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Abstract. Ecological communities are being reshaped by climatic change. Losses and gains of species

will alter community composition and diversity but these effects are likely to vary geographically and may

be hard to predict from uncontrolled ‘‘natural experiments’’. In this study, we used open-top warming

chambers to simulate a range of warming scenarios for ground-nesting ant communities at a northern

(Harvard Forest, MA) and southern (Duke Forest, NC) study site in the eastern US. After 2.5 years of

experimental warming, we found no significant effects of accumulated growing degree days or soil

moisture on ant diversity or community composition at the northern site, but a decrease in asymptotic

species richness and changes in community composition at the southern site. However, fewer than 10% of

the species at either site responded significantly to the warming treatments. Our results contrast with those

of a comparable natural experiment conducted along a nearby elevational gradient, in which species



co-occurring species (Tylianakis et al. 2008, Gil-
man et al. 2010, Singer and Parmesan 2010, Pelini
et al. 2012). Populations and species occupying
different locations may vary in their tolerances
for abiotic changes (Deutsch et al. 2008, Tewks-
bury et al. 2008, Huey et al. 2009, Andrew et al.
2013, Kingsolver et al. 2013). Additionally, the
indirect effects of climate change mediated by
species interactions can strengthen or reverse the
effects of abiotic change (Suttle et al. 2007,
Rouifed et al. 2010, Pelini et al. 2011a). As a
consequence, it is difficult to predict how climatic
change will shape the composition and diversity
of local communities at small spatial scales.

However, at coarser grains of observation,
such as latitudinal and elevational gradients,
climatic differences may lead to predictable shifts
in composition and diversity. In the simplest
scenario, the poleward expansion of species
geographic ranges may lead to an increase in
diversity at higher latitudes, even though some
species may disappear locally because they
cannot tolerate warmer conditions. Net gains in
species richness may arise because warming is
unlikely to push many species above their
thermal limits (Addo-Bediako et al. 2000,
Deutsch et al. 2008, Tewksbury et al. 2008,
Kingsolver et al. 2013). Conversely, at lower
latitudes, sites should be more likely to lose
species with increases in temperature because
some species will exceed their critical thermal
limits (Addo-Bediako et al. 2000, Deutsch et al.
2008, Tewksbury et al. 2008, Kingsolver et al.
2013) or experience too few days and hours
within their range of optimal foraging tempera-
tures.

Experiments that compare the effects of warm-
ing on communities near high- and low latitudi-
nal range boundaries can test predictions about
geographic patterns of warming effects on
ecological communities. All other things being
equal, ‘‘natural experiments’’ along elevational
and latitudinal climate gradients can also predict
which species can and will persist in particular
climates (Ibanez et al. 2013). Differences in the
response of species to natural thermal gradients
and to controlled warming experiments might



mond et al. 2012





matrix. In the second variation, we assumed
there were detection errors and that some rare
species were present that were not detected in
any of the pitfall traps. For this analysis, we
estimated the number of missing species with the
Chao2 estimator. We added additional rows to
represent these additional rare species in the
analysis, and assigned relative abundances to be
less than one half of the relative abundance of the
rarest species in each community (see Gotelli et
al. 2010 for details).



Aphaenogaster rudis decreased in incidence,

whereas Crematogaster lineolata



southern and northern sites, respectively. Ap-

proximately 7% of the species were shared by all

three sites; 30% were found only at the southern

site, 19% only in the Great Smoky Mountains,

and 11%



Fig. 3. Ant species responses to warming at (A) the southern site and (B) the northern site. Sites are as in Fig. 1.

The slope of incidence as a function of growing degree days (GDD) is presented in context of ant phylogenetic

history (Moreau and Bell 2013). The magnitudes and directions of the slopes of incidence as a function of GDD

slopes indicated by distance from the zero line and positive/negative values, respectively); significance is

indicated by asterisks: * P , 0.05; ** P , 0.01; *** P , 0.001. The slopes have been scaled, but not centered, such



may be predictable based on the thermal
tolerance (CTmax) of these species (Diamond et
al. 2012a, Stuble et al. 2013). Specifically, the
relationships between experimental warming
and ant worker densities and foraging were
significantly associated with CTmax, but only for
ants at the southern study site. Applying the
same approach to this dataset of species inci-
dence, we found that CTmax was not significantly
associated with the incidence–GDD slope (see
Figs. 2 and 3) (F1,18 ¼ .2.8, P ¼ 0.11). Although
ants with higher CTmax may be more active in
higher temperatures (Diamond et al. 2012a,
Stuble et al. 2013), other processes such as
thermoregulation (Sunday et al. 2014) or changes
in nest architecture (Jones and Oldroyd 2007)
may allow ant species to persist in the short run



ACKNOWLEDGMENTS

S. Pelini, L. Nichols, and K. Stuble collected data; S.
Diamond, N. Gotelli, and S. Pelini performed statistical





Oecologia 163:247–256.
Ruano, F., A. Tinaut, and J. J. Soler. 2000. High surface

temperatures select for individual foraging in ants.
Behavioral Ecology 11:396–404.

Sanders, N. J., J. P. Lessard, M. C. Fitzpatrick, and R. R.
Dunn. 2007. Temperature, but not productivity or
geometry, predicts elevational diversity gradients
in ants across spatial grains. Global Ecology and
Biogeography 16:640–649.

Sinervo, B. 2010. Erosion of lizard diversity by climate
change and altered thermal niches (vol 328, pg 894,
2010). Science 328:1354–1354.

Singer, M. C. and C. Parmesan. 2010. Phenological
asynchrony between herbivorous insects and their



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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 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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'AP_Press'] 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.)
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


