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Abstract

As the emergence of invasive pathogens and their impacts on ecological communities
increases, so has the interest in understanding how landscape pattern (in other words the
configuration and composition of suitable habitat) affects their establishment and spread.
Plant pathogen invasions are inherently spatial, but few studies have demonstrated the role of
landscape pattern on disease dynamics. In this study, we investigated two hypotheses: Does
the spatial pattern of host habitat predict Phytophthora ramorum disease severity, and is this
relationship scale-dependent?

To examine this question, we first mapped the spatial distribution of suitable habitat for

P. ramorum in a 20.25 km” region on Sonoma Mountain (Sonoma County, California, U.S.)
using ADAR multi-spectral imagery. We calculated three simple metrics of landscape pattern
that described the size, shape, and connectivity of host woodland using Fragstats 3.3; these
were woodland area, perimeter/area ratio and patch cohesion. To examine the spatial scale at
which P. ramorum responds to landscape pattern, each metric was computed using a multi-
scale nested approach. The metrics of area, shape and connectivity were calculated for nested
landscapes of increasing size surrounding each sample plot. Each nested landscape was
delineated by a circular boundary centered on the plot, with increasing radii of 50 m
increments from 50 to 500 m. In the field, we established 86 field plots (15 m by 15 m) within
habitat patches according to a random-stratified criterion defined by woodland patch size and
distance to a forest-grassland boundary. For each plot, we quantified P. ramorum disease
severity by counting the number of symptomatic leaves on each bay laurel stem greater than 2
cm diameter at breast height (DBH, defined at 1.4 m) for 90 sec. We confirmed the presence
of P. ramorum in the symptomatic leaves by culturing a sample of leaves from each of plot
using standard PARP methods. To control for the influence of local (within-plot) conditions
in the analysis, we also measured the following variables within each of the field plots:
abundance of bay laurel (Umbellularia californica), canopy cover, distance to forest edge

and elevation.

The response of cumulative symptomatic leaf count per plot to the pattern of host woodland
(area, perimeter/area ratio and patch cohesion) was examined using multiple regression,
testing all possible subsets of predictors and identifying the best model using the Akaike
Information Citerion (AIC). Standard beta coefficients were used to assess the relative
importance of each of the significant predictors in the regression model. Potentially influential
plot-level variables were controlled for by including the aforementioned measures of bay
laurel abundance, plot canopy cover, distance to forest edge and elevation.
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Phytophthora ramorum disease severity was greatest in plots surrounded by a high proportion
of contiguous forest, after accounting for plot-level variables of host abundance, elevation,
canopy cover and microclimate. The explanatory power of the model increased with
increasing scale up to 200 m. The effect of surrounding woodland area increased from 50 to
200 m scales, with the strongest effect at 200 m. The effect of bay abundance within each plot
was fairly consistent across all scales. The effect of canopy cover over plots was highest at
small scales, and decreased at larger scales. The effect of plot elevation became significant at
the 50 m scale and remained fairly consistent. Mean perimeter-area ratio of host woodland
within each nested landscape did not predict leaf count at any scale. Patch cohesion was
highly correlated with woodland area at all scales (Pearson’s r ranging from 0.77 to 0.92,
p<0.0001) and was omitted from these models because when evaluated as an alternative
variable, woodland area consistently explained more variance in leaf count across all spatial
scales.

In summary, both landscape-scale configuration and local composition of host habitat are
related to the severity of this destructive forest disease. Determining the spatial scale of a
species’ response to habitat is critical for understanding movement ranges and dispersal of
invasive organisms such as P. ramorum. Increased disease severity within contiguous
woodlands may have a considerable impact on the composition of such woodlands, with
cascading effects on the population dynamics of both host and pathogen.

Key words: Scale, landscape pathology, connectivity, fragmentation.

222




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


