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ABSTRACT KEYWORDS
A representative polluted river in Pearl River Deltahas been selected. The Biological monitoring;
samples of macrobenthos were collected and analyzed. The biological Macrobenthos;

Multivariate analysis;
Non-metric multidimensional
scaling analysis (MDS);
Cluster analysis.

monitoring datawere analyzed by Shannon-Wiener diversity index (SWI),
the multivariate analysis (combining two methods of MDS and Cluster
analysis), and the analysisresults of themwere compared. Theinvestigation
results show there are rare species in the study area; furthermore the
dominantswere mainly contributed by the two pollution indicator species,
Limnodrilus hoffmeisteri and Branchiura sowerbyi. Analytical results
indicated that the community structure of macrobenthos was highly
associated with the condition of water environment in theriver. Theresults
of SWI cannot effectively reflect thedifference of pollution status of various
stations in the polluted river; despite the presence of some problems,
multivariate analysis method is more suitablethan SWI asfar asinformation
mining of biological monitoring in the polluted river is concerned.
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INTRODUCTION pensatefor thisdefect!*. Thebiologica monitoringis

onecomprehend vetechnology developedwith biologicd

Thewater environmenta monitoringisthe prereg-
uisiteof environmenta protection. Generaly physica
and chemical methods have been used to monitor wa-
ter environment quality inthe past, but they canindi-
rectly reflect transient condition of water environment
only through singleindex, and hed th condition of water
environment cannot be reflected comprehensivel yt-3,
Thebiologica monitoring hasbeenintroduced to com-

methodsto monitor environmental quality, which can
both savefunding and illustrate problems easily"l.
Aquatic community monitoring isan important part of
biologica monitoring®t¥, which playsanimportant role
in evaluation of water environment quality!*2, With
characterigtic of long life span, high sengitivity to envi-
ronmental change, small capacity and scopeof activity,
macrobenthosliving inthewater for along term can
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comprehensively reflect effectsto environment and crea-
ture imposed by pollutants*324, With the change of
water quality, thecommunity structureof macrobenthos
will changeaccordingly: in polluted water body, com-
munities of macrobenthos are dominated by pollution
tol erant species, whereascommunities are composed
of variousspeciesin clean waters. Hence macrobenthos
is regarded as good tool of water quality monitor-
ing[15,l6]'

Thekeysand difficultiesof biological monitoring
aretheinformation mining of biologica monitoring data
wegain, and andyzing the va uableinformation among
them*, Whenwater quadity ismonitored by using com-
munity structure of macrobenthos, experimenta results
should beandyzed deeply to digtheuseful informetion.
In the early stage, Shannon-Wiener diversity index
(SWI) has been widely used to explain the results of
aquatic biological monitoring previoudy!*®. However,
SWI suffering the problem in apollutedriver, which it
cannot identify the water polluted degree because of
the speciesand quantities of aquaticanimasarescarce
and SWI tendsto homogeni zation°. Recently, multi-
variate analys smethod hasbeen introduced to remedy
thesedefects. Recently, multivariateanays smethod has
been applied in some researches?*2Y, and certain re-
sults have been achieved®#1, however, the applica-
tion of multivariateanays sof thecommunity structure
of macrobenthosto water environment quality moni-
toringin polluted river hasbeen rarely reported.

Inthisstudy, Xinan River, arepresentative polluted
river in Pearl River Delta, has been selected. The
samplesof macrobenthoswere collected and analyzed.
Thebiologica monitoring datawereandyzed by SWI,
the multivariate anaysis (combining two methods of
MDSand Cluster analysis), and theanalysisresults of
them werecompared, so asto verify theeffects of mul-
tivariate analysisof macrobenthosto monitoring water

quality.
MATERIALSAND METHODS

Sudy area

Atypicd river, Xinan River inthePearl River Delta
(PRD), China, has been selected as the object. The
Pearl River Ddta(PRD) isformed by threemain streams
of the Pearl River, whichisChina’s second largest river
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after the Yangtzeintermsof annual averageflow. The
Xinan River isupstream of the Guangzhou section of
the Pearl River, connecting the magjor cities of
Guangzhou and Foshan (shown in Figure1). Thisre-
search chosemost typical segment of the Xinan River
(the segment was customarily called Fenggang section
of theXinan River). Thesectionislocated intheinthe
upper midregion of the Xinan River with three streams
(Damian Creek, Daang Creek, Fenggang Creek) flow-
ingintoit. Witharapidly growing economy and asharp
increasein the population, alargeamount of industrial
and domesticwastewater dischargesintothe Xinan River
and worsensthewater quaity. Because of complicated
and changeabl e condition of water environment, it’s dif-
ficult to assessthewater quality by using physical and
chemica methods of monitoring®.

Samplingand analysis

Accordingto thepreviousinvestigation concerning
pollution status of theriver?29, 7 representative sta-
tionswere sdected intheriver (the specificlocation of
various sampling stationswasshowninFigure1). The
collection and processing of macrobenthoswere car-
ried out according to Chinesenationd standards®. The
sampl esof macrobenthoswere collected by usinga 17
cmx29 cm Peterson grab sampler. The benthic inver-
tebrate sampleswere placed onawhiteporceain plate
to be sorted after being screened through a40 mesh
(380 um) sieve. The sorted samples were then washed
with Milli-Q water and fixed in bottlesthat weretrans-
portedtothelaboratory for further processng. Thefixed
sampleswere examined by microscopy and enumer-
ated and identified to thepecieslevel. Shannon-Wiener
diversity index werecal culated by Excel 20071, The
twomultivariatesatigticd anayses (Clugter andyssand
MDS analysis) were conducted by SPSS19.027:281,

RESULTSAND DISCUSSION

Featur esof community structur eof macr obenthos
intheriver

TABLE 1 shows the investigation results of
macrobenthosintheriver. Generally, rare specieshave
been found in the study area: only 15 species of
macrobenthoswerefound in 7 stations, 7 mollusks ac-
counted for 46.67%, 4 annelid accounted for 26.67%,
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Figurel: Thestudy areaand locationsof the sampling stations

TABLE 1: Thedensity of macrobenthos (ind.m?)

Sations Species A B C D E F J
Hippeutis cantori 53 122 0 0 30 0 0
Cipangopaludina chinensis 13 0 0 10 10 0 0
Bellamya aeruginosa 0 41 0 0 0 0 0
Mollusca Alocinma longicornis 0 10 0 0 0 0 0
Katayama nosophora Robson 0 41 0 10 0 10 0
Radix swinboei 0 0 0 0 10 0 0
Corbicula fluminea 0 10 0 0 0 0 0
Branchiura sowerbyi 0 0 467 152 20 203 193
Annelida Limnodrilus hoffmeisteri 13 913 14138 3550 2901 7677 7505
Nais communis 13 0 0 0 0 0 0
Tylorrhynchus heterochaetus 0 0 20 0 0 0 0
Tanypus chinensis 13 0 0 0 0 0 0
Arthropoda
Ephaceella sp. 13 0 0 0 0 0 0
) Planocera reticulata 13 0 0 0 0 0 0
Platyhel minthes i
Dugesia gonocephala 26 0 0 0 0 0 0
Total Density / (ind.m?) 157 1137 14625 3722 2971 7890 7698
Number of Species 8 6 3 4 5 3 2
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aquaticinsects 2 accounted for 13.33%, platyhelminth
2 accounted for 13.33% (TABLE 1). Community com-
positionsof benthosvaried in different stations. Popu-
lations of specieswererdatively low inthestationsC,
D, F, J: station C with 3 species, station D with 4 spe-
cies, station F with 3 species, station Jwith 2 species.
Furthermore, community structure of macrobenthosin
the4 stationswas mainly composed of pollutiontoler-
ant species. Speciesat A, B, Estationisrdatively dun-
dant: station A has 8 speci es, and the dominant species
is Hippeutis cantori. B station has 6 species, and E
station has 5 species. It can be concludefrom TABLE
1 that oneof thefeatures of the community structure of
macrobenthosisthat density of macrobenthosvaried
widdy indifferent stations: station C with the highest
density of 14625 ind-n?, station A with thelowest den-
sty of 157 ind-n?, and thereis 93 timesdifference be-
tweenthem.

It can bealso been seenin TABLE 1 that thetwo
pollution indicator species, that is Limnodrilus
hoffmeisteri and Branchiura sowerbyi, were wide-
spread. Limnodrilus hoffmeisteri appeared at every
dtation, but density varied from each station. Maximum
value appeared at the C position; its perched density
reached 14138ind-m2. Thelowest perched density of
A gationwasonly 13ind-m2. Dominant speciesof other
6 stations except station A was Limnodrilus
hoffmeisteri. The other indicator of pollution,
Branchiura sowerbyi, wasfound in most stations (5
gtations), and itsdensity ranged from 20ind-nr?(station
E) to 467 ind-m?(station C).

FromTABLE 1it can be concluded that thereare
rarespeciesintheriver and dominatesweremainly com-
posed of pollution tolerant speciesin most of the sta-
tions, whichisin accordancewith the characteristics of
pollution aress.

Theassessment resultsof Shannon-Wiener diver-
sity index (SW1)

Speciesdiversty isanimportant sign of ahealthy
ecosystem, and Shannon-Wiener diversity index has
been regarded as an appropriate measure of species
diversity inthefield survey®3, Hence, itisoften used
to analysisthe community construct of macrobenthos.
The SWI iscaculated asfollows:
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H*‘— Shannon-Wiener diversity index; P, = ni/ N;n
— number of creature individuals in the sample i; N —
total number of individualsinthe sample; S— total
number of speciesinthesample

Thecaculating resultsof SWI areshowninFigure
2. Theevauation standardisthat thesmaller SWI value
is, theworse ecological environmental quality i,
According totheeva uation criterion, the pollution de-
greeof thegtationsfrom heavytolight wasJ~ F>E ~
C>D>B>A.Therearetwo problemsexistinginthe
evauation results. Firstly, itisdifficult to differentiate
between stationsof Jand F, stationsC and E. It can be
seen from Figure 2: the SWI values of 5 stations are
very dose, makingitimpossibleto distinguish pollution
degree because of equal SWI valueof Jand F, C and
E. Secondly, theenvironmenta conditionsmay bemis-
judgedin gtation E. Thereason of first problem could
bethat quantitiesof macrobenthos speciesareso much
scarce in the study area that most of the data of
macrobenthosin TABLE 1 are zero. It can be seen
from TABLE 1 that the differencesbetween Jand Fis
very smal. Thereare 3 speciesin gtation F, 2 speciesin
station J, and dominant species of two stations are
Limnodrilus hoffmeisteri and Branchiura sower byi,
furthermoredengity of two Speciesaresmilar. Thesubtle
differenceslieinthat therearelittle Radix swinboe in
station F, which cannot be distinguished by SWI. The
second question above mentioned was proposed on
thebasisof theresultsof in-siteinspection, combining
theanalysisto the structure of macrobenthos commu-
nity, distribution of polluted indicators speciesaswell
astheprevious study®¥.

The characteristicsof hydrology and water quality
in Xinan River arethat they are both complicated and
variable. The Xinan River is the upstream of the
Guangzhou section of the Pearl River, flowing from
Xinan Gate (located in Sanshui District inthe city of
Foshan) throughthetown of Guangyaoin Nanhai Dis-
trict Foshanto thetownsof Lishui, Heshun, and at last
into the Guangzhou section of the Pearl River, connect-
ing the major cities of Guangzhou and Foshan. The
Fenggang section of Xinan River isgreatly influenced
by semidiurnal tide, which causes constant changing
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Figure2: Thecalculating results of the Shannon-Wiener
diversified index (SW1) of thesampling stationsin the Xinan
river

conditions, and it isanintersection of water quality4.
Water quality inthe upstream of isrelatively good be-
causeitsinflow water comesfrom Beljiang River (one
of the most important drinking water resources) via
Xinan Gate. Thewater quality beganto deterioratein
Fenggang section (thestudy areain thispaper, asshown
in Figure 1) because of pollution dischargealong the
river on both sides?!. Among the 3tributaries, Damian
Creek hasmaximum watershed and sewageflow. Sew-
age of Damian Creek iscontributed by domestic sew-
ageandindustria wastewater; sawage of Dalang Creek
ismainly compaosed of domestic sawageand mixed with
someindustria wastewater; under theinfluenceof the
large printing factory, water qudity in Fenggang Creek
isworst, and itswater isblack and stinky. Therange of
itseffect hasextended tothestationsD, E, A, andFin
downstream. Black weter holds half of watercourseand
extended to the bottom of Xinan River Bridge?¥. In
collusion, thecharacteristicsof water qudity inthestudy
areaisthat water quality of upstreamisrelatively good
whilethequdity turnto beworse after convergence of
tributaries, and thewater quality istheworst nearby the
sewageoutfalsandtheintersectionsof creeksand main
watercourse.

Station B islocated in upstream and relatively far
from sewageouitfdl (Thewastewater outfal of Laoliao
Village). Furthermoretributarieshavenot yet flowninto
it. Hencewater quaity isrelatively good, andthereare
relatively rich gpeciesinthestation, induding 5 mollusca
In comparison to station B, station Jwas heavily pol-
luted owing toitslocation near the sewage outfall of

Shang’an Village, hence the water quality of station J is
worse. Only two pollution indicator species,
Limnodrilus hoffmeisteri and Branchiura sowerbyi,
werefoundinthisstation. Smilar to gation J,station C
islocated in intersection of Damian Creek and main
channd with abundant industrial wastewater and living
sewageof Damian Creek flowingintoit. Sowater qua-
ity of station Cisredatively worseand thecommunity of
macrobenthos is mainly composed of Limnodrilus
hoffmeisteri and Branchiura sowerbyi. Thoughthe 3
stationsof A, E, and Fareall located inmain channel,
theenvironmenta conditionsarevery difference. Inthe
section of theriver, thethree creeksflow into Xinan
River but the pollutants carried by the creeks have not
yet mixed with thewater from upstream, resulting the
huge spatial differentiation of water quality. It can be
seenfrom TABLE 1 that thestructure of macrobenthos
community inthe 3 stationsisconsiderably different,
which reflectsthe space differences of water quality.
Thenumber of speciesin station A reached 8, the high-
est of al stationsinthisstudy; whilethe number of spe-
ciesin station Fwasonly 3 with thetwo polluted indi-
cators, Limnodrilus hoffmeisteri and Branchiura
sower byi asthe dominant species. The number of spe-
ciesof gation Eis5, including the clean water and pol-
lutionindicator species.

Judging from biologicd diversty, theenvironment
quality of station E is better than station C and D be-
cause the number of speciesinstation Eislarger than
station C, and D; furthermore density of pollutedindi-
catorsin stationsE islower than C and D. Secondly,
water quality of station E isbetter than station Cand D
onthebasi sof in-sitesurvey. Thirdly, the previousre-
sultsof water monitoring show that water quaity of Sta
tion C and D isobvioudly worse than station E?4. So
theremay be migudgment in the assessment results of
station E by SWI.

To sum up, the community structure of
macrobenthos was highly associated with the condi-
tionsof water environment intheriver. Thereare some
problemsincluding migudgment and failingto distin-
guish pollution degree when SWI was used to assess
thewater environment quality of Xinan River.

The assessment resultsof multivariateanalysis
Thedifficulty of biologica monitoring in polluted
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riversliesintherareaguatic organisng!. Thesituation
often occur that haf of biologica datain matrix datais
zero. According to this characteristic, the choice of
method to measure the similarity of the biological
samplesshall not besubject tothesituation®. TheMDS
andysisbased onthe Bray-Curtissmilarity coefficient,
oneof multivariateanaysis, hasbeenregarded asisa
good method to dedl with the problem®*4, When com-
bined with Cluster analyss, anther multivariateanalyss
method, theMDS analysis can better explore biologi-
ca monitoring datain polluted riverg®2:21,

The stepsareasfollows®!. First of all, based on
Bray-Curtissimilarity measurement, hierarchical clus-
ter of group average clustering method was used to
draw theclustering treediagram (Figure 3), and MDS
was used to analyze. To make the results have more
practica sgnificance, MDSandys sresultsshould com-
parewith hierarchicd dugeringandysisreaults, andthe
corresponding cluster group should besketchedinMDS
graph (Figure4).

p

Zl |X ia ™ Xja|
W= @

Z (Xia + Xja)

a=1
d“.(B) —Bray-Curtis non-amilarity coefficient of sample
| and samplej; X, — the number of species individuals
inpogitioni; X,,— the number of species individuals in
position; p— total number of species

Resultsof Cluster andysiswereshowninFigure 3.

Thestations could bedivided into four groups. group 1
included the stations of F, J, and D; group 2 included
the stations of C and E; group 3 included station B;
group4included gaionA. Theanadyssresultsof MDS
wereshown in Figure4. Theresultsweredivided into
4 groupsaccordingtotheir pogtioninthediagram: group
lincludedthestationsof F, J, and C; group 2 included
the stations of D and E; group 3 included station B;
group 4 included station A. Thegrouping resultsare
similar to theresults of Cluster analysisand thedlight
differenceliesinthe classfication of station C, and D.
AlthoughtheMDSresultsa sofail to distinguish station
F and J (station F and J nearly overlap in Figure 4),
Cluster analysisdi stingui sh subtle difference between
them (Figure 3). According to the above mentioned
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resultsof multivariate analysis, the pollution degree of
variousstationsfromheavy tolight was: J>F>C>D
>E>B >A. Theresultsdistinguish pollution degree
between station Jand F, station C and E; furthermore
the migudgment of station E may be corrected. Thus,
multivariate analysi savoided themistakesby SWI. In
addition, theresultsof multivariateanaysisaremore
intuitiveto expressby diagram. Thereason why multi-
variate analysisdoesbetter than SWI liesinthat itis
based on samplesimilarity, which canjudgethediffer-
enceof pollution degreein variousgationsthrough Smi-
larity determination of community structure, makingit
capabletoreflect thewater environment quality within
awiderangefrom clean water to polluted water body
where the species are rare. However, there are still
someproblemsof multivariate analysis, such asthein-
tegrity and information mining of different methodsof
multivariate analysisand the expression of the treat-
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B 2
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Figure3: Cluster dendrogram based on Bray-Curtissimi-
larity measurement
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Figure4: Theanalysisresultsof non-metric multivariate
scaling (M DS) of macrobenthosin the Xinan river
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ment of abnormd vaues. Although multivariateandyss
method isnot perfect, the casein this paper show that
the method is superior to the SWI in water environ-
ment quaity monitoringinthepollutedriver.

CONCLUSIONS

Andytica resultsindicated that thecommunity struc-
ture of macrobenthoswas highly associated with the
water environmental conditionsinthe polluted river
where hydrology and water quality present ahuge spa
tial variation. Hence the community structure of
macrobenthos may provide useful information for the
water environment quality monitoring of theriver. The
comparison between SWI and multivariate analysis
show theresultsof SWI cannot effectively reflect the
difference of pollution status of thepolluted river; de-
Spitethepresence of someproblems, multivariateanay-
ssmethodismoresuitablethan SWI asfar asinforma-
tionmining of biologica monitoringinthepolluted river
isconcerned.
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