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Using periphyton assemblages to assess stream conditions of Taizi River
Basin, China
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1 Liaoning Provincial Key Laboratory for Hydrobiology, College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China

2 Laboratory of Riverine Ecological Conservation and Technology, Chinese Research Academy of Environmental Sciences, Beijing 100012, China

Abstract ; Biological community structures have long been used to assess the impact of human activity on running waters.
Compared to macroinvertebrates and fish community, periphyton community was infrequently used as indicator of stream
conditions because of the large number of species and the need for taxonomic expertise. However, periphyton is valuable
indicator of stream health because they are relative simple to collect and response rapidly and predictably to changes in
stream chemistry and habitat quality. In the present work, we investigated the community structure of periphyton and
characteristics of environmental factors among 69 sample sites in Taizi River Basin of Liaoning Province, Northeast China.
Using the periphyton assemblages, we assessed stream conditions of Taizi River Basin based on Qualitative Habitat
Evaluation Index (QHEI) , Diatom Bioassessment Index (DBI) and Periphyton Index of Biological Integrity ( P-IBI).
The results indicated that the dominant species of periphyton in Taizi River Basin were Melosira varians, Diatoma
vulgare, Cymbella tumida, C. hustedtic, Navicula cryptocephala, Gomphonema olivaceum, Achnanthes minutissima,
Synedra acus, S. ulna, S. ulna oxyrhynchus, Nitzschia palea, Cocconeis placentula, Scenedesmus quadricauda, Oscillatoria
tenuis and Phormidium tenus. There was great difference in the periphyton community structure in Taizi River Basin. Based
on principal component analysis, conductivity, suspended solid, velocity, total dissolved solid, hardness, alkalinity,

ammonia nitrogen, nitric acid nitrogen and total nitrogen were the main environmental factors in Taizi River Basin.
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Canonical correspondence analysis showed that conductivity, total dissolved solids and total nitrogen significantly influenced
the community structure of periphyton in Taizi River Basin.

The metrics of DBI were species richness, diversity index, tolerance index, sensitive species and similarity of
community, and the metrics of QHEI were epifaunal substrate, embeddedness, velocity, sediment deposition, channel flow
status, channel alteration, frequency of riffles, bank stability, vegetative protection and riparian vegetative zone width. The
merits of P-IBI were filtered with box-plots analysis and correlation analysis, and the ultimate index merits of P-IBI were
total genera of green algae, relative species richness of sensitive diatoms, relative richness of diatom taxons, relative
richness of blue-green algae taxons, percent of Niizschia, percent of Oscillatoria, percent of motile diatoms, percent of
diatoms with handle, Chlorophyll a content of periphyton and cell density of periphyton.

The results of stream condition assessment based on DBI, P-IBI and QHEI were in consensus in Taizi River Basin,
although assessment results of some tributary were not in compatible. The results of stream condition assessment showed that
upstream area of Taizi River Basin were in excellent ecological integrity, while, the downstream area of Taizi River Basin
were in severe impairment. The results of correlation analysis showed that there were significant correlations among the
scores of DBI, P-IBI and QHEI in sample sites of Taizi River Basin, and moreover, significant correlations were also
detected between scores of DBI, P-IBI, QHEI and conductivity, total dissolved solid and total nitrogen. In the paper, we
also discussed the relationship between periphyton community structure and environmental factors, and moreover, we

evaluated the merit and deficiency of DBI, P-IBI and QHEI in the assessment of stream conditions of Taizi River Basin.

Key Words: biological integrity; diatom bioassessment index; qualitative habitat evaluation; canonical correspondence

analysis ; principal component analysis ; community structure
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Fig. 1 Location map of sample sites in Taizi River Basin
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Table 1 Metrics and scoring ranges of Diatom Bioassessment Index in Taizi River Basin

1353 YRl TR ZEPEIREL fi BT A2 PR HE 2T TURFPFIRT 2 FETE AR DI 45 21
Score Species richness Diversity index Tolerance index Sensitive species /% Similarity of community
1 <20 <15 1.0— 1.5 <0.1 >10
2 20 — 30 1.5—2.5 1.5—2.0 0.1—1 10 — 30
3 30 — 50 2.5—3.5 2.0 —2.5 1.0—5.0 30 — 50
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Table 2 Attribute and description of candidate metrics of P-IBI in Taizi River Basin
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Fig. 4 Canonical correspondence analysis of species-environmental relationships in Taizi River Basin
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Table 3 Partial correlation tests among environmental factors in Taizi River Basin

SS TDS CS Alk TD NH;-N NO3-N TN
Con 0.167 ns 0.014 ns -0.169 ns 0.458 *** 0.375*" 0.125 ns 0.058 ns 0.105™
SS 1 0.743 " -0.138 ns -0.194 ns 0.107 ns 0.255" 0.288 " -0.158 ns
TDS 1 0.006 ns 0.100 ns -0.115 ns -0.115 ns -0.179 ns 0.114 ns
CS 1 -0.118 ns 0.165 ns -0.389 "~ -0.365"" 0.501 """
Alk 1 0.496 *** -0.215 ns -0.234 ns 0.147 ns
D 1 0.153 ns 0.174 ns -0.194 ns
NH;-N 1 -0.897 """ 0.904 =~
NO3-N 1 0.860 “**

ns fUF P>0.05; * P<0.05; # = P<0.01; #* % * P<0.001
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Fig. 5 Box-plots of 18 candidate P-IBI metrics between reference and impaired sites in Taizi River Basin
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F5 AFARSBEEREREYTEE(P-IB) ROSHMNSFEEREBAIRAE (FCFBE XL 2)

Table 5 Distribution and scoring ranges of core P-IBI metrics in Taizi River Basin(See Table 2 for the meaning of abbreviations)

SR> Score of metrics SR AR Distribution of metrics
(Ve =

Core metrics 10 7 4 | ok fE H/ME 95" oMk 5" Mg
Max. value Min. value percentile percentile

A7 >3 =382 =1 =0 6 0 4.45 0

A9 >7.2 7.2—2.70  2.7—0 =0 27.08 0 20.07 0
Al12 <0.73 0.73—0.83  0.83—0.91 >0.91 1 0 1 0.61

A13 >0. 14 0.14—0.10  0.10—0.06 <0.06 0.28 0 0.24 0

Al7 0 0—0.01  0.01—0.05 >0.05 1 0 0.22 0

A20 >0.55 0.55—0.32  0.32—0.07 <0.07 0.98 0 0.92 0
A25 >0.28 0.28—0.16  0.16—0.09 <0.09 1 0 0.85 0.02

A26 >0.18 0.18—0.06  0.06—0.003 <0.003 0.96 0 0.53 0
A27 >3.33 3.33—1.26  1.26—0.51 <0.51 18.76 0 11.84 0.17

A28 >1.5%x10° 1.5—04x10°  0.4—0.07x10° <0.07%10° 2.7x107 0 3.9x10° 2600

Ro6 ETHEERLREMTEEER(P-B) MAFAREKESBRINE

Table 6 Assessment criteria for biological integrity of periphyton in Taizi river basin

filtRE By — Bz
Excellent biological integrity Good biological integrity Moderate impairment Severe impairment
=6.7 6.6 —5.6 5.5 —4.7 < 4.6

2.3 RFMREUKA S RGN S5 R
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Fig. 6 Environmental condition assessment of Taizi River Basin
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Fx7 KXFAREEAMAESMAREREFENSES (QHED) FEREWTENFS (DB MEERLXEYEEHTNE S (P-IB) 5EEKREE
1L EFiEE X S
Table 7 Person correlation tests between scores of QHEI, DBI, P-IBI and values of significant environmental factors of sample sites in Taizi

River Basin

QHEI DBI P-IBI
H1 5% ( Con) -0.644** -0.430 ** -0.446
KRR R (TDS) -0.686 " -0.559 -0.549 **
MA(TN) -0.530** -0.456 ** -0.389 **
QHEI 1
DBI 0.309" 1
P-IBI 0.342** 0.494 ** 1

*fR3F P<0.05; = = {03 P<0.01

AWFFEAE i R R A A S RIS A A 0 SRR P K IR R T i
BISHL, & A R SR 26 W = A DG, T L o Bt 5 i 2 48 3 T oy A K AR b () 8 7 i, R R 3
R S R et A P S ) - R S R G 3 AR A b DX R B O AR S R B SRR (HCO; +
COY ) VIS (Ca™ +Mg™ ) A W AU IEARSCME (38 3) NI S :5 T — e, SR A oE 36 1, i 5 %
I iR PSSR AR 5 1 5 & A RV SRk o e % O AR OGO SR X — (B A A 5 I A E
P S Fr , R a0 B R 5 20 A IR & L Vil IR 280 TG PE B AR A B 8 %) A ¢ M (Partial correlation
tests, P>0.05) .

F A ISR ST A TERR TR R B E N B E R0 RS R R, W R A
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Hofth— SR FE 45 FEAH—2 > TDS Sl T /KA JEHLER 26 (455 e Eh BRARER AR IL % ) Fl— /N 43 vf
TEEA MU S BT AR IR B 6 bAh , AR HFST 38 K& B TDS FLE 7Y (SS) A % i & A 1IEAH
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