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a(O)()Q;g—l)(k)) = )Z%f‘—l)(k) (11) 4.76mg/L, = 5.54mg/L (
a(m—l)(xi(?m—l)(k)) _ a(m—z)(x§g—1)(k))_ ) Smg/L, NH4-N
. (12) (=0.5mg/L) ,
a™2 (X ™Dk —1y)
7 TN 1251  1.388mg/L,
(=1.0mg/L) (=1.5mg/L) , TP
(X)), 0.07 0.111mg/L (=0.05mg/L)
Xz (k) =a™ (X TV (k)X (13) (=0.1mg/L),
2
2.1 ,
1,
, 10.63 2.2
10.47mg/L( 1), 7.5mg/L [ 0.7076—0.8356
(GB3838-2002)], = (2, , WD pH
Fz1 FEHKRENER
Tab.l1 Water quality of Xihu Lake
SD(m) 70.2 38 105 64.8 35 100
WD( ) 4.4 2 8 4.9 3 7
WT( ) 28.3 20.5 34.2 28.2 20.5 34.1
DO(mg/L) 10.63 476 13.35 10.47 5.54 14.49
pH 8.94 6.79 10.71 9.01 6.93 10.80
NH;-N(mg/L) 0.191 0 1.145 0.200 0 0.750
NO;-N(mg/L) 1.084 0 4.08 1.224 0.075 3.150
NO,-N(mg/L) 0.0001 0 0.0024 0.001 0 0.024
PO4-P(mg/L) 0.013 0.001 0.039 0.015 0.001 0.039
TP(mg/L) 0.070 0.007 0.199 0.111 0.01 0.285
TN(mg/L) 1.251 0.125 4215 1.388 0.230 3.390
n/p 11.9 0 31.3 11.9 0 333
N/P 38.2 2.1 151.5 30.1 0.9 138.4
ZP(ind/L) 12229 680 27700 14727 418 45600
PP(10%ind/L) 2116.18 287.28 10527 2543.65 490.32 16247
DO WT SD TN NOs-N N/P TP XL (K)=0.0157Z3 (k)  0.5639 X3(k) 0.1454 X3 (k)
np POP NH:N NO-N; 0.3763 X2(k) +1.5883 X2(k)  1.3546 X2(K)
0.7176—0.8315 ( 2), WD WT —
0.3173 X5 (k) (14)
DO SD pH TN NOs;-N TP N/P n/p . -, _, _,
POP NO,N NH.N, ’ Xig(k)=0.0347Z7(k) 0.6339X5(k) 03773 X5 (k)
pH ( ) TNC ) 0.7413 X3 (k)  0.6368 XZ(k) 0.4597 X2 (k)
0.3695 X2 (k) (15)
2.3 GM(, N) , X ; ZX(k) =
Sb- WD WT DO pH 0.5(XZ ()+X2(k-D); X i
’ ( ) j =12, .7,
™NC ), 3 SD WD WT DO pH (
GM(L, N) ) IN( ) GM 1
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*2 APFHEDESESEFVELXKERXEKF
Tab.2 Relation degree and orders between original valued phytoplankton and ecology factors in Xihu Lake
SD 0.8320 5 0.8278 4
WD 0.8356 1 0.8315 1
WT 0.8327 4 0.8302 2
DO 0.8328 3 0.8297 3
pH 0.8330 2 0.8258 5
NH4-N 0.7245 13 0.7176 14
NO;-N 0.7960 8 0.8189 7
NO>-N 0.7076 14 0.7177 13
PO,-P 0.7276 12 0.7351 12
TP 0.7767 10 0.7995 9
TN 0.7965 7 0.8217 6
n/p 0.7543 11 0.7488 11
N/T 0.7823 9 0.7867 10
zpP 0.8031 6 0.8117 8
*3 EBRHMEHRESKME
Tab.2 The model parameters of Maolihu Lake and Xihu Lake
a bz b3 b4 bS bh b7
0.0157 0.5639 0.1454 0.3763 1.5883 1.3546 0.3173
0.0347 0.6339 0.3773 0.7413 0.6368 0.4597 0.3695
6 LI B B B I I N B B B B I N B B B B B N B B B B B B B B B N B B B B 3
o
3 3.1
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H:tleﬂ/ﬁ56785678567856785678 . .
2004ﬂz 200535 200635 20074 20084F (fOOd web manlpulatlon) (Gophen, 1990)
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6 LI B B B I I N B B B B I N B B B B B N B B B B B B B B B N B B B B
et al, 2002)
7, 5f —e— BRIE 1
B —o— SENE
’b b
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1]
S
m )
8
#h
(Xie et al, 2001)
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Fig.1 Comparison of observed and calculated values of phyto-
plankton biomass in Maolihu Lake (upper) and Xihu Lake (lower)
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ENERGY-EFFICIENT FISHERY AND GREY-MODELING OF ECOLOGICAL FACTORS
WITH PHYTOPLANKTON DENSITY IN XIHU LAKE, HUNAN

YANG Pin-Hong"*?,  WANG Zhi-Tao"*, XU Li-Ming’

(1. College of Life Science, Hunan University of Arts and Science, Changde, 415000; 2. Hunan Province Marine Products Engineering
Technique Research Center, Changde, 415000; 3. Dahu Aquaculture Co., Ltd., Changde, 415000; 4. Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan, 430072)

Abstract Energy-efficient fishery, which is aimed at protecting water ecology for the best use of fishery resource, is a
branch of energy-cybernetics or energy-biomanipulation technology. In energy-efficient fishery, N and P contents can be
manipulated, to meet the breeding equipments of phytoplankton, expand the base of the "bio-pyramid", and increase the
plankton’s density substantially. We applied grey models {GM(I, N)} to study the relation between ecological factors and
phytoplankton density in the Xihu Lake (29°29'—29°17'N, 111°52'—112°00'E) in Jinshi City of Hunan Province in en-
ergy-efficient fishery manner. Fourteen ecological parameters of water environment were selected in the modeling, such as,
water transparency, water depth, water temperature, dissolved oxygen, pH, ammonium nitrogen etc. Samples were col-
lected bimonthly between May and August from 2004 to 2008. The results indicate that six factors influence phytoplankton
density mostly, in descending order of importance: water depth, pH, dissolved oxygen, water temperature, etc. A grey rela-
tive model {GM (1, N)} was established to describe the relationships between the density of phytoplankton and each top
six important parameters. The modeled values coincide with the measured values, indicating that this grey model is appli-
cable for the estimation on phytoplankton biomass. The results show that phosphorus in Xihu Lake was no longer the lim-
iting nutritional factor and the ratio of N/P had been turned to a good point under the regime of energy-efficient fishery.
Key words Grey model {GM(1, N)}, Grey relation, Ecological factor, Phytoplankton density, Xihu Lake in
Hunan, Energy-efficient fishery



