The puzzle of monarchs
and their association with plants
containing pyrrolizidine alkaloids

A counterintuitive sight: a monarch butterfly (Danaus p. plexippus) not
gathering nectar from a flower but pyrrolizidine alkaloids (PAs) from a
withered leaf of boneset (Eupatorium serotinum) in Maryland
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e Do male and female monarchs gather PAs equally
or is there a sex-bias?

Determine sex of monarchs at presumed PA-sources.

e Are certain flowers visited (almost) exclusively
by monarchs?

Flowers of blue mistflower (Conoclinium coelestinum)
and some others (including species of Eupatorium)
are considered 'monarch magnets'—monarchs might
be particularly attracted to them not because of their
nectar but because of PAs they contain; PAs probably
deter other insects. Which flowers are mainly visited
by monarchs? Which other insects visit them? What
is the sex-ratio of monarchs at preferred flowers?

e Do monarchs engage in PA-pharmacophagy only
occasionally?

If in monarchs PA-gathering is a plastic behavior,

in which circumstances does it occur? Numerous

independent scientific natural history observations
might help put the puzzle pieces in place.

e Are monarchs visiting PA-sources infected by the
protozoan parasite Ophryocystis elektroscirrha
(Oe)?

Perhaps monarchs carrying Oe perform 'self-medica-

tion'? (PAs might harm Oe.) Check monarchs found

at PA-sources for spores of Oe (see 4).

What should be done?

Answers to the questions raised above could be obtai-
ned by field observations. An additional approach is
to conduct monitoring with PA-baiting: take a home-
made or commercial butterfly trap (e.g., 5) and use
dry PA-plants as bait whenever monarchs are around.
Baiting with PA-plants is useful for checking if but-
terflies are looking for PAs, particuarly in areas or
at times when natural PA-sources are unavailable.
Recorded specimens can be marked and continue

Monarch butterflies (Danaus plexippus) are unusual
in having two special relationships with plants: one
to milkweeds on which the caterpillars develop and
from which they obtain cardiac glycosides (CGs;
cardenolides), the second to various unrelated plants
which can provide them with pyrrolizidine alkaloids
(PAs) — another large and diverse group of 'toxic'
chemicals. PAs are only gathered by the adult but-
terflies, mainly from dry plant matter and most often
quite separately from feeding behavior. Adults also
visit a very wide variety of flowers for nectar. Much
research has focused on the relationship between
monarchs and the plants they use for larval growth,
adult nectar sources, and CG-derived defense. But
the relationship between monarchs and PAs has
been largely neglected (1).

Pyrrolizidine alkaloids (PAs)

Pyrrolizidine alkaloids play an important role in the
lives of many organisms (2). Like CGs, PAs are natu-
ral chemicals (secondary plant metabolites) that are
produced by plants belonging to several unrelated
families and used to deter parasites (3). For humans
and livestock, PAs pose serious health risks (2). In
contrast, various insects store PAs for their own
defense. Many male glasswing and milkweed but-
terflies (Ithomiini and Danaini but not D. plexippus)
and tiger and wasp moths (Arctiini) also use odors
(pheromones) derived from PAs in their often elabo-
rate courtship behavior.

PAs occur inside plant cells, often only in particular
parts of the plant and in varying amounts, concealed
within the cell walls and inaccessible to butterflies
until a plant is dry or injured.

PAs are not nutritional. Butterflies do not 'feed' on
PA-plants in a literal sense but instead 'take up' PAs.

to be observed.

Note that PA-baits become weaker over time, that
PA-content within a given plant may vary and in some
cases is highest in roots, and that release of attracting
'PA-odor’ requires humidity (for practical tips see 3).

Potential sources of PAs for monarchs

The lack of sufficient field observations means that
we currently do not know the range of plants from
which monarchs gather PAs; unfortunately chemical
knowledge is limited (see 3). Studies of other insects
(including other species of milkweed butterflies)
have revealed that they do not have relationships
with particular plants but with the alkaloids as such.
Thus, we can plausibly assume that many Echiteae
(Apocynaceae), Senecioneae, Eupatorieae (Astera-
ceae, "Compositae"), Heliotropiaceae, Boraginaceae
(Boraginales) and Crotalarieae (Fabaceae) including
species of Artemisia, Amsinckia, Crotalaria, Eupa-
torium, Hackelia, Heliotropium, and Senecio, are
potential sources of PAs.

A peculiar PA-containing plant is Senegal tea plant
(Gymnocoronis spilanthoides), an invasive intro-
duction to the U.S. (6). Not only its flowers but also
uprooted dry plants are very attractive to monarchs
(7). This plant is commercially available for use in
aquaria, it can be cultivated and propagated easily,
and can be used as bait for monitoring monarchs and
PAs. This plant should however be handled with great
care to avoid release into the natural environment.

What needs to be recorded?

To reach a more complete understanding of mon-
archs and PAs, we request that observers put as
much information as possible on record, including
place, date, and time of day; general environmental

Loosely speaking, for adult milkweed butterflies PA-
plants provide 'pharmacies' but not 'grocery shops'.
This implies that gathering PAs is not a lifelong acti-
vity but a temporary one. Itis costly not only because
sources of PAs need to be located but also because
the PAs in dry plant matter have to be dissolved — by
regurgitating saliva which is then sucked up again —
a time-consuming process. The amount of alkaloid
gathered varies individually. Amonarch can live with-
out PAs, but its success in obtaining these chemicals
might extend its life and/or increase its fertility.

Lack of field records

In the garden of one of the authors, in Sykesville,
Maryland, both male and female monarchs have
been repeatedly observed during recent summers
uncoiling their proboscides on dry or damaged parts
of boneset (Eupatorium serotinum, Asteraceae; see
Figure), a plant that contains PAs. Surprisingly, only
a few such field records on monarchs and PA-plants
are available in the literature, although as long ago
as 1955 the celebrated American naturalist William
Beebe found D. plexippus at withered Heliotropium
indicum. PA-pharmacophagy is without doubt a basic
character of monarch butterflies but it has been lar-
gely ignored. Although they might seem less eager
to obtain PAs than most other milkweed butterflies,
gathering PAs could nonetheless play an important
role in monarch biology.

Major goals for necessary studies

e Which plants serve as natural sources of PAs for
monarchs?

Keep eyes open for monarchs with uncoiled probosci-

des at dry or injured plant leaves, stems or exposed

roots.

conditions; estimated abundance of monarchs; which
plant species and which parts of the plant were visi-
ted; condition of the plants (dry/wounded); numbers
and sex of butterflies at PA-source; and whether or
not the monarchs were infected with Oe.

Reporting

Please report your observations and findings our
citizen science project "Monarch Rx" (citsci.org/
projects/monarch-rx), ideally with photographs, or
contact nancy@humanegardener.com. Comments
and questions are welcome. We will compile and
analyze the data from citizen scientists for a future
report that will acknowledge all contributors.

References

1 Lawson N, Vane-Wright RI, Boppré M (2021) The puzzle of
monarch butterflies (Danaus plexippus) and their association
with plants containing pyrrolizidine alkaloids. Ecol Entomol 46:
xxx—yyy. doi.org/10.1111/een.13051

2 Boppré M (2011) The ecological context of pyrrolizidine alkaloids
in food, feed and forage: an overview. Food Addit Contam 28:
260-281. doi.org/10.1080/19440049.2011.555085

3 Boppré M, Monzén J (2021) Baiting insects with pyrrolizidine

alkaloids: a fieldwork-oriented review and guide to PA-phar-

macophagy. Manuscript

Monarch Health (2021) www.monarchparasites.org

Shuey JA (1997) An optimized portable bait trap for quantitative

sampling of butterflies. Tropical Lepidoptera 8: 1-4. journals.

flve.org/troplep/article/view/90084

6 USDA (United States Department of Agriculture) (2017) Weed
Risk Assessment for Gymnocoronis spilanthoides (D. Don ex
Hook. &Arn.) DC. (Asteraceae) — Senegal tea plant. www.aphis.
usda.gov/plant_health/plant_pest_info/weeds/downloads/wra/
Gymnocoronis_spilanthoides_WRA.pdf

7 Krauska T (2009) Gymnocoronis — the best pond plant. butter-
flygardening.wordpress.com/2009/05/16/gymnocoronis-the-
best-pond-plant/

[0

v/2021


https://www.citsci.org/projects/monarch-rx
https://onlinelibrary.wiley.com/doi/10.1111/een.13051
https://www.tandfonline.com/doi/abs/10.1080/19440049.2011.555085
www.monarchparasites.org
journals.flvc.org/troplep/article/view/90084
www.aphis.usda.gov/plant_health/plant_pest_info/weeds/downloads/wra/Gymnocoronis_spilanthoides_WRA.pdf
butterflygardening.wordpress.com/2009/05/16/gymnocoronis-the-best-pond-plant/


<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




