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Background - Human disturbance is a significant source of land use change around the world, 
specifically in the northeastern U.S., where expanding human populations are causing increased 
landscape development and either habitat loss or fragmentation, thereby exerting pressure on wildlife 
populations.  The effects of fragmentation on some wildlife (i.e., birds) have been well-documented, 
but for taxa like mammalian predators that are often cryptic and elusive, these effects are difficult to 
evaluate and not well understood. The effects of fragmentation are important for resources in small 
protected areas like eastern national parks where the landscape mosaic can limit resource availability 
for many species.  In addition, despite the interest in maintaining biodiversity and monitoring changes 
in these populations, few programs sample populations in a manner that allow for meaningful changes 
to be detected.  In this study, we attempted to address the influence of fragmentation on several 
species in national park sites and use sampling techniques that can be used to implement science-
based monitoring        
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Long-tailed Weasel (Mustela frenata)

Striped Skunk (Mephitis mephitis)

Raccoon (Procyon lotor)

Virginia Opossum (Didelphis virginiana)

Virginia 
opossum Coyote

Striped 
Skunk Raccoon Red Fox

Variable (i) Wi + (j) Wi + (j) Wi + (j) Wi + (j) Wi + (j)

Local Edge 0.523 0.172 0.510 0.121 0.094

Non-native Trees 0.204 0.251 0.051 0.147 0.133
Non-native Shrubs 0.262 0.146 0.047 0.140 0.174
Tree Diversity 0.091 0.123 0.045 0.221 0.108

Shrub Diversity 0.109 0.157 0.053 0.187 0.189

Estimates of the relative importance of covariates from site occupancy models for 5 mammalian predators sampled at 8 
National Parks in the northeastern U.S.A.  Wi + (j) scores show the relative importance of each covariate in explaining 
differences in site occupancy probability.  Higher values show more support for a covariate.  Beta coefficients were obtained 
from the highest ranked model containing only variable i and were fit using the logistic link function.
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All of the NPS sites above are similar in that they all were established for historic/cultural 
reasons, are small in acreage (60-3400), part of larger ecological systems, and their natural 
resources are heavily influenced by events and conditions (like fragmentation) beyond park 
boundaries.

Marsh-Billings-Rockefeller (MABI): 202 ha
Minute Man: (MIMA) 391 ha
Morristown  (MORR) 682 ha
Roosevelt-Vanderbilt (ROVA) 276 ha 
Sagamore Hill  (24 ha)
Saint-Gaudens (61 ha)
Saratoga  (1,378 ha) 
Weir Farm (24 ha) 

Sites were setup to include:

• Remote Camera - Active/Passive Infrared

• 2 Cubby boxes - Sooted aluminum plate 
housed inside a plywood box

• 2 Hair Traps – Serrated Aluminum 
attached to stakes

Equipment was oriented in a configuration 
similar to the  diagram  

Size and shape of the habitat patch 
occasionally prevented this exact 
configuration

Multi-scale Models AICc ΔAICc AICc Weights
Ψ (Overstory Density+, Latitude+) P (Forest 2600+) 209.84 0 0.54

Ψ (Latitude+) P (Forest 2600+) 212.6 2.75 0.13
Ψ (Overstory Density+, DBH+, Latitude+) P (Forest 
2600+) 212.74 2.89 0.12
Ψ (Overstory Density+, DBH+) P (Forest 2600+) 214.41 4.56 0.05
Ψ (.) P (.) 229.66 19.81 0

Results showing relative importance of habitat 
variables for fisher within and adjacent to NPS 
sites.
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Methods:  We collected information on a variety of habitat variables at 3 different scales 
to evaluate the effects of fragmentation on the target species : Local scale was the same for 
all species (100 m); 2 landscape scales for each species Home range scale (400 – 3,300 m), 
Multiple home range scale (6,000 – 12,000 m).  We then used models that link detectability
and site occupancy (MacKenzie et al. 2003), including habitat data as covariates.   We then 
employed model selection techniques (AIC, Burnham and Andersen 2002) to evaluate the 
relative importance of these variables.
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Techniques and Site Layout

• Scale patterns and morphological characteristics
– Enzyme digestion and peptide identification
– Matrix-Assisted Laser Desorption and Ionization 

Time-of-Flight Mass Spectrometer (MALDI-TOF)
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Use with presence/absence wildlife surveys that have 
repeat visits to the same sampling sites

Designed to estimate the ‘true’ proportion of sampling 
sites that are occupied after accounting for imperfect 
detectability of a species

Useful for detecting changes in wildlife population size

Model both the probability of Occupancy (ψ) and 
Detection (p)

Can include variables in the Maximum-Likelihood 
Estimates of ψ and p

Available in Program PRESENCE or Program MARK

Site Occupancy ModelsSite Occupancy Models

Species Site Occupancy (ψ) Detection (p)
Loca
l HR MHR Local HR MHR season

Domestic Cat x x x
Coyote x x x
Fisher x x x
Gray Fox x x
Raccoon x x x x

Red Fox x x x
Striped Skunk x x x
Virginia Opossum x x x x
Weasels x x x

Detection probabilities suggest that short sampling durations are not appropriate for medium-sized mammal species.
Variables that focused on the amount of human disturbance in the landscape were important at describing site occupancy probabilities as well 
as detection probabilities.
There were no species that showed a clear negative relationship to habitat fragmentation or landscape development.

It is possible to build habitat models that incorporate detection probabilities.
Detection rates vary over time and space, which can cause bias in population estimates that use index 
values. 

Conclusions
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Cumulative Detection Probabilities

Virginia Opossum
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Which scales were the most important?

An ‘x’ shows whether covariates from the local scale (Local), home range scale (HR), or 
multiple home range scale (MHR) are present in models with AICc values <2.



Conclusions

•It is possible to build habitat models that incorporate 
detection probabilities.
•Detection rates vary over time and space, which can 
cause bias in population estimates that use index values. 
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Conclusions

•Detection probabilities suggest that short sampling 
durations are not appropriate for medium-sized mammal 
species.
•Variables that focused on the amount of human 
disturbance in the landscape were important at describing 
site occupancy probabilities as well as detection 
probabilities.
•There were no species that showed a clear negative 
relationship to habitat fragmentation or landscape 
development.



Track Plates



Archived Track Specimens

Virginia Opossum Virginia Opossum 
((DidelphisDidelphis virginianavirginiana))

LongLong--tailed Weasel          tailed Weasel          
((MustelaMustela frenatafrenata))



Hair Traps



Hair Sample Identification
–Scale patterns and morphological characteristics
–Enzyme digestion and peptide identification
–Matrix-Assisted Laser Desorption and Ionization Time-of-
Flight Mass Spectrometer (MALDI-TOF)



Local Scale Fragmentation

Virginia 
opossum Coyote

Striped 
Skunk Raccoon

Red 
Fox

Variable (i) Wi + (j) Wi + (j) Wi + (j) Wi + (j) Wi + (j)

Local Edge 0.523 0.172 0.510 0.121 0.094
Non-native Trees 0.204 0.251 0.051 0.147 0.133
Non-native Shrubs 0.262 0.146 0.047 0.140 0.174
Tree Diversity 0.091 0.123 0.045 0.221 0.108
Shrub Diversity 0.109 0.157 0.053 0.187 0.189

Purpose:  To determine how habitat fragmentation may influence 
the distribution of mammals within parks



Results – Fisher

Multi-scale Models AICc

ΔAIC
c

AICc
Weights

Ψ (Overstory Density+, Latitude+) P (Forest 2600+) 209.84 0 0.54

Ψ (Latitude+) P (Forest 2600+) 212.6 2.75 0.13

Ψ (Overstory Density+, DBH+, Latitude+) P (Forest 2600+) 212.74 2.89 0.12

Ψ (Overstory Density+, DBH+) P (Forest 2600+) 214.41 4.56 0.05

Ψ (.) P (.) 229.66 19.81 0


	Conclusions
	Conclusions
	Track Plates
	Archived Track Specimens
	Hair Traps
	Hair Sample Identification
	Local Scale Fragmentation
	Results – Fisher


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


