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California’s Sierra Nevada mountains
are dotted with populations of checkerspot
butterflies that belong to the same species
but lead separate lives. The populations
are differentiated by the host plants where
females lay their eggs, with one type
favoring Collinsis torreyi (blue-eyed Mary)
and the other favoring Pedicularis semibar-
bata (pine lousewort). Other than that, the
checkerspots are much the same. They are
alike morphologically and genetically, and
can also interbreed and produce hybrid
offspring. So what does keep them apart?
New work by Carolyn McBride and
Michael Singer in this issue of PLoS Biology
reveals it is traits that let each type get the
most out of its chosen host plants, but put
hybrids at a disadvantage on either plant.

Such divergence of populations, where
offspring are viable but maladapted due to
intermediate traits not suited to either
ecological niche, is called extrinsic postzy-
gotic isolation (EPI) and is thought to be
an early stage in the formation of new
species. However, there are few examples
of EPI and most are in cases where strong
barriers to mating already exist, leaving
the extent of EPI’s contribution to speci-
ation in question. The apparent lack of
mating barriers between the Sierra Ne-
vada checkerspot populations makes this a
particularly good system for teasing out
the relative strength of EPI as a driver of
speciation.

The traits that distinguish the butterfly
populations stem from key differences in
the two host plants, which grow intermin-
gled on the western slopes of the moun-
tains. Blue-eyed Mary is a short-lived
annual with leaves that die from the
bottom up, and female checkerspots
adapted to this host plant lay their eggs
on the nutritious new growth near the top.
In contrast, pine lousewort is a perennial
that stays green all summer and grows new
leaves from the base, and females adapted
to this host plant lay their eggs near the
bottom.

To see if EPI is nudging these butterfly
populations apart, McBride and Singer
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asked whether hybrids were intermediate
for traits that distinguish the parents,
including where females lay their eggs,
clutch size, where larvae forage, and larval
growth and survival. The researchers
discovered that hybrids were somewhere
in the middle for all traits tested. For
instance, whereas the two parent popula-
tions prefer the host plants to which they
are adapted, hybrid females readily lay
their eggs on either host.

Next, the researchers asked whether
these intermediate traits put hybrids at a
disadvantage in the wild. Hybrids were
perfectly healthy when raised in the
laboratory, indicating that they had no
mtrinsic defects, but fared poorly under
natural conditions. Field tests revealed that
each intermediate behavior was maladap-
tive, with intermediate egg laying behav-
iors being the most disadvantageous.
Whereas “blue-eyed Mary” females pre-
ferred plants that were still in bud, hybrids
preferred blue-eyed Mary plants that were
already in bloom, and laying eggs on these
older plants cut offspring survival 70%.
Moreover, whereas “blue-eyed Mary”
females lay their eggs near plant tops and
“lousewort” females lay theirs near the
ground, hybrid females lay theirs at
intermediate heights on lousewort, and
larvae there grew roughly 50% slower
than those near the ground. Measuring
larval growth on lousewort entailed indi-
vidually super-gluing about 30 eggs to
leaves and there were 12 such clutches at
each of 14 field sites, making this perhaps
the most painstaking of the tremendous
amount of work behind these field tests.

In addition, “blue-eyed Mary” females
lay relatively small clutches of up to 20
eggs and “lousewort” females lay larger
clutches of up to 100. But hybrid females
lay medium-sized clutches that are at a
disadvantage on both host plants: larval
survival was higher for smaller clutches on
blue-eyed Mary and for larger clutches on

While the female above lays small
clutches of eggs near the a plant’s tip,
females of the same species, Fuphydryas
editha, from allopatric populations that
specialize on a different host plant, lay
large clutches near the ground. Field
studies show that “hybrids’ have inter-
mediate traits that cause them to suffer
reduced fitness, revealing a form of
reproductive isolation can provide a
substantial barrier to gene flow at the
early stages of ecological divergence
and speciation. Image: Damien Caillaud,
University of Texas at Austin.
doi:10.1371/journal.pbio.1000528.g001

lousewort. This difference is likely due to
higher rates of egg predation on lousewort.

To visualize how the distinguishing
traits isolate the two butterfly populations,
the researchers constructed an ‘“adaptive
surface” or fitness landscape by plotting
host preference and clutch size against
offspring survival. The resulting landscape
neatly displays two fitness peaks separated
by a maladaptive valley, with one of the
parent butterflies on each peak and
hybrids lying in the valley.

Ecological selection against hybrids
has been demonstrated in a few species
including threespine sticklebacks and Dar-
win’s finches. However, it has been
difficult to sort out the relative impact of
EPI from other forms of reproductive
isolation such as mating barriers and
geographical separation. By showing that
behavioral differences alone are enough to
keep the Sierra Nevada checkerspot pop-
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ulations apart in the wild as well as by
demonstrating that hybrids fare poorly in
the wild due to intermediate traits, this
work makes a compelling case that EPI
can play a strong and perhaps even
primary role in the onset of new species
formation.

Other cases where diverging popula-
tions produce hybrids with adverse inter-
mediate behaviors include the European
blackcap, a migratory warbler that winters

in southern Europe and Africa. Some of
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these birds migrate southeast and others
southwest, and hybrids between the two
choose an intermediate direction that can
lead to daunting flightpaths over the Alps,
the Mediterranean Sea, and the Sahara
Desert. Because adaptation to new niches
is often accompanied by preferences for
that niche, such maladaptive intermediate
behaviors may be a widespread driver of
EPI amongst animals. Furthermore, most
previous estimates of EPI are from labo-
ratory studies that fail to account for real-

world challenges such as predators and
pathogens, raising the possibility that the
impact of ecological selection has been
underestimated. Taken together, these
considerations suggest that EPI may be a
more significant driver of speciation than
previously suspected.

McBride CS, Singer MC (2010) Field Studies
Reveal Strong Postmating Isolation between
Ecologically Divergent Butterfly Populations.
do0i:10.1371/journal.pbio.1000529

October 2010 | Volume 8 | Issue 10 | 1000528




<<
  /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


