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Abstract

At the soybean free-air carbon-dioxide-enriched
(SoyFACE) site, Japanese beetles (Popillia japonica
Newman) were twice as abundant on plants grown at
projected future levels of elevated CO,. Increased
abundance could reflect the fact that elevated CO,
increases foliar sugar content; sugars are feeding
stimulants for P. japonica. To determine effects of
consuming elevated CO, plants on lifespan and fecundity,
Japanese beetles in the laboratory were fed soybean
leaves either grown in an elevated carbon dioxide

Results

Female beetles fed foliage from plants grown under elevated
carbon dioxide laid significantly more eggs than control females
(Figure 2). While there was a significant increase in egg
production by females fed foliage grown at elevated CO,, there
was no significant difference in egg production between females
fed elevated levels of sugars and females fed elevated carbon
dioxide leaves or ambient leaves. Both male and female beetles
fed foliage from plants grown under elevated carbon dioxide lived
significantly longer than control insects (Figure 3). Increased
sugars had no effect on beetle longevity.

Introduction

Atmospheric carbon dioxide levels have risen since the
start of the industrial revolution, from 280 ul I-' to 370 ul |
today. This rise is expected to double within the next 100
years. Effects on plants have been widely studied, with the
general pattern that elevated carbon dioxide stimulates
photosynthesis and productivity (Curtis and Wang, 1998).
Such changes would seem to favor future crop production
except for the fact that effects on other species in the
ecosystem, such as insect herbivores, have not been
extensively investigated. We examined the effects of

atmosphere (550 ppm), grown in a control atmosphere
(370 ppm), or supplemented with sugars (sucrose,
glucose, and fructose) administered through their
petioles, for the duration of their adult lives. Cages were
checked daily for adult beetle mortality, and laying
substrate was sifted weekly to allow counting of eggs and
larvae. Adult lifespans of both male and female beetles
were significantly prolonged on elevated-CO, foliage; in
addition, these females laid significantly greater numbers
of eggs (p < 0.001). Increased egg production was at
least in part attributable to increased longevity, as there
was a significant correlation between eggs laid and total
beetle days. There was no significant difference in egg
production between females fed elevated levels of sugars
and females fed either elevated CO, or ambient leaves.
Increased sugars had no effect on beetle longevity but
may contribute to increased fecundity. Increased lifespan
may be due to elevated levels of longevity-enhancing
phytochemicals in foliage resulting from exposure to
elevated carbon dioxide.
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Figure 1 — a, pair of Popillia
Jjaponica on a Glycine max
leaf. b, the SoyFACE site in
central Illinois. c,
Experimental cages.

Figure 1c

feeding on foliage of soybean (Glycine max) exposed to
elevated carbon dioxide atmospheres on Popillia japonica,
the Japanese beetle (Figure 1a), an invasive species that in
central lllinois is an important defoliator of soybeans. The
effects we were most interested in looking at were those on
fecundity and longevity. These two life history attributes
contribute significantly to pest population growth and are
important to determine in order to predict future impacts of
global atmospheric change on agriculture.

Methods

Virgin Japanese beetles were collected from a local park
(Meadowbrook Park, Urbana, IL) at emergence in the last week
of June 2004. Beetles were divided into groups, with five males
and five females per cage containing a layer of fine sand for
oviposition (Fig. 1c). Treatments were replicated four times.
Beetles in each of the three treatments were fed soybean
leaves either grown in an elevated carbon dioxide atmosphere
(550 ppm), a control atmosphere (370 ppm), or grown in a
control atmosphere but supplemented with a sugar treatment
before being fed to the beetles. Leaves in the sugar treatment
were given sugar solution, consisting of 8.9 mg g glucose, 1.0
mg g™ fructose, and 4.3 mg g! sucrose (based on
concentrations in foliage grown under CO,, A. Rogers 2004,
personal communication), fed through their petioles. Leaves
were collected from the SoyFACE site in Savoy, IL (Fig. 1b),
and changed every other day as long as beetles were alive.
Cages were checked daily for adult beetle mortality, and laying
substrate was monitored by sifting substrate weekly to allow
counting of eggs and larvae. Differences in survivorship among
treatments were subjected to Kaplan-Meier analysis (SPSS 9.0)
and egg production was analyzed by analysis of covariance
(SPSS 9.0) with total number of beetle days alive as a covariate
(egg production is correlated with longevity, r = 0.490, P =
0.009)

p<0.001
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Discussion

The indirect effects of elevated CO, on Japanese beetle
fecundity are manifested in two ways. First, because both male
and female beetles live longer, there is more opportunity to
mate and more time to lay eggs. Second, there is an additional
positive effect that is not related to longevity, as the analysis of
covariance yielded a significant treatment effect after removal
of variation in longevity. This latter effect might be nutritional;
the sugar treatment yielded egg production levels intermediate
between, and not significantly different from, the control and
elevated CO, treatments. Increased lifespan may be due to
elevated levels of as-yet unidentified longevity-enhancing
phytochemicals in foliage resulting from exposure to elevated
carbon dioxide This enhancement of Japanese beetle
fecundity, coupled with a marked preference for soybeans
grown at elevated CO, (Hamilton et al., 2004), suggest that
defoliation of soybeans by Japanese beetles may in the future
become more extensive as a consequence of global change.

Acknowledgements
This research was funded by USDA grant #2002-02723. We thank O. Dermody, K.
Reodica, P. Radford, and R.M. Johnson for their assistance, advice, and instruction

Literature cited

Curtis, P. S. and X. Wang. 1998. A meta-analysis of elevated CO, effects of woody
plant mass, form, and physiology. Oecologia. 113: 299-313.

Hamilton, J. G., O. Dermody, M. Aldea, A. R. Zangerl, A. Rogers, M. R. Berenbaum,
and E.H. DeLucia. 2004. Anthropogenic changes in tropospheric composition
increase susceptibility of soybean to insect herbivory. Environmental
Entomology, in press.





<<
  /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


