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Preliminary Study on Phytoplanktonic Index of Biotic Integrity ( P-IBI )

Assessment forLake Ecosystem Health——A Case of Taihu Lake in Winter, 2012
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Abstract; A preliminary phytoplanktonic index of biotic integrity ( P-IBI) was developed to evaluate the ecosystem health of
Taihu Lake in winter by means of the data that were collected from 29 sites in Taihu Lake and 4 sites in similar lakes or
reservoirs in December 2012. The method of the least disturbed condition was used to find the reference sites. Fifty-one
metrics were examined stepwise in the distribution analysis, discriminating power analysis, and redundancy analysis to
obtain the core metrics. The final P-IBI included the total taxa number, Bacillariophyta taxa number (%), the Simpson
diversity index of cells, cell density, Bacillariophyta cell density (%), and Chlorophyta individual density (% ). These

metrics were transformed into uniform scores using the ratio score method, and a P-IBI value was obtained by summing up
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the scores. According to the P-IBI assessment, 8 reference sites included 1 healthy site, and the rest were subhealthy; 2 of
25 impaired sites were subhealthy, while 9 were good-to-fair, 12 were fair, and the other 2 sites were poor. East Taihu Lake
was best in terms of the health condition in the entire Taihu Lake, while the central region was the worst. The health
conditions in other regions ( Zhushan Lake, Gong Lake, eastern lakeshore, and western lakeshore) were intermediate,
meaning relatively poor conditions. Our results suggest that ammonia nitrogen and total phosphorus are the major factors that

correlate significantly with the P-IBI score for Taihu Lake in winter.

Key Words: phytoplankton, index of biotic integrity, Taihu Lake, ecosysytem health assessment

H W5 FE 4 ( Index of Biotic Integrity,IBIH‘E i e Karr 76 1981 4R3I DL AR i 52 % 42 %)
IR FEIT R S RS X — PR AR R 0 TR AR Zh A R A A PR A R R R K A
AR AR ZERET T IBL AR ECE T K AR AR ) A U A 1 RSO, B 5 A8 S e b ) 4 Pt 7 3
TR 223 RTINS

TRIFAEY) KR S RGN WE 7 IS BHSY W LR YRS SO A S R gk, AT il
*E%i%%iﬁé‘ﬁ%gﬁ( Phytoplanktonic Index of Biotic Integrity, P—IBI)H?ﬁI\ﬂ(ﬁE?&@J% AT B8 A R E
Li &5 R K I ST A PRI R RV R A 2 R I R R A R SRR A 4 AN 2ONEE 16 4
S EAHE P-1BI FF X5 7K AL S ORBLHEAT IV, 45 AR B K I WU | s P-IBL 45 8B 508, P-1BI 7] L)
B () S R K HUURHAT 38 K A 25 A S0 5 Johnson 25 PVBIFSE 26 WA | HoA 2 () P-TBI 8 EUGRE 5 19 5 352 A4
2 AU Kane 51 I 1970 451 1996 4RIt A 0 VA 5000 , 358 T 13 /A% 16 2 30K 77 00 2 9 o
REVEFEEL, IR LT B A W K A SRR DL S PR 45 R s - BERIIIAN 1970 22 19 20 Kk A 254 e
ARBCBWALLF e 19 228 90 AEAURIHTF IR B A8 22, PEAr 4 2R S K I8 32 K284k — B, (B H Ay N oh
T Z2 A2 R HT IBL PEH T A3 Tt 36 T K K AR X 3 | I8 3 S5 ik K A R )2 8 3R A K KA i F 5
B

ARBFFEIET IBLARFEVPO A9 A BUR , LA 2012 AF2 Z KW 1], A KA B A iy e v A B AT K T
PR TR0 40 6 P P 0 TR ST A BE B8, BF 9T P-IBI 35 BUPE & 8 FR AL A K A b i Al 2 O 325 | 3R AR
RBSHAIIA RPN R RCR , DA 17K Az 25 (R DT | A8 B A A 548 S 3P A i Bt HOR SR A dls
S

1 R AE

1.1 AT IR SR s A 15

TR 5 IR A, A T = A N R B A B b 3K s R 2338km? , S 7K R 1.9m, i
FIKER 2.6m" " JE—AN B R K AR KT, Zead 2> 2t a0 A TS | R 328 T DA — > 08 73 AR 5 7
i H TR IR K AR K R B SR T DX R R R T

ARFFET 2012 4F 12 H , % B X 20 A Bof s 5500, X6 SR i) B[] — M BE IX ) 30128 fa Bk B0 T 25 2D
KGO P (PRI R BT A A PR LK ) 43 AR B T 29 AN 4 A SRFE sUAL, TF R /K BT S PR i Al
YriE A W
1.2 FEACRSE b

I RATKAE  ACARAEIFA 28 5 vh KRS BEOK RN AR WS I 53 B 7 15 ) 7 48 /NI N 8 B2 AL L 5
B AR R ER TR R AT A A R R A A AR R A A

TR S R S A LI B SR K f SR AR 7K IR 0.5m A RAEKAE 1L, UM A 15ml &8F [C 422,
RS B UIUE 48h JE IR I A8 2 SOml (EBEAG B A AT SR R 48 DT J5 /KRR 78 40 #8550, W H 0. 1ml

http ; //www.ecologica.cn



51 BEHE AR AW E S R R T INA A S R G 2012 4R FERM A ) 3

FESDET 0. 1ml JHECHE P, 76 10 * 40 £5 DB FHATARTE ST ™ B RR A ILER 100 S0 142 Ik
BOHAE Y, Rl —FF 5 2 YO B FAR 2T 15% MBI RL, & W88 = . TRITEATL ) 2 JOSH 19 22 T 2
EPLCaE5 2 PR UE LS S e M A 4R 48 2 2R REARAY 40 28T,

AW HAESEAGH A BTS00 9 7E SPSS 19.0 Ttk 7!) | T e AT B BEVR 45 M35
¥UETE PRIMER 6.0 Hitase >,
1.3 P-IBI 5%ty

P-IBI #8500 T A G 4 NEZLR. (1) SRAGWE LS IS RE, (2) RBCREE S YL
g, (3) kA S EGE 50 A0 B A A HON B8 0 3 B AR W S R DR 4 e 1 B DA K S EE] I U AR
SIHTIIE AR 2 B SO H TR ROV BRI S, (4) WSS — e N IT R0 43 X (R 75 B R s fl R T
PHTPRIE

2 ZREHH "y .
) [ °

2.1 PRIFRYI AR SRR Ny >

AT e W ) PR A ) 8 A1) 253k 295 A4k 474N
FICHPFIERY (L TSR F) SRR T 13 A, Je 0 e
h38.3%; W] 1L P, 5 3. 7% BT 27 Bl 5 L T e g8 ;
0.2% BRI T 14 Fh, 7 4.7% ;50T ] 121 B, 5 41.0%, LR o\f
Hifl 3 A TI264E 9 B, 3.0%, A W RE A 1 1 . eSS e o
SR 32 Bl P A ALV N 3.67, T4 P 4 ® By
BT UK T 70% 1947 4 F, 53 5 R BT 19 2 D i

W5 B3 Chroomonas acuta e & HFP Microcystis sp .
W 1l B 3 Cryptomonas erosa F1 45k H 8% 3 Melosira
granulata . FITATRE A VR 240 3 B2 die AR R O Tl
SEIBIFN Microcystis sp, KRB EE R 163 TTA/ T, 4L B2y 16285 T1 A/ Tt AN HFD (3= v >
0.02, F[Al) A/NAEEJE AN Cyclotella sp 0k HAE#E Melosira granulata S5 35 & KA Microcystis sp A8 5 it
¥ Chroomonas acuta FINGHFEEE Cryptomonas erosa ; WML T Jy Woki H 5% W Melosira granulata FHUEE &
M Microcystis sp.,
22 ZMHE

IR DB, AR &3k R b Rl Rk ) 52 BN TRl R BE 2R T, FHRAE R TS I AL
TERThE, KA TR E BN R G B Y SH BA S LMARRIE S, S5 Kb 1960s 4 IFERF AT K
W) E A 7K PR o e RO B PR IR ) s D 2 2R B DL SRR O 1 2 IR . (1) AR sSUKSBOK AR FE ) R R AR
/NT 3B, BRI RSB A - E IR (2) RESURBER BRI B 2 M SR BRI 5 (3) B AR AR
PEBEN P UAAE ) A TG T AR KA (4) W 25 SR A5 P D AL ) 22 R AR DL e, 8 40 L %% 2 AR T 200 U7
A/ FHE HARFAF R AR KA B ; (5) RESKIRTCHTE FRAE AR TIRE , SZ/KR TARSZ /N, 8 i , A
4 AFESFRUK B PERY 4 AR R 8 MRS RAT G LIRARiE , BN 2 IR A A 25 R R 3240
(B 1)
2.3 i Y20 E Mk
2.3.1  fGEAE YISO E R4 A I L A

% EAN R R AT 5 B0 A AN (), X B AT PR AR AT AR 22 57, 20 TS0 I A 2 R AR 2
SFIBUE, FFAE AT A3 200 2 JRE N SR U A 00 A4 00 56 A e ORI 5 S 811 270 O 25 B AR IR TR U
FE M 235 3R )R] B 4 T A TR URH G S48

E1 REISH

Fig. 1 Location of sampling sites
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Table 1 51 candidate metrics( * remained metrics for further test)

SRS Type of Metric

H: B H0 Metrics

TR Z R

Diversity of community

R

Abundance of community

* M1 B ITEL

M4 SR8 2 0T EL
M7 G312 BT %
M10 MA Margalef 45 %%

# M13 4 Simpson F5%K
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M19 Fi s ] 4t ff 2
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* M25 AN AR 0 i 2

* M2 Rk T 2 BT 4

* M5 RESET 1/ 255 70%
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M20 5 31142

M23 S I A B

M3 5B 1AM BT

M6 W 1320t %

* M9 4N AR ZREMEFREL
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* M51 N A AN % %

M43 FERFR A0 i
M46 i y5 Fl A~ PR 5s BE
s M49 i 75 {40 M 2 1% %

2.3.2 FIBIGE S 34

A A 43 A7 Y B BT (R A 358 S 80T AT H A RE 1 4, AR 2 ST LIAR G IR X 0 th 2 BE S R sz it A
WIRE S M A R LR IR 2 F0 Mann-Whitney 3 S50 565 X E 2 80% F Mann-Whitney 3 250K 5
B, B R RIBR M26 SMIT A 23 NS EES IS RZ S Z BIAAEA B3 22 5 (P<0.05,3% 2) , i LAI#EA T —
i vk

3 2 Mann-Whitney JFSERILER (FriC = AT —2H5)

Table 2 Results of Mann-Whitney test( * remained metrics for further test)

SH Metrics # M1 * M2 * M5 * M8 # M9 x M11 * M13 x M17
V/ -2.566 -3.201 -2.731 -2.731 -3.613 -2.983 -3.613 -3.823
p 0.010 0.001 0.006 0.006 .000 .003 .000 .000
Z B Metrics * M21 * M25 M26 * M27 * M29 * M30 * M31 * M33
Z -3.760 -3.823 -1.933 -3.781 -3.193 -2.058 -3.277 -3.613
p .000 .000 .053 .000 .001 .040 .001 .000
ZH Metrics * M35 # M37 * M39 # M41 * M47 * M49 * M50 # M51
7 -3.571 -4.201 -3.487 -3.571 -3.781 -3.445 -3.235 -3.361
p .000 .000 .000 .000 .000 .001 .001 .001
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Zead kT | Be A BE e M1 B BT MS REE 1] 2950 % M13 il ffd Simpson $5 %% . M17 4 g %%
JE M27 FEBE] 4H AR B 90 R M30 SR3E T TR B %X 6 S HCKk A ARG /K 1K P-IBL #5844,
2.4 SMEHES P-IBI fEBEEM bR e T

TSR NS T RAES S SN RN, SEENG—ITEA EE 3 s 4 53, #
FHAEIE G — S B PRI T 3 43 HIE A 4 2k AR50 R (R . 3T T Huiisn 2 50 E AR,
PIZSEAE T A REA 95% 7 (i BUEAE R S A H , 2 S EOME S T S EUERR LR AEE ; T H0BR (88 & 1, DA
5% 5 AV E AR, SEOTE TN . (R KE-S8UE) / (K- l) . #%5R 4 AT R& S8,
SHEFER 0—1, KF 1 Mich 1, K4 S50 8 245 B35 FH KA K0 P-IBL, £ 507 P-1BI #5454 5-H
Kolmogorov-Smirnov K55 (KS test) ¥4 P=0.88 ULHAFF & IES 040, 8 T s547 P-1BI {E [ 95% 431
BOR B AE ST E TSR 4 555 52PN KA 8 R G Rl 3 R B A AR ifE . P-1B1 =517, {@ 5 ;3.88
<P-IBI<5.17, %5 ,2.59 < P-IBI<3.88 , — % ; 1.29 < P-IBI<2.59, %% ; P-IBI<1.29 M 2 (£ 5) .
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Table 4 Formulas for calculation of metric scores

Z K Metrics 14543 Equations for scores

M1 S5 25 BT %L The total taxa number {i/54.5

M5 BESE 1432588 58% Bacillariophyta taxa number /% {#/0.686

M13 4 fifd Simpson 154X The Simpson diversity index of cells {/0.922

M17 4055 Cell density (30134000-18 ) / (30134000-1063400)
M27 GEE A2 FE % Bacillariophyta cell density/% {/0.410

M30 431 1485 B % Chlorophyta individual density /% {8/0.489

£S5 KiRKE P-IBIIEFRE RERIEM IR

Table 5 Grades for health assessment of P-IBI for TaihuLakein winter

fitt B W f B — 2% W2
Healthy Subhealthy Good—to—fair Fair Poor
=5.17 3.88—5.17 2.59—3.88 1.29—2.59 <1.29

2.5 HRiZKIAATH P-TBI 15 506 B PEA 45 1

P-IBI 5506 4 AW K SR PE DA &5 592 (18] 2) , 8 NSRS | A PPN 45 5 A RE R Ay 7 A Ik
{5 ;25 D Z BT, 2 A s T TER S5 R R AR 9 A S PN 2 SR — S, 12 D s PPN A R R 22,2 A
PEVE S5 S A 25 (O X I A L) o AR, 2R I T8 DX ¢ 445 S S 2, ft B R 0 347 0 ik e o —
P 1L ST AR R AP S IR S R, 2 R — B 2% 5 R R R AL X PP A SR 2 R 2, 1
O XA BT R E SRR 2%
2.6 ZZEK P-1BI F5 505 1% G BRAK I - HH G4

Pt K AT P-1BI 880 A i S0 5 /K R BRI 2 53647 Spearman AHHCPESHT (K 6)

RS P-IBI AR IEAHSC , [FIR 5 PRI A 4 640 S BRI E A Simpson 8 58, &% 35 1A 1A 25 J3.9% Al
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Fig. 2 P-IBlecosystemhealth assessmentresults for Taihu Lake in winter
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%6 P-IBI {53512 H F 8 #Y Spearman 15X 547

Table 6 The Spearman’s correlation coefficients between P-IBI and physicochemical factors

A n o A e e
HxH BR - Em bl it B mm wmm
. .. Ammonia Total Permanganate Biochemical Total . .
Correlationcoefficients . . . Nitrate Nitrite
nitrogen phosphorus index oxygen demand nitrogen
P-1BI 0.543 " -0.448"* -0.285 0.222 -0.046 0.200 -0.083
¥ AN B SR
BH TR 0.656 " -0.287 -0.061 0.399 0.266 0.483 " 0.240
The total taxa number
4 ffa Si 5%
PR Simpson SEEC 0.502°  -0472+% -0.337 0.154 -0.009 0202 ~0.119
The Simpson diversity index of cells
3 AN BA T
Eigjfél Jﬁjﬁiﬁ:% -0.064 -0.365" -0.138 0.059 -0.409" -0.242 -0.321
Bacillariophyta taxa number /%
LEHRITRBE % ,
o -0.247 -0.222 0.081 0.195 0.301 0.142
Chlorophyta individual density /% 0.579 o
FEMET AN R BE %
410" -0.392 -0.205 0.235 -0.048 0.212 -0.068
Bacillariophyta cell density/% 0.410
4 B
MR -0.252 0.409 0.294 -0.128 0.318 0.124 0.320

Cell density

wx NTE 0. 01 /K BB EMIE; + HTE 0. 05 /Kb i 3 AH G

SRR S P-IBI A 2 ARG TR 55 4 Simpson 48 %50 B 1] 402 B IT % B 35 GRUMOG T A i
ASAE N B PG 58 {72/ I B 18 K0 [ Ih S WA J3E 30 15 4 0 25 JRE X 3 TR O T 00 4 B8 I 8 o i
ARRBITEEL, DR B e B AN BE U P TP AL R Vi 45 A0 78 22 O B gl PR 1 (ELFCRRE v 2 P L AR 32 10 g T 722
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