 2 RANAE BT 1 R KU R 1 [
MV 2T H] . MacIntyre F1 Melack - 1988 A7 L 74 v BRI TH 147 04 3 4 BfF 9 3R
W], MoK DR 3 m I, IATA AN P45 K00 2, TR I IR PE A IELR 2 o X Aff 70 J2= ek 1]
UK Z U BIAOE SO AN ESE I 22 00 & B IITA , J& T 1 SO TR BT (4 26
T R B GRS TN ) .

E. WExmiBAEMA

XX PR A R ( dimictic lakes ) 75 —4F i (1) — 3R 73 IRHULR A vKBL R 00, 75—
SIS SIEARE S0 TR A, v () 18] B P BEIR A 3] o U X JRE T A 2R 38 7 JC v B0 A9 R T A
SRR ARSI (32 11 - 1) AP BRI T 10 °C i ok w5 )2 (181 11 -3) .
ABEE B A — EAL Tk, U — Bt IR )= (BRERERIFE ) X R 2 E
SCRBESRYCIR G RLIA (UL F B ARG 2R ) o

£11-1 FFEHSE(TEMP) F/5FEHKR (Z) Bl Tk B X (1FD) B E 3572
(##ER B 41°N ~75°N B9 59 4N b =R H#58)

EYEp7y r
In(IFD) =0. 0624 ( TEMP) +5. 168 0.88
In(IFD) =0. 153 In(Z) +5.056 0.13
In(IFD) =0.06( TEMP) +0.073[ In(Z) ] +5. 005 0.90
In(IFD) =0.061 5( TEMP) +0. 031 8 (WF2) +5. 129 0.89

PRk 5 - Shuter 45,1983,
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112 | wmsem |
; D & CECGRORIEG
11| o o WA RN
6H
o R
& -
% oan
iH

b
b
(-3
=
=
=
b

S RSRT

B -3 Juila 70 SRR AR IR S B R 28 H I Z H R (402 H i =162 -6.05 x
AESFH R =0.60,P <0.01,n =70) [ A R AR B . AR T4 08 - O DUINZR M, 45 % 351 5
QURIEZS W, 25 22 s @2 B, & K @Y I ECH1, 56 = @ e g B, Hii 4 © % SRR, 56 [
QWA , T8 @I 5k, B A ; Q-SRI , B4t A 5 Q02 B3, 9 [ AD TR A OK 7R 8, 9%
[ s QU5 B, B s (A 2350, 5] 5 QDA BRI , 56 [ ; A9 55 7 HLWI AN P e 8, 2 KR ; Qo H 4
W, HAS AR MR Z2 BEK %, HAS; QQEEEEH), HAS; QORI R, DL 651 Q035431 , e IH /K. ]
(5| B Demers £ Kalff,1993)

MEEAN R R, it A2 FH A FT00 IR T 4 3t IXC P39 2 1 2 ) B oK i )22 114 i 2
bR (R 11 = 1) o WHARESFHEARE BRI E 20 2R S AR IR XIFA
MR TE SR IEANEE 2, FUR AR il s 1) NORE A3t B Y T N, P33 R LT T LA R TR
R R T AL . SR, LR B — B U, R 25 S B TSI A (S0 F R
HRORIRIE ) 1922 53 fie 3, ) B TR 70 J2 AR B0 8 e (2 B — 3 A o (B, X T[] — i &
AR BLZE B A I TA AN RE FHISTA A R 0 70 2R B0, HRESR At 48 b5, a8 FR o R
A DOM (A B ) S S 2R o X S8 DA 3R RE A 52 i 7K A v 1) DI 5 A1 35048 5 (PAR,
400 ~700 nm; ULER 10 Z ) 7o 5 — 19177 T B2 B W SO0 e Al iR i o 1 B /DN AR 2 ) RUBE
b BAREIAANIA , A GELEE R IAF) B4R PR 22 5 I8 B VR T 107 s 1) =F 1 i PR i
FE BRLER 53 A7 25 B AR [B] AR AR 2 O 2 WA 23 RS ) B 2N 7 g I BRZ AR & =
TRIE A 2 TB) RUBE Y B B A 1. 7 AP it

F. BBEGEAEMA

Tty FIRHT Y — SE TR I AR AT VK6 2 , (HJR 78 R AF i I e 1 2= R o A7 — B
AR BIRGRE 732 301 , T80 A% A6y ) D) — Ak 4R B AR 2, DY IR O 1 B VIR & B W) T
(warm monomictic lakes) (18 11 —4) . X BRI BIIH > AR 32 , 7E R R &8 L 22 KUY
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EXE

Y [F]/N 5 FIARS- X Ul BE AL 10 °C Al s DCARAT 041 (181 11 = 3) | b A 4if — S8 By Al
PR TR IFITA X LeWITH B TR BE L O 25— BURRE R 02 0] (B M B 2R
i B AR ) T o T ARG, T2 AN V2 L E 25 Sl N (P 11 = 5)  Ho 2 i 2 4

i, ZUCGR AT R

2104-1-

2204

T8 T m
&
= [

250

- .d'c_rrniﬁrm_ﬁi_ﬂli__ ..

16 17
240

3
14] 14

[11]

1 2 34 5 67 8 9101112

1971

' L)

R

LN NG L

1 2 3 45 6 7 8 9101112

1972

B =4 AR (LLE@s] 29 B BRI ARG (B P2 AU S PRk i 2k
BASWIARHER L TP LA o) (51 A Serruya 1 Leventer, 1984)

& e

BT -5 BAHOKIENA (2, >90 m) RZKiE (@ =T, ) FHEZKER(O =T,,) SEHEER R (B
RN Al 2 ARG E P I 45 R B I R AL, S EOWA Y IR AR G R 2 TR ) (51 A Gel-

ler,1992)
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AN SEENS R

1.3 HHNESHEEMNSE

SR 11 =1 Hrm] L H W1 430 % o) SR BB T2 B (508 ) KT . O 7 {4
R BGRASTHE 200 m Z5 AR AR 0. 6 ~ 1 °Cofe B, mT LUKE 25 M 44 3 X9 3096 1
AR IR BRI S B IR BE S, — 823 T LA Rk 2 U BOIA , 53—
43 UL LA VK — WA B B A VIR A R K W . S RN 2 A T8 R B (1
B M A B (UL L1 1L 49) TR 4 2R M (R 11 -2) 0 MR, oK
ZUARA W B2 AR IO RE ), RARAESE 24 h L L4 2L, SRK I 1 43 )2
I TL R B LR R 45 T L 4 S A3 2 1 2 VR A R I K s v K T . T4 )
R Ak, © SR 943207 B 2 1B KT (52 W9 35 1T AR sl 3% U SR b 34 F) S 1 ) 76 W3 43
JEVE R, SEBR L0 2 TR KU IR AR (LA 12 25) X T W0 2 75 1T LAZE S — 45
2k B bR SR B AR R R

x11-2 FTERRBRKERE(Z)MEBEEGERE(Z,,)WRETN[ A ML R KK (km) ;
MEL: e KA K JE (km) s MEW ;5 KA ALIERE (km) 5 F R A TR (k) ]

Hu X A e REL FEAS
05 (2

S 7 = ln( m) 0. 66 150
b2 Z,=0.298In( MEL) +1. 82 0. 66 73
I S e Z,=9.94( F**) 0.83 52
B[ FR 4T Z,=23.68 +1.60(A"%) 0. 81 26
EEN 7, =6.22(A"") 0.53 36
v Z,. =7.00( MEL"*) 0.79 33
i) | E-wN Z, =4 6( MEL;ﬂ)M 0.85 88

PR TR . B A Hanna, 1990 ; Kling, 1998 ; Baigun I Marinone, 1995 ,

TEMRAT X, T KUK/ MDA N B PR R e 3 m g2 th 940 2 5 (B T ARE 20 km” 1)
ERIAN R DT EGAE 20 m (IREA M ZHR (K 11 -6) o X TR X
AR IATRAK IR 55 , S AREAT A I BRI A7 A A RE T, (ELAE K BR il A Sl RE A Ay
ANBEMISOAR LAZE 5 B AN A AR 70 2 O FARE , T v BRCTRE YA (DL 11 12 95) 55
7] DX SR e/ 20— L6 8 B0 A P R X XA Tk 5 BT o DXk e 70 J2 A AR R
SN o R 22 XD BRI 3 R LU S BUIIA L BN, T 22 BTAREE B vy 22 AR
2R B s AHAE R — AU DX, A XU FR T U A AT R XX LR 45 BT 5 73 b, AR 24
AUl 10 °CI2 R 2 B IR & RUWIH 5 W = X R 5 RV A T3 AR
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BEBH AN BEMARW

ENE

A #ha
1 2 5 10 20 50 100 200 500 1000 2000
| L.i | i A ] L I |
Im . .I
1040
50 1 * .
fratar B . .g
| .
E 204
iy
e
4+ 10+
=
S 4
24 %] & (o] I'J:' O ?1‘-‘-;;34]'1;:
1 s o | .
100 200 500 1 D00 2 000 5000

#RIH AEim
B 11 -6 RSB R LRSI O o) AT A BH JE 258 0 (36 ) iy m AR 5 09 43 )2 I
FFOKIRZ A 156 2 (Bl @ F1 O 4354 R 43 )2 FIR 432 5 % AR A JE 70 8 M 1) 18 IR 78 52 2L 4E 1)y 43
JZ091A o) (5] B Gorbam F Boyce,1989)

A LEITAAE R LEAR i T — PP EY , 75 i W ml a8 R i) TE v (9 AR 40y S T AN R 428
B o LT AR X 8 — L RTUWIAA 24 300, A TOK PR & B 1 S0, AT ok 2
RA RN SO , 1A % H 5 728 Py Ui & 84 323 ( Vincent Al Hobbie,2000) o AN[A]
S Z 1) 7K PR 22 S5 I S8 A 70 Pt BE A 2, PR D #ARE (thermal bars s UL 11. 4 745) | s
Befs 1 I ALK A TR A S e . A BT, B R A 7 FHDIG 78 12 B B 0 % KR
B RGN NTEZ = B B 2R KR . 55 [ R r =2 300 R0 B 80 2 R K I8, 7E R 2 B4R 1y L
AR VAZER RS E A SR YR B IRAS  (HUR SR A it 3 0%, A Tl 28 O X R 45 22
WA A, REZBOIAA 2R LR WA IR e AL SR T2t [ 7 Ji 75— Fhibin 2 3,
FHR A 1977 ACRE WA AE R TR LW T R A S A R L

1.4 BRENETEUNSE

XL S AL AL T IE UK I, KR 2 3 T e K B I A TRLEE (3. 94 C)
LR 7K P4 i (553, isothermal 5% homothermal ) o 7R3 T o MR sl BUA] i S AR PR
THEL R WS PR A B T Bl K T i — 2 A9 R BH BB 3 i 917 L J= s
Wk (L 10. 8 715 ) , AR AT M 3R 50 , T P90 I 10 2% 2 B A 7K TR T S 48 0T R
WP BEGE 1 ATF RS ) R BH BETE JE AN K AR PR & 15, (K R dhy 3R 25 AH R Y
HRRE (LER 12 32) o TEFEWR BRI, AR B K B 20, B B BRI K st T UL, th e 2R /Y
X s BE UL (UL 12 550 ) A M TR A AR N AL R 5 400, s AR A AR T A T
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1.4

RENFHETURNE |

HI  AHR KRR ST, 1 R AR IZ KRR 2 K 32 8] B %85 3 22 S R B, BRIVt
MR IELE T B, )2 WK A 28 B2 N UTAY D, WA ARG A B2 R 1t 3 i BE
AUBOR R (] 3 -2) s AR H 7, RS 2 LA K, b T TR i 22wl 22 34
INE U B KRR A IR TR A RS s A 1L

SEME

IR A BRI b DR PR YIRS BRI T A6 4 R 0 H 2 SR (& 11 -3)
Ry T SR IR A3 2 A B I B T AR A R R R WA R E RS IR = L
(surface area to mean depth ratio) , 3%~ FGAE W] LA 2 XU 5% i 110 B85 LA B I8 9 1) #4324
fi& /7 (Demers F1 Kalff,1993) . — FLIVAAL FARE /3 2R 91 T 2 IR BEAR D & A= A8 4k
BRI EREL R (R R 7ERR 40 2 00 R R P, 0 12 TRt 2 R A=Ak
IR R Ry B 2 R B R A IR R B e 8l i 2 S U )% . A BN KRR E I
LR AR 2 00 B (SRR % ) 22 FAR/N, KB st S i e 6,
T B R B W — A AN S 00, 2 S0 R R 2 R S T A L i EL
AEBRARAEA 2 R (B 11 =7) o FEIR BE ST b, N B BE SR TH ims (e 342 W I /K TR 5 A
K, G208 T B HARR IR G/

18

16 _/\wssa
P - . 1988
B 14 -
= _/_ it
=
o124 ;
E o =T 1087
W =
— -

10 - o

/ i
8§ T T T T
5 6 7 8

Hit
I -7 SRR ¥ (AR =229 km® SPE57K R =9 m) BOKJZ (15 m B4R ) AKIR I F: 4525 [ 8
AU B (S8 11 -8 HhAgsE 70 R BWIA AN D) w23 2 I ROK R B K 2 R4
o T KB 8 R B R B AR TR ZR KT e ] (51 A Pierson 45,1992)

TEMRE 3 RS LR, 9 LR SAE X sh i1 N AWHR S, MIAER I 2 = Fi%E
VB H LIRS R RO X AT T 5t . A= GRERJZ ) 218 L= AW R 2 0
Ao DX, ANE A IR A L T ELAE 23 2 AR A R 389 i 2 A AR R B 4 E AR L, 9 e
L A AR LA A AE RSB 7 (18T 11 - 8) o P B4 IR R (planar thermocline ) /%
FE A R S P A B fee K B TR (Hutchinson, 1957) o 53X~ SCHA N L Birge AIHAL A
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ENE

JIT P AR TR BR 22 1 J2 3 T (i SR B A

HEm

FH A A0
11 -8 22 RmgE /MBI g k) B E 20 (4 /) 5 HEHINR A 9 AH X LT (relative ther-
mal resistance , RTR ; KR ] ) 22 [B] ) 56 F (SR /K IRIM 2 4 22 5 4 “CR1 5 CokAR 2 [a] 1) 3% 5 22 2 [8] 1)
LU AR B B A AR AR o e SO R AR I /KR A (e B 2 b )y o) (51 A Vallentyne ,1957)

WL 0 IR 15 25 1 TR 2 SIS, 4 M B B 90
WA LRI SR EARBRZ 2k T2 11 -9) . RIRIA A  JERERR
S5 VR SE WD 35 900, (LI 056, SR 2 R0 10 0 0 T e
S PR T SRR 2 VR 025 TR R — ) Tk i AR
A BRI DR s /NS R R SRR R 2 BB R R e 51
ORI 60 9 SR LN 5% s B, A1 LA R A A ) 5
i DS WA LR 2 R, o T AR LA DS A . DA, I 03
TN 250 SO (4 11 -2) fi7 SHHE R 25 ko BRI, 35

®© 18 MZLJA I, E. A. Birge #5ERIZ E SCOK I AL 1 C/m WK R IEE . 33 SCTE R R A
WA PO PR S 6 9 AR b ARG, AR AR B IR B 1 °C /i i SCTE P T o Rl AR AN T, P
S BV AR 232 PR I, JHC I T L 2 R DI 23 )2 =2 1] K23 B R AR AR AR N AR A AN T i 3k 3
1°C/mo R, AFFA X X L8 WA AR R 2 53 47 SO BEAE (BT 0. 1 °C/m 5 0. 2 C/m HIK)Z
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|11.4] EERETEARSE |

Wz R ARERZ AR o B4, I8 58 TLORMI Y 9548 F ORI Ok, 6 /) b i BR)Z
TR 20 ~25 m, TR JH/NRLIITA e OB s R BRJZ IR R 35 ~ 40 m R
BORE, BT /INEY b BT A 2 B e 1] YRS 2R XIS S ) DR A T A SR A T TR
AEAETC L SRAT VT 22 R B WA A S0 Bl , RN G (222 1 — 3 PRI 2 PR — Btk
B2 miE

6
(=]
7 - 150
8 ﬂ e
e,
9 's
F L 100 'E;
£ 104
- o) a
i -
I 11 =
na 124 5 . - E
[~ = HH
o
13- &=
14
15 o — —0
& 7 8 9
Ht

BITL -9 JEEAFZEEW (EFR =39. 9 km® SPHKIE = 12.7 m) EERJZE 19 H IR AE L (HLZR) RERIZ
JEEEAEART 1 m/d 5 H Y (520 R ) R A TSR B G5 (k) LRk AT JZ BB G (250
52 B 5 < 1993 AR TATIEL A SRR SE AN 1 m L _b i KRB B SR r T H S AR ) [ 18 1 R AUt B
Hi o M AT LUA R R A5 HO 240 , R R IR EE (=1 m) A2 i KR SR A, 17 HL X 2%
SRR [ IR E IR (W) ST R T SO R A 577 ] (0 F Soranno 45,1997)

MEHE

YRR BT W) L JZ R A WA U6 R R, 2002 (e )
TFA6 , Ve AR L2 A0 R GIRIZ ) 22 1) 45 52 25 5 /0N, T XU O RE DR B, LR )=
AR RERL s R . — HLASR AT ELRE AR, ) L 2 AR DR 5E , DR A IR 2 208 505 B9
i 5 — LR = A AR R, I AR R R Z U A i 19 B J= (11 - 10))

TR BER R 5 AL ) )= 2Rt TIA R AL s 51 & , 5 B Rt 2 17 4 B 5 i e
Te R E XD W T, 5 B U e 2 AR o B T8 B2 KR A e, W82 e
R Z AL A 22 S IR BN IR 5 1 ) i R R R T o, 3 e AL
JIts R SR RIS TI IR o U, Bk 05 (fall overturn) IR A, WA ZK A T3 A2 Oy 25
fio FERUIR A BB KA T — R 2 Z A1, LASOSZE R R & B IH B oK S5 iz
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BT, 1A 2 — 4R AR IR AR (B 1 -10)

e i m jun | | L L
zx T T =~ 4 = = = E e
L s L i m M=
=i = B B B 82 &2 &%
” 1
20—
40_
B '
oy :
it |I|' :
= 60
801 ‘ \
100 T T T T T T T T
] 5 10 15 20 25 20 15 10 5 C
AT

B 1110 1951—1952 R (4125, 5[ 19215 Pk A2
(P P s IR A R Rt 72) (B0 Henson %5 ,1961)

AT Z00REJeE 1 AU WA ZERK T8 iS5 IR A A H 0, R B2
FUT 2 2 1802 B 22 S 1) FEEROE I R o IR 25 BOK , Bk TR0 i bk g 11 9

B AR BN AR R A, B AR T T TR 2R E G K AR B RK ER A 15
£ ( Niirnberg , 1988 ) :

log (WiFE T iR HIM) =2. 62 0. 116 log (i) T2k EE) +0. 042 log (CFEHIE) -

0. 000 2 (KL IELEE)
¥ =0.67;P <0.0001;n =89 H11 -1

WAR, T -1 RS RAUSR T 67 % ()78 5 B, U WA A At DR -5 1 336 6 I s H

19, 33X B R - v g L Y AT RE SR B R B R B AR SR AU R

ZFIMEEMH

BOKIIA A2 3. 94 CIa A2 B IRERIZ , O RV 42 KR REAR 25 25 b ve AR TR
GBS (B3 -2) o R, 22 KU X4 90 23 KR 35730 58 v 2081 3. 94 °C LUF @, i H.
AR WCRE RT AT 45 s K A G IELIEE (BT 11 = 11) o /NI T B 45 DI AR 1] 2 El R 280 )

@ ARG UK AR EE B FCER B2 N i T R, DR, 2 [ 0t X JRIK G 25 K e TRk . e R Y
)7 RS2 R AR TR, Fh T LR B2 K 0 10 %, BRI, 4 ZE K S A I BE T2 AR (K 2 — 17 °C (Ferris I
Burton,1998) ,
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RENFHETURNE |

JASE S — A5 T LA 6 5 e AR T 7KL, 30 DR DA R B 32 X TR AR R e R ) 2K )
AL BUT RS BE (A AN 2 AR BE 22 , oK S 1UR L A UKOK 23 ST 0 °C 2
IKAE TR

Acil=1.36 > o 0
=078

y =T

=
()
e
L=
o
=

e km
PLIL =10 S [ R0 A M T T 30 ) 7K T 55 1 B4 W R 22 ) 8 A DG DG 3R
(5] B Scott,1964 ; Ragotzkie ,1978)

TEAZERDETE L 0 H 1B, 20 3873 K PR S 202 vk T 7R KR R I BN 5 HE 3L (DL
5510 B 5 B AR R DU 2 RO A2 A i 7 ) AR T RO % B2 3 5 T
LR /K AR o 2 R P T R — Lo B . RV R AR KR B s A WA T, X S 2
AL RE R R R 18 iR 5

YO A OK PR S BB v JZ A oKk T K LT v, [R] I R i 322 il e /K AR Mok L
T FRS R B K2 & Z 208 (LA 10 %) o Ok 2 i vk il ik, T2 pe s
Z2 (0 FE AL , A BOR B A K TR o ATITRT R 4 70 3t I v i 3 B2 A, 24 LA vk
JETHHESIRT 4 CRMIKIRS , LR B2, WK AR & BE— 2D el X 2e4k
B S TE T JR I RIS AR ARG 5 A R S 45, 7T LA R il e 2 i 7 2 e 2 B
WIRIE . AN BIR A TR IR BB M 1A 202 AR IR 4 SR AT n] REAE VK=
MUK,

=
— ELBUR X TR B TH #) 2 Rl AT TG 3, 7 2 390 5 BRR 5 — AR 0 PR AT
IR Y o PR DX 32 B B /KA 0 b 20t T, 9 R JE B FA B ( thermal bar) | 78 R A4 3]
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ENE

BEESHES BRARKS |

A2 P R OC TR (P 11 - 12) o R (>4 °C) T 5] 7K il B 5 17 42
¥ (<4 °C) BRI 2R G 4 CRYMIK , 3002 8 B R ORIK, Ik 2 T it KR
UUPTRE LA T 4 SR (R 2 A 17 04 WK A8 TT, SR A B8 3= W A
Wity B8 AL R LB B G s 7 i I EL G IR S8 3T K KA 70 )2 AR E ok
AR 05 IR W) F 5 B BR TR Z KA (T 11 - 12) s QR BRI P A2 A% Y 1R
FR REHE B 2B W TR, $A IR 1) 0 1 DA E o 23T A 7 A 7Kl 22 S
T 3 R (ARG B2 ) B4 7K P RE A8 15 475 SR 1 1 B T % 1) K DX R Bl I, B A W00 )
HKBBIT R T o AR LS (I 12 X)) 2 B 37 2 8 28K A8 RIDRE R0 K X 356 2 Y
ot A o

MR
; 1
E
"
100
;{_ B oIl B4 )
200 -
5 <4 41 =4
E
A
2 100
g AR RS H)
200 -
" <4'C 4T =4T
E
5
£ 100
,;?_ SRS M6 H)

200 =

BT -12 ERE TR0l (HiAH = 18 130 km® , P47k % =50 m)
PR R AIT A9 7 SR R B B R AN O 18] (i Sk ) (BCH Petrova, 1986)
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1.5 | sErmE |

FARREAE RO X i T RUITE Ll REAEAE— 22 1, T /N R X2 0 Y 5 280 )
TH LA A AR T LR I ] 5 (57 AR AR 0 B U TR 2R S B ez i) (AL 113 45 ) 8K
PRt e N 2 . TR IR A BUA o, RV AR % S W TS SR A7 1 o ARk
P 22 3 .05 F7 AV CRFEL BRI 9 800 5 UL 5. 4 749) 9630 1) 47 8% sl (bl Bkisnin ) |, v 1+
AT 32 SRR B AT o 22 M, ph il B 3R Sl A K R B R S B N R
K AR TR E IR YR s 5 G ry B (Boycee 45,1991) .

X R 22 B 4 JRE i XA I A 3, T80 T T A ) K B R S (s AR 2 U (7 A
AT A AR T XU I L B R — R SR A 3 1) A S5 0 52 TR W 23 J2= T B s ) ) B 22

SO XX R B AR AT TR TR I R T O A AV BRI S I
THADIZ R AR YR & RA (U —4F T B R — AR 2 202 A SO T A Z0R
WA TR G LA R DA E 2 E

1.5 SENREMN

PAGEME (thermal stability , ) 7R #ITH 73 2 RASWEE 4 FUME A0 BEIR] BT s A g &, TG
TG B I NI AECE BT 5 v . PR PR AR AN KR el 1o XU TR i R
TR AR T AT AT A N 2 K S SR e AT LRI (L5 12 3 o i etese
PEFE B TR R Y B AR AR RS ) (Wetzel #1 Likens,2000)

S =15 (P, =P (Z=7,)4,07 11 -2
0

11 -2 S R E M (kI em® ) s A IR TR AR (m®) 5 A, S VR Z 4k iy 1f AR
(m?) 3p, WTERIRAIT I BE (g/em’ ) sp, HIREE Z I3 (g/em’ ) 5 Z, 8 2 IRAIRE
NHE PO RTREE (m) o B 11 -2 B e RSB RIBLN (d,) 2 TR BEAR Y S

SYIERREVE (PUIR A RE T ) 32100 55 KR BE 35 - R B (AGERMITA AR (5 Ml
BR, Z AR AR SR Z (Kling 1988 ), 3xX 252 K S Bl A& TR 9 39 0, /K A4 Ik
SENRIE G B 1Y BE B SURIHE 22 5 (B2 2 - X TR P A 40 m J5 , R0 2 A8 S P 1 5 el
AHRREH (Viner,1984) o 5340 TERIBUHSE AT B0 T, Bk LK AR S AR e 42
[, 7K 2 1 P AR A/ NI K R AR AR A A S R e 4y 2 (B 1 -7)

BT BIRRRRE Z, DL KA B ORIREE Z,,,, , AT LIRS 1 2 7 B 0y 2
fif—Afaj BAti i ( Patalas , 1984 ; Davies-Colley , 1988 ) .

Z
7 <0.5, 305y 3 2 (L= 2 G R R ) A RE B YR
Z
0.5 <= <10 WIAZ N 2 22 (I L2 TR0 ) , T 22 52 S5 XV B i i P56 e

ma:
I)Z

193




ENE

BEESHES BRARKS |

Z
1.0 <= <2.0 SKIRA SR, JEUNAT T R PE I3 22 o

max

Z
Z

= >2.0 BN, A0

m:

1.6 BHERSHEHAREERNILR

P 0 L2 R 0 B (LR ) 2 S H R 43 1 B VR 4 R XL
XA BUA /MR Z (1813 = 2) o Kling(1988) X 52 AP AU 10 e I 2 8 2% 57
PEAFHTEAS PR 0. 65 o/ L, AUZALIRAF WA MY 1/3 ~ 172, LLAEZ W] (4 E; &
517,186 =3) Jfi], Habh 2RI R R 88 2% 5 AT 0.27 /L, JRIE 2N 1 °C (24 ~
25°C) . WK, B WIA I B TR AR LA N, FERHEIEY , KOS L B2 R 7= A v H
FH AEAR AR BE 1A HE T /K IR 04 25 A Ak , 4 5 FE V4 10 A8 T L B Y sl /0, s o 1
AR A o EUR SR, W AE W0 12 R0 T 2 22 4] f A A 7R 5 3 2% 3 9 e
iR R E (9 (11 =13) o ¢ T3 XU T AL I da e 5 38 1 7™ 2 B 3, e Al Rk
WV TEEV Ze T A AL R BRI A KR A FRIERSE . YT R I W2 W R 2 7K PR
Sy IR R e

7
7 600
— 6
7500 o
E 5 e
& #
7 400 =4
o o
=3
7 300
-2
T 200 T T T T 1 T T T
2 3 4 5 [ 7 B 9 10
19854 & H it

BT =13 ARSI =3 35 ARl KL 1) ——1 22 [ T A1)
(IR =4. 15 km® , e FOKTE = 110 m) 78 1985 4F /K AR 5 P A B8 AL (B0 Kling,1987)

N T X ARG B A, Lewis T 1987 AR, (7 TR ALEE 0° ~20° KYiTIA 730 =
e PR AR, B 1R L4 25° ~40° HARE MR IR BE T i , fE LB BEVE B Y, WA RE A TR e
AL, SO AR R A0 a0 L BE R R o AR M T 1) 2%, W PG PRI, PR TR
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BERRE |

PRI BRI, A L SR T 2 22 18] A% B 25 S/ (1L =5) BT 35593 =
WA, i AR (18 11 =7) o

1.7 REKERE

38 % 7K AR AR BN [R) A YA 21 T b, Kling (1988 ) A LR BRZ (TR G J2) MR
FE FEOE R WCRRIE I (B 1T =2) | I AR 32 DXl T 3 B85 7 52 i), 497) 7 37 7 = 3
AL R R 3 I v L 22 U I, LR BR)Z L R TR o PRI, 32 XU 31 A BT AR A2
TR IITA L B 2 1) S 34 R B J2 38 m, H FiE & 45 7% 1) FF 5 1 F 55 ( Baigtn il Marinone,,
1995) o Ak, b A8 RS AHT lutda EL 2% T RRURE (] (%) B 3, IO R ko Gk BB 2 R 2 ) 52 i)
AR KEEL T AR /NG 23 (R RUEE b, HoAth PR 3R a8 7K €, TCHLTR ek FE
B, DB SR SRR E SR it i B (I 11,2 797, K 11 - 14)

1 togiz =060 log(Z.,1+0.65 8

|

10,0~

log(Z,.)=0.63 log(Zg,+0.07

-

0.3 1.0 100
% 0] FEE fm

[32]11—14 ANEIEYH S T H AT RIR & 2R 5 A W Z M SC &R [ X B AN, Z,, R

TRERJZ 2 IR EE s AN, 2, 378 IR ERZ 1 0 TR BE . P o o BUAS [ BB, — 308 43 i PR A
?Z,%/J\?Zmax(i%ll -2), EHNREREAE K KREANEL T, BNEMESZEAETEE
M, ] (5] B Kling,1988 ; Melack ,1978 ; Yoshimura £ Hutchinson,1957)

5 R A ) L35 U1 o O AL A L, 7K (0 B TR I Y TR AR B R B BE B 22, 3R 2K
IR JZ A AR 2230, Dk, LR L LA (Jones,1992) o 1 56 [ — >/ LK 2 5|
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HEIE EERE S VU TIAEIT , FEB TR (Zgy = +0.8 m) , IR VRIE G A LIS A1 144300
1 m(Yu Fil Culver,2000) . LR B, 7MW A FK (o (R ) A5 (L AR XS B/t 97
e MREE SRR T B, it 3 R R R R R (A5 1L o 75/ R AR R DL
PR A 0 B A7 2 G0 25 T 7 W A DR S e A, T/ RO WKL
ek K TR 3E HA 2 (F 10 - 6, Mazumder % ,1990)

WA S RT AL B

TERHT L X, BT 2B O TE P BE 2 A B0R B IRER 2 | {E3X AN 2 52 ik KU il filp
20, RT3 B T T R B2 R R 1) 52 M) L R T B 52 i /) L AEL IR 5 | R ) 3 3t o Aty
WA ERZ IR B 2 AR K (B 5 = 11) o BZ, Joi A it PR 3 i, JRis W i fe e
PESJERAR, IRERJZE B2 5 52 BB , NI HAR & 2 B BE RS N . FE7K 2 v 4 0 2 i
RS BURIR Z A, SRR IR Z R A B84, filhn, Wva i -RHi 2] (LA =
2.8km’*,Z,, =1 ~12m) 7 1—2 4K H HEHRBRZRE R 1.5 ~ 6 m; bl A FH A IR S,
TR Z R BE A8, th AP 0.5 ~ 1.5 mo 3] 1 AR IR B SV AT ok, R v ik 1
Wt A 306 o 2 B )7 2 R A 22 B R BE RS AN ( MacIntyre il Melack ,1988) .

ZIR T8 B T 08 PAHT R ARSI 52 SR B BRSO 152 e IR I/ N (L 5.4 719) o Sl
AFEIAAE L , 2870 10 2 2 00 AR A 23 A B ) KUl i 2, B R T B2 OK B9IR & o
Lewis (1987 ) fli 1t , 76 AL A RN, 47 T Rg (AL 2 0° ~ 10° iR FHOR & it 2 26 B 20°
DL E S DCBITAR S i 0y 2 A o i ak x He IR T 5 BT i AT LA B AR T AR LR
IS L 553 BT 7 A B 25 A O Ao KBS IR G ROk . 6 9748 &R K]
TR I B2 VR BE 2 15 ~ 25 m, i FRGAHE U 1YY $ELUES JE 8 080 R o 24 00 19 3 B8R 2 VR B
770 ~80 m(Kling,1988) ,

T WA ) 02 5 1R G AR BRI PR, d5c 28 1R /K THT T e WA 380 1 R P i 5 1 24 1k 2
R EE R o TEEZE, BIAZKAASR T 1 K BH 4 7™ A= i it 2 LA AS 3R 2K 5 IR 2K 1)
T AN B 7 B R 22 S R AR e M o AV AT ot W YT A R 0% ) T B Ok 4 7 A E
JZ , HAEJR 45 38 P04 BR 00 e AR /K T (A B4 ) A7 ¢, AT JRCEE A O TR 5 I 30, 4
LRI A BIA TR A T BH S LU R T AR R TR A A R . DR Ak, BRI A T 2
AT 200 B 22 5 LU IR A/ MB 2 (L 11,6 719) |, Br VBT U 2 AR08 , i B )
KA A TRt SRR H AR LA R AR IUR LM R BOR G 2R R . F
YR B (14 ] 01 25 T RTE B — A B I B TR 6 )2, B UIRLER 2 o 76 By TR K
o IRA R IR EE AT INE , 225 IR 4 2 Az 6 2 (108 32 58 0 MR in , DT 52 e 5
FEYEIRFN R A= W s 784 o R , PP BR KA v ) P A ) A P e Fn A 7 g 2%
FORGE 73 )2 Bty WA T ™ A B R 1 284k (Lewis , 1996)

HRAEAE 48 PATC IR R ASINAS: (A At 50 S s, (VR B8 Y RN K FE MR IR )2
ISR AAAER) 45 R )2 ( parent thermocline) , T HAERJZ 1 ~2 m 4b, 258 MU R ALY H i
K2 (diurnal thermocline ) 8¢ f# XU B )2 ( breeze thermocline) (& 12 -=2) o AT FT 45

196




1.8 | mzERH |

RAEAF Lewis T 1996 4FHF T LI 35 N ZOR MR & 2 R 19 S, XA G 0 4E
it FH v A i Y P A B (A — i Hh ) R B v A O 28 X R BEIE
RO KU e 2 i e (PR AR ) AL I PR shad B o 4R, AU 2 IR /Y
PSS e n] RIPRU 22 NI ERZE Y, [R) I ad BE 4 75 F AT WP AR 0 7 1 R 2 B PR A A e
BORRIEZ EliZ N R SHIRIRRIE AR 2., 2, A0 XA IR 2 fF 5 TR 8
B RS SR IEUA I ERZ AR TR & B K AR AR B (UL 10. 11 55)

1.8 BEREMHK

TR R A8 A5 2 WA AU AN XU 25 P I J2= AT J2 22 T8 ) 4 22 5k DA B
WL SIS FEAE ISR o B AR 22 1 /N B3 Al 999 WO 1 o, DRt B A 7 A 7K
PRTHl 2 BOREAS E 20 )= o ARI ., 7l B 2K J2= ATV TROK I 2 (8], 3 8 T TH 4% 2 JE
BEUH R L REE (T 11 -8, ] 11 = 15) A I TARARE 73 JZ o 3 M BE Ui 19 352 o6 2 7 /N
T F KA _EIE 2 S R IR BRI o XAE S SO AE IR 22 ARSI A A I T AR BAR A
(K11 -16),

P AR B R AR 5 3 AU 20 SR I 2 3t B e v, T8 S F00 1 =
ZIRIAHR2E R o X AEIA B L) AR ER SR (s S8 ) slH AN S A
AR Canp i) (11 -16) .

10 T

&
& u
==
=
£ -
& .
= g A
> o
+ ™ L
|1 AT=z39 o
F=0.59; P<0.001
0.1 — ,
0.1 1 ] 100

e B/l
11— 15 ot 2 H AR BRI Al R 2 A e R A 385 P S WO =2 1] (9 G 2R [ AR WCREAR R ) 155 0
T, FASTEIA b 22 AT Y 22 WA A S BERIRERIZ o RBSIIF 9 XU EE R, DRI I R 2 o B (14 11—
16) o AR, BRIMCRRAN A A HA PR - DR VA TR, X 6 TR T 4% : (DK BHAR 5T s @AX T A7 X
16 (KT 250 5 DR LIE AN 05 5 D1 KU s 7K G R EE (P 11— 14) o ] (51 A Viner,1987)
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B | REABGEESEMAEKY
Fi ot T
5 10 15 10 15 10 15 10 15 10 1%
n ! 1 r 1 r | ! [I 1 i J 1 rI
|I | {
10 / If | 3
g 207 | g > il /
= | i ]
-E' 30_ ||II // I|I
|'Ilr / f l ,."Ill
s | manw CUTINE T | m [ sy
f | |
' |
so- !

BILE =16 55622 S ADBOKWIA 7 A 0 AR ) SR ERZ AR (51 F George Fl Jones,1987)

11.9 AELEEI

B HAET R 1k, Frihie AW R 2 R4 2 5 ISR & WA, # PR 42 1R 5 1TA (ho-
lomictic lakes) ; {H if A — SE 18 & A1) JiS A9 31301, FRATTFR =2 2 21 X5 3 #8110 ( meromictic
lakes) o JLT- BT A HYAS 58 4 TR 1) 0 S #8028 88 100 18 I g 1, 5 PR b £ 3 2 /K A I
JEIK Z R P A AR K 28 B 25 5, R LA XU A BRI s R i 3l . (B2 T A A58
ARG WA — MR R ROER R . A WY DUMR A AF A SR BB B2 (%A
IR Z,, =1 741 m;3 4 =5) AR TR R AT OWT) FE OK AT A= i

FRAR KA 1) by 2k ) S AR &I IS JE e i #5815, 1T HLZEZK 250 m
SbJEIR IS . S eI LR AR SRR ER BERR EEAR /N (VNT 20 pS/em) o (HJE7E
PIAN KR Z 8] R T 3 °C (9T 22 S5 BT O J 1) 8 B 25 5 EROK L 7 A B PE 25 i ok, 2
DA 453X ST 1 A 58 4R & 1 ( Piskaln 1 Johnson ,1991)

REFATERRGWNPORRIZAE LB TRAIEEL, AT LS ve 21 A K I Y TR
O3 X AHAG Lewis B3 2807 ZEREATAE . PRI, SO h7 4k R A& — 1> DL i) 2 PRy TR 5 AR
WA, R — A SE AR 0, T 56 [ 2 MR AR 4 R i i) ( SE R 41 2 ) 22— R
&8 JRTRIR A R WA (Brunskill A1 Ludlam,1969) .

ANGE ARG B [R5 BE IXCER A R RS . FRIROKIZZ 2R & M OAT e i IR EE
JE R0, Rk A 1R i Z (mixomolimnion ) 5 17 4 2 5 %5 B ARG 2 WPk A 7K s /2 (mon-
imolimnion ) ; 3X PN 2 Z [E] 9% 75 S~ 4k 7% |2 ( chemocline , halocline 5%, pycnocline , Bl /K 1R &
JEHBOKIZZM RS Z) X — 2R B AR AR

AEXS T8 AR -A IR, N R A58 2R G 8RR D, 1975 4, Walker FI Likens
HOBE A TERIR G W, AL 44 A CELEEF BUK A 1A ) L PURCA 33 A, HAb b X
A JER VFZ AL TR (Melack , 1978 ) FIEg % ( Burke 1 Burton, 1988 ) 14 2k 1Ly I i8]
WHITAXIEWIAE . A M 1935 4F L Findenegg 78 I A T4 RGEA TG, A2 2IRA
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| 110 | e mamr |

WA 2 i . W e EEARY SRR T HA S Z G, B2 N BRI 1)
ARG , HIC A BRI K TR AN AL AR 2 00 B TR AR A NS, 5340, 4 2810
B FIR A 2 RSB A A B W Re AR 1K 6 & Al B A & iy R AR A T Ak A
JZRTCER - A AR T AR T AR (UL 7. 4 351 22,10 19)

BN T A s B (A= sh) FXE SR 3 sh, TR T A & 2 835 .
ANZZ P SN BB IAE IR AE 1T LA FH SRAE 53 07 it A= 100 R £ ISR B sF T ) 22 Ak A0 40 1 gl 2
TEDUR) B W BRAR (R 14 -6 0L 20. 5 45) o DTSRG AREARC AT LLE i B AR TR
2L (CWFR M BOR) 3RA5 (] 14 - 6) o DU A REE SR AL T 000 S - AR i g il
SR, UURR ) LR B Bl RS 4 B AE R B 7R T M XA BB Ak, 1T A R 15 Y A DR 4 ) 43t T
NZEHEB B 28k S AR BB B 4 5515 o

11.10 AEEREHHTK

REBNBEARTE TR AW EA R AIRTREE (Z, 46 S KR 580 F- 1 B0
;507 -5) o fEdUSE, LT 374 IINREAS S 2R A W0 2,35 KF 0. 05 (B 5% ) , 1 58
SIREWIAN Z, %, 78 0. 001 247 (HI 0. 1% ) . HA1ER KM 5 AR S2 IR AW Z,
AR, SRS g SEZ S 0 — R, FAEXS IR 3. 6% o EAMUZH]
2 i 1Ly ORISR A R T L S 2l 5 R AT KR B 3 A AR B, DT ki XGRS T4 5 T T
AHHIE I, R 5 1A AT KOPAT, B2 2 58 2 TR A 10 (Northeote A1 Hall,
1983) . i F/NEUGRIRAL R SE TR AT, ANy BB I, e s s SR AL AR AR 2 i
HWASSUPRE, AL 24 — 2 A4 (0 7.4 55 /122,10 558122 -15),
b, WA 2 3 19 1L 00 P4 R R R R XU B8 e v, T EL B A /K R B sl <
RPN, K R 2RI AR (11 -17)

B -17  WEEBE R — AR R AT Ol ) (AR =0. 08 km®,
FRIK TR =58 m, HIXHEREE 0. 18, K LLI3TRER 200 m, ) (HEH- 1 G. Kling $2AUH )

199




BEESHES BRARKS |

ENE

W T 2T A HL o, S BOK AR BRI, I 475 KU 52 42 TR & 781
AT RSB AT IR AW . LR AR 537 s e ) R )2 PTRRZ b, AL
BURHRAA S BERG I, 38 BOR A 2 5 BERG I, A4 &5 7 AR TR e ko W A ot 7
oA HUTORS R B 1, DU R Y CaCO, FITTRAERY CaCO, FURIBE CO, (14 —4) B
) Ca(HCO; ), A A T RGN (WLERS 13 55) o i Z, W1 R B AR AR/ N B 25 5+
ST BN SE TR AW o B, N XA v 8 ( 56 [ 85 AR N ) B S0 0 43 J2 T
I, W BEAE [ I AR — 47 1 JR R A R A& (Fast 1 Tyler,1981) . R BH &, 9y 3L ik A2 F1 A=
Py b ER AL 2F o FER BE AL T TR A RS

Aoe 4R A 0 HE B AN 55 B ]

TERSEARA WG Bt A eh , 0 L2 TR 2 3 4 5 R VR 0 4 2 T 1 85 5 2 S
IR IBTHE I, 14 25 A 5 ISR 0 R RS B 3 LA 3R 2T B /S 5 4 R 14 1 e
Sy IR 56 4514 (endogenic meromixis ) =45 | A2 1 AR 58 4214 ( biogenic meromixis)
S 2B R 1R 52 218 & (morphogenic meromixis , B i WIS AL B0E 458 2y ) . B4
R (A5 AT  TSELIES 8 0 1 4 B 35 4 AT W0 S D ARG 24 O BRI L T
SO JR VRS 2 A 20— 432 o T VG 2 e ol 14, T 2 R DRI 7 T KL
FIR LA | SR IR A SR A ( Talling, 1969) . RIVE &1, ) FT [7) 437 2 ok Sh ir
AW ST F6 0 TR A F LU 75 4 4 209 1 TR K K 45 2 91 31 IR A i W) L2, 763X —
SRR S R 1R, AN ELER AR IR T o L, B4R SE TR A 1 DU R
S 1o B A AR R, 12% (19T 2K 45 215 50 B IR 5 ( Weiss, 1991) .

AR MA L — AT AR SRARES . TR A P53 R 6 3 1946 7 2Rk
/N (TR < 0.3 km® , B ACTREE 0.6 ~ 1. 2 k) 75 KUS B BT, 24 & ZR vk 6 b
5 BBV TR, IR, B KR A e IR A, WA 2T RS2 , T EL7E— L3
A RIS 2 B2 KA 2 (Salonen 45,1984 ; Molot 45,1992) . 3 RETE FL i Jo 7
AR AL, B IR 2 K B B R A RS AT T SRR 9 4 D 7
W (B, R 3Z =177 m, Z,,,, =370 m) 1 32 5B AR S50 L R 4, & FR IR
AEBI3 , LI5S — R R A RS . A DR LI IR A VR — A 100 ~ 150 m {0
AR IER L RMA K, CRES S ARA

TETE 419 2T L I R R A RS RE S A M I 2 2 K. RSt , B8 2R
TR A Z2AE B LA A2 AT, 150 2 58 XS B 22l (B K i A ) 3R B 34
TR A TR R PO, AN FL R R 2 T SR A TR T A I A A R
HEIR TR A JE A0 R I PR B 2 2 AR B B 0, U B A e e 1 Ak (o
CH, NH; Fe’* ) BURLE GBI 42 WK F UL B 4 TIR A R RE , A5 2
B ARIET T EURE ) — 7 T, TR R M 40 A A T 3 (0 B0, 1986 4, RN
PG 0 L1 1350 JE I 0 TR 4 K A o CO, 28R 9 K I B AR A5 1700 A3 000 3k 2
Rk 38 L TTAE TS (Kling, 1987 ) L 330 AN 58 418 & W s e 1 — 9 e, i S MRS R 119
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