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A comparison of the altitudinal patterns in plant species diversity within
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Abstract: In the typical dry valleys of the Three Parallel Rivers region, northwest Yunnan Province, we in-
vestigated vegetation using six sampling transects, each comprised of ten standard plots, along altitudinal
gradients on the eastern and the western aspects of Nu River, Langcang River, and Jinsha River. With these
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data, we compared the elevation-related distribution of plant species richness and species turnover rates along
the six transects, and explained the patterns using geography and vegetation variables. The dry-warm vegeta-
tion zone was dominated by shrubs and herbs and located below the altitude of 3,000 m a.s.l. At higher eleva-
tions, shrub and herbs were replaced with a forest zone. The spatial distribution of plant species richness in-
creased with elevation and latitude, especially for herb and shrub species, and was also related to river, vege-
tation zones, and longitude. The species richness of shrubs also increased significantly across the region,
from west to east. Species richness of herbs and shrubs in the Nu River were higher than those in the Lan-
cang River and the Jinsha River, whereas the difference of species richness among three rivers was not sig-
nificant for trees. Herb species richness in the forest zone was less than that in the shrub and herb zones. Spe-
cies turnover rate of different zones presented inconsistent altitudinal gradient patterns, but all peak values
appeared in the ecotones between shrub communities, in the lower altitudes of the transect, and forest com-
munities, in the higher altitudes. The forest-shrub ecotone is located at an altitude range of 1,900-2,100 m in
the Nu River valley, at an altitude range of 2,300-2,400 m in the Lancang River valley and at an altitude
range of 2,700-2,900 m in the Jinsha River valley. The mean species turnover rates between shrub & herb
section and forest section within each transect were less than the mean turnover rates of the same vegetation
section between different transects within the same basin, and also less than the mean turnover rates for same
vegetation section in all six transects. Spatial isolation could explain 34.2% of the variation in species turn-
over rate among the 12 vegetation sections of the six altitudinal transects, while vegetation differences ex-
plained less than 0.5% of the variation. These results show the primary role of environment difference in de-
termining the species richness between vegetation types, whereas geographical isolation between the rivers as
a dominant factor in the assembly (e.g. species composition) of plant communities.

Key words: Three Parallel Rivers; dry valleys; species richness; altitudinal patterns; community structure
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The geomorphology, rivers and the locations of altitudinal transects of vegetation survey in the study area. N1, Pianma; N2,
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Table 1 The features of six transects of vegetation survey in the Three Parallel River Region
TR Py P Hb A 41 ki Elevation range (m) P
River Transect Location Aspect W Shrubs ik Forest No. of plots
&L Nu River NI Y Pianma PELE West 900-2,100 2,200-3,100 39
N2 71l Gongshan Pl West 1,100-1,900 2,000-2,900 27
JYEYL Lancang River L1 24 Lanping 73 East 1,700-2,400 2,500-3,100 32
L2 HEVE Weixi I Bast 2,000-2,300 2,400-2,800 28
L3 4R Degin ZRY¥ East 2,000-2,600 2,700-3,200 34
4 V)T Jinsha River J1 FEFF* Benzilan TalE West 2,000-2,700 2,800-3,200 32
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Fig. 2 Elevational gradients of species richness of all plants and different growth-forms for the six vegetation transects in the three
watersheds. N1, Nu River Pianma; N2, Nu River Gongshan; L1, Lancang River Lanping; L2, Lancang River Weixi; L3, Lancang
River Deqin; J1, Jinsha River Benzilan.

2 EYRHEHETYHESERECGLMERRENEHAREAESGIT EEMH(T RERLITE, MEHNRABRRLINTERR
KESRREREKE, NEENERE XMNATREEWL, MENEETREEAT. FIHRIEHNEZM: 7 P<0.001;
™ P<0.01; " P<0.05; # 0.05< P<0.1).

Table 2 The coefficients and corresponding statistic significance of the generalized linear models for species richness patterns of
the plant communities transects. T refers to categorical variable, the corresponding coefficient equals to the intercept difference be-
tween the referring level and the default level, which is the Jinsha River when considering the variable “river”, and the Shrub & Herb
section when considering the variable “vegetation type”.

7 FARFH HEAFH TeAFh Eee i
Environmental factors Herb species Shrub species Tree species Total species
25% Latitude 0.233™ 0332 0.404™" 0.286™"
2% Longitude -0.561 1.417" 0.775 0.227
ik Elevation 3.11E-4™ 4.01E-4" 4.54E-4 3.71E-4""
JeIa 4x5% Aspect cos —0.124™" 0.033 0.021 -0.078™
Wew 1E5% Aspect sin -0.019 0.204™" 0.562"" 0.084™
Wi Slope —2.851E-3# 4.501E-3# —4.989E-5 —0.550E-3
YT Lancang Riverf 0.308 —0.685" —2.046™" -0.201
AT Nu Rivert 1.783"™ 1.190™ 0.622 1.554™"
FRIBL Forest sectiont -0.221° 0.061 1.074™ -0.062

Adj.-R* 0.671 0.341 0.407 0.713
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Fig. 3 The species turnover rate (Simpson index) of plant community along the elevational transects of vegetation
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Appendix 1 The mean values and value ranges (in parenses) of species richness within the plot area 100 m? of the six altitudinal
transects in Nu River, Lancang River and Jinsha River, including total species richness and those of trees, shrubs, herbs (ferns).
http://www.biodiversity-science.net/fileup/PDF/2015361-1.pdf
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Appendix 2 Species turnover rate (Simpson index) between sections of the sampled transects. The plot codes refer to Table 1. S,
Shrubs and herbs section of the transect; f, Forest section of the transect.
http://www.biodiversity-science.net/fileup/PDF/2015361-2.pdf
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Appendix 1 The mean values and value ranges (in parenses) of species richness within the plot area 100 m? of the six altitudinal
transects in Nu River, Lancang River and Jinsha River, including total species richness and those of trees, shrubs, herbs (ferns).

Bt e v FeARFEL HEAFIEL FLARTREL
Transect Total species Tree species Shrub species Herb species
i 8.7 (1-24) 8.2 (2-18) 1.9 (0-11) 18.7 (6-47)
L1 21.6 (6-39) 11.2 (0-25) 1.9 (0-10) 34.7 (19-51)
L2 22.9 (0-54) 9.3 (0-24) 0.5 (0-4) 32.7 (1-69)
L3 9.6 (1-25) 7.9 (2-15) 0.5 (0-4) 18.1 (7-39)
N1 30.9 (12-66) 13.4 (4-29) 2.2 (0-14) 46.4 (27-91)
N2 23.7 (9-59) 9.7 (2-24) 2.8 (0-14) 36.0 (15-68)

MisR2 AREIFERER  [ERFISE B 2 (SimpsontE ). HMKSIFRL. st EEME; f: HKEL.
Appendix 2 Species turnover rate (Simpson index) between sections of the sampled transects. The plot codes refer to Table 1. S,
Shrubs and herbs section of the transect, f, Forest section of the transect.

J1-s J1-f Ll-s L1-f L2-s L2-f L3-s L3-f N1-s N1-f N2-s
J1-f 0.608
L1-s 0.959 0.959
L1-f 0.955 0.907 0.822
L2-s 0.926 0.929 0.697 0.634
L2-f 0.932 0.918 0.738 0.660 0.520
L3-s 0.787 0.827 0.957 0.945 0.928 0.940
L3-f 0.916 0.846 0.950 0.884 0.903 0.935 0.825
N1-s 0.968 0.949 0.779 0.819 0.725 0.742 0.960 0.975
N1-f 0.978 0.965 0.924 0.799 0.787 0.824 0.972 0.940 0.685
N2-s 0.967 0.955 0.807 0.802 0.739 0.781 0.950 0.923 0.606 0.652

N2-f 0.958 0.928 0.883 0.738 0.798 0.779 0.954 0.910 0.725 0.628 0.664





<<
  /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 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


