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Pyrrolizidine alkaloid storage in African and Australian danaid butterflies

J.A. Edgar!, M. Boppré?and D. Schneider?

CSIRO, Division of Animal Health, Private Bag No. 1, Parkville, 3052 (Australia), and Max-Planck-Institut fiir Verhaltens-
physiologie, D-8131 Seewiesen iiber Starnberg ( Federal Republic of Germany), 20 February 1979

Summary. 8 species of African and Australian danaid butterflies, captured in the field, were analyzed and found to contain
pyrrolizidine alkaloids. It is suggested that these alkaloids, which are gathered by the adults from plants, contribute

significantly to the chemical defences of the danaids.

Danaid butterflies feed on exudates and on withered parts
of plants containing pyrrolizidine alkaloids®* (figure).
These phytochemicals are partially metabolized by the
males of many species of this family and are converted into
dihydropyrrolizines®’ which are used as pheromones dur-
ing courtship behaviour®®. Recently it was shown that adult
male and female Danaus plexippus (L), which do not
produce such pheromones but still feed on plants contain-
ing pyrrolizidine alkaloids, are able to retain the alkaloids
unmodified in their bodies for extended periods'®. It was
therefore suggested that pyrrolizidine alkaloids, as well as
acting as pheromone precursors, may also be ‘stored’ by
danaid butterflies as a protection against predators'°.

We report here on a chemical examination of 57 danaid
butterflies, representing 5 African and 3 Australian species
of 3 genera (Amauris, Danaus, Euploea). Our results (table)
indicate that ‘storage’ of pyrrolizidine alkaloids occurs in
both sexes. The butterflies were captured in the field (in
Kenya/East Africa and Queensland/Australia) and kept
alive without access to alkaloids for periods ranging from 2
to 21 days in order to ensure that alkaloids detected in their
bodies were in fact ‘stored’ and not recently ingested gut
contents.

The diversity of alkaloids found confirms that danaids use
various plant scources of pyrrolizidine alkaloids. They have
been reported to visit and feed on plants in the families
Boraginaceae, Asteraceae, Leguminosae and Apocy-
naceae>* and pyrrolizidine alkaloid representatives of all
these plant families were found in the bodies of the
butterflies. However, it remains to be investigated whether
or not the various danaid species prefer certain pyrrolizi-
dine alkaloids and if the different types of pyrrolizidine
alkaloids are equally appropriate as pheromone precursors
and for storage.

Previous reports have emphasized the predominance of
males among butterflies seen feeding on pyrrolizidine
alkaloid plants®>* It was therefore interesting to find that
the samples of females we analyzed all contained alkaloids
(albeit generally less than the male samples) indicating
that, while they are apparently less frequent feeders, some

of them at least acquire and store pyrrolizidine alkaloids in
nature.

D.formosa (sample of 3 males) was the only species without
detectable amounts of pyrrolizidine alkaloids in the male
sex. It (like D.plexippus) has been previously reported not
to possess a pyrrolizidine alkaloid-derived pheromone on
its hairpencils'2. However, W. Schifer'® recently detected a
pyrrolizidine metabolite in some (not all) hairpencil ex-
tracts of D.formosa. Since the bodies of females of this
species contained alkaloids it seems likely that the males

Danaus chrysippus (male) applying a droplet (arrow) to withered
Heliotropium steudneri (Borginaceae) in order to extract pyrrolizi-
dine alkaloids for ingestion. This is a common strategem of danaids
in their quest for pyrrolizidine alkaloids.
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Pyrrolizidine alkaloids found in danaid butterflies captured in the field*

Experientia 35 (1979), Birkhiuser Verlag, Basel (Schweiz)

Species Sex Number of Known Main alkaloids (pg/butterfly)**

butterflies alkaloid - M L S U

free period
(days)

African
Awmauris ochlea Boisduval ? 2 4 60 - - 50
Amauris ochlea Boisduval é 2 7 105 - - -
Amauris echeria Stoll 5 2 5 - - 30 -
Danaus ( Tirumula) petiverana Doubleday ? 2 19 - traces*** - -
Danaus (Tirumula) petiverana Doubleday 2 8 5 45 - - -
Danaus (Tirumula) petiverana Doubleday é 5 21 125 traces*** - -
Danaus (Tirumula) petiverana Doubleday ) 2 7 - 40 270 ~
Danaus (Tirumula) formosa Godman ? 2 5 - - 12 -
Danaus { Tirumula) formosa Godman 3 3 5 - - - -
Danaus (Anosia) chrysippus L ? 3 15 10 30 - -
Danaus (Anosia) chrysippus L ? 3 10 40 160 - -
Danaus (Anosia) chrysippus L ) 3 15 150 220 - -
Danaus (Anosia) chrysippus L 3 2 10 15 115 - -
Australian
Euploea sylvester Fabricius é 4 2 - 135 - -
Danaus (Anosia) affinis Fabricius é 5 2 30 55 - -
Danaus (Tirumula) hamatus MacLeay é 9 2 - 270 - -

* Hairpencils of the males had been removed prior to extraction of the alkaloids by standard procedures!l. ** M=monocrotaline,
L=lycopsamine (or diastereoisomer), S=senecionine, U= usaramine. Identified and quantitated by comparison of their gas chromato-
graphic (GC) behaviour and characteristic mass spectra (MS) with those of authentic samples. Lycopsamine, monocrotaline and
usaramine were also converted into methyl and butylboronate derivatives for GC/MS examination. GC/MS was performed on a Varian
MAT I1II GC/MS using a 1.5 mXx 2 mm glass-lined stainless steel column packed with 1% SE 30 on Chromosorb W. mesh size 80-100
with temperature programming from 180° to 230 °C at 6°/min and carrier gas (helium) flowing at 15 ml/min. ***Less than 5 ug.

analyzed by us, as well as those analyzed by Meinwald
et al.'?, had not had access to plants containing pyrrolizi-
dine alkaloids prior to capture.

The predator-repellent qualities of several pyrrolizidine
alkaloids have been confirmed recently by Eisner et al.'*
and the pyrrolizidine alkaloids ‘stored’ by danaids therefore
probably serve a defensive role although this has not yet
been tested.

Danaids are generally considered to be unpalatable to most
potential predators and they are involved in many mimetic
relationships. Based on studies with D. plexippus'>1¢ it has
been assumed that cardiac glycosides (=cardenolides),
sequestered by the larvae from their host plants (Ascelepia-
daceae, Apocynaceae, Moraceae), are the danaids main
chemical defence against predation. However, larvae of
several danaid species (e.g. Amauris) are reported to feed
on Asclepiadaceae lacking cardiac glycosides'”. Further-
more several danaid species seem not to store cardiac
glycosides'®, and even in D. plexippus not all individuals of
a population contain cardiac glycosides'®. On the other
hand, ingestion and ‘storage’ of pyrrolizidine alkaloids
seems to be common in adult danaids of both sexes. We
therefore believe that pyrrolizidine alkaloids are an impor-
tant element in the chemical defence system of danaids. It
is even possible to envisage pyrrolizidine alkaloids to be the
original, and perhaps principal chemical defence elements
for danaids and that the use of cardiac glycosides is a more
recent addition evolved in certain danaid groups only"’.
Various other Lepidoptera show a close relationship to
plants containing pyrrolizidine alkaloids. Many arctiid
moths store pyrrolizidine alkaloids derived from their lar-
val food plants?*?2 and Rothschild et al.?%?! were the first
to equate this storage capacity with their diurnal habit and
warning colouration. Many Arctiidae, Ctenuchiidae, and
Ithomiidae also feed as adults on withered pyrrolizidine
alkaloid-containing plants and Pliske® has suggested that
they too may be gathering these phytochemicals for their
defense (and, in some cases, as male pheromone precur-
sors®).
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