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Application of a benthic index of biotic integrity for the ecosystem health assessment of
Lake Taihu
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Abstract: In order to develop a benthic index of biotic integrity for Lake Taihu ( LTB-IBI) , we seasonally carried out investigation
on macroinvertebrate assemblages and their environments at 32 sites in Lake Taihu from spring, 2010 to autumn, 2012. Based on
the investigation, we used the method of least disturbed condition and four criteria to define reference sites. LTB-IBI was developed
separately for non-central region and central region of Lake Taihu. Metrics were stepwise examined for distribution analysis, dis-
criminating power analysis, relationship with environmental variables and redundancy analysis. The core metrics of LTB-IBI for
non-central region were total taxa richness, Simpson diversity index, 3 dominant taxon% and BMWP score. One more melric, i. e.
( Crustacea + Mollusca) taxa for central region. LTB-IBI value for non-central region and central region were respectively obtained
by summing up core metrics, which were transformed into a uniform score by ratio score method. Health condition of Lake Taihu
was found to improve gradually from 2010 to 2012. Total nitrogen was suggested as the major factor affected LTB-IBI. Our results
suggest that long-term data would benefit the development of a robust LTB-IBI and its use in practice of Lake Taihu health assess-
ment.
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Tab. 1 Ranges of environmental variables of reference and impaired sites
during the period of 2010 —2012 in Lake Taihu

E[ 3 MY WX
WA
Bl AR Z R ZA

HME SR/ (mg/L) 5.93 ~12.51 1.85 ~16.45 7.73 ~13.2 6.51~13.08
pH 7.96 ~8.53 7.25~9.74 8.19~9.13 7.72~9.38

A8/ (mg/L) 0.04 ~0.11 0.03 ~3.68 0.06 ~0.23 0.04 ~1.38
MA SR/ (mg/L) 0.55~2.96 0.36 ~7.51 0.63 ~3.61 0.63 ~5.40
AR TR B/ (mg/L) 1.77 ~4.60 2.01 ~16.80 2.51 ~4.90 2.13 ~10.40
S AR/ (mg/L) 0.016 ~0.047 0.013 ~0.291 0.024 ~0.055 0.014 ~0.234
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Tab. 2 31 candidate metrics

%5 CRL/E 24 X T Y S
HEVE 45 H 41 AL * A SSPZEHITE(MD) FEAR
# A Simpson ZAEPEREE(M2) FAAR
# A Shannon-Wiener ZFEEFEEI(M3) FEAK
JE R 45y BT (M4) FEAR
SR + i AT IRITR(MS) FAAR
B2 AT H (M6 ) FRA
X H 432 o oe (M) FEAR
MM H 432K 5 51% (M8) FEAR
* A HIGE + ARSI ETH(MO) FAAR
HEVE 2R 28 R B L R H% (M10) AE
* A SFPSTREEYE (M) T
AR + i 2% (M12) AE
JEREN% (M13) FEAR
FEI% (M14) F
BEHEH% (M15) AR
W% (M16) THis
* HI5E + R Ak% (M17) FRAR
#* ZEMW% (M18) AE
* A RHHIT% (M19) Ein=
* A AT 3 ALEHHIT% (M20) Ths
FIEE TR L IEEFH I ITE(M21) FRA
TEEEY% (M22) AE
B H 2ot (M23) FEAR
THEH% (M24) FAAR
BRI (M25) FoA
A FEEHEY% (M26) TIE
[RER Wi * A BMWP $8%((M27) AR
x A ASPT $5%(M28) BEAK
% Goodnight-Whitley 5% ( M29) PN
* A 5% (M30) i
* A HBIFg%t(M31) Tt

* FRSEHEATEL X R B8 A RoRSEEEA O X T —E3H 5.

2.1.2 # B A od S IRMZ R 21 S 508 Mann-Whitney JE S50k 30 45 5 (38 3) R W, ARG X 0
M1 M2 M3 M9 M19 M20 1 M27 iX 7 DS 5HE S M Z i 5 (1A B 25 57 (P <0.05) . .0 X [ M1 M2,
M3 M9 M19 M20 il M27 iX 7 NSHHES A Z S A B & 25 (P <0.05).

2.1.3 5 AKMKRIEAFGATHY Spearman H KX AT KK MAE S & pH H ZA TR AR R SERE
TEHOCFL RS & X 6 NIAL S HCHZ15 200 S 0 2 B RE 1 /3 M i 2E M) B HGHEAT Spearman A 4347, 40
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Tab. 3 Results of Mann-Whitney test

- RO X X

S zm e zfn P

* M1 -4.600 <0.001 =M1 —-4.285 <0.001

* M2 -3.842 <0.001 = M2 -3.401 0.001

* M3 -4.271 <0.001 = M3 -3.974 <0.001

* M9 -3.796 <0.001 = M9 -2.583 0.010
M1l -1.032 0.302 M1l -0.704 0.481
M17 -0.433 0. 665 — — —
M18 -1.095 0.273 — — —

* M19 -3.395 0.001 =MI19 -2.542 0.011

*M20 -=3.990 <0.001 ==M20 -3.498 <0.001
— — — M26 -0.466 0.642

* M27 -4.242 <0.001 =M27 -4.171 <0.001
M28 -1.491 0.136 M28 -1.018 0.309
M29 -1.535 0.125 — — —
M30 -1.526 0.127 M30 -1.889 0.059
M31 -1.248 0.212 M31 -0.346 0.729

* FRSHAN T — 15
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UL Z A e 15 B A9 A4 W S 50T Pearson 2%
PEATHT, LUK 56 45 46 H09T B AR B ST 1 o e
“TUA”. R A Maxted % (bR E™", LhIrl >0.80 £
7N 2 SR ARG T RS G S, Rk
B iy 1A wT RUAR 3 e B0 AL KR A
HE.

LA PR IR 45 R (R 4) R, ML 5
M27 =5 BEAH G, M1 AR & 145 B iR R, ML T DL AR
575 R M27 J2 BT R — S Bl R 35 e (48
%0, HICA B-IBI A6 )8 P 48 76 OC 175 68 1 8 4K,
Rt 3> LR B s M3 5 M2 M19 M20 3 {55 B AH ¢
(r>0.8) HE M B-IBI 14 i 45 8 24 R H Shan-
non-Wiener Z2FEMEFE S, B G, M3 B B s MO (1 5
M27 55 BEAH S AR B 5 M20  [] JH: 2 B0 D M 34
AN, TLRE. M9 A M2 0 HH % R ECH
—0.971(Irl >0.95 M AHC) H S BLRE S L ST
1 M20 B 0% B, PR M19 {8 M2. 280k LA I Wi

FE AP EBIERL M1 Simpson ZREMESS R M2 7 3 DR IE% M20 BMWP 454K M27 3% 4 58
KAy AR 0 X B-IBI.

K4 AW X T N EYSECZ B Pearson AT

Tab. 4 The Pearson’s correlation coefficients between 7 metrics for non-central region

ZH M1 M2 M3 M9 M19 M20 M27

M1 1 0.535 0.718 0.652 -0.454 -0.640 0.901
M2 0.535 1 0.950 0.328 -0.971 -0.705 0.483
M3 0.718 0.950 | 0.447 -0.903 -0.837 0.650
M9 0.652 0.328 0.447 1 -0.264 -0.461 0.797
M19 -0.454  -0.971 -0.903 -0.264 1 0.673 -0.402
M20 -0.640  -0.705 -0.837 -0.461 0.673 1 -0.588
M27 0.901 0.483 0.650 0.797 ~0.402 -0.588 I

* MRIZFRMSER LR, Irl >0.8.

WL X Pearson MHOCMTEE R (32 5) KW, ML 5 M27 i BEAH ¢, M1 BIrd & (945 S fie K, T RAR A5
M27 2 i e W — S R Rl i 5 BE 3 )R8 50, AR B 5 M3 5 M2 M9\ M20 34 3 FE AR OC , 1 B B s M9 |
M20 55 HAU RS BRI, T AGR BE s M2 15 M19 MG, SRR DL S5 P i 18 50, M20 EL i PR B, B M19 f
B M2 220 D D , S0 R A S HATEHL ML Simpson ZAEPERE A M2 52 + BRAR D FEHITHL MO LT 3
R ERIT% M20 BMWP $5% M27 ix 5 MEEORM W) 01X B-IBL.
2.2 ZEHES B-IBl RN IRERL

ASCR ARG — % S BOPH . TR 2 U AR, DUZ SR A BEAR 95% (8B AE
IR, IESBOMESE T SRR DA A 0 (B, LA 5% 0 B A e B, S 80T k8
(KA - 2808 / (R - et - #5366 AU A S HME, AMEEF 0 ~ 1, 0T 1R 1off
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&S HNSME B4 AR B3E FE F AR W0 X A1 X LTB-IBI. ¥ AR W10 X FN#).0 X LTB-IBI $8 518
47 Kolmogorov-Smirnov Ky 3 ( KS-test ) , B iiF HOZ2 B A5 & IE A0, 45 R £, .0 X P =0.740, 3.0 X
P =0.986, ULHA AT A IEZS S04 LAFEWNC X A0 X FE 85 LTB-IBI (B 434 (14 95% 3 B8 Jy e A1, W MIK
FAZMER A G EIEAT 4 555, HPaEin 95% /- EUE 19— S5 RFAE s b T ORGSR I Bk oy ik 3t
R0 52 VA AR 000 BRI O X AR 25 RGN [l il AR B A AR (R 7).

5 WO X T AEYSEZ A1 Pearson A& 4T

Tab.5 The Pearson’s correlation coefficients between 7 metrics for central region

28 M1 M2 M3 M9 M19 M20 M27

M1 1 0.638 0.789 0.744 -0.555 -0.767 0.954
M2 0.638 1 0.963 0.440 -0.970 -0.727 0.615
M3 0.789 0.963 1 0.548 -0.910 -0.860 0.758
M9 0.744 0.440 0.548 1 -0.359 -0.531 0.755
M19 -0.555 -0.970 -0.910 -0.359 1 0.655 -0.533
M20 -0.767 -0.727 -0.860 -0.531 0.655 1 -0.729
M27 0.954 0.615 0.758 0.755 -0.533 -0.729 1

* MRIZFRMSER LR, Irl >0.8.
* 6 BT RASHOMERITR AKX

Tab. 6 Formulas for calculation of metric scores

O X N
S8 HHREAR S8 A
ORI fE/18 MOFAIRICEL {#/10.05
Simpson ZFEMFEEL {E/0. 8115 Simpson ZFEPEFEEL {E./0.7677
- - H 58 + BRI 3 25 BT AL /5
i 3 P LRI % (1 -18)/(1-0.62014) i 3 NI % (1 -1E)/(1-0.7387)
BMWP $8%1 {8/39.35 BMWP $5%% {E/34.25

%7 A0 XL X LTB-1BI 6 k71K 2 /4 2B RPN AR U

Tab. 7 Grades for ecosystem health assessment of LTB-IBI in non-central region and central region

X 5% i i — %
R X >3.63 2.72 ~3.63 1.81~2.72 0.91 ~1.81 <0.91
.0 X >4.61 3.46 ~4.61 2.31~3.46 1.15 ~2.31 <I1.15

3 K ESRERITN

ARSCHY R LTB-IBL VAN 45 R KW, 2010 — 2012 47 KA S (R HE T IEAE B A, i)t 2012 4R
filt B bk W 2 4 T 2010 4R 2011 AR fHJR]—4FA7 4 />4 (] ) A 25l B BB A /R R 25 5. e 2010 4
H KETHRZ;2011 RN R 28, & A KRB (A3 W 22 5952012 4R R B f i, & 3 1
W Bk F 22 (K 2).

4 +Fig

4.1 SRES
IR LW PFH TS 55 S e 9 2 R G T K AR WA 1) 2R . A — A LR B, T2
—ANEEE T A AN ) RO R BAE N R A ZE S . & XS ARG H kA 4 B, et %2 1
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Fig.2 The health assessment results of LTB-IBI from spring, 2010 to autumn, 2012

i £ 587k (minimally disturbed condition, MDC) | F i F2 B % /)N & 45 1 (least minimally disturbed condition,
LDC) % 5 SC 2 i s (best attainable condition, BAC) F1JJj s & %57 ( historical condition, HC) ). — it
T Z B A A S PR A S RGOk UL, LDC A BAC B R AE k. SR A G EbafEm 5,
Z A SR P FORBLAN B AR B0 B A 6] LA B A ZE TH06 sh 28 B RS G e R [R), AN [ b DX 2 2 1R &R
GEARUERHE RS AU AT 25 09 BRI 5, A 304343 T LDC Al BAC HEZS: 9 P K 52 X B B R 4. 1F
BRI B S B R GE 0 55105 T, AR SCES G RIS IR A SR T IRFR AN, 43 T 1.0 XANAR O X, B 2
A A AJSE B T YR & A K A ALY K AR AR ) 0 i 25 LA B IAE 7K A AR 6T 7K B A SRR A
FIHK R SZ TR BE 0 K/ AR , 45 6 BRAL RIS T 8 P48 b , FH 2 2R AR 45 6 10 O 2R 2 T
SR RGN ST X — a2 ENANE TR I, B TIA B 2 — MR IEZ W E 3, iZ 18 BT A AT RE XY
KA RGE T E M ANRIES Ir . XA O E M E S BAGN T EESG G, 26 T8 TK
T MR A A A S RS, A Fr T — 25 B BRI

4.2 [RMzh¥ MR S K ESERTEM

B Karr 4 25 ) 58 B PEFE B0 I TR AR SRR T SR LUK , AR ) 5 B8 H0 2 ok I e IZ 1
KA SRR AL B8 . TR Sh ) S BV BUR R A 2 ) 5 B A RSO0 50 A0 A 05 2 46 8. Tk
TF I J7 T O RIFSE TARTLIE 10 4R BT 4 AF SR A0 S Rt A k. JE A7) Jmd R F-F 5 7 B, 20 0E £+
ZT ARG E RSB LTIRA.

R FZFEH A — 2 H TS0 B-1BI 53R F 2Z A1 (i 1 G R 55 . 5540 EMEBUE AT
XELLAE B-IBT W78 A0 J2 i fe) b (RIS ) PRA5E I8 PR B0 , S TC R T JR A 5ORIAR 1 X5 P F) P 4 S 52 e
SSAHOCPERY R R & Jek B TH2m B-IBI (SR TR 2. G, B T /KR vh 0K B aa B 74, v
FRATICHE 5 T2 BRI eIl e 57 R R TR LA B sk 6 T 410 3% 3 ) 38t B 800 45 LU FR AT/ 4 gt i
T /2 AR K B ) JURE X B-IBI $8 8RR Sl BT M 2 1) B-1BI A6 Hy 12 B [) LSS 34 52 B Ak
SRR ARSI @ AR W10 XY LTB-IBI R A R A REETH G BIL R WA G, A A iy
1 ~3 DT BB . B0 4 LTB-IBI 43494 5 P N T4 S (A DG 2 91,2010 2011 A1 2012
B WEMICICRK B IX 3 40 LTB-IBI $5 5 D A & A 85058 M B A (r = -0.207,P =
0.064) . X —45 FEIEASF A K WA A 25 TR AL S A TR B 2578 JR 40 0 4 v T M G O BIF gl
3, 1 BH R0 TR ATS Sl 4 S e ) E B R A AR K, TG R AT s e (R A i 2K A, AR R — A
KA. X TE—E TR R, ATTEMHE B-1BT $8 50 AN G5 R, 2 S WA B3 1) T k.

S5 AN S DRI BN ) 1 BRI Y. B e A R G R R R A S BT I R AR —
IR FHTSE T AR B R A RN A 5 R G I BRI — E R 2N R R e e b T —

SE MM, AN VR — B RS . (HE BT & AT — BOA N AR S R G T R &8 2 A6 PR bk
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AR RRIR 2R 2 MR R S B AR R . M R T BRI R A LGS &  ROZ R A B K AE S &
GBI BRI N ARG R b A AR FUR P 2 — it R A il —
EPE RO S WA QA S R G E RO A R AT AT 50& 1. A0 7ERK A S R e rh TEgE P E S R
LB AR I RARE 7 T, 300 A N A T e )2 00 £ OV B S0 TR shi ™ . Rk, A o
B 28 TF U R 22 R WS 2 B WM K A AL S BRI T AT RS 2 A, Mok T RE 7 4L B 4850 1 B 0T =5
1 Shannon-Wiener ZHEPEFE SRR 5 BE S, 35T IRAT s A= 2 J ok (A BV D) i 22 R PR B X e mag 1o
FRg— 50 AT T B G GG SR AL S SR 15 7K SR 56 3 o IR 25 1y S5 e, Dl T IR 0
W23 1) AT B SR, RORIR R T SR A AR F MRt i RO , B0 SR 152 2 Mo 435 R B S A5, 3 T 45 S R
SEVERIRZE KU AR, SR TRIRAE T e SRAE L AANRETT KR T7 L8R 15 A 7] A 352 r 2 iy 43 452
A R HRTSE. BOS , SIS ShE T 2L A5 2 A0 1 X 2% S P 1 G 1 B 0 i [X (X))
IR ELR IR B-IBI $5 %0, W IGTA A A R0 L. S SC RS2, 7EAEE B-IBI 1 f b, 36 A 1— AR B-
IBI I FAE (A Sh it v o 5 PR 25 R SR B 22 1A A7 26 R0 1) DR SR 06 2R L (H SE Bl R — 2 R FR AT 11
BB, KA AT R TR AT 7 B A Al , WA AN RS TG I A KT8 B

M2 FATHE AT 1B 5 B0 K VR (9 2 2 TR S /K A 258 R G R R i A 15 1Y, o
TR RO (R FRA T U IR DGR B IBI A8 50 TR [ K AR A8 R S8 QR T 9130 A
U M. ) i R 0 52 88 77 PG S A VT £ D . B 4 2 ¥ TBT A K AR 25 R S5 B0 o fy 7 AR, A1)
HW AN E S KR S8, 55— 7 T, B R 10 7 M IBI F5 50 45 5 A SCI e 45
HWAS BT, FEETEEELF 3 AL E R EHHE XS B ER S Hk 2 H Bl e MR i
208 R G IRRIE 5 f5 ol B R SR i S LB,

5 &k

TR T AR YRS N GG 34 58 34 36 4 B-IBI PP B T g . A= 452441 ,2005,25(6) :1481-1490.

2L, R OBRAE IRWISI I SR R MR RO P PR R A RR. PRIERLAE,2007,28(9) (21412147,

gk, AR, EhUR YA AT S A S 4 S AN SR AR S AR . PREERL 74,2007 ,27(6) 1919927,

JEIBERRS , IS, K P MRS . TR Sl ) o e MR BT T P FRBERL2:,2000,30 (1) :242-247.

[ 5] Beck MW, Hatch LK. A review of research on the development of lake indices of biotic integrity. Environmental Reviews ,
2009, 17 21-44.

[ 6 ] Trigal C, Garcia-Criado F, Fernandez-Alaez C. Among-habitat and temporal variability of selected macroinvertebrate based
metrics in a Mediterranean shallow lake (NW Spain). Hydrobiologia, 2006, 563 (1) . 371-384.

[ 7] Blocksom KA, Kurtenbach JP, Klemm DJ et al. Development and evaluation of the Lake Macroinvertebrate Integrity Index
(LMII) for New Jersey lakes and reservoirs. Environmental Monitoring and Assessment, 2002, 77(3) ; 311-333.

[ 8] Solimini AG, Bazzanti M, Ruggiero A et al. Developing a multimetric index of ecological integrity based on macroinverte-
brates of mountain ponds in central Italy. Hydrobiologia, 2008, 597 (1) : 109-123.

[ 9] Bazzanti M, Mastrantuono L, Solimini AG. Selecting macroinvertebrate taxa and metrics to assess eutrophication in different
depth zones of Mediterranean lakes. Fundamental and Applied Limnology/Archiv fiir Hydrobiologie, 2012, 180 (2):
133-143.

[10]  EhFR, EWEHE, £ 155, KWK BUEAN bR WIS LR & £ W48 BT B 0E K A= o B e r i 7. A= 25241, 2008 ,28
(3):1192-1200.

[11] E B FBPUME, 2 BLAE. JETISAH 34 5 He s ity 1) I ) i UK T 1740 K A Al BR AR R 224 41, 2012, 31
(9) :1799-1807.

[12] @ K, ARRIE BT RO TR S 4 A ) 78 B . AL 0T R 224 . HARBL 20T, 2012,48(4) ¢

392-398.

[13]  GRBEAR,XER, 5K . Bl I iR 0 5 2 I i M 2R R G 3 4y 2 ) 5 B MR 4. 2R 235524, 2012,32.(15) «
4661-4672.

[14]  ZOokA,3ER, R AMR. KWK BURTISI MRS 4500 S 2Rk LW et ,2010,18(1) :50-59.

[15] Cai Y, Gong Z, Qin B. Benthic macroinvertebrate community structure in Lake Taihu, China; Effects of trophic status,

wind-induced disturbance and habitat complexity. Journal of Great Lakes Research, 2012, 38 . 39-48.



82

[16]

[17]

[18]

[19]

[20]

[21]
[22]

(23]

[24]
[25]

[26]

[27]
[28]

[29]

[30]

[39]

[40]

[41]

[42]

J. Lake Sci. (#i84+3),2014,26(1)

Cai Y, Gong Z, Qin B. Influences of habitat type and environmental variables on benthic macroinvertebrate communities in
a large shallow subtropical lake (Lake Taihu, China). Annales de Limnologie-International Journal of Limnology, 2011,
47(1) :8595.

Jodo Feio M, Reynoldson TB, Graga MA. Effect of seasonal changes on predictive model assessments of streams water
quality with macroinvertebrates. International Review of Hydrobiology, 2006, 91(6) : 509-520.

Leung ASL, Li AOY, Dudgeon D. Scales of spatiotemporal variation in macroinvertebrate assemblage structure in mon-
soonal streams: the importance of season. Freshwater Biology, 2012, 57 . 218-231.

Oliveira R, Mugnai R, Castro C et al. Towards a rapid bioassessment protocol for wadeable streams in Brazil; development
of a multimetric index based on benthic macroinvertebrates. Ecological Indicators, 2011, 11 1584-1593.

Bailey RC, Scrimgeour G, Coté D et al. Bioassessment of stream ecosystems enduring a decade of simulated degradation :
lessons for the real world. Canadian Journal of Fisheries and Aquatic Sciences, 2012, 69(4) . 784-796.

ZAA5E, IR WA R R IIK PR AL A S UL U R R, 2004,

Duan H, Ma R, Xu X et al. Two-decade reconstruction of algal blooms in China’s Lake Taihu. Environmental Science &
Technology, 2009, 43(10) . 3522-3528.

Free G, Solimini AG, Rossaro B et al. Modelling lake macroinvertebrate species in the shallow sublittoral ; relative roles of
habitat, lake morphology, aquatic chemistry and sediment composition. Hydrobiologia, 2009, 633(1) . 123-136.
KRR WA A H ) , v IRk g i i B S I BIF S T . R A S BT M P 4. BT B2t it , 2000
KRR R ORI A M TN 387 77 8 ) 2 2. AR RBE K M 234 75 8 < 45 4 . bt i R R R} Hh it
#1,2002.

Stoddard JL, Larsen DP, Hawkins CP et al. Setting expectations for the ecological condition of streams; the concept of ref-
erence condition. Ecological Applications, 2006, 16(4) ; 1267-1276.

TR AWK A PRI 1 s J S IIARL 2, 1996 ,8 (4) :297-304.

Lewis PA, Klemm DJ, Thoeny WT. Perspectives on use of a multimetric lake bioassessment integrity index using benthic
macroinvertebrates. Northeastern Naturalist, 2001, 8(2) ; 233-246.

Maxted JR, Barbour MT, Gerritsen J et al. Assessment framework for mid-Atlantic coastal plain streams using benthic
macroinvertebrates. Journal of the North American Benthological Society, 2000, 19(1) ; 128-144.

Barbour MT, Gerritsen J, Griffith GE et al. A framework for biological criteria for Florida streams using benthic macroinve-
rtebrates. Journal of the North American Benthological Society, 1996, 15(2) : 185-211.

Rawer-Jost C, Zenker A, Bohmer J. Reference conditions of German stream types analysed and revised with macroinverte-
brate fauna. Limnologica-Ecology and Management of Inland Waters, 2004, 34(4) . 390-397.

Hawkins CP, Cao Y, Roper B. Method of predicting reference condition biota affects the performance and interpretation of
ecological indices. Freshwater Biology, 2010, 55(5) : 1066-1085.

Karr JR. Assessment of biotic integrity using fish communities. Fisheries, 1981, 6(6) : 21-27.

ZAA 5, A NgHE , WRAE DN A5 A B B IR AL A R AL S R BOR KO H. B3l 4, 2006 ,51 (16) :1857-1866.
XA B B, K AR SE. IR IR TR, B as IR A3 A AR S BREE 0. PR ,2008,29 (12) :3382-3386.
Palmer MA, Febria CM. The heartbeat of ecosystems. Science, 2012, 336 (6087) : 1393-1394.

Woodward G, Gessner MO, Giller PS et al. Continental-scale effects of nutrient pollution on stream ecosystem functioning.
Science, 2012, 336 (6087) : 1438-1440.

Bassar RD, Marshall MC, Lépez-Sepulcre A et al. Local adaptation in Trinidadian guppies alters ecosystem processes.
Proceedings of the National Academy of Sciences, 2010, 107(8) . 3616-3621.

Dol dec S, Phillips N, Townsend C. Invertebrate community responses to land use at a broad spatial scale: trait and taxo-
nomic measures compared in New Zealand rivers. Freshwater Biology, 2011, 56(8) . 1670-1688.

Solimini AG, Sandin L. The importance of spatial variation of benthic invertebrates for the ecological assessment of Europe-
an lakes. Fundamental and Applied Limnology/Archiv fiir Hydrobiologie, 2012, 180(2) . 85-89.

Jyvasjarvi J, Aroviita J, Hamalainen H. Performance of profundal macroinvertebrate assessment in boreal lakes depends on
lake depth. Fundamental and Applied Limnology/Archiv fiir Hydrobiologie, 2012, 180(2) : 91-100.

Liicke JD, Johnson RK. Detection of ecological change in stream macroinvertebrate assemblages using single metric, multi-

metric or multivariate approaches. Ecological Indicators, 2009, 9(4) : 659-669.



