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Baiyangdian Lake

LI Hua"?, SHEN Hongyan', LI Shuangjiang'®, LIANG Yazhuo', LU Chuanyu', ZHANG Lulu "**

1 College of Environmental Science and Technology, Hebei University of Science and Technology, Shijiazhuang 050000, China
2 The Biological Technology Laboratory for Pollution Control in Hebei Province, Shijiazhuang 050000, China

Abstract: According to the research finding for the limnology, in the whole lake ecosystem it should be including benthic
pathway and pelagic pathway, while the variation of nutrition conditions can significantly change the structure and function
of the bethic-pelagic coupling foodweb. In order to certain the effects of eutrophication on the benthic-pelagic coupling
foodweb in shallow lake ecosystem, Baiyangdian Lake as the study area. Field samping and ECOSIM with ECOPATH
(EwE) model method were applied in this study, the conceptual model for benthic-pelagic coupling foodweb in Baiyangdian
Lake was established, the effects of eutrophication on the benthic-pelagic coupling foodweb was monitored during the period
of 1982—2011. The research finding was: (1) the result for the filed sampling was showed that the nutrition condition for
Baiyangdian Lake was belonged to eutrophication from 1999 to 2011; (2) the result for the EWE model was showed that the
total biomass of Baiyangdian Lake was decreased for 66.38%, and the main energy pathway was changed from benthic

pathway to pelagic pathway; (3) through Pearson correlation analysis, the phytoplankton was showed significantly positive
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correlation with TN (r=0.67, P<0.01) and TP (r=0.37, P<0.05) while the periphyton and macrophyte were showed
significantly negative correlation with TN (r=0.77, P<0.01; r=0.67, P<0.01) and TP (r=0.54, P<0.01; r=0.36, P<
0.05) . Therefore, eutrophication is the main driving force for the change from benthic primary and secondary productivity to
pelagic primary and secondary productivity. Applying scientific method to evaluate the effects of eutrophication on the
pelagic-benthic coupling foodweb is very important, it also can help to provide technology and method to the lake ecosystem

management.

Key Words: Baiyangdian Lake; pelagic pathway; benthic pathway; eutrophication; ECOPATH with ECOSIM model
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Fig.1 Depiction of the Ecopath with Ecosim-Baiyangdian pelagic-benthic food web
SR FRIRIHIT14] , B2k 2 BE RU  1)

F EwE BB g H A S RO TR
2.2.4 VAR

WER EE KF 1, Fon B, 75 2SSO D280, BB ASE T 040, BT A DI E 4 1) B R0R A
EE #R0/NT 1, ABFIEUCEE T R He J s B A PRI 1982—2011 4E[E] 1Y EwE A1 8 T a5 BT
IRE4Lry B, P/B,Q/B (HAH E AL ( R 1 M3 2) AR TEAN ATy 118 225 HH OGSk

F1 1982 FHFEERNINEEA
Table 1 The functional groups for the model in Baiyangdian Lake in1982

e i e T R A
Compartments Biomass (B) _P“'d“"’““ty/ (,:"“S“mp“”“/ Trophic Level (TL) _ECO]O%IC&I
Biomass (P/B) Biomass ( Q/B) Efficiency (EE)
P02 Carnivorous fish 2.00 1.16 3.87 3.11 0.727
ZR B fa2% Omnivorous fish 6.40 1.24 7.82 2.62 0.843
AP0 Herbivorous fish 3.20 1.18 11.04 2.14 0.614
H A 2% Other fish 3.30 1.56 10.40 2.10 0.598
KA 54 Macrobenthos 29.35 1.65 12.48 2.07 0.616
/NRUEAR B4 Microbenthos 1.45 5.42 108.60 2.0 0.515
KIUFRF ) Macrozooplankton 5.37 20.00 400.00 2.0 0.656
INRIPE 514 Microzooplankton 0.50 72.10 1400.00 2.0 0.625
P Phytoplankton 6.01 112.0 — 1.0 0.678
JEAFI#EZE Periphyton 28.37 84.30 — 1.0 0.123
KAIGTK ALY Macrophyte 4325.00 1.25 — 1.0 0.547
48 Detritus 395.00 — — 1.0 0.313
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R2 2011 FRFREERMINRE
Table 2 The functional groups for the model in Baiyangdian Lake in 2011

4L e iF/i%% ?ﬁﬁ/&t*f%% %ﬁé& ié\iﬁ—
Compartments Biomass (B) Produ(:thIty/ (':()nsumptl()n/ Trophic w]:?col()glcal
biomass (P/B) biomass (Q/B) level (TL) efficiency (EE)

P2 Carnivorous fish 1.12 0.86 2.87 3.01 0.864
ZR P42 Omnivorous fish 9.40 0.97 7.26 2.48 0.821
A P02 Herbivorous fish 6.56 0.88 8.23 2.07 0.908
HAh 112 Other fish) 4.51 1.26 8.40 2.03 0.792
KA 5 Macrobenthos 11.14 1.82 14.59 2.07 0.915
JNEUEAR ZH4 Microbenthos 2.94 4.50 90.00 2.00 0.928
KHIPE W 514 Macrozooplankton 1.75 25.00 500.00 2.00 0.939
INRLPE I B4 Microzooplankton 0.89 65.00 1300.00 2.00 0.635
T7Ui7 2% Phytoplankion 32.00 59.97 — 1.00 0.102
JEM#E2 Periphyton 13.18 44.30 — 1.00 0.109
KAIGT/KHEH) Macrophyte 789.90 16.25 — 1.00 0.107
)8 Detritus 221.40 — — 1.00 0.082

225 ApE/AYE(P/B)

BRABRGNRRE H P/B YW EIET K (2) ™ BIET-H(2) PR A RIET- (M) i
WARBIFET % (F) M (Z =M+F) {#H Pauly’s 50 05 Bl M

Ln(M) == 0.0152 — 0.279In(La) + 0.6543In(K) + 0.463In(T) (2)

Hd La 1 K & von Bertalanffy N3 S50 T o0 AR R KR F W& 50 8dE, REM Z & P/
B BMGTHE . ] Pauly B30 A XA T A AR REMIN) HIRIET R (M) JFAHHE T RIET- % (2) I/
JARBIFE TR (F) AR LY fh 2 M H H =N P/B,
2.2.6 HFE/AEPIE(Q/B)

BB | AR A AR Y ) B THAER (Q) , B 45 /& DI REZH BR4FE XS H B B A4E ) 5 TR AR, X 2L 240
fii1% B Fishbase 3% (www.fishbase.org) .

3 MRERESH

3.1 FERES TP ORI TN 4R EEARE

PP TE D TP R TN AR REAS (LS ST 78 1982—2011 4R [A], 17 Ve 2B (TP ) e BE I (0.75£0.66)
mg/L, TP ¥ EETE F M 0.00—2.60mg/L (n=30), 1988 4ELLJ , BA (TN) ¥ B A (E 1 K T 2.0mg/L(SF2
{E:(11.21+8.64)mg/L;n=23;K2) . M 1999 4F TN TP FIM-4EEK a 5 FORSHEE AR =53, AR S
EEFOIRE . WA TN, TP HAEE A 16.31+7.33(n =20) , TN TP H(E AR AL IE K 4.95—26.76, M 2002
AF S| EEBFTE, TP FTN (R 20m) T R

7E 1982—2011 4E[H], (7 FEH TN TP Fofl =17 A 19 4, BB IR I me A KR R A /e ) 78
1989 .1990 ,1992—1994 . 1997 .1999—2001 1 2004 4EH[A] TN. TP HAERKAK(<17) , W AGEEEIER ., Hik
JUAFE SIS IR AR K TN TP HU(E RS &5 (>25) , RIABEE — 2 2 LR A7Rlii s e K
3.2 EPETES TP, TN, Chl a Z=35 1725k

FE 2005—2009 4F B IR R sl (KB 3), TP B MR EE fie R AE H BRAE R 2%, T 78 B/ K — 2 9] Fl Bk
R—EAN BT P T [ (1=8.346,P<0.01) (&1 3) ;17 TN #e B2 e AR 0 UAE L 2, 76 R —FK W) S PRt
R, TN WKETE 2005—2009 4] 52 F A2/ (18] 3) , iX M8 16 T R S R 28 h e E A ¢, B R Rk
BRI T e KR KT RS SRR AR R, MR a(Chl a) (EBH TSR A i b

http ; //www.ecologica.cn



6 S % 38 &

35.00
30.00
25.00
20.00
15.00
10.00

5.00

SRR E
Total nitrogen concentration/(mg/L)

30.00

25.00

20.00

15.00

10.00

5.00

TPk &
Total phosphorous concentration/(mg/L)

2 1982—2011 FERRRHE B FER TP 1 TN WETHE
Fig.2 Annual variations for TP and TN in Baiyangdian Lake during the study in 1982—2011

1, 78 2005—2009 4E[A] , Chl a ¥ BEE Bl 11.1—285.3pg/L, I 80 I8 FEA K (>25 1%5) , F X {H K (75.44 =
73.19) pe/L(n=35) (& 3c) ., BT, 455850 Chl a {65 TP {f(r=0.371,P<0.05,n=35) 23 3%
AEIEME TS5 TN {EAEZR (r=0.708,P<0.01 ,n=35) & W= MR M 2 M2 5
3.3 TP .TN S4:YTiRedi A bt

AT Pearson AHOCHESMTEE R W, B KA PR S ANEE S8 A1, HoR DR 22 /0 5 —Fh s SR 4 br ik 3 ARG
(F3), Hi REMEaIE KM SRS B STKAEY) 5 B IR e hn 2 UM COC R A Btk a2k
T HAbfZk NI NSRS TR R S TR PR R IE AR R, TRIFIE RS TN (r=
0.67,P<0.01) F1 TP (r=0.37,P<0.05) £ i 3 IEAH G, MBS AR A TUKAEY) S5 TN(r=0.77,P<0.01;r=0.67,
P<0.01) il TP (r=0.54,P<0.01;r=0.36,P<0.05) 5 & F AHC W E 58 FEH8 Ak WA (2 3) .

#*3 R2NEYEATEFIEIRZE A Pearson tHX RH

Table 3 Pearson’s correlation coefficients between the 12 compartments and nutrients

BAR JsX i BA psyi
ifed Total Total Y)Red Total Total
Comparments Nitrogen Phosphorous || Comparments Nitrogen Phosphorous

(TN) (TP) (TN) (TP)

W &P Carnivorous fish -0.738** -0.480*" KAVF7 )% Macrozooplankton -0.014 0.280
B 2% Omnivorous fish 0.392" 0.547 " JNELPEE 54 Microzooplankton 0.750 ** 0.484 "
2 B2 Herbivorous fish 0.487 " 0.142 VB Phytoplankton 0.667 " 0.367 "
HAbE Other fish 0.384" 0.5447* || JEMGEEZ Periphyton -0.769 ** -0.542%"
KAEEN Y Macrobenthos -0.718** -0.434" KESHL/KAE ) Macrophyte -0.671*" -0. 364~
/NEUERISIH) Microbenthos 0.597 ** 0.268 % JA Detritus -0.321 0.021

* 7E 0.05 7K PAHSCHE 2, * 7E 0.01 ACEAHSGM: Ik

http ; //www.ecologica.cn



6 4 AR AR R EIRA FPETE RA- TR AR £ 2 S5 A DI RE Y R 7

i

1.20

1.00

0.60 |

0.40

020

30.00
25.00
20.00
15.00

BEKE

Total nitrogen concentration/(mg/L) Total phosphorous concentration/(mg/L)
=

10.00
5.00

(==

300
250
200
150
100

50

-4 HKa

Chl a concentration/(mg/L)

o

2005-03-0
2005-05-0
2005-07-0
2005-09-0
2006-01-0
2006-03-0
2006-05-0
2006-07-0
2006-09-0
2007-01-0
2007-05-0
2007-07-0

2 2007-09-0
2008-05-0
2008-07-0
2008-09-0
2009-05-0
2009-07-0
2009-09-0

junf
v}

#

3 2005—2009 FHAE A ¥iE TP, TN #1 Chl a IETEN
Fig.3 Seasonal variations for TP, TN, and Chl a in Baiyangdian Lake during the study in 2005—2009

3.4 FAVEVE IR AR BE T 0BT

iz B HTEs S FW 1E 1990—1991 4E 1 2005—2006 4F 38 8 BT 5 (o {20 0.01) (& 4) iz it
[E] 75 B2 A 45 5 05 R A B2 & A2 TH 3% il 55 A AE W i 2 A 00, 12 T EwE BRI D)
FVETEAE S R G 1982 4F (1990 4F 1991 42005 4F-F1 2006 4 A HE T AE Ak , Ho A A9 A4 7= Fnii 3 ok 4 %
F IS REAEAF I B 1 A 25 B, AR AR A AH DG 25 SR 6T B B IR A PR VE TR IR A& 2 ) W i 45 44
Tifg k.,
3.4.1 REULPEAENT S AR 1L

EwE SRR RGN YT 2 EwE BRI TR AR e A S R SRR (B 5) . BEAR
PSRBT FEAVEIE S RGOk A B BB 52K AR RAE 7= (ALFE TR 2 R S5 2R ATk
HEY)) B RETR IR A5 H 28, X RN 78 ARV T S B e Al & S AR Y R IE SR . B8 I ORI R
TFiE2s ISR R AL TR A ), ik 46 1) g 20 T3 ik BE it o 2 SV RE TR Y 85.95%—97.84% (K1 5) . 7EH
PEVE T, IHAEA BB R S R 0R 3,11, ARYE Odum ™ 45 X35 FRGA NG | S Wl 1 B b, w26 4 ml R A
T LR, AE R VERR S AR AL R D SR S R T IR | SIS B2 R AR ) R A T, A
TEVEREE A Yyt 5 HA A LE AR5 25 (299.9—464.61/km? ) 5 LA T V88 T E B0 , A REFEAT %
Jg LS R A A (0] R TR

F 4G T ETETE EwE BIEITE 1982 4F 1990 4E 1991 4F 2005 4EF1 2006 4EFHU G193 T B AE B RS S
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TS W L B B
Rescaled distance cluster combine
Ay fina=2 0 5 10 15 20 25
Year Number ' ! ! ! ! !
1993 12
1994 13 :| |
1995 14
1996 15
1997 16 J
1991 10 ]7
1992 11
2002 21
2003 22 :|
2004 23
2005 24 :l
1998 17 :I—
1999 18
2000 19 :I—
2001 20
1987 6 :l—
1988 7
1989 8 :I—
1990 9
1982 1 ]7
1983 2
1985 4 :|_
1986 5
1984 3 —
2010 29 :|—
2011 30
2009 28 e
2007 26 :|—
2008 27
2006 25 —_

B4 1982—2011 FREFIRESTER
Fig.4 The results of chronological clustering analysis during the period of 1982—2011

B(F ), 16 1982 4F FHISRNA FPETEE S R AN B G5 (TPP) SAIH A 7=/ JIFE ( TPP/TR ) Fll
SRR R B AR (TPP/TB) e A Yt/ R4 0k 725 (TB/TST) e AW (TB) EHA8E(CI)
N Finn" 7 PEAE L (FCT) AXTH i ARS8 R G 2 B R LA B i e okt R I R Ve AR S R A T AR X

M 1982—2006 4, TB i/ #a% H R 0 ik 66.38% ; N 1982—2005 4, NPP Al TST #45 | T4
O HTE 2006 45 B TR, TG40 0 35.84%F1 35.71% , iz B4 Al g5 2006 4 KA UL ) A= ) it
SRITRHESE(ES),

7E 1990—1991 4E[H] ,NPP 'TPP / TR 1 TPP / TB AY{H = T 1982 4,1 TB /TST ' TB ,CI F1 FCI RY{EAL T
1982 4F X R FVEVEA B RG] RBI Z 2572 | I TE AR R R G AR A i ) ke S B B

1E 2005—2006 4*,NPP . TPP/TR 1 TPP/TB MJ{E & T 1991 4, ifiif TB/TT,TB,CI 1 FCI FI{E AL T 1991
AR X RIA RS RE W REIAL T R BB EL, M 2005—2006 45, FIPETE G AE 25 R GORIUN K R By B 1)
AR B, X T RES RIS TR — B IS0 T — RV A AR TR A4S S, A0 SR K T A DL S A
b A R R B

TR RS CL MEEAR (TP) B3 K 5 (MLP) (FCL 1 Finn V-3 8842 K B (FMPL) () i 1]
AT G FIETEAE R RGN (0 A 25 3R 50 3B 0 IR S5 44 7 Tk 55 , 1 4 . DA 1982—2005 4,

http ; //www.ecologica.cn



6

Hip

%’{

s

s E SR PRI S B M2

+:
=

F R BERY

M

FCI fE M 6.88 R[] 0.94 ,{H7E 2006 4E0& A a0,

E 34k Tophic level

E 34k Tophic level

E 4% Tophic level

- — it — — WATH
- Bz | - E#% — Huk = IR
3| po1o 0.9 2006515
0=34
g | o
=| B=113 [—* 0 418
- —+ 97 0 0 10.6 I
5| P=98 o 'I' ’r T ‘I‘ T -I- 4?|_4 548.1 239.8
To-sho ) KARHRHY _ l
WO O ERR | D P R Pr . R e
- £ B=ss 308| B=54 | 1385 P=208 © | B=26 2046.6| B=54 B=09
as| P4 P=538 17740 p=91 P=1134 | 8402| P=469
I 0=457 | Q 0=2700.0 ©=11089
H—— =
_IIF: Ew‘%%@ I 16057 11
LT i S~
L I L A ATAR
L | B=2939 L| 5-264 =143 [+ B=13960
15099.4 . —+ 1188.6 4327
0
LR e
- Flemefy 20054
18 | P=11 fog
0=35
L ekt
B=118 —»0
571 po
P=114 —+19.2 0 92 0 T43_s 160 l640.6 2392
3
0-856 1 T f 0 AR EHTH] T T T
O ﬁ;_ﬂ;%% Spfzk | | o B=143 L S g rr Clhamrua)
o 302| poay | 09| BZ37 | 110 14g4) P=260 | 1694| B=25 23663( B=63 8219 B=08
- S P=113 p=1578 P=548
Q=436 0= 0=10959
224489 11
| 1l
KELAH
Ll TR L, MR B=1547.0
L B=3120 [ B=1253 B=146
231345 13623 3733
TI=110
19914
0 [
T | T 11
24 lep:qixitd
~ | B=16 1
P=14
0
TQ =47 ’F
Fakfa R
684
_ —t+174 0
saof] B2 50 0 0 149 T -I- 357 315 1986
P=127 _I_ f T _I_ o .I. _I_
— = |kt
O=Fi3 | sfeman weax |1 e 1o A KT TR MR
L B=29 B=67 o p=371 1 B=16 18600| B=124 — B=07
— P-26 £l rp=8s P=86 P=1240 cans| P=455
167 36.7| — i
Q=241 0 =564 rQ=296.7 =1710 0 = 2480.0 0=9100
| 41812 |
N
| =uF i Tt
) T 1
' } e . KAIAHY
wH e
L B-ssts | T B=122 [+ B-206 [T B=3452.0
61128 14469 15194
TI=110

http ; //www.ecologica.cn




10

38 %

E 34k Tophic level

B FE4% Tophic level

Y iy g5 S MER TL SIRE—2K,

Consumption, HiEFER Nt km™? a”

11 0
11
£ wiiak
Il s 19904
P=14
f [o=2s |

o
141 | T T7°»4 352 4985 1956
£ kAEmHH T
2062|  p=23g T Amicsiy | T | kmmaEs | o ARTERSY
P=382 1267 B=16 17443 p-116 6720| B=06
P=84 P=1163 P=4438
0=244 0=533 0=3055 — o=1689 | 0=123260 TQ:sss.o
| 4987 11
i n t?
1
I ] L. T JERRRR KAIUKAE
B=4568 — B=115 B=215 B=3549.0
.—‘
—H 62497 13652 15827
° 22
[of: 3 ES 19824¢:
B=20
P=23
=77 9]« T 13
ikt
L] B-64 0 919
P=19 0 85 89 0 354 4663
32.1 T _I_ _I_ T s T T _I_ 1535
0=50.1 | KA . -
Fafeifadk Hpsak | B-204 IR ERE | AR AR
B=32 B=33 . - B=1s 1610’] B=54 5240 | p—os
s | P38 ekl P51 Lss| P=79 | p=1073 P=360
0=353 0=343 0=3663 0=1580 0=21468  Q=7000
1
28087 ! 2449.0 1.1
+ f T | I i
i
 — i =ua
we M 2 2 SRR psiitieieiic]
B=395.0 B=60 B=284 20974 B=43250
—+ —t
2167
TI=110
Bl 5 1982 ££,1990 ££,1991 ££,2005 ££ 70 2006 &£ B ¥R EFY R ERER

Fig.5 Energy flow in tropic level in Baiyangdian Lake in 1982, 1990, 1991, 2005, and 2006 years
FAEREAR S AR AT B LB, B AR, Biomass; P A = i, Productivity; Q SAH 9% &,
TRBIHY 5 18] 5 38 s AL Y ST 0 1 3R P AT ) 1 2

1

o

ik R e — L R

R4 1982 £,1990 ££,1991 ££,2005 £70 2006 ERETESEH ST
Table 4 The main statistics parameter in the 1982,1990,1991.2005.2006 years

SR ) KIEHB  BRETB
= - X 1982 1990 1991 2005 2006 Development Mature
Parameter ( Unit or abbrevation)
stage stage
THFE SN
e . . o 3498.50 3856.51 4026.21 4865.21 4418.00 — —
Sum of consumption (SC) / (tkm™ a™")
i L RN
ﬁm P 3809.84 6250.83 6113.90  23135.58 15100.55 — —
Sum of export (SE) / (tkm™ a™")
PP A BRI A
FIGRARERE, Y 2579.91  2853.61  2980.70  3618.07  3323.08 - -
Sum of respiration flow (SRF) / (t km™ a™")
BT e A
PR B RE Rt 5541.17 8082.75 8020.08 25396.66 17143.61 — —

Sum of detritus flow (SFD) / (tkm™2a™")
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RIEGTE AR B
1982 1990 1991 2005 2006 Development Mature

stage stage

SRCPAHAHE )

Parameter ( Unit or abbrevation)

ARG MR

Total system production (TST ) / (t km 2 a™!)
CE=Xil

Sum of production (SP) / (t km™ a™")
EH T ERR

Mean trophic level for consumers ( MTLC)
HRI A

Net primary production (NPP) / (t km™ a™')
SR AT /I

Total primary production/ Total respiration (TPP/TR)
BV RGE

Net system productivity (NSP) / (t km™2 a™!)
PRI i - VYA LY =

15429.40 21043.70 21140.88 57015.52 39985.24 — —

8689.85 8871.63 8808.36  27575.98 17728.20 — —

2.41 2.43 2.45 2.37 2.32 — —

8470.96 8568.04 8640.10  27301.88  17516.88 [ %

1.28 2.03 2.88 7.55 5.27 =lor =1 =1

5891.05 5786.42 5587.40  23683.81 14193.80 — —

1.92 2.37 2.42 16.70 11.81 =
Total primary productivity/Total Biomass ( TPP/TB) " fie
BAEYR .
J,E ) 4410.95 3643.98 3548.19 1634.79 1482.73 1% =
Total Biomass (TB) / (t/km?*)
M
s Y 1.13 1.13 1.13 1.13 1.13 - -
Total Consumption (TC) / (t km™ a™")
HEERRE .
0.2 0.28 0.28 0.27 0.27 =
Connection index (CI) ? fic =
B uprie
f\/ﬁ*ﬁ}éﬁ ) 0.03 0.03 0.03 0.04 0.04 - -
System omnivorous index ( SOI)
S
B 66.00 63.00 61.00 60.00 58.00 — —
Total pathway (TP)
B R K
2.97 2.91 2.87 2.83 2.80 — —
Mean length for the pathway ( MLP)
Finn RYPRER R 4L
N 6.88 2.37 2.4 0.94 1.22 0—0.1 0.5
Finn cycle index FCI (% B Er=1) ? ? g
. 4 A2 I
Finn #3982 £ 16.03 2.31 2.33 2.13 2.17 - -

Finn mean length for the pathway (FMPL)

3.42 TP TN 54YThiedd A= i [m1E 53 Hr

Wi Z ool =538, 12 ATIRELLS TN TP (14 [o AR A 1 0 R 8 s (R 5) . Hp b
KEVEARSIY /NS NSRS T2 RS R UOKAE Y 5 FPETE S TN TP U4
LRPERRY i s e e Je ek b s KBRS Y MRS S A TN TP 814 AR LR R R
BT RS SRRE S ARSI SR A Y R 2 RIS R, IR EE S R A [
JrRE R, VR A e A5 B TN TP ¥ B2 A8 I i 386, i SIS A 35 28 A= i 22 R TN TP (4388 Jin i 9/ , 3
SEE T TN TP BNV Ui o 28 A i 34, 28 10 0k 20 3810 38 K 1R G 3508 1) s BB B R0 JES A o 2 1) 2 K 2 BB R
B2 FE—E R AR A TN TP (A e T3 45 T BE 4l AR
343 EEBCER(EE)

18 1982—2011 4E (8], FVEVEA S R G YA SRR (EE) FAAEAR R 2E 5 (3R 6) , Hoh KR /3K 9% EE 4R
el 1, X RINE S E R RAL B TP R, A 1982 4] 2006 4, PRIFHE IS A EE M 0.678 T R3] 0.100, X
AR ER TP W 2 B TR0 T, X AT e 5 & & T bt O i s 2 R R & b R i sh i & ) T
R, — 7T, & B RS RIS 2 A Wy, BT e Rl ok b T (8 KR v e 2 AR T
WU TS | 1E 1991 4EFEE A= M)t w5 ik 464.6v/km> (8 5) o B —J5 1, FEWIAA S R G i i 4 4
FEA: S A Yy D e A AR AR AEA IR 58 b (AR B = ) | PRIFSER Y EE BT BB S5 P Re A 40 #r bR
A —E SRR AN A AR A B A e w1 8%—30% , XA i TiE— T
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Table 5 Multiple regression analysis between the 12 compartments and nutrients in Baiyangdian Lake

Uit 5] = 77 AR B
Comparments Regression equation Correlation Significancy
AP f.26 Carnivorous fish y=1.966-0.032x,-0.146x, R?>=0.974 0.013
FA P2 Omnivorous fish y=6.219+36.392x,-0.072x7 -38.062x, > +1.887x, x, R*=1.000 0.000
Z P02 Herbivorous fish y=3.212-2.547x,+0.01443 +3.113x,2-0.211 x,x, R*=1.000 0.000
HAh 2 Other fish y=3.2211+15.881x,-0.031 x}-16.509 x,%+0.810x,x, R*=1.000 0.000
KRB B4 Macrobenthos ¥=29.030-0.666x, ~2.219.x, R*=0.996 0.004
/NEVEEAR B4 Microbenthos y=1.366+0.059x, -0.043x, R?=0.980 0.020
KALIE ) Macrozooplankton y=5.193+35.110x,-0.076x7-36.391x, % +1. 075x,x, R*=1.000 0.000
INELTEE B4 Microzooplankton y=0.511+0.014x, +0.066x, R2=0.992 0.008
PEUEIEZE Phytoplankton y=5.665+0.939x, +1.505x, R?=1.000 0.000
JEMG#EZ Periphyton y=27.193-0.509x, —3.602x, R*=0. 955 0.045
KBS Macrophyte y=4381.738—135.658x, —202.432x, R*=0.999 0.001
T8 Detritus y=393.031+398.492x, - 1.243x2 ~436.697x,2+23.913x, x, R?=1.000 0.000

x;: TN B, Total NitrogenTN ;x, : TP B Total Phosphorous

®6 BFESREAESUENEEN

Table 6 The temporal variation forecotrophic efficiencies of each compartments in Baiyangdian Lake

H: 5K Population ecotrophic efficiencies 1982 1990 1991 2005 2006
P 2% Carnivorous fish 0.727 0.876 0.863 0.864 0.834
A M 2S Omnivorous fish 0.843 0.943 0.927 0.821 0.801
ZR P A02 Herbivorous fish 0.614 0.934 0.911 0.908 0.878
HAh#2E Other fish 0.598 0.570 0.562 0.792 0.742
KA Macrobenthos 0.616 0.756 0.741 0.915 0.905
/N B4 Microbenthos 0.515 0.826 0.809 0.928 0.918
KIUTEFBNY) Macrozooplankton 0.656 0.714 0.703 0.939 0.929
/NP3 Microzooplankton 0.625 0.635 0.625 0.635 0.615
U325 Phytoplankton 0.678 0.373 0.358 0.102 0.100
JIEWIBEZE Periphyton 0.123 0.219 0.246 0.269 0.319
KEIGLK ML) Macrophyte 0.547 0.131 0.106 0.107 0.070
48 Detritus 0.313 0.227 0.245 0.089 0.119

FEEWRIE (PRSI RS TR TSRS R B2 ORI TK AR ) FE i ) T Ui 30 4 RN ECAG 3l
HA B EE (8, HRE 5 U 8l A% 19 2058 50 78 SR 40 (H VR U RN 8 1Y R 2 i X LA B3k o s 78 R e b (3R
6), HIE HRAES RGP ASHCREATTREM L 0.5, FEHFET, HEhakERmNles (MY
%) IEBEPTA B T EE (ETh R, PRLIE B o] UG s A dE AR S R AT REE A AR . M 1982—
2006 4F , PR S E IR 9053 1 3.11 .3.08 .3.06 .3.03 F1 3.01, 763X —+ JLAE N B F 90 5 Rt ixn]
e 5 & BRI ) A W 2 FE I O I H SR as f ks TN R RN 254 —Ak

P T U A P K R ARSI, A AR R AR R 42 A e ARG A58 w8, T 1A B e e £ e e e 5 A
B R I 2B R K FTUK HIAS AR A &R IR, U /N M E R &R IEIE AT — &3R5, 284K
FIGTKAE 40 R 15 VR, A i i i B e PG P A AR S R sl TR ZE WIS

4 it

BT AP WA & B ORE SRR M T R E EwE B BT 1982—2011 4R I IE AR S R SE
AIES A DIREAEAL , 38 FIAHSC AT AN R J0 47 753 WA 17 6 78 SR A X 3 P D TR - 02 00 S 5 0 I 9 2
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FEEIBNT .

(1) M 1999 FFEZ 5 FHFETE — HAL T8 B AR UTHOZAE 1999—2001 4F[H] & & F LG L™ 5, X 5
20 tH4d 80 ARARLAN , A BE Tk Tl ARl Fl7K 7™ 57 5 17 2l ) sk & JR S SR b AMIR A 5 10 5T (A 1801 o5
P8 WA FHEVEA C52002 FHFETER TVE S| A BEK , (145 FHVPERE TN TP ¥ B2 sl T [, S Bl & i N A=
PERARIE RIEHEBOG Y, TN TP X2 EFH##E (HAE 2009 4ELUS TN TP R EE PR 230 R34,

(2) EwE FERIREIZE T B M 1982—2006 4E , 7 1982 4F FAVETE A 28 R G AL TAH A sl | s i T3
FRAA AP TE AR S R G SCIR S 1] & FE I B s M 2005—2006 45, F I IE 1Y A= 28 R GERBE N & B
B ) LA B s I TR AR AR R A IR VE A S R GE Y A 0, HAE 28 R 48 BB 04 AR G5 44 Tk 553

(3) iz Pearson FHIC/M 45 SRE M IR 5 TN (r=0.67,P<0.01) F1 TP (r=0.37,P<0.05) & i & 1F
AHSE MRS AR A UK Y 5 TN (r=0.77,P<0.01;r=0.67,P<0.01) F1 TP (r=0.54,P<0.01;r=0.36, P<
0.05) W EFEAAIC, B, & B IR P TE NI ZOR R G AR 7 07 1) I W 0 SRR G 2k 7 0 3 728 1) 32 42
LieSIpAN
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