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Community structure and biological integrity of periphyton in Hunhe River water system of
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Abstract; Taking the Hunhe River water system in Liaoning Province of Northeast China as a case,
this paper investigated the community structure of periphyton and the physical and chemical charac-
teristics of water environment at 62 sampling sites, and, by using the biological integrity index of
periphyton (P-IBI) and the habitat environment quality index ( QHEI) , a health assessment on the
aquatic ecosystem of the water system was conducted. There was a great spatial heterogeneity in the
periphyton community structure, and the sampling sites could be divided into 4 groups, with signifi-
cant differences in the community structure, species richness, density, and Shannon diversity index
among the groups. Canonical correspondence analysis ( CCA) showed that ammonia nitrogen
(NH,*-N) and dissolved phosphorus ( PO,’"-P) were the main water environment factors driving
the formation of the periphyton community structure in the water system. The health assessment of
the water system based on P-IBI and QHEI was basically in consistency, though the assessment of
several reaches had large discrepancy. Overall, the Suzi River at the upper reaches of the water
system had a better health status, while the upper reaches of Hunhe River and the main stream of

Hunhe River at its middle and lower reaches were worse in health.

Key words: biological integrity index; habitat environment quality evaluation; canonical correspon-
dence analysis; principal component analysis; community structure.
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Fig.1 Location sketch of sample sites in the Hunhe River.

I .17 Honghe River; II 3% Ying’ e River; I8 73 Suzi River; IV ;7% Hunhe River; V .4t Shehe River; VI 4% &1 Dangzhang River;
VI Z5 AT Dongzhou River; VII: iy 33 Gucheng River; IX : 25477 Lishi River; X ;3 Puhe River; XI .V T-J# Hunhe main river.
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8% A ¥ ( Diatoma vulgare) IR IE 35 ( Meridium
circulare) % & ¥T 3 0 B A2 i ( Fragilaria capucina
var. mesolepta) IRV BT (F. vaucheriae) JEK
WS 3 ( Cymbella turgida ) 5H W R 25 3 (C.  hus-
tedtit) FT FHE B AR RN ( Navicula cincta var. lep-
tocephala) | fi] B} JE B (N, simplex ) | 78 5+ W ¥
( Gomphonema angustatum ) JAREE T3 ( Synedra ul-
na) ZRIE ZEIE B ( Nitzschia sublinearis) /)N R Z2 I
(N. frustulum) SPIRIXEE#E (Surirella ovalis) ;% WY
LRBEFNIE BEMP S B4 . B 223 (Ulothrix zonata ) /N
% ( Oscillatoria tenuis ) /NI 3 ( Phormidium tenus) .

MRPP 5715 , ¥ 0] K 28 36 2R B A v HLAT W
()23 8] 5 P (P<0. 0001 ) , HA4H18] (Group 1 ~4)
A EBEEMEBLRAGIREZR (P =
0. 00005, Pg,,, 5 = 0.00002, P, = 0.000004,
P2z = 0.000001, Pg,..» 4 =0.000002, P, 54\ =
0.0196).
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SEYME A 38 F s T A T AT RT3 ok B B e 2 i)
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25 P RV R I B A R M R
SEYE R 28 B, HAE 4 4118 22 5 18 3 ( Kruskal-
Wallis 55, x> = 17. 74, P<0. 001 ) . %5 4= WK 25 BE i
5 P DX IR A 3T v i DR TR T R Ak
P /K FESIUS AR ] B (81 2B) |, %5 FE fe e (L AT 3k
160x10* cells + em™, F-Y{H 6. 67x10* cells - cm™;
11T 285 2 AR AR 9 DX Sl ) 8 o 7 33 9 R 92 3] 1 3 A B
B R IR E A 200 cells + em™,SEH4{E N 1x10°
cells + em™ ; /K R E A W% L (R4 K 2. 6%
10* cells » em™, HAE 4 4 A 22 5% B % ( Kruskal-
Wallis K036, x> =19. 11,P<0.001). HHEFHELEFRE
FEHEAR R 427K Z 0 20 A1 A B 2 0 B ] 08 (1A
20) sl R 4.6, W BLAE I8 T30 10 ; e AR
0.9, 2 W B LA i By, 2K RE L wRH
REREVFEBOE M N 3.2, 78 4 DN 2 F A T
% (Kruskal-Wallis £:55, x> =7. 787 ,P=0. 051).

4 % Group

Fig.2 Spatial community structure of periphyton and box-plots of each parameter of four groups in the Hunhe River.

A WIFh 2 Species richness; B Density (cells - cm’z) ; C TR ZAEEFE L Shannon diversity index.
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Table 1 Indicator species in each group in the Hunhe River
8 7R Fh f8/~E  Indicator value P1E
Indicator species Group 1 Group 2 Group 3 Group 4 P value
AR5t EEEWE M. varians 35 9 16 10 0. 0068
HAR R IEBE M. circulare 46 6 5 2 0. 0002
IR BT B 4a 40728 Fh M. circulare var. constricta 40 15 8 3 0.0013
RYVEWEFFHE F. vaucheriae 42 14 8 4 0. 0006
KA C. urgida 40 2 7 4 0. 0011
RS #E C. pusilla 44 9 2 0 0. 0002
TR 58 C. hustedrii 41 16 12 6 0. 0001
PUBIRKE 3 Ceratoneis arcus 47 3 2 0 0. 0001
i [ UPTE 3 Cocconeis placentula 37 2 2 9 0. 0034
U223 U. tenuissima 41 1 2 0 0. 0004
223 U. zonata 35 2 0 0.0019
EIEZEIEH N, acicularis 3 0 44 21 0. 0004
WK FTHERE M. granulata 5 1 1 40 0. 0008
HE/NAEE C. meneghiniana 20 3 11 29 0.0021
B/MYIEEE N, evigua 0 0 0 25 0. 0057
[k AT BB AE Rl N, eryptocephala var. veneta 10 6 2 35 0. 0043
AR BRI AR N, cincta var. heufleri 1 0 28 0. 0039
BT G angustatum 6 2 11 52 0. 0001
HAEZZTE#E N, stagnorum 10 0 6 32 0. 0079
FEIHIZETEWE N, heuflerana 17 3 18 39 0. 0009
FE/RFEE Number of indicator species 22 0 4 15 <0. 05

FerPAE A B 3 (W HE 7R F Only the most dominant indicator species were presented.

IVA 25580 | BR Group 2 (¥ET) LAANHAZH 15
R 7R PR AR BRI AN (R 1), b Group 1
(IRFI) T8 /R PRl LA R I i | M 25 R o 22 33
K3, Group 3 (VM T IEAS S ) IFE R MY R
ESIAL , Group 4 (VW T3 BIFE /Y Fh PISHE
PRZEIE N .

PR K FZOK IR EE L 7 PCA 25 R FliE
FEAE(E £ A3 0, 1> BBl Tl gl DR B8 1 ok AT 1A
BT RS R 50. 4% (1 3) i AR Y
W8 W 40 45, TSS, ClI°, NH,*-N, PO,*"-P TP,
COD, .COD,, fI N : P(# TR =R ) . K
I PCA B9 4553, XF LA B 8 AN /K IR E AL X 7 k47
PCT (% 2), ik i TSS ,PO,> -P . COD, M N : P 4
IR i A CCA.

CCA 7w, 5 1 B AE(E (N) 24 0. 106, 7655 1
h_- PR 5 PR R R R AH OC R A 0,717 558 2 il
FEOE(E A 0. 056, 7655 2 4l W) Fh 5 B85 K F (9 40
KERZEN0.759 (FE 4A) . B EFETER K R 35 4 W
KEEVER A EE N T4 PO, -P(MCT, F=1.77,P =
0.004) , 1 HAl 3 7K AR T 19 52 i AS i 3 (MCT,
Py =0. 081, P, =0.851,Py,,=0.427). tHE5Hr
FWI,NH,"-N 5 N« P EA M W3 0 AH G (3R
2) 1M NH, =N A5 2 (A 75 26 7 14 7K M b 35 22 (1 31 58

A, IR, F5%F TSS PO, > -P .COD, il NH,*-N 4 >
HEENFHEFT CCA. 455 (18 4B) M, NH,*-N [f]
FEJE 13550 W VE T K 2R 46 AR B S VR M SRR I 1

1.0

o
n

#5208 F Factor 2 (21.5%)

0 0.5 1.0
5 1HF Factor 1 (28.9%)

B3 EERK R KRB B 385 A

Fig.3 Principal component analysis ( PCA) of environmental
factors of the Hunhe River.

TSS. B ETIEY Total suspended solid; TN ; B Total nitrogen;; TP. B
Total phosphorus; Alk: B £ Alkalinity; THD: 7l & Total hardness;
COD, : L2 LA Bt Chemical oxygen demand; COD,,, : /=i B2 £ 485 %%
Permanganate index; DO & fif 4 Dissloved oxygen; Velo: Jitif Veloci-
ty; Cond; 5 Conductivity; Temp: T Temperature. [~ [d] The

same below.
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Fig.4 Canonical correspondence analysis (CCA) of species-environmental relationships in the Hunhe River.
F2 EAKRKKERTFEBREXSH
Table 2 Partial correlation tests among environmental factors in the Hunhe River
TSS COD, COD,, NH, *-N PO, 3-P TP N:P
ClI” 0.22™ 0.05™ -0.05™ 0.60"** -0.15™ 0.15™ -0.18™
TSS 1 -0.12™ 0.19™ 0.24™ 0.16™ -0.20™ 0.14™
COD, 1 0.58"** 0.15™ 0.23™ -0.23™ -0.10™
CODy, 1 -0.08™ -0.31" 0.37"" -0.27°
NH4+—N 1 0 04ns 0 O3n> O 47 * ok
PO,*"-P 1 0.997 " -0. 05"
TP 1 -0.05™

TSS: M ETFY) Total suspended solid; TN ; S A Total nitrogen ; TP M Total phosphorus ; Alk . Bl J& Alkalinity ; THD . fif Ji&F Total hardness COD, Ak
2EFES & Chemical oxygen demand; CODy, : 4 BRERH5 X Permanganate index; DO ;%5 % % Dissloved oxygen; Velo: Jiii# Velocity; Cond; HL 5%
Conductivity ; Temp: /i & Temperature. ns:P>0.05; #* P<0.05; # * P<0.01; = * * P<0.001.

R3 BEAKRBEERERENTERZOSEN S HEER ISR E

Table 3 Distribution and scoring ranges of core P-IBI metrics in the Hunhe River

B 28

SRR SY Score of metrics

ZH53 A Distribution of metrics

Core 10 7 4 ! ROKH BUME 95"Ar(nEC S™ Ao
metrics Max. Min. 95 5t
value value percentile percentile
A7 0 1 1-~3 >3 12 0 10 0
A9 >10.2 10.2 ~4.2 4.2~0 =0 68.3 0 33.7 0
Al2 >0. 92 0.92 ~0.88 0.87 ~0. 81 <0.8 1.00 0.61 1. 00 0. 69
Al3 <0.03 0.03 ~0.04 0.05 ~0. 06 >0. 07 0.19 0 0.09 0
Al17 <0.01 0.01 ~0.05 0.06 ~0. 12 >0.13 0.63 0 0.34 0
A20 >0. 4 0.4 ~0.11 0.11~0 =0 0.95 0 0. 68 0
A25 <0. 06 0.06 ~0.22 0.22 ~0.35 >0. 35 0. 89 0 0. 66 0.01
A26 >0.03 0.03 ~0.02 0.02 ~0. 004 <0. 004 0.27 0 0.11 0
A27 >1.0 1.0 ~0.41 0.41 ~0. 14 <0. 14 8.57 0.01 5.68 0.02
A28 >3.3x10*  3.3x10* ~1.1x10*  1.1x10* ~0.3x10*  <0.3x10" 3x10° 120 1x10° 300

A7 54358 A BBL Total genera of green algae; A9 . FUBHEYIFIAHXT Z2 B Relative species richness of sensitive diatoms; A12 . fif: 3 5325 BATCAI XS £

Relative richness of diatom taxons; A13: # ¥2E HLICHIXT £ & Relative richness of blue-green algae taxons; A17 : 321 3 i 43 LU Percent of Nitzschia ;

A20 ; By [ 43 1L Percent of Oscillatoria; A25: RJ iz shfif e H 43 kL Percent of motile diatoms; A26 ; HARHERE F 0 L Percent of diatoms with handle;

A27 . B4R a frat Chlorophyll a content of periphyton; A28 .75 4 #ZS% & Cell density of periphyton.

2.2 WS HbIAET BT UG AR 2 A W S B VAN
Fay VAR ] 2 A e s W e M (P-1BT) 19 10 4>

0 S H0) 43 A 5 BRI 43 b o DL 2R3, BEFP-1BI

(MCT,F=2.99,P<0.001) ,1fi H:Ath 3 7KL K FAY
SN DU AN {235 (MCT, Py = 0. 333, P, =0.762,
PPO43’-P = 0. 498 ) .
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Table 4 Assessment criteria for biological integrity of per-
iphyton in the Hunhe River

filtRR Bty — B2
Excellent Good biological Moderate Severe
biological integrity integrity impairment impairment
=17.0 6.9 ~ 6.0 5.9 ~ 4.1 <4.0

VTR K ZROK AR S R G R AR 1fE WL 3R 4. T K &
WG L ERBE B DR (QHED) Fl5 A e 26 A 1y 5 %
PPN (P-IBI) 25 5 WE 5. QHET 25 51 R, A4
B3 TR A e 1) DX TP e L R AT T (Y
ZIMIFNSATI ) At (B SA) ,iX 3 42 i thE K
PR IR R EZEA R (1) 5 KEK B K E LT
VTR T30 B AH 56 S 3 A B8 I i B 2. P-IBI 45 R 3k
B, VEEIAT 7K 2R U B4 ) VAR (AN 5 20 ] R
) FIAHIAT 2 AR 2 AR ) S0 B PR e, (H I XS
(R 2] RIS A 2 A e A W e B M3 2% (1 5B)
5 QHEL 25 AL, KAK B 7K 22 AR ¥ 3] 13 &
FHOC S A A i 2 A ) 5 B PR SRR YR T) 4 Jt 1l
BBl N, 4% A7 R 5 B QHET 4801 P-IBT 154> HAT i
R IEAH SE M ( Pearson AHICPERG B, r=0. 444, P<
0.001) ;HAh, £ k¢ &5 P-IBI 1543 5k 61y PO,> -P
(r=-0.341,P=0.007) fl NH,"-N [ &% & (r=
-0.309 ,P=0. 014 ) 35 5 B 3 19 TR S k. 39T

+ 2 Severe impairment

m —f§ Moderate impairment
4 B%F Good biological integrity

o {85 Excellent biological integrity

o wy
e

'0.10 20 40 km

O —

5 VK NG S PR R PP AN S A R AR e
Pk
Fig.5 Environmental condition assessment and biological in-
tegrity of periphyton in the Hunhe River.
A S MO IREE T PEA Assessment based on qualitative habitat evalua-

tion index (QHEI) ; B. &5 WA Y R B E PP Assessment based on
periphyton index of biological integrity (P-IBI).

i ( One-way ANOVA, P =0.025), 2 & LA 45 B &
B, Group 1 1 Group 2 fY QHEI 1543 2 % A i 2%
(P=0.071) ,Group 3 Hl Group 4 A QHEI #5422 %
WA (P=0.55),1H Group 1,Group 2 il Group
3 . Group 4 [H] 225+ 8 % (P<0.05) ; [AlkE 4 4320 %t
T P-IBI 1347 B . 52 ( One-way ANOVA, P =
0.024) , ZHE IG5 F I, Group 1 Fl Group 2 [H]
255 5.3 (P<0.05) , 1 Group 3 Fl Group 4 [i] 225
ABE(P=0.084).
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