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ABSTRACT

Ecosystems today are under increasing pressure from a rapidly changing
climate, changes in land-use, habitat fragmentation and degradation and
increasing anthropogenic disturbance. Studying drivers of biodiversity
patterns is of increasing importance for understanding the dynamics of
communities and their reactions and adaptation to changes in the future.

Climate change is predicted to be most dramatic in mountainous areas,
influencing shifts in vegetation patterns, which have already been ob-
served. Vegetation in cliff outcrops is highly distinct from surrounding
vegetation, and commonly contains many rare species, including a high
proportion of endemics. Despite this, cliffs are not well represented by
ecological studies.

This thesis is based on field studies investigating some aspects of pro-
cesses shaping biodiversity patterns in plant communities in terms of
species distribution, composition and diversity. Patterns of diversity
were related to environmental and spatial factors, human disturbance
and biotic interactions. The investigated plant communities were cliffs
and surrounding matrix vegetation at a sub-arctic alpine tundra site and
cliff ecosystems in south-west Sweden. Vegetation at the investigated
sites were surveyed along with estimations of environmental variables
and analyzed to identify the drivers of observed diversity patterns.

At the sub-arctic alpine study site, results show that cliff habitats are
highly important for landscape diversity. They contained many species
specialized for this habitat, which cannot persist in the surrounding
landscape. Bryophytes and lichens contained species more distinctly
affiliated to the cliff habitats compared to vascular plants. At the same
subarctic alpine site, the cushion plant Silene acaulis was shown to act
as a nurse plant in cold-stressed environments, enhancing local biodi-
versity at higher elevation in the Scandes.



At the investigated cliff sites in south-west Sweden, distribution of
bryophytes specialized for cliff environments was indicated to be lim-
ited by dispersal. This implies that maintaining high connectivity of
suitable habitat patches is of high importance for the conservation of
bryophytes and probably also other organisms with small diaspores.

In the same geographical region, it was found that recreational rock
climbing had less influence on biodiversity patterns than environmental
variables, in contrast to what has been reported in some previous studies
from other regions.

In summary, this thesis shows that cliffs are important for landscape
diversity due to their contrasting composition of species compared to
surrounding matrix habitat, especially in the investigated subarctic
alpine study site. It also contributes to the documentation of dispersal
limitation for bryophytes with affinities to patchy habitat types and a
low frequency of spore production. In addition, it shows that including
environmental factors when evaluating the impact of rock climbing on
cliff vegetation is important for how patterns are interpreted. Further-
more, it shows the impact of a nurse plant effect in cold stressed
environments, contributing to previous studies showing that biotic
interactions shift from competition to facilitation in many environments,
as stress increases.
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SVENSK SAMMANFATTNING

Paverkan fran ménskliga aktiviteter pa de naturliga system som utgdr
grunden for var overlevnad dr idag storre dn ndgonsin tidigare. Frag-
mentering och forsdmrad kvalitet av naturliga miljder, klimatfor-
andringar, dndrad markanvéndnig och intensifierat skogs- och jordbruk
ar nagra faktorer som innebér stora pafrestningar fér manga véxter och
andra organismer. For att kunna forutsdga hur dessa kommer paverkas
av forvintade fordndringar och de foérdndringar vi redan ser behdvs mer
kunskap om vilka faktorer som péaverkar biologisk méngfald.

Denna avhandling handlar om biologisk mangfald i fjéll- och klipp-
miljoer och bygger pé faltstudier som gjorts i svenska fjéllkedjan, i da-
len runt sjon Latnjajaure, néra Abisko och pa véstkusten norr och Oster
om Goteborg. Inventeringar av vegetation tillsammans med en uppsatt-
ning miljovariabler har analyserats for att ta reda pa hur faktorer sam-
verkar i sin paverkan av biologisk mangfald och artsammanséttning hos
vaxtsamhéllena.

I det forsta arbetet (Paper I), undersoktes hur klippor pa kalfjillet runt
sjon Latnjajaure skiljer sig fran omgivande vegetation, vilka faktorer
som &r viktigast for forekomsten av de véxter som finns dér och hur de
paverkar strukturen av viaxtsamhéllena pa klipporna. Resultaten visade
att klippor i fjdllen ar viktiga for biologisk méngfald pé landskapsniva,
eftersom de innehaller en stor médngd arter som &r starkt specialiserade
for denna milj6 och inte kan klara sig i det omgivande landskapet. Klip-
porna var glest bevuxna och innehdll farre arter 4n omgivande vegetat-
ion, men skilde sig mycket i artsammanséttning och utgdér miljoer for
ménga arter som annars inte skulle forekommit i dalen. Avsaknaden av
betning och konkurrens, fran andra mer konkurrenskraftiga arter, ar vik-
tiga faktorer for vegetationen i dessa klippor. Klipporna hade ocksé
hogre pH-vérde 4n hedarna och dngarna i omgivningen, vilket paver-
kade klippvixternas utbredning.

Det andra arbetet (Paper II) fokuserade pa att ta reda pa hur miljov-
ariabler och fordelningen av klippor i landskapet i tre regioner langs
véstkusten, ndgra mil norr om Gdoteborg, paverkade artsamman-
sdttningen av mossor knutna till dessa miljéer. Vi undersokte ocksd om
storre klippor innehdll fler arter, vilket forutspas av 6biogeografiska teo-
rier. Resultaten visade dels att majoriteten av de arter vi hittade pa klip-
porna var generalister, arter som ocksa forekommer p& mark och trad-
stammar i den omgivande vegetationen. Artsammanséittningen av dessa
visade sig vara beroende av miljoforhallandena pa klipporna (dér be-
skuggning fran krontaket var den viktigaste), och det var ingen skillnad i
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artsammanséttning mellan klippor som lag nira eller langt ifrén var-
andra. En mindre andel av mossorna pa klipporna var specialister, som
uteslutande véxer pa klippor eller block. Artsammanséattningen hos
denna grupp var inte beroende av miljovariabler i samma grad, men
klippor som lag langt ifrdn varandra hade en storre skillnad i art-
sammansattning dn klippor som 1adg nira varandra. Denna skillnad i art-
sammanséittning hdngde ocksé ihop med hur ofta dessa arter produ-
cerade sporhus. Samkonade arter producerar sporhus oftare &n skild-
konade arter och dessa tva faktorer har i tidigare studier visats vara for-
knippade med séllsynthet hos mossor. Vér slutsats var att bland manga
klippspecialiserade mossor dr spridningsférméga en begriansande faktor
for deras utbredning och forekomst pa regional skala. Vi kunde dock
inte hitta beldgg for att storre klippor hade fler arter &n sma klippor.

I det tredje arbetet (Paper I1I), studerade vi paverkan fran klipp-
klattring pa biologisk mangfald av mossor och lavar pa klippor med
olika besoksfrekvens i Goteborgs omnejd, och fann att klippor som be-
sOks ofta av kléttrare var artfattigare, men att bade artrikedomen och
besoksfrekvensen av klittrare var starkare korrelerad med vilken rikt-
ning klipporna vitter 4t. Nordvénda klippor var bade artrikare och
mindre populdra bland kléttrare. Slutsatsen att klattring har negativ pa-
verkan pé biologisk méngfald pa klippor ar déarfor inte helt sjalvklar,
eftersom kléttrare ofta véljer klippor som &r artfattigare av naturliga or-
saker.

Det fjdrde arbetet (Paper IV) visade att kuddvéxten Fjéllglim (Silene
acaulis) fungerar som en ”vard” (nurse plant) it andra vixtarter, med en
lokal positiv pdverkan pa artrikedom nér milj6forhéllandena blir svarare
pa hogre hojd.

Sammanfattningsvis visar denna avhandling p& nigra processer som
paverkar biologisk mangfald pé klippor och i fjallmiljé och framhéller
klippor som viktiga element viktiga for biologisk méngfald pa land-
skapsskala, framforallt pd kalfjéllet, dar klipporna innehaller manga
starkt specialiserade arter. Den visar ocksé att interaktionen mellan arter
kan skifta nir milj6forhéllanden blir mer stressbetingade.

v



LIST OF PAPERS
L Antonsson, H. and Molau, U. Biodiversity patterns of cliff
habitats in an alpine sub-arctic valley of northern Sweden.

(Submitted Manuscript).

1L Antonsson, H. and Pleijel, H. The importance of
geographical distance and environmental conditions for
community composition of bryophytes on cliff faces in

south-west Sweden. (Submitted Manuscript).

I1I. Antonsson, H. , Heyman, E. and Johansson, K. Rock-
climbing, cryptogam diversity and community composition
on granitic cliffs with different climbing intensity in south-

western Sweden (Manuscript).

I\A Antonsson, H., Bjork, R.G. and Molau, U. 2009. Nurse
plant effect of the cushion plant Silene acaulis (L.) Jacq. in
an alpine environment in the subarctic Scandes, Sweden.

Plant Ecology & Diversity 2:1, 17-25.*

* Repreinted with the kind permission of Taylor & Francis




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 300
  /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 300
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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


