47 4 Vol.47, No.4

2016 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2016
*
1 1 1 2 1@
(1. 641112; 2.
415000)
, 2013 @® ) ar )
(1) TLIQ) ,
47.4—64.6, 56.3; TLI(Y) 43.4—48.1, 44.6 (2)
88 (), + o+
+ + s (Cyclotella meneghiniana)
(Merismopedia tenuissima) (Cylindrospermopsis raciborskii)
(Fragilaria sp.) (Chroomonas acuta) (Navicula graciloides)  (3)
H d J 3.66 621  0.69,
3.67 412 088 (4)
NH," ;
(%) ;
Q178.1 doi: 10.11693/hyhz20160500108

> >

( , 2015) ( , 2012) 2003
(Bozzetti et al, 2004) ( , 2005)
; ; (
, , 2009; , 2011; , 2011;
( , , 2013; , 2015; , 2015),
2014), 20 80 90 (
, , 1986; , 1987) 10
( , 2005; , ,
2014; ,2015; , 2015) ,

* , 13ZB0001 s , E-mail: celery 319 07@126.com
: s R , E-mail: libin2004xinyang@126.com
12016-05-12, :2016-05-28



4 855
(NH4-N) (NO;-N) (TP)
1 (PO4-P) (CODwp) a(Chl a)
(
1.1 ,2002)
1.1.1 , 1.2
( ) 1.2.1
( ) ) ( , 2015):
( Y=P:xf;
) 10 (1 . P; i
(2016) (ni/N), f; i
Y=0.02
1.2.2 (TN)
(TP) (CODwmn) a(Chl a)
(SD) , C )
( , 2001)
TLI(Y)
TLIY)= iW/x TLI())
i=1
> W J ;
TLIG)  j TLI(Y)=<30
: 30<TLI(Y) < 50 :
1 TLI(Y)>50 , 50<TLI(})=60
Fig.1 Map of sampling sites , 60<TLI(})=70 ,
TLI(})>70
1.12 2013 8 ) 1.2.3 Shannon-Wiener
( ) (H') Margalef (d) Pielou
(Schindler-Patalas trap) o)
1L H'= —ZS:PI' log 2P
(Lugol’s reagent) =l
25 oo? d=(5-1)/InN
’ 4% J=H'/log,S
1.1.3 > S s i
48h, ,N H™>3
, 50mL, , 13 , =3 B,
(1991), I—2 o , 0—1 d>5
(2006) , 4—S5 ,3—4 B- , 1—3
1.14 (Secchi ol- , 0—1 J 0.8—1.0
disc) (YSI-550A) ,0.5—0.8 ,04—05  B- ,03—04
(Mettler Toledo SevenGo SG3) o- , 0—0.3 ( , 2005;
(Secchi Depth, SD) pH (DO) , 2006; , 2010; Spatharis et al, 2011;
(Conductivity) (TN) ,2015; ,2015; ,2015)



856 47
1.3 , , SPSS 19.0
SPSS 19.0 Salford
Predictive Modeler (SPM) 7.0 ;
Origin 9.0
2
1.3.1
, H J d TLIQ) 2.1
( ) , 2.1.1 ,
(classification and regression tree, CART) a TN TP
5 9 >
dg) R ( 2 3
CART CART Salford Predictive ( , 2011)
Modeler (SPM) 7.0
1.3.2
51 E= FXKHACODm 1 FXKHEATN mmm FKHTP
1107 =K fchl-a = 5KIACOD, W F5AEATN mm f5AKEATP
100 57K HAchl-a | =
ZZE2 s 4] :
07 F5AKHASD .
= 801 S 1
1 (=)
5 " 7 7 / £ 31 ' !
# 601 9 % 2 = 1
~ i /| /| ;
é 507 2 72 7 2 E 2
s 40 72 b 4 7 b 3
I Nvg B % 8 4 ¥4 A Yy O
o-N% 4 b % % & % 47 © :
NAE % 4 % 4 % V% 7 1] '
20NZ B %R R / :
N4 % 4 4 2 / ]
10 NENERNG 4 4 4 U4 7 g
NGNANGNY 4 % % 7 ]
o NANANANA . M /8.8 /BN | =1 R | L,
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
RER RER
2 a

Fig.2 Spatial distribution of chlorophyll a, Secchi depth (SD), CODy,, TN and TP

BRERDBEILAR

S IEERT) O &%) T D 5] B2 69D B Emm )

T52KEA

Fig.3

BRERDBENBE AR
25 X5 15K
20
2
T 15
=
i 10
&
5

678910

Spatial distribution of phytoplankton species and density



857

4
, (
) a TP 2.1.2
( ), 23 TLI(Y)
( 5 2012)5 ( 43), -
( , 2015), TLI(Y) , ( , 2012)
) (<50), ;
a TN R 1—3
(2 3, ; (>60)
(2 3,
a. FEBTOINSIBEITLI(Y) b. Shannon-wienerZ £t 550 H'
5
{ 4
|
050l gy I 1~2 a5
50~60 BESR 2 [ 2~3B-)5
I 60~70 DESR >3 555
0
i ‘o B
SUAL R RERA0 g A8 D0
c. Margalef#%%¢$€5.§§?‘§%ﬁzd o d. Pielou J99E 54J
8 : .
J ‘ 0.8
6 |
5 | .
d4 ‘-3~4BEP;5 J ‘-03~o5pcp,-5
3 4~58 /%/D 55 ' 0 5~0.8 /&5-85
2 s : M >08 %5
0 .
NS 8 ' /EM NI
RhEs R
4
Fig.4 Spatial distribution of various indicators
ra: TLI(Y); b: Shannon-Wiener H'; c: Margalef d; d: Pielou J
2.2 (15%)
2.2.1
78 (), ,
37 () 23 () 15 () ( , 1990)
13 () : Lo+
« 3, + o+,
30—52 o# , A ; 12—28
3# , O 3,
(35%) (35%) (24%) « D,

(44%), (18%), , (Cyclotella



858 47
meneghiniana) (C. operculata) , (Chroomonas acuta)
, (Fragilaria sp.) (Navicula (Cryptomonas ovata) (C. erosa)
graciloides) (Synedra sp.)
-
, (Pseudanabaena ( , 1990),
limnetica) (Cylindrospermopsis ( , 2011)
raciborskii) (Merismopedia tenuissima) ,
(M. minima); - ( , 1990)
Fz1 ILEFHFEYRBHRAEE
Tab.1 Dominant species and dominance degree of phytoplankton in Tuojiang River
i Y fi Y
Fragilaria sp. 100% 0.020 100% 0.079
Pseudanabaena limnetica 90% 0.043
Cyclotella operculata 90% 0.033
Chroomonas acuta 90% 0.026 90% 0.079
Cylindrospermopsis raciborskii 80% 0.051
Cryptomonas ovata 70% 0.021
Cyclotella meneghiniana 100% 0.171 80% 0.021
Cryptomonas erosa 90% 0.034
Chlamydomnas globosa 100% 0.021 90% 0.023
Chromulina sp. 40% 0.022
Merismopedia tenuissima 70% 0.120
Merismopedia minima 50% 0.046
Navicula graciloides 70% 0.036
Synedra sp. 70% 0.029
2.2.2 ) ( , 2011),
, 3 ( ,2015)
(5# o# T#) 1; (One-way ANOVA) ,
3 (8% 9% 10#) 44 NH, 1 3
2; 3 (1# 2# (P<0.05, 2),
3#) 3 3 (P>0.05, 2),
15.6% 19.4% 50% 8.7% 33.7% , NHZ
20.3% 30.5% 8.7% 21.5% 17.7% 41.4 16.9%,
1 ; + , , NH,
2 , 3 ( ,2014), )
, 2 3 NH, 1;
, , 3 NH,
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Tab.2 Comparison of biological and physiochemical
parameters among sample sites in 3 groups ( )
1 2 3 ( , ) ,
57 6 8 10 4 9 1 3 2 P i
(cells/L)  1.27x10° 3.76x10°  1.00x10" <0.001 ’
DO(mg/L) 6.36 6.01 5.95 0.540 R?=0.93,
ORP(mV) 20.7 22.4 22.4 0.598
(us/cm) 117.3 118.4 111.0  0.458 3 ( 6 4
NOi(mg/L) 2.07 1.78 1.83 0.486 (d>6.56) ( le
NH,(mg/L 0.082 0.084 0.389  0.042
PO;((mZ/L; 0.081 0.099 0.096 0380 4.6:10%ell/L)
SD(cm) 51.5 60.3 37.2 0.207 : > (TLI=
CODym(mg/L) 3.03 3.26 3.49 0.693 43.9) ( 0.4 x10%ell/L)
TN(mg/L) 2.26 2.06 2.18 0.620 ’ 1
TP(mg/L) 0.106 0.187 0.200  0.059 J=0.85 ’ (=
0.85) 8 (
2.2.3 2.6x10°ell/L), (>0.85) 3
4b—d , ( 1.0 x10°ell/L) Shannon-Wiener
H 3.66, , (H')
TH O (4.14), 6#  (1.98); , ,
d 6.21, , 1# ,
(7.47), 6# (4.39); J 0.69, , ,
- , H , ( , 2014),
6#(0.84)  7#(0.40) 6# 10# , ,
, ( ,2008)
R (Merismopedia S
spp-) ) ( , 2014) ,
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PHYTOPLANKTON COMMUNITY STRUCTURE AND WATER
QUALITY ASSESSMENT IN TUOJIANG RIVER

TAO Min', XIE Bi-Wen', QI Ze-Min', YANG Pin-Hong?, LI Bin'

(1. Key Laboratory of Fishes Conservation and Utilization in the Upper Reaches of the Yangtze River, Sichuan Province, College of Life
Sciences, Neijiang Normal University, Neijiang 641112, China; 2. Collaborative Innovation Center for Efficient and Health Production
of Fisheries in Hunan Province, Key Laboratory of Health Aquaculture and Product Processing in Dongting Lake Area of Hunan
Province, Zoology Key Laboratory of Hunan Higher Education, Hunan University of Arts and Science, Changde 415000, China)

Abstract To assess water quality and phytoplankton biodiversity in the Tuojiang River, an upper-middle—stream river
of Changjiang (Yangtze) River, Sichuan, we surveyed the phytoplankton community structure and water quality in August
(wet season) and November (dry season) in 2013. Water and phytoplankton samples were collected at water surface with
Schindler-Patalas trap and processed in traditional methods. Results show that, the trophic level index TLI(X) was higher in
wet season (47.4—64.6 in average of 56.3) than in dry season (43.4—48.1, 44.6 in average). Eighty-eight species of
phytoplankton were recognized, including mainly green algae, diatoms, and cyanobacteria. Major members were green
algae + diatoms + cyanobacteria in wet season and diatoms + green algae + cryptophyta in dry season. Dominant species in
wet season included Cyclotella meneghiniana, Merismopedia tenuissima, and Cylindrospermopsis raciborskii, while those
in dry season included Fragilaria sp., Chroomonas acuta, and Navicula graciloides. The mean values of the
Shannon-Wiener diversity index H', Margalef abundance index d, and Pielou evenness index J on phytoplankton in wet
period were 3.66, 6.21 and 0.69; and 3.67, 4.12 and 0.88 in the dry season, respectively. Cluster analysis and analysis of
variance (ANOVA) show that, along-river dam construction and sampling location affected the results of NHj
concentration and phytoplankton community structure, showing more lake-type cyanobacteria and green algae in the
upstream of dams and higher phytoplankton density in the upperstream than in the other parts. Classification and regression
tree modeling showed that, phytoplankton density and richness was often high in the water where nutrition level was high
but evenness was low. Therefore, the water quality in Tuojiang River was in the state of between mesotrophication and
eutrophication, in particular the upper stream section in wet season. To prevent possible bloom outbreak, close watch shall
be made on the sections with abundant phytoplankton species, especially the upstream of dams in upper Tuojiang River in
wet season.

Key words Tuojiang River; water quality assessment; phytoplankton; trophic level index (TLI); diversity index




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


