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Shannor-w eaver Sim pson )
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1997 7 42 (2330 N —
29°30'N, 12230 N —130°30 E) ( \
2000, ,2000; Sun et al, 2000) 1
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Fig. 1 Survey area and phytoplankton sampling stations (A1 to M6 are the section stations)
« X , 1992)
( 37cm, 0. lmz; 270cm; 173ind/ ¢m,
76Hm) 1 ( 200m ,
200m 200m ) ,
2% « » « M Sournia, 1978)
12
Shannor Weaver (H")(Shannon et al, 1949):
H =- DPilogPi, Hue = logaS (1)
=1
, Pi i ,Pi= Ni/N;N; i ;N
;S
: H
(J)( Pielou, 1969): J= (2)

loga S
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s
Simpson (D )(Simpson, 1949): D = 1- ZP% (3)
ST
M argalef (dua)(Margalef, 1957): dy .= %Z (4)
1.3
(1996),
1.3.1 (U) U= { Uy, Ui, -y Uy} (5)
(V) V: { Vla VZ; ) V"Il (6)
riu ri ri3 rim
rol r»  Tr23 r2m
1.3.2 (R)  R=|. . (7)
I'nl 'n2 TI'n3 I nm
1.3.3 U (A) A 1 U ,
D=1, A A s A, A;
B; = AL"‘R(i: 1,2, ---,n) (8)
;Bi s Ai s - s M(/\: v)
T sukamoto ( , 1995), A
1.3.4 (B) B=A+R= (b1, b2 -\ bn) (9)
, bi B i
1.3.5 (C)
c b1 b2 b3 bn 0
= (c1, €2 €3 ) = S S S T S (10)
, Ci C i
1.3.6 , )
2
2.1
, , 95 473 ¢ 22 )
95. 4%, 3%,
( >5x10" /m’), : :
(1) —4) 2
, 2 S Shan-
nor- Weaver (H) (J) Simpson (D) Mar-

galef (dva)
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1 ( )
Tab.1 Different classes of phytoplankton in survey area (include varietate and formis)
(%)
24 246 58 15 52.0
64 216 16 7 45.7
2 5 0 0 1.1
3 4 1 0 0.8
2 2 0 0 0. 4
95 473 75 22 100. 0
2
Tab.2 The matrix of phytoplankton diversity index in survey area
S dyra H D J

A2 24 2.385 4. 090 0.075 0. 892
Al 61 5.309 3.922 0. 161 0. 661
A3 108 8. 260 4.612 0.222 0. 683
A4 20 2. 146 3.627 0.016 0. 839
A5 48 4. 662 4.178 0.118 0.748
A6 72 7.246 5.276 0.264 0. 85
A7 32 3.557 4.372 0.113 0. 874
A8 29 3.287 4.206 0. 090 0. 866
El 39 3.673 4.285 0. 092 0. 811
E2 34 3.351 4.474 0.125 0. 879
E3 25 2.562 3.755 0.076 0. 809
E4 37 3. 691 4.479 0.163 0. 860
E5 37 3.516 4.223 0.118 0. 811
E6 22 2.460 4.100 0. 058 0.919
E7 57 5.361 5.020 0.210 0. 861
F1 43 3.693 3.511 0. 287 0. 647
F2 28 2.899 3.968 0.133 0.825
F3 29 2.958 3.922 0. 090 0. 807
F5 34 3.529 4.429 0.121 0. 871
F6 30 3.008 4. 094 0. 098 0.834
F7 20 2.201 3.961 0.033 0.917
G2 32 3.037 4.076 0. 088 0.815
G3 36 3.012 3.386 0.289 0. 655
H1 32 3.033 3.731 0.182 0. 746
H2 46 3.875 3.916 0. 082 0. 709
H3 28 2.916 4.092 0.076 0. 851
H4 34 3.194 4.127 0. 068 0. 811
H5 36 3.627 4.312 0. 120 0.834
H6 30 2.899 3.590 0. 127 0.732
H7 33 3.407 4.196 0. 186 0.832
I1 45 4.370 4.519 0.143 0.823
K1 22 2.396 3.988 0. 067 0. 8%
K2 34 3.487 4.554 0. 149 0. 8%
K3 28 2.980 4.165 0. 138 0. 866
K4 43 3.738 3.631 0.174 0. 669
K5 32 3.377 4.338 0.133 0. 868
K6 22 2.384 3.863 0. 089 0. 866
M1 13 1.316 3.308 0. 025 0. 8%
M2 13 1.312 2.550 0.310 0. 689
M4 39 3.559 4.105 0. 122 0.777
M5 46 4.194 3.828 0.357 0. 693
M6 33 3.013 3.491 0. 197 0. 692
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2.2
2.2.1
Shannon-weaver 5 Shannon-
weaver ( 2 e ), ,
1—2.5, 3.5—4.5,
( Margalef,
1978), ,
, 3) 2 3
4)
3 (v
Tab.3 The phytoplankton diversity indexes evaluation set of different factors at different levels
I Il il v \%
s <15 15—24 25—34 35—44 245
dwa <15 1.5—1.9 2—2.49 2.5—4 >4
H <15 1.5—2.49 2.5—3.49 3.5—4.5 >4.5
D <0.03 0.03—0. 04 0. 05—0. 09 0.1—0.2 20.2
J < 0.68 0.68—0.73 0.74—0.79 0.80—0. 88 >0. 88
4
Tab.4 The g¢ation numbers according to phytoplankton diversity index evaluation set in survey area
I Il il v \%
U, 2 6 18 8 8
U, 2 0 6 27 7
Us 0 0 4 33 5
Us 2 1 13 19 7
Us 4 6 3 23 6
2 Uy Uy Uy Us  Us Sdw H D J
2.2.2 uv ( R) 4 F: U
F(V), , R= Ry
0.05 0.14 0.43 0.19 0.19
0.05 0.00 0.14 0.64 0.17
R= (000 0.00 0.10 0.78 0.12 (11)
0.05 0.02 0.31 0.45 0.17
0.10 0.14 0.07 0.55 0.14
2.2.3 (A) , Ui U2 Uz Us Us
s A1 Ay Az Ay As , Margalef
(1978) ; A=(0.1,0.1,0 40.
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2, 0. 2) , H S dMa

B M (A, V)
0.05 0.14 0.43 0.19 0.19
0.05 0.00 0.14 0.64 0.17
B=A = Ri=(0.1,0.1,0.4,0.2,0.2) = [0.00 0.00 0.10 0.78 0.12|(12)
0.05 0.02 0.31 0.45 0.17
0.10 0.14 0.07 0.55 0.14
= (0. 10, 0. 14, 0. 20, 0. 40, 0. 17)

, (A) B, R, . A
0.05 0.14 0.43 0.19 0.19
0.05 0.00 0.14 0.64 0.17
(x1, %2, %3 x4 x5) = |0.00 0.00 0.10 0.78 0.12 (13)
0.05 0.02 0.31 0.45 0.17
0.10 0.14 0.07 0.55 0.14
= (0. 10, 0. 14, 0. 20, 0. 40, 0. 17)

, Tsukamoto ( , 1995)
(%1, %2 %3, x4, v5)= X=(0.17,0.4,0.4,0.2,0.4), (13)
, (A): A= (0.108, 0. 255, 0.255,0. 127, 0. 255)
2.2.4 (B)

005 014 Q043 Q19 Q19
005 Q00 Q014 Q64 Q17
B=A - Ri= (0108,0 25,0 2550.127,0.255) - {000 Q00 Q10 Q78 Q12 (14)
005 Q02 Q31 045 Q17
010 014 Q07 Q5 Q14

= (0. 10, 0. 14, 0. 14, 0. 255,0. 17)
22.5 (C)
0.1 014 0.14 0255 0. 17}

C= | 0. 505 0.805 0. 805 0. 805 0.803| = (O 124.0.174,0.174,0.317,0.211) (15)
, : 0.317, 1997
2.3
(16) (17,
A gaom= (0.1,0.1,0. 27, 0. 26, 0.27) A dinoftageltie= (0. 29,

0.14,0.29,0.14,0. 14)
5 ,



451

Shannon-weaver

III Margalef, 1967, stage III),

) B

0.19 0.40 0.31 0.05 0.05
0.17 0.19 0.36 0.21 0. 07
Ragtom= [0.00 0.02 0.38 0.53 0.07
0.29 0.14 0.19 0.26 0. 12
0.10 0.14 0.07 0.55 0. 14
0.76 0.22 0.02 0.00 0.00
0.02 0.03 0.05 0.8% 0.02
R dinoflagellae = |0. 60 0.38 0.02 0.00 0.00
0.38 0.22 0.19 0.19 0.02
0.00 0.00 0.00 0.02 0.98

5

Tab.5 The results of planktonic diatoms and dinoflagellates fuzzy evaluations in survey area

(16)

(17)

0.24 0.13 0.25 0.25
0.29 0.28 0.14 0.14

0.13
0.15

2.4
T ravers( 1971) ,
(H") Heip (1974)
Robinson (11984) 58 7
H ] Valentin  ( 1991),

B

) dva J ( information content)

31 1997 7
3.2
3.3 ,

3.4 Shannon- Weaver s
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FUZZY EVALUATION ON THE MARINE PHYTOPLANKTON DIVERSITY
OF RYUKYU-GUNTO AND ITS ADJACENT WATERS

SUN Jun, LIU Dong-Yan, WEIHao, QIAN ShuBen
(Marine Life Science College, Ocean University of Qingdao, Qingdao, 266003)
“(Institute of Physical Oceanography, Ocecan University ¢ Qingdao, Qingdao, 266003)

Abstract Based on the phytoplankton diversity data from the China Japan joint investigation in subtropical
circulation w aters in summer 1997, and with the principle of Fuzzy M athematics, the fuzzy evaluation is given on
marine phytoplankton diversity around Ryukyu-gunto and its adjacent waters( 2330 N—29°30N, 1230 N —
130°30'E). Netzphy toplankton samples from 42 grid stations were analyzed. Phytoplankton diversity indexes
such as spedies abundance ( S) , Margalef spices richness ( dy,) , Shannor Weaver diversity index (H/ ), Simpson
diversity index ( D) and Pielou even index (J) are calculated and are taken as evaluation index. The phytoplank
ton diversity is determined by 5 grades: very low, low, normal, high and very high. The grade criteria to every e-
valuation index are given. T he evaluation set of different diversity indexes has established for phytoplankton di
versity fuzzy evaluation. The value of subordinate degree of evaluation indexes is determined for the stations. All
the values of subordinate degree are compased of a fuzzy relationship matrix R (5,5). The given weight make up
avector A (1,5) according to the importance and reliability of evaluation index. Shannon- Weaver diversity index
(H/) is chosen as the most important one. The fuzzy equation is calculated by Tsukamota method for validating
the given weight. A ccording to the maximum subordinate degree principle, the fuzzy evaluation set is calculated as
a fuzzy vector B= A R by M arithmetic operators. The result shows that the phytoplankton diversity is high in
the survey area. The same evaluation set is used for planktonic diatom and dinoflagellate fuzzy evaluation in the
same survey area. However, the result is lower than that of phytoplankton fuzzy evaluation. This shows that it is
not suitable to judge different phytoplankton groups by the same evaluation set. Although the Shannon Weaver
index is the best according to the discriminating methods, it should be connected with other information content”
base diversity indexes in fuzzy evaluation.

Key words Ryukyw gunto, Phytoplankton, Diversity index, Fuzzy evaluation



