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Many male Lepsdopiera possess specailized epidermal cutioular structures,
often connececd 1o glandular cells and consiclered 1 be modified non-glancalar
biirs l'.u.'.uln.::, whcli are Ilnu]iﬂ.l:' tis the inale aex _5: tidleber, |HT|".-- Arcouinils
abound on the scourrence and gross morphalogy of many such endrecesial orgess
[aned i some species their histobogy ), bat ethalogical and chemcal invesiggatiooe
have only recently been conducted o clucidawe their funetbonal sgnificance.
Amdrocoaiial organs show a wide array of lorms, from individual seanered scales,
1 complex extrusible brush organs on the wings, thorax, legs, or abdomen.
Their secretions wre usually composed of several components, The suggestion
that androconia produce and disseminate pheromones influencing ihe sexual
Behaviour of femeales hias boen shawn to be valid for various species of both moths
and bunterflics. Male scent ongans are wsoally brought into use an close range o
release pheromones capable of peosuading a female o accept her prospective
maie, H:m:ﬂ'rr, atler or addiional funetions ac |ikr|1..' o he il"l'l.'l:lhtd. inl’hldi.l:g
intras-sexual competition. The subject of pheromone BHolegy in Lepidopiers was
revicwod by Bopped (1984a).

The male pheromoene svstem of the Danainae (the Milkweed or Monarch
Butierilics) has previously been discussed by Boppré (1977, 1978, 1%84a) and
reviewnd by Ackery & Vane=Wrght (1984), The structural and chemical
complexity of danaine scent organs may be related 1o the involvement of most
danaine species in large Batesian and Millerian mimicry rings (see Discussion ).
This, and other peculiar aspects such ax the we of pleromone-teansfer-panicles,
amd the biosyonhesis of male pheromones depedent on ingestion of noxious
secomwdary plant substances by the adult stage, makes this group of grean interes:
for studying the mechanisms and evolution of sexual communication systems,

The Danginae are corrently divided ot twae iabes, the Danaini aned e
Euplocini [Fig. 1), The former i almost certainly  momoplvlec, but e
monophyly of the lawer remains in doubt [Ackery & Vane-Wright, 1,
Kitching., 15, All species of Dannini have two ivpees of androconial ongans:
zones on the posterior part of the handwings (aher orgows, Figs 2A-0C 3}
microscopacally charactenend by modifed scales and  glandular cells, and
extrusible brushes (abdonringd organs or “kaispencils’| located within the tip of ihe
abdomen which, in their expanded state, form paired, plumose wifis (Fig. 2E).
The Euplocini are divisible into two subgroups, the Euplocing and the Tounina.
When protruded, the abdominal organs of almost all Euplocina look like botle-
brushes (Fig. 2F), All Esploes species have scavered androconia or discreie alar
organs on e anieror |.H.1rli.-|||| of the hindwings and, additonally, many of the
species in this large genus possess forewing alar organs. However, the remaining
Euplocina species (belonging to fifea and Frotaploca), and the species ol Ametin and
.f:_wm.nr whl'rh rmul:ilulr il |I|||:|ir.|=. nn||.|.'|I|:Ir|1l.' lack alar DrEans. Unlike Ih-l_‘
‘hattle-brush’ abelominal organs characterisiic of e Euplocina, the Dunina
have plumose hairpencils similar in gooss appearance 1o those of the Danaim,

I-I.|;|_i|'|;|||_-|1\';i||.,l which occur i all damaines, are u:u:||.|':.' rnl'l'l].'l-l‘:qtd of several
hundreds of hairs. These insert i lexible integumental tubes capable of Being
protruded (rather like evaginating a finger of a glove) by haemaolymph pressure,
When everted, the wubes appear through openings between the Bth and 9th
abdominal segments; subsequent withdrawal i effected by retractor muscles.
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During courship Migh, males of the Danaing bricfly expand ihicir hairpencils
close 1o the female; in Exploca, patrolling by males with expanded hairpencils has
been olserved in additon w hairpencilling durning couriship hovering flights (see
Discussion ). As indicated for I, glippes by Pliske & Eoner [1969), most Danaina
disseminate tiny pamicles  (pvamone-ironifer-paricles; Boppre, 1996) during
courtship. Stimulation of ihe females by hairpenaci] phicromones is esential bor
suceesalul courship in vanouws donaines [ Pliske & Eisner, 19%69; Myers & Brower,
19; Boppre & Schrerder, unpulilished). Some components ol the specics-
specific hairpencil bouguet have been identified [summary in Ackery & Vane-
Wright, 1984 of Schule, 1987, Schule, Francke & Boppré, 1938
Dihvdropyrrolizines, generally used by Danainae as major hairpencil volatiles,
are biosynthesized from  pyrrolizgidine alkaloids which have heen actively
searched for and ingested by adult males (see Ihscusson],

Independently of courship, mechanical comacts are established between the
hairpencils and alar organs, In Amgurts species, only part of cach pencil s spread
oit, [nwise, over the adjscent hindwing pach (Fig. PG5 i fransus and
Tirmmaliy species the unexpanded, brush-like hairpencils are dipped into the open
cavities of the hindwing pockets or pouches (Fig. 2H); in Euploer comact
beluaviour  has l||||'g.' oice been claimed and has never been verified [see
Dascssion ).

In this paper the mtegumenial struciures of the abdominal and alar ergans of
representative species of three genera of the Danaini and of one species of Euplasa
are deserilsed in detail, The species coneerned, dmaures wchiea, Damaus chepsippas,
Tirsmala petiverana and Euplesa core mmymone, were chosen for this study becanse
ohservations and experiments already carmed out with these insects peemit us 1o
relate a number of struciural characwerisies o physiological or behavioural
funcions, and discuss their likely plivlete development. bn the future we hogee (s
compare the morphology of all 158 species of Danaiae in detail [ Boppre,
Ackery & Vane-Wright, unpublished ).

.-"|.|.I:h-r||g|'| the androcoanial argans ol the LR ied dlisenssed here (and some other
Danainae) have been studicd previously (Miiller, 1877a, by Hig, 1902; Freiling,
1%, Eliringham, 1913, 1915; Lauer & Elwingham, 1935 Brower, Brower &

11e4 M, BOFFRE ANIF E. [ VANEWRIGGH]

Figwre 2. A-Lk S males ol A, dewwir siblsr, B Dasass olipopper, L, Tressbs peblreoies aimld 1),
Plplary sory amimets e g posalio ol il slsr amdreconial igem (artews ). E-F, Exjamied
ibaliinnil hairprocils of E, T atirerand aml T, Expled ooy ompmasy. T0-H, Malm ol
[ovmwen; maldva aiml H, Towmale prlice raialdishing conis alefoming =il ol
alar gailepaichos In Hoibe pasch has born ool oot e dersssiesie il
hairprneils

e T

Cranston, [965; Plske & Salpeter, 1971; Boppre & Fecher, 1977), several
structeres have been overlooked and ohers misinderpreied. This has Lingely been
due to maulficient material, the unavailabalivy of modern techmical proscedures,
Lir IIH' ||I':L | IJh!ﬂ-i'l’llﬂ_il il dmta secessary Far feinii |i||-1|.|| '|||11'r|_|:'\-|'l._||1:i|||| til |||l'
IR TT ET ]
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The three species of Danaini were all obusined from Kenva: Panews [ Anosie
chrpappur (L) subspecies aepppties |(Schreber); dmaarss soblfee schila | Boisduval);
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and the monotypic Tinmmala petiorrams (Doubleday ). Maerial of Euploes core
{Cramer) subspecies amymane (Godarn) was obiained from Hong Kong, The £
core assemblage may represent up to five or more bislogically distinet allopairie
siblings, and separation of the core assemblage from E. alges (Godan) and oaer
related “species” remains problematical (see discussions in Ackery & Vane-
Wright, 1984},

All four species were cultured ar Seewiesen, southern Bavaria. Both ficld-
caught and bred individuals, and androconsal organs frem dricd and [eeshly
killed specimens, were gsed, Crgans of newly cosenged  males were comparcd
with those of older mabes which had made contacts between the abdominal and
alar organs, in order to assess any resuliant morphalogical changes.

The protrusion and expansion of hairpencils was simulated for macroscopical
observation by injeciing water inio the abdomen of freshly killed males,
Phaotographs of progressive states of hairpencil expansion, closely corresponding
1o the natural process, were thas obtaimed.

The structures of abtslominal and alar organs were studicd principally by
wanning eleciron microscopy  (SEM). DNsswected  organs were glued on
aluminium siubs with acetone=cellulodd glue or conductive carbon coment (afier
Giocke). To see the underside of scales, scales were taken off the wing membrane
with sticky tape, which was then glued onto stubs, Alter desiccation at room
temperatire, the preparations were kept in a saturated csmiom  tetroxide
atmosphere for 2448 h and afterwards gobd-coated in a Leie sputiering
chamber for 8- 10min, at a discharge cument of 1 mA. SEMs (Cambridge
Stereoscan 11A, Zeis Novascan 30) were normally operated at 5 or 20kV
acceleration \.'ull!‘.'q]:-t‘.

In soand cases, organs were wisted inalcobusl and Jor acctoae b6 an attempr o
remove apparent secretory material and so reveal the e structure of the
ﬂﬂl.'l I'!H.'l:lniu'l.

Some supplementary data (provided by C.-Chr, Meinecke) were obtained by
rransmission electron microscopy CTEM) tissues were fixed in cold buflered
{h{h ll?..l.'ll-l!lqtli!-'.'i. l;k!l.':.'[.l’.ll.l,l;"l;l i etlsanol amd combedded in |§|H‘a|l #12, Sectons
were stained with wranylacetae amd lead citrae, or lead citrate only, and
studicd in a Siemens Elmiscope 1A or 1],

RESULTS
Aler arpani

Amawrri ocllea IFi.;I.[:'l 25, A, 4, SE-(i)

The wing surfaces are largely coversd with two kinds of broad, overlapping
wing scales, in typical bepidopterous fashion [Fag, 450 A small area of the
hindwing adjacent to vein IA+2A & specialiced 10 form the alar pasch
(Figs 2A, 3A). In this region (some 9mm long by 4 mm wide) the wing i
thickened, the upper and lower wing lamellae being more widely separated here
than ckewhere. The upper surface of the patch is characterized by regular rows
of alternately arranged pated scales and reshians, there being approximately 13 000
of cach of these siructures (Fig. 4B, O F). On the underside, the alar organ i
only apparent from the thickening of the patch area: the covering scales are
wmalificd, Unlike the normal wing scales, the smaller paich scales do not
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Figuie 1, Schemai diagrans of alar organs of msle & Deswsii soblea, B Plamarms kg aned
Trvmmaly peiieresa, dapaing cher Jiformees i gioss mosphaology

completely cover the wing membrane, which is clearly visible between them
iFig. 4B, Fi. Pach scales occur at a slightly higher density than ordinary wing
scales (400 5300/mm® e 250 -300/mm®). Pawh scales are  club-ghaped
{Figs 40, 5E, F), some 65 pm long with the clubbed tp of maximum width alf
15 20 pm and up 109 pm thick, the stems @apering wwards the insertion points
between adjacent plates [Fig. 4C, F). Patch scales also differ from the normal
wing scales in their fine structure. Ordinary wing scales have a closed basal
lamella supporting an upper latice (¢f. Fig. 5A, B), a structure typical of maost
Lepidoprera (¢f. Discussion], In comtrast, the parch scales are thickened,
generally ovoid in cross-section, with a latice structure on both upper and under
surfaces [Fig. S5E-G). Within the lumen of the scales there is an amorphous
sulslance.

The cushions [“seent cups™ of Eliringham, 1915 are rounded, domed
structures, with a reticulaie surfsce (Fig. 4G-13; they appear to represent highly
maodified scale bases. The plates are approximately 3025 pm in diameter and
ahout 10-15pm high, Under SEM the surface appears 1o have small pores, the
presence of which has been confirmed by TEM. Each plate is set into a ring-like
enshion socke! (Fig. 4G, 1), Histological sections show large secretory cells beneath
the plates (Eliringham, 1915; Boppré & Fischer, unpublished),
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In the centre of exch cushiom a liarlike aebesn sale arises, Each s some 75 pm
lomg and 45 pn thick, coarsely set with bngidinal ribs and perforated along
||jl_‘ LRI L | ||.|_|I_ ol 1= |1'|||_::||| I-:. i:|1|'5"l|||..||::.. -.E!..Il. |'|_| |H||-|"\- |'i|.f. H:l H.I:'-.1t|'.. lI|I.I
cushion scales are consircied (Fig, 4E), Entire cushion scales are only fund in
[reshly emerged males ['m; iR, &= they are bioken ofl i:-:. cafilact beluvior
alter which only the hasal stumps of the cushion scales remain (Fig, 4F-1

SEM examination oficn reveals ervatal-like pamicles on cushions | Fig, 4G, H

L1 5, ROFFRE AND E | VANEWRIGHT

Vigure 5 A B Wing wales off flawesy sbep ipp ahwrwing EvpcaEl bepedepierods erile sirucre. 8
L ey winle, illustraismg betiiae. B, Cross-sevsion dvswing hawl lamella, ralsulae. gnd lamioe, 1)
Fockrt sralis of £, cbrpiigai | mose: "amiorphasin satstanoe’ | 10, Panch srales of Amaiis mildva. 11 [
Pouch sales of Firema's promds. Scile e A-O L1z 2pm; Do | g

which cin be washed ofl with dicthyl etlier and other solvenis (Fig, 415 perhaps
these particles represent a solidificd secretion.

Hirwar |.'.'I_'| ..'Il'llf.w. |"'.|{I- '.:'H... a6, 5A ”. i

The alar organs of IF. chrynfpus, termed afaor pockeis, occur posterior but closely
adjacent to hindwing vein Cu, Each argan eonsias of a pocket=like fold (parly
a dupheation] of the upper wing lamella (Figs 28, 315, On the underside of the
hindwings the pockets form slight bulges pattermed with black and white scabes
The whole pocket wone is approsimately 35— mo long and | moy wide

The pockets are formed alier eclosion, Before e wings expand, the ala
organs are dark, oval patches, grossly similar o the alar paiches of A ochiva
During wing expansion, the aniero=distal portgon of e patch, which s
delaminated from the surface, folds up and over the posterosprosimal porion,
the resuil e (L ket -'r|1|'1ri|1|.'I towirds the abdomen (Fig. 3B). I the pegion ol the
peecked, vein Gy B thickened, and the space between the wing membramnes is
enlarged and hilled with |:|.|.|'|||-::'I\||'|'|:|I'|
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Figarr 6, Meomsrapie characiensies of slar posckens of male fhises sbrrapies. A Wing sals 0
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The wang pueckets are bned by amilorm, overlapping pocket scales (Fig, 68
Althougl similar in shape 1o onlinary wing scales (Fug 6A; of, Fig. 5A, B, they
are much smaller (approximately 50 pm long, 30 pm wide) and not arcanged in
resrilinr rovws: s, I|||'!, CHOCUE Al h.i|:i|l'| l;ll'll-il:u. ”_H:Hl-:hln'l i, ) |||,|||'-._ Iis ligie
structure they resemble the patch scales of A acbfes by lacking a basal lamella
and being bilaverally symmetrical, thus having a lamice struciure on both
surfivces. Similarly 1w A, echiea, the pocketl scales of I chrpsrfpon contain an
ELLIEE |'||'|||-||-. w.|||:~.r:|||: iy |'-1.L'.,. _:I-I: :_ I:I'

The |uu.'k-.-|: sembes uH'FLiI!. ancl |:urr|.|1lu'u'-|3. ohacure the GHH or =0 cushions
pocurring within cach pocket, The cushions are somewhat irregularly shaped,

alsouit 20-2% pin across and 5-8 pin high, and they oocupy alinwst ihe entire drea
bevween the pocket scale sockets (Fig 6C). In contrast 1o A, scotler, the plate
skt are less prominent, on the upper surface pores are Both numercus and
COMUS[AI LIS Fig.bl), E), and the cushion scales ane shart, beimg abowt 7-12 jpm
long (thas shorter than the widih of a plate] amd | pin thick, and have smooth

surface structure [Fig, G5, The cusliion scales ol £, chepagpor are not broken ol

rluring TR Lace |‘|-:"'|!|.'I.'..i-|".|l|l‘. mE Ihl' I_'H H'|-.-|'I: \I'.'lll"-\. Barin @ -I-II||'|E:-.II'|-I' |_|rl:|1'| |i'..'|'
cowvening, Histoligacal investigaimns have demomsirated the glinduolar namre ol
s slruciorms |'F|-|||:Irr & Fischer, IJII.|I'|I|J|ih|1I'l:|.: &, Brovwer af af,, 1965,

Frrumala filrnerana {(Fig= 70, 3. 5H, 1, 7. B
The alar organ of T, pefrverana occurs in o grossly similar positien oo thai of
) clveippis, Iying micdway  between hindwing veins Cuy, and 15+ 24

L Ao BOPPRE AND R L VARE-SYRBGHT

However, insteacd of being a cuppexd pocket it forms, projeciing bebow tle wing, a
deep, clearly visible alar pouch, abowi 5 4 mm o leogil (Figs 20, 302, Cn ihe
upper surlace, the zone surmounding the opening is absasn 5 mo i length, 2 mm
i widlih. Chise o the poasch, the veins Cug, and 1A+ 20 are thickensd, as 5 the
haemalymph-filled wing membrane,

The gaeuch s brmed after eclosson. Tl e rEcnce ol ilee huiterily, the
||ru-'|:-|'|'li1.'|. o I ippears as a Eelied [LELE I 1'I'i,' S0, oowversd] by oa thin
transparcnl membrone, YWhen the wings are bong expanded, il patclses
stretch more than the surmounding wing pans and invaginate 1o the undersade

The Melly meitervil which miakes tie KL I ot figsl gt ||.l.i|:. o belied
vonaiats of bose tlhimeads ]"ig. .T“_ ]". i |‘|:'| ]l. i the course ol |||II1I.iI'.|_[ tha ||-||I.Il. |,
disintegraie and Gl the alar ergans as a grey, particulate plug, Remaal of thes
‘dust’ reveals that the threads onginate from the ewshions (Fig. TE, F) o oamn
L llr'rr'-]:H-I1|| o the casbion scales of A, scbleg and 1D, -n'.l:ll-f,“lr-.l'.

The cusbions are roughly cirealar o outliec, with bogeed sockes and deeply
|:'I.i.| l|||.'||l' I:i1||‘|| |||||_H_'| '\-||.r|:.|| L |‘||.: ?l]_ |_. i '|'|||' |l||-h;||||'~\. e ||H'.I|'.r:| s gy Eem
|u|m'|‘| scales whech have ke ||;|.|:r|s srles and EE ked scales i A, acfder and
I, chrysippas, pespectively —a lattiee structore on both sides [Fig. 5H, 1)

U'he wncistordsed coshion scales ame wp to GO0 pan lomg aisd 3 pon chick, in Chis
speecies Lhus being longer than the pouch scales. Their most striking featore is
sullsdyvisiesn min a lirge number ol scissile, |h||3. lseclral ||.|.r|i.-|'|n_ ol .1::||IH-'«.IIII.I.I|'|-'|
05 10 pm edge-length, Each scale gives nse o large numbers of these

Vigare 7, Miveosovgar charmoserians of alar poslics of male Fivsels petireesa &, Wing wabs B

te ol b argled, 0 Alap cEan on rReT el

denmbed of srakes. B F, Rases of paach srabes
i, M, Dtk ol pamele-gencrating omloss scabo, Seale barc A B2 50 pm
03 S g 00, B O e 10 00 e 46, HE 2 i
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phersmane-iransder-partiches (FITs; Fig. 7F-H), which are taken up by the
abdominal hairpencils during contact behaviour (Fig. 2H; of Fig. 14D F).
According w a previously unpublshed TEM investignion by C-Chr
Meinecke, the omogeneiic development of FTPs in this species is as follows [see
Fig. 81, As in the development of ordinary scales and  their swokets, FITT
compound threads and their cushions are ormed by richogen amd  wrmogen
oells peapectively. Development suarts absoun thiree doys alter papaton, when the
trichogen cells of both threads and other scales form long cytoplasmic processes
covered by a than epicuticle, At thas tme threads can be distinguished from oiler
scales by their smaller diamerer and ncrcased lengih,. More obyvious dilferences
oocur about two days later, when the epicuticle panly separates from the

plasmamembrene, Presumably brought about by continoed  production of

epcutiche at points stll adhening to the membrane (Ghiradella, 1974), small
bubldes form in an irregular way around each process |[Fie 870 The bubliles
are filled sith liguor wneil the beginning of the seventh day when eytoplasm
invades their inerior, cauwsing a slight collapse and thas giving ihem their
polyhedral shape (Fig, 8B}, Dunng the next day the bublles are stilfened by
adelition of cuticle to ther walls aind Irg.' cuticulae Lrabseculae El:ll'llll'll;.: iull-.*ri-:-ril'g.
(Fig. BC). Wo deposition of cuticle ocours in the lumen of the cyvioplasmic
processes or on the epicuticke adhering o their membranes, Thus FIPs are
linked 1o ench other 1:||1|,.' h',' thim r|sir|ll§|.'l|.=, which are ]:rrﬁrnnﬂl Fu:rinl:. ol
rapsiure rﬁ]mn\ilﬂr far the FI'i.'I.!IIC-IEil}' of FI'I* 1.'l:r|1:'|'|:|n|:||.1||d threads. An the end al the
cighili day, large numbers of lysmomes indieate the degenceation of il
trichagen cells (Fig. 810, which are not scen o the aduls,

Fuplora cove mmrmone | Figs 203, %)

Iin contrast w all Danaing, Seplora core amimess has discrele alar organs
sitpated on the Forewings in cell Cug, approsimaiely on the mid-line and
appeanng as clongated patches, comtrally located, and abowt 1.5% 7 mm in
extent (Fur. 203, In additon, the anterior hall ol the male hindwings carrnics
malified scales, bt ne distiner androconinl area can be recognized; scales of the
hindwings have not yei been studied in deail,

The lorewing androcomia are compised of two patches of specialized scales
which occur diametrically opposate cach edhier on e upper and winder wing
surfvces. (In contrasi, the hindwings only have androconia on the wpper
surface.] As a result of their respective positions, the lindwing and onderpart of
the forewing androconial arcas are in mechanical contact,

O the upper side of the forewings the androconial scales are widely
separated, leaving the wing surface partly uncovered [Fig. 9A B, on the
underside, however, the corresponding area s densely coversd (Fig, 9H, 1)
Chrdinary scales appear at o 4% higher density than patch scales on the
uppersde (Fig, 913, E), but on the undersice the sivwation is reversed (Fig, 91, M.

Thae “I‘I:Iillilr!- 'rl.'i:IIH sarinles IFiH. G, F-H, N, O are of I}'pir.'.'d |Epid-|:l|.1ltl'ﬂl.i'!'-
structure although differently shaped on the two wing surfaces. The paich scales
on either side of the wings (Fig. 98, C o, Fig. 91, K) are not noticeably different
JIII IIIHMH'ILI'.II.I'I" IFII' e E'|.1I|.1'I'| e !I.T'I'Eh'r IIH! Lir lIH' ll.l'll:li"l.'ﬁidl.' hlil'llikt".

Brructures amilar 1 the pach, pocker o pouch cushicns of Danain are
lacking in £ cerey however, the bases of the patch scales on the mnderside of the
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Figue B, DRTevene sages ol ol devcbspmrnt of perkle pradeging hain in Towsals geiooms. 5,
Pupa & davs obds rplrusioulas s are Sormad areand the cyiepleomic dlovad. B, Pujpa § days ol
cytigelasems sivale epeomtbrular seos. U, Pups B days ol epbrutcoler s sre usflonnd by owtirular
rwhewnilae (Emnes ). B, Pupa B days okl sl v hagrm ovll wiilis der parichs bBrying o dogroerase
Sl Dewin! | i



ANDIREMANNIAL SYSTEMS 1N DANAINAE 13 ™ M. BOFPRE AND B 1, VANEWRIGIHT

forewing are guite diflferent o bases of wing scales or of paich scales on the
aprpessade (of, Fig. 9L o5, 91, E, M. This indicaies that the forewing argans arc
deploved 1w the underside and may interact with the hindwing androconia
Glandular cells have been found by light microscopy which are associated sith
the patch scabes on e underside 1o the forewings. A thorough study, involhang
TEM and considering both fore- and hindwings is required 1o fully understand
alar androconia in Lupoer,

Abdomnal grgams f'l'lrra'lpfrrrnrj'_l

Arures echled [ Figs 10-12

The hairpencils of A, scbfer, in their retracted stane, lie within a membranous
sheath or whe, about 6.5 mm long and 06 mm in diameier, siuated withim
segments 58 of the abdomen, and opening through intersegmental membrane
B8-% (Figs 10, 11). The basal 0.6 mm of the tube s macked ofl by a slighe, b
clearly defined constrictionm,

Everszion ol ile hulr[rrnnl'. 15 elfMectad h’!.' i Frasing hacnml'r'mph [ressare.
Macroscopical examination during progressive protrusion and expansion reveals
four different types of hairs these appear sequentially [Fig, 10), Two baasdbes
first become visibile, 3 white bundbe, and an externo-laveral group of Mok Aar
While ihe fong white hasrs of the white bundle remain closed wogether like o brush,
the black hairs fan out compicuously (Fig. 10A, B}, in naiore over the alar
paiches (Fig. 2G). With a further increase of pressure, the black hairs fold
backwards againu the sides of the abdomen Fig. 100, and the bundles of long
white hairs open to form large spheres (Fig. I0E]. Now, within each sphere, a
cone formed by a third type of hair, the oo feivs, becomes visible (Fig 10F). A
still higher pressure the long white hairs fold backwards (Fig. 10H] in a similar
fashion o the black hairs, and the cone opens o reveal a fourth hair-type. These
central hairs form a small sphere (Fig. 10H). During the unfolding of the
hairpencils, the nuter black and white hairs fan out regularly, but the cone hairs
behave as if they were aticky, folding back in groups o form a stellate array
Fig. 100).

Cross and lengitudinal sections of the retracted hairpencils clearly show the
distinct arrangement of the hairs (Fig. 11). A fifth kair-type, not distinguishable
from the long white hairs macroscopically, is also revealed; it separaies the long
white lairs and e black hairs. These components ae termied separsiing bares,

All the hairg are inserted within the innermcan third ol the webe, each type
being located in a particular region (Fig. 1LA). The central hairs arise basad of
il constrcieen. A rrungﬂ:l 1.'r|||:'r||lril:".'|||'_p' aroum the central hairs, the eome hairs
anse from & narrow hand ar the conuriction zone, Distal (o dos, the |IJI1}: white
hairs, separating hairs and hlack hairs are succomively bocated (Fig. 11A), the
two last namied types occurning only at the cuter laeral sides of each penail,

upjsiniede, idinasy wabe (A lell sade; KOG and panh scales (A4, nght side B, €], basrs of ardinary Basally, the thick-walled black hairs (Fig. 12A-1¥ have a regular, scaly
wabes (¥ apd of paieh wale (Ei. H-05, underbile, ordinary srales [ H, lefl smle; 5,00 and paick B e il hich bec " sty il E § Is i} ;=
wabrs (M, wight side, LK1, Basws of urksary wabes (L] s pasch ocales (3. Seale surface sculpture which becomes Increasingly differentiated towards the up,
hars &, H: 250 am; B0, K F. 1, N 00 g €L Ko 3 g G, 00 Topes; Lo 50 50 pun forming rows of sharp, spiny projections; apically, the black hairs can abo be

seen 1o have numerous holes, The fattened separating hairs (Fig, 12E-F) exhiba
regularly lapped ribs; distally the individual lappets become larger, producing
rows of close, rounded projections at the tps. The long white bairs (Fig. 126-03)



ANDROCCR AL SYSTEMS IN AN ATEAE 111

e |5 Progrisssr aabis of ansfawally mlueed haspeaol e sl sspainis b A=
wilrg. & . Seem vemarally, B DL F.G. M, Serm laserally, Mammificatom o 3 e

are rnther semilarly difleremianed along their entire length. A the apical end
'-'.!H'I.'I' LAY |.'||I |{|l'r:|:|l|n|' |'II'H'||.|tI"H. T, I||.|' ||.|_||"-| '\-\.|'||il [TRLEL] |-c-|1|_[i|||||il||.|| [l |‘|.,||r|'~\.I Lii
produce irregularly shaped pheromone-transfer=partiches, The FIUPs adhere in
masses o the stable bisal portions of the mother hars, The cone hairs

M, BOFPRE AN E. I VANE-WRILIHT
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Fig. 13F, 0} are flar and smooth, hoving very widde bases amd ending in fine
tips. Hairs of this type are filled with densely packed trabeculae. Like the cone
limirs, the central hairs E:u;. I1ZR-LU'} are also lanceolaie: their surlaces o
PR slt |'r|'r|_ W ilh 1r1_:|||.|r A ..||'!, Illlliﬂ LFIE] N |l| |.||'|ll|'.\_||-c'\-|1 L Rme=%rMI0EA ilpirse |'I':IIII.I.|
|‘|_|:||-\. Appear Iul:.||.-|j lel."'l.'l'[_ .||-||'l \|..|-|||i|||,;_ C OSSR Iil.:!lh in chethyl 1'I:|‘Il.'lI the
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hairs appear thin-walled, with spongy trabeculae inside. In csmium tetroxide
atmosphere, unireated central hairs become black; this camiophility (indicaung
the presence of carbohydrates with double bonds) i alo lost by washing,
Passilily the solubbe material represents solicdified secretbon

A summary of the surface and inner structural features and the principal
dimensions of the fve typues are given in Fable 1

Damaws chryspdees | Fig, 13

The hairpencil tubes of D, chepdppn lack a basal constriction, but arc locaed
within the abdomen in a similar position o the hairpenscils of A, scbisa, The
organs appear wlentn al to tlvoae of its sister-species, L gilippw, which have been
deseribed in detail by Pliske & Salpeter (1971).

I e petracied stabe, each hairpencil appears as a bandbe of parficiedudding
hairs survounded by marginal hairs (Fig. 13A). The 850 panicle-hudding hairs
and 4500 margingl bafes are both 4.5 mm long and each 15 abowt @ jim or s thick.
Both tvpes are thin-walled and have their ipteriors Alled with wraleculae

The surface structure of particle-budding hairs is distinctly different in the
apical and distal parts (Fig. 13D-1). Basally, there are closc-set rils, bearing
lappets 48 pm long, arrayed i shghily irregrubar longituclinal pows. The distal
tip of each lappet projects outwardly lrom the hair surface. In the central and
apical regions of the hairs are fewer ribs, Apically the ribs are very irregularly
aligned, leaving round or oval areas each of which & pedorated by several holes
alsmun & pum En dismeter,

SEM micrographs of the central and distal regons reveal many roughly ghobes
like projections, each attached 1o the end of a ril lappet, (This matches TEM
investigations of 0. gilippus: Pliske & Salpeter, 1971.) The globes [cuticular
aiigrowihs |.'1.'-e-|1l|t:|.||1.. break ofl 1o gemcTaie IFI'Ps. These |:I-'-I|-il'tl"‘~ are poughly
% um in diameter, and each bears a slight depression which appears (o represent
the former site of avachment 1o s mother lappet,

The surface of the marginal hairs abso changes from base o tp, but much les
~,|;ri.ki||.|{|!._ In general they have relatively smiooth longitudinal rils and highly
perforated inter-rib spaces [Fig. |38, O

T ireemsirt Iﬁr]rlﬂl‘l.’f.'] |'I'.I.[-. 2E. H. 14

In gross morphology, the hairpencils of 7, felicerend are ginilar vo £, clrpsagpus.
However, the hairpencils are relatively simple, having only one hair-type. The
750 hairs [Fig. 14A-C) are 4.5 mm long and 10 gm thick; the surfice of cach is
densely granular while the interior is filled with a meshelike network of
trabeculae. We call these hairs particle-recrinimg karrs becawse during contact
behaviour they become charged with FTPs produced by the plate scales of the
alar pouches. The FTPs adhere to the surface of the particle receiving hairs in
greal nuwmbers [Fig, 14E, F), particulary at the tips, where their presence can
even be appreciated by the naked eve: the tip of a protruded but unexpanded
hairpencil appears more darkly coloured [Fig, 1413},

Euplova rove gmivamne (Figs 1F, 15
As already mentioned, the hairpencils of Exploca differ macroscopically from
those in Danaini by appearing like a bottle-brush; that is the hairs are inserted
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I'N 5. HOFPHE ANIDE I Y ASE-NVR [GH D

Figarr 12 Mirmwps «hisatessbes of haigencal haas in Jdmard abla. A1, Bleck has E B
teparsiing baire (3 0k, Liing w M mrdiss (1K amd speeal s (LG sl g
Vo o TT 1% | L=00). D=0}, Cane Carpinsd haire Scale bare & B E: 3 pm; C | s
I F-loM, PR, T, U000 g S 0K 3 LT

over the entire length of the hairpencil mbes [Fig. 2 Fhe hairs are wailorm m
sliruciure [';":_ |-| '|. [ = I-1|||l| |-c||||: .11'..1 ||:']|.I'|'| theck, Insudi E 15 |:I[:| RN AT
citirely filled with trabeculae. At the base, each hair has longitedinal ribs
bearing  blunt, thorn-like propections  (Fig, 150 These projections hecome

Famik |, Suminary e sirectusal feavare and primcipal dimensioss of (be Sroe haie §vpes makimg up

(e absdieEnnal halrpences of Assan TR

Laringich | T ki
Sagrfeoy sl rodieay |maey aisis e T i 3] _
Tas b Brar Sharp. ramad genes B euind and Besllis i 17 (L]
Vi, [24-C; Fig, 121
Crpanating hass Bialn, wdle seghitdy raeed Chal, Bl winhy §.5 = % o
Lapryeris wabecu |
Fug. I2F Ve, 121
Laong whior haw Pemludosr, proermimg K ul, ipurggy walli L] 15 T
FTFs Ve 15
Yag, E2H-E)
Camar hair Smumch Flan (hisencaiied |
Fag. 12F agmring, Die dralevalar
IR ng Figwr |5 Mesrsoopie charicirrnise of Bulipeiecd] oo o Dessse chiaiippmi A, Pasn il oress i
Fg. 1243 ol retracied Bainpmn bevaing parivbe-ladklng baim (p) sl nurginal baies (m B, Marpeasl
Lienual hair Ritdwl weah Lajsjeria Flan, maprring. hlkod wal &} h o iell® L lialrs, basally (B and apiealty (), -1, Panle-lnakdiag hairs @ difcremd levch, Sucally (D)) sed
Fig. 19K, 8 e tra bl BTt

medially bo apdcalby | E-1 Scale hame & DO jpm; B-1: % jpm

Fig- 13T, L
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Figun 1L Manmongsi o b i beiintii s af haaperes TR Ja peivaveme. Haws ol hairperni] o
ks res v i rvialdndy st ga 1wt li alar pEasches il afirr st Bt aar
Fi, IL NP i a protrsded By sas exgandnd hasipemed sl isg TPy i gijm ol bair, sl

b A7, Fr Spems Ik 0, F22pn

increasingly differentinted towards the distal end of the hair, forming ribbed
nodules exch with one or more raised, outwardly directed spines. Although these
]IIhil'-. tbons ook as il |||'-':- mirhit be deluscent, there are no IF1 1% in E, ceve, and
ihere & oo mchicition of ithe ocowrrenos o FI'Fs: in other S EHS uxl Ir'-l-'_l""\-rl'lli

[T e | e

I'he androconial organs of danaine butierflies have attracted aitenion simce
Maller (1877a) Frst sugpested that hairpencils produced an odaer which
iiiliences female wxual hehavisur, Xinller's [MLpET Wwas [ollowved by muamicTogs
morphodozical studics and ance dotal reports on the wse of these “soent GTZAnE
The present experimental  phase  commenced  only recently, with the
|||_-.-|--\.|i1;_||i||||x ol Brower of ol 1965 ) imeo the H|I|:I'1.|'|:|I ol Daneas ( Amana uil-'_l'-_.‘"-"
beremive [Cramer). Here we discuss the fanctional significance of these comples
-III'.lIl-'-"III--l-. haekr R HTLLL Sl T LEEROES, ancl 'lh:-~<L|I|I' 1"|II|II|i|l|I
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Viggiire 15, hEwrescopac « Baracicmsis of Baiproal hairs in Exle s ammrmess, %, Banal, B noccdias

il 02 apeinl paid. 1), Crossowareiion, Scale bus

_||_r|.'.-||r fefierds of dandife _,'.l'-r.--..-.-,--uu l'..,_.'."\:I

The most charactenste feature of the danaine androscontal sysem is the
hydraulically eversible abdominal hairpencil. This ergan is known 1o oceur in all
|_-|H ||_||1'|_'||.I_:!| |n'|||_[||';.r|_1l '\-]:H'l_':l_'x o “.rl.li:l..u'_ with I|||' EI‘I'H.-“II-:' L] |'|:llll.|ll il
a Jrn'.'."r.'lf--'r.r sebnerdery Swkery & Vane-W I'I';;]II siall Enown only lrom lemales
Although many groups al maths and some butterflics have coremata apening
between abdominal segments & and %, the geweral form of the dianaine hairpenil
I||u_|'||1|'| nil|| iI- |||||:||]I.-|||r.-|,:1|.|| I||||| fLiEw 1':||||.|= rii||:|'|r||:i.|,l':||||_ i'\- ul.i..|||| :";I'
meember of the co-ordinaie sister-gronps of the |Bmumae, that 15 the lihomunae
and Tellervinae, lias an alsdoninal harpencal [ Ackery & Vane-Wrighy, 1944
Ackery, 1987,

In additien tw abdominal hairpencils, the magerary ol Damainae iooe ali
aIrgals i il foem ol |I.|.I|. III"-_ IHH keis oF l:- seches, | he belouviean |||l. madlwnied
mechanical contacts between them and the harpencils [af least i Dranaini
represent an unuswal feature, Witlin the Butierlies, alar amd intermal alsdonamal
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organs involving similar behaviour are only otherwise thought 1w occur in e
morphine genus Astirher [Vane-Wright, 1972 DeVries, Kitching & Vane-
Wright, 1985). Such pairs of androconial organs, developed on different parts of
the body and requiring special behavioural acuvity 1o make funcrionally
necessary mechanical contacts, are termed bivate srgame, and appear o be ol
particular interest. In contrust, pairs of orgams which anavesdahbly make contict
by virtue of their respective anatomical positions, we call dunl srgans,

In mest Danaini the hairpencils disseminare pheromone-transfer-particles
[PTPs). Seent-carrving particles are sl found in various sher Lepidoptera
{Boppri, unpublished), but their occurrence (with few exceptions) throughou
the Danaing, and particulardy the different modes of particle productzon in this
tribe, appears unique. Thus the male danaine androconial system exhibins
several features (e.g. binate abdominal and alar organs, FTPs] which 1aken
separaiely are not peculiar 1o this group, but their combination in the milkweed
butterflies is outstanding and provides a model system for studies on chemical
CoRmuniealion,

These morplological peculiarities, reviewed in detail by Ackery & Vane-
Wright (1984} and Boppre (1984a), arc roflected beah ecologieally  and
physiologically. The hairpencils emit comples specics-specific  bougquets ol
vodatiles  [Schulz, 1987; Schule o o, 1988; Schule, Francke & Boppre,
unpublished) but, with only few exceptions, dihvdropyrrolizines (danaidone,
danaidal, ivdroxvdanaidal) constiiuie the magor pheromone components of all
dpnaines, Lﬁh}ﬂmwmﬂiﬁlmi cannid be l}lllllni.l!rd E:n' the mabes de wore: the
aduli males have 1o soiquasier |::,.-:'r'u'ﬂi.:idinr alkaloéds {PAs] which serve as
precursors. PAs can be obtained by feeding on the nectar of certain plants, but
the Danainac have developed peculinr adapiations w extract PAs from withered
or damaged plan parts i@ |||::|rn|urn-|:||‘::|gr.|u: manner (¢f. Bopprd, 1984k). The
wtilization by adult males of allefochemics as precursors for hissynthesis af the
dihydropyrrolizines essential for courship success is an coological feature of the
anihifimily.

Fanctiamal perwiurniee o) owdrocamiel dunliim

While the Dunciion of the alar organs in dinaines i ot Tully undersiood, i
secms certain that the principal function of the hairpencils is w stimulate the
femabes with pheromones during courtship, As the binate organs are hrough
it comtact independemt of courship in Amswris (Lamborn, Longstafl &
Poulton, 1911; Lamborn, Dixey & Poulion, 1912; Lambom & Poulton, 1913,
1918), Poranfics (Lamborm, 19215, fanews (Brower & Jones, 1965; Seiba,
Schneider & Eisner, 197, Boppre ol ol., 1978) and in Tiramals | Boppee & Fecher,
1977), it is necessary to question both the separate significance of the alar and
absdominal organs aimd the function served or mestiated by contce-behaviour,
Present knowbedge sugests that the two types of organ have quite separate roles,
but their functional significance is dependent on the interaction between them.
This is mot omly indicated by the mere ocourrence of contact-hehaviour itself, b
has been demonstrated by both chemical and morphological findings. For
example, in L chrwigpus plistologically sigoificant amounts of dianakdone are
only synthesized when hairpencils and pockets have been in contact (Boppre o
al,, 1978); in 7" prifverama, contacts are necesary (at least) to transfer FTPS from

ANTHROECONIAL SYSTEMS TN DANAINAE )

the Dianaimi employ fwur different mechansins of particle producon, suggests
that FI'Ps are an important featre in pheromone communication, To date,
however, the adapive significance of the use of FTPs remuins dulious,

!']'n'gr'n and spalafeon of denmne redraramiml L_r:l‘nrll

The grear similarity in gross morphobogy and fne structure of the abdominal
organs und throughout the Danainae, and the alar organs of the Danaini,
stroangly suggests than the two glandular svsiems are respectively homodogows. 17
sr, both the abdominal and alar systems belong o the groundplan of the
Danainae, and the stroctoral differences of the andmcoaual Organs alerved
beetween species and genera live proumalily develogsed, step=tav-step, during the
cviduticnary radiation of the group. The kairpencils, at least, must e regarded
as part of the danaine groumdplan, and thes sincily homologoas, as they
constitute one of the two principal morphological specialisations characterizing
the group as a monophyletic unit (the second featre is the ankylose, clubbed
foretarsies of the female; Ackery & Yane-Wnght, 1984). However, acoeprance of
this hyvpothesis of descent with modification poses many interesting problems
concerning  the origin of the danaine binate system and it subsegquent
phviogemsis. A thoroueh discusston would need o taike all specices o account.
Here we present merely a sketch of the posible evelution of the andreconia of
the four genera treated in the body of this paper. However, alihough no
discussed in detail, we have abo taken into account our present knowledge of
other danaine genera. We intend 1o present a more extensive account following
Farther |_'|_I|'|:'|]_ﬁl,r'.]'|_i'l,l:' i.m.*ﬁ[ig.aﬁnm. into dlanaine androconial gL,

Figure 16 rellecis ihe muisal cladogenciic relaiionships of the four taxa deali
with in this paper, based on the eladistic clasiicaton progesed by Ackery &
Vane-Wright (1984 for all cleven danaine genera (of. Fig. 1), In order to discuss
ths i“‘|.]“fnl;"|ii,' flmngﬁ. ;Lﬂ'ﬂ;ling the andrsconia of the four taxa, we have o
conzider three ||.1l.l:|:|ulll.|:'l:i|::||| ancestors within thiz selema: the aneesior of all
Dranniinee, of all Danaini, and of Pareus & T rromala,

T anceslral system

Bonle-brush hairpencils are unigue to the Euplocina, eocurming in all 75 or so
speeies except a few Mea (Kitching, Vane-Wright & Ackery, 1987, The Ttunina
Biave the pluimose type found dhroughout the Danani. As the Tuming are cither
the sister-group of the Euploeina (Ackery & Vane-Wrighy, 1984, or represent the
sister=group of the Danaini+ Euplocina (Kitching, 1985; of. Forbes, 1938), we
conclude that the ancesteal danaine probably had plumeose hairpencils —anmd we
specilate thar they were compased of just one bairtype. We asume the Latier
comdition cven though a one=hair-tyvpe is not universal thrsoghout the Euplocin,

With respect 1o the alar organs, only Eapless specics amongst the Euploeini
huive wing amndroconma (on both loge and hind wings|, whereas all Danaing have
hindwing androconia. The Tellervinae and Ithomiinae include a few specics
with forewing androconia; the Tihominae also include a vast majority of L
with hindwing alar organs. We could thus assume that the original danaine had
scattercd androconia on both fore- and hindwing upper surfaces, However, no
identical androcomial systems are found in e Dihomimae sersus the Tellervinae
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number of important features, indicatve not only of prodsable homolegy but also
of functional similarity. In all cases, they are asociated with veins, the wing
tissue underlying the androconia being thickened, and they are all composed of
cushions bearing cushion scales, together with similarly specialized covering
PPl h

The cushions of . achles, IV, chrysippus ind T, pelrserara differ in number and
packing density but they do not show significant morphological dilferences.
However, the cushion scales differ widely, In T, peitverama, in which they
generate FTPs, they have an obvious function but the clubbed or minuie
cushion seales in A, ockfea and D, dopippus, respectively, can have no function
ascribed to them as vet; they might be functionbess rudimentary structures— this
is perhaps most likely for £, dheyappas, in which they are very small. In A, sckiea
the cushion scales break off and become lost during contact-behaviour; they
were fiol found on the black hairpenal lairs,

At first sight it might scem paradoxical thiat the cushions are covered by scales
if we were 1o asume that they are the site of pelease for o secretion which bas o
come into contact with the hairpencils, However, the paich, pocket and pouch
arales have similar, deeply ribbed upper and under sides and apparently lack the
basal lumellae; such scales have not been described proviously (Kb, 1946,
Kiihn & An, 1946; Downey & Allyn, 1975; Ghiradelln & Radigan, 1976). Scales
having a similar lantice on both faces and lacking a basal lamella, we term dauble-
fattive seales. This atypical structure would scem well-suited for (he rransfer of a
secretion 1o the hairpencils. Double-latticr scales may thus serve as mechanical
protectors for the fragile cushioms, vet readily permit the transfer of secretion.
These scales might also act as sponge-like reservoirs, Whether or not the presence
of the "amorphous substance” in the lumen (mast readily seen in D0 ckresgopes) 15
indicative of such a reservoir [unction requires investigation. Deuble-latice
scales are apparenily peculiar to androconial organs in the Danaini.

Although plausibile adaptive significance for some of the microscopic features
seems obwious, general questions about alar organs remain unresolved. The
cushions are covered very i|p|:|:||:||;||:'l;r|'!.' by scales in A echles, leaving the
glandular area exposcd, while in . dhryuppas this area is over-layed by scales
and additionally protected by a fld, The answer o0 such puseling dilferences
might come from mare detailed studies on the interaction of hairpencils and alar
GRS

Strwecferal adeptations of abdewieal argani

Like the alar organs, the abdominal hairpencils in e various species indicate
homoloay and functional similarity. The hairpencils of dmanrds ocbfea scom o
represent the highest development of abdominal androconial ongans in danaine
butterflics. Behavioural studies on males of this species revealed thar hairpenals
are brought inwo play in two situations, First, carly in the morming, males alight
on herbage exposed 1o direct sunshine, and display their black hairs splayed out
on the alar paiches (sec Boppeé, 19771, Sccondly, during courtship behaviowr,
the male hovers above the female and then zooms down, brielly expanding the
hairpencils close o the female’s head (Boppre, unpublished ).

Swudies in progress [Boppré of of.) reveal than the non-courship display of
hairpencils has an influence on the compoition of valatile chemicals in the
organ, During courtship the hairpencils emit stimuli necesary for the acceptanee
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il tlse inale l:l:..' the Femabe. Prll}' aal. (1977 sleniilied seven volaiile subsianoes

probably  pheromone  components) from  Amawris sebler hairpencils which
exhibited a topochemical disiribotion which could be correlated 1w the
morpholegical differentiation of the argan,

Chembcal as well as belusioural imformation mves circumstantial evidence for
the adaprive significance of the different hair tvpess the Beral position of black
hairs and their insertion in the proximal part of the hairpencil wbe permits the
display of black hairs while the white hairs stay fogether as closed bundles;
mpumlihg hiairs between black and bong white hairs could prevent loms asl’ FTPs
frorm the bumndles of white hairs when the black hairs are rulbibsed on the paiches;
bong white hairs serve o dual lunction by bbb peoducing and  disseminating
FTPs — which were foond on female antennae after courtship by a male [of.
Fig. 254 in Boppre, 1984a); cone hairs show morphological scrucures which
might prevent uncontrdbed evaporation of the chemacals from central hairs; this
assumiption s suppanied by e finding  thiae sonanal—a very  volabe
substance—aoccurs only on centrnl hairs (Peooy of ol 1977), This substance might
only be releascd during the final phase of couriship, after ithe male has previously
stimulared the female with sther pheromines,

In contrast with Amaures, the hairpencils of Dasgas and Tiramals are more
ample, but they are similary wsed in estabilishing contsets with the alar glands
as well as stimulating the females with PUPs, Thos, despace s number of detailed
differences, they are wed in the same context and scrve the same unction:
“.im'l.lh‘l.l.i‘"l l?r l]lr rr||:|=||: “'illl. I:II:II.'TIIHI'I!HI.L'I ti?' TS I:II
pheromone-transfer-pariicles.

In Ewploea, the botile-brush hairpencil might be imerpreted as an adaptation
(183 rn|.1rp;r the seent ri‘:i[uiral:illg surlace, Tn this Eenus the h.,uir]}l:m;i]l, are
r.'lp.'l.lidtd for hmp; IH"I-'iIIlI.‘I.'!- :Iur'mp; |ulnh||i.|:g anil !un.':-rinn "ighlh i|.n|:| lr['l':: e
nedt e ployed.

Frnfluences of pherosmone-fransfer-pasficles

Both sirwctire and function of the androconial omgam are affeoed by the
mide of PFTP origin, In the more complex hairpencils of A, scblea and
I}, chrysippms, the separating hairs in tle former and the marginal hairs of the
lateer may presvent e el PT'Pa dll.ring contcl behaviour, In Tiromals, TP are
produced in ihe alar pouches, which may explain the alsence of separating or
meprgingl haies in e uniform hairpencil of T peficerene. With regard 1o Tunetion,
those species that diseminate FIPs expand the bairpencile briclly aned anly
dunng the Bnal stage of courtship, whereas ihose withowt FI'Ps expand them for
long periods during cowrtship Mighte. Mo Danaing are FTP-disseminators. The
Euplisini {and probahly fdeapoc in the Dinaind] bick FIPs In Eaplees itscll
hairpencils are expandied even when there are po females around (see Boppre,
[%a)l. Futhermore, when hamdled, Euploein expamd ibeir beight vellow
hairpencils, which might be interpreted as defosive behaviour (6 Ackery &
Vane-Wright, 1984: 64). This reaction doss mot sccur in the Damsini except in
the penus Tirdz, o which PTP loss can be compensated by further contacts
with the alar powches, which function boih as prodisction s and  panicke
TOSCTY OIS,

FT'Ps are found in several Eroups of the l_.rpil:lnph_-r.a. This, and the fuct that
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the Dianaimi employ fwur different mechansms of particle producon, suggests
that FI'Ps are an important feature in pheromone communication, To date,
haowever, the adaptive significance of the use of FTPs remains dulious,

!']'n:gr'n it el el ql_,l' danmne medvacomin! El'll'l':l'ﬂl

The grear similarity in gross morphobogy and fne structure of the abdominal
organs und throughout the Danainae, and the alar organs of the Danaini,
stroangly suggests than the two glandular svstems are respectively homologows. 17
sr, both the abdominal and alar systems belong o the groundplan of the
Danainae, and the stroctoral differences of the andrmcoaal Organs anlmserved
beetween species and genera live proumalily develogsed, step=tav-step, during the
cviduticnary radiation of the group. The kairpencils, at least, must e regarded
as part of the dapaine groundplan, and thes sincly homologous, as they
constitute one of the two principal morphological specialisations characterizing
the group as a monophyletic unit (the second featre is the ankylose, clubbed
foretarsies of the female; Ackery & Yane-Wnght, 1984, However, acceprance of
this hypothesis of descent with modification poses many interesting problems
concerning  the origin of the danaine binate system and i subsequent
phviogemsis. A thoroueh discussion would need o taike all specices o account.
Here we present merely a sketch of the posible evelution of the andreconia of
the four genera treated in the body of this paper. However, alihough no
discussed in detail, we have abko taken into account our present knowledge of
other danaine genera, We intend 1o present a more extensave account fllowing
Farther |:|_|-|1:1]_mr.]1i1.-:- i.m.ﬂ[ig.aﬁulu into dlanaine androconal gL,

Figure 16 rellecis ihe muisal cladogenciic relaiionships of the four taxa deali
with in this paper, hased an the cladistic clasificaton proposed by Ackery &
Vanse-VWright (1984) for all eleven danaine genera (of, Fig, 1. Do onder to discuss
ths i“‘|.]“_fnl,‘-|ii: ;Imugﬂ. ;Lﬂ'ﬂ;ling the andrsconia of the four @, we have o
conzider three |||1l.l:|:|nlll.|:'l:i|::| ancestors within thiz selema: the ancesior of all
Dranniinee, of all Danaini, and of Dareus & T romals,

e amcesiral system

Boule-brush hairpencils are unigue to the Euplocina, eocurming in all 75 or so
speeies except a few Mea (Kitching, Vane-Wright & Ackery, 1987, The Ttunina
Biave the pluimose type found throughout the Danani. As the Tuning are cither
thie sister-group of the Euploeina (Ackery & Vane-Wright, 1984, or represent the
sistersgroup of the Danaini+ Euplocina (Kitching, 1985; of. Forbes, 1938), we
conclude that the ancestral danaine probably had plumeose hairpencils—anmd we
specilate that they were composed of just one bairtype. We asume the Lioer
comdition cven though a one=hairtvpe s nol universal thrsaghout the Eaplocin,

With respect 1o the alar organs, only Eapless specics amongst the Euploeini
T winn amfrocoma (on Both Tose and lind h:inga]. whereas all Danaind have
hindwing androconia. The Tellervinae and Ithomiinae include a few specics
with forewing androconia; the Tihominae also include a vast majority of L
with hindwing alar organs. We could thus assume that the original danaine had
scattered androconia on both fore- and hindwing upper surfaces, However, no
identical androconial systems are found in the Dihomimae sesus the Tellervinae
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u.u.-rr Detiral shenchis sepersent hypoideetica] “grossslplan’ sam. 1 Peulsied  asfeorsnis)

il | Il adl aiwakinl danasme. alab e cosisni g ol scaibromd wabe ampject
H.I.F[-.ﬂ wf sk l.||||_1., hairprimih aegle-bhairod, plumssee, F Slvamees oo gioundplin i e
Phanaasa alar orgem sosiracind posterssr b caleios of beodwing, with glindulsr aod double-lsitee
walbes bmaic ivlaiscnsdeag lriworn skai cigems sed hairpeocibs grocraibos of FTP 32 Advasscos om
wlamaine groundplan deswn by Faplow ore ampmenr: farw g asslnsosis mircied soodl O, with
wlatsration o proluor domal vewtral orgam sl charsowrmstic dual feosiog hindwing sysom
hindwing amdreenis oincied o snimor peetken of wing heirprocih of bailednsk v
#: Addvamoes on Danaisd geoendplan show by dsanrs abla hindwing asdroonla oencenoaed
discaess ek in ool T halpesnds greaily elaboraned e have Bve 1ypes of Bair, ineluding oo,
vemaral ared FITprocdosiog typeee 50 Adb aioe om Dharaind groimsdplan dassn by s + T
himlsing  amlieens oesemiresd o mapmaied] epeen oo ol a0 Adbvams en
Flamsin -+ Trrwmala conslithon desan Iy Dhassa cBrreypmn palaial ergan sl as a dalley jroke;
hangums s dalwsstial io iahade PTPgalsoing baies 7 Salvasss om Dhossa o T owma'e vors b
rian by Twwmali prdueiena’ ouluisl aegin hainnd s e docp posch, wiih cuskeon wabo dalsswinl
s pusduce FTFs

reries the Danammae, and so there i Hide evidenee that the variouws androconia
are strictly homologous, As with many secondary features of the Lepadopiera, we
are thus drawn into the quicksand of trying 0 argue and generalize alsout
analegous rather than homelogous structures (of. Boppre, [94a: 260). As o
resuli, alibough we eoasuder it plausible thar dee ancesiral danaine did have
some forme of more or less scattered androconin on e upper suerlaces ol both
wingy, we do not speculaie on their proecise siructure,

Androvonra of the Dawart ve, Fuploem

Al Dramsaimi are consplerod 1o share two basic andeseonial features ot Bad
in the Euplocini: morc-or-less concentrated  alar organs restricicd w0 the
hindwings posterior to the cubius, and, within these organs, cushions
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interspersod  with double-lattioe seale. Maost also oxhilin clalwratwe contact
behaviour between tese hindwing alar organs and the hairpencils (e, they are
hinate ), and most employ PTPs. Ackery & Vane-Wrigla [ 1984: 39) argued tliat
the ability o produce FI'Ps was a specialization feadamenial o the Dannin,
However, we argue here that there is no compelling reason 1o comsider the
various meedes of 'UPs production throughowt the growp o be homologoas, and
it i plansible that ihe doubbe-lavtice alar organ/abdominal hairpencil binate
interactisn predates the prodection of TP, Perhaps, therefore, the modern
Danaini represent not only a cade but also a grade, involving a 3=icp
cvolutionary progresion [rom te groumdplan condition: firse, the eonceniratbin
and restriction of andmconia o the posterior region of the hindwing nexi il
development of hairpencilfalar organ  comtact  behaviour e bischemical
teanafers and then the evolutbon of double-lattice seales o Getlivate this transler.
Al the same time or subsequently TP have evolved in s variery of wavs,

In comtrast o the Danaini, almost all Euploer have the hindwing androconia
concentrated anterior o the cobital veins, In addivion, sme species ave
retained (orewing  androconia, concentrated in forewing eell Cug, walb tle
fregquent concomitant development of the ‘double-sded” alar organ, having
connections between ihe doral and ventral surfaces, amd so lorming o dual
argan with the hinrlwi.rls androconia (ofien indicated "Il':| a P-m.wrim' cxtension o
the posterior margin of the forewing). All of these Features occur in E oore
amrmens, and systematie evidence FBvours the idea than such a dual system B part
of the Espleras groundplan—which therefore also reprosents o 3-step grade: firsy,

concentration  (rather than loss) of androconia to the anterior region of

hlru.'iu.mg fnlhm‘qd |.|n. (g 1uﬂ¢l|wr l.ul.h nmrrllr.jlmn ol l.hr rnn:'v.mg
androeenia o eell Cugl and then the formation of the dorsal jventral alar Organ
af the forewing. (In this fashion we may conceive hinate or dual androconial
svstems as potentially basic 1o all mederm Danninee.) In sddition, almos all
Euplosina [the subtribe 1o which Euplesa belongs) have the boatle-brush type of
hairpenecil, variously developed. The significance of this basc shilk is wor elear,
but the bowle-brush may be o similardy efficient organ for  pheromone
dissemination as the plumase type 4+ 1711%,

The andraconta of Enplora, Amauris, Damaus amd Tarumalia

Amawris i3 differentiated beyvond the basic condition of the Danaing by il
concentration of the hindwing androcenia o the area of cell 2A (shiown also by
fdeopis amed  Farantica, which could therefore be considered an additional
synapomorphy for the Amaunna as concerved by Ackery & Vane=Wrighs,
1984). Further, in Amswris there is grear elaboration of the hairpencil, with up 1o
five hair types occurring (as in A schfer), including v development of s least
two different types of I'I'P-producing hairs in different Amauris lineages. and the
central and cone hairs (in the group o which A scbira Lebongs).

Dranaws 4 Tirwmale differs, with respeet to androconia, rom the petulaed
groudplan for the Danaini only by having  ihe hindwing  androconia
concentrated into cell Gy, probably in an evaginated sone,

Dagaws differs from the Dansas + Tiumals condition by the development of the
‘pockered’ cubital orgam, and the frmation of FTPs in the hairpencil, throagh
the multiple transverse fracture of a second type of hairpencil hair,

Tirmmale differs from the Dareur+ Tirnwata condition by development of the

13 . EOPPRE AND R L VAXE-WE MM

decp *pouched” cubivsl organ, and is wnigue abiling w prodece FEPs in ghe alar
DBFAIE, ihrmough elaboration of I|igl|l':. dilerentiated coshibaon seales.

With respect o the extraorelinary differences beiween the plicromone systems
of Tirerale ancd Dascwes, a question of sutstinding importanee 5 whether the
lincage leading direcily io Tirsmals ever had hairpencil PTP-producing Jeurs o
nat, [T it did, then we have 5 most rxmmrﬁinu.r:. puu:l.r 'hli_',.' and hovw was one
satisfactory’ mcthod of FTP production abandoned and  then sulstinseed By
another? This problem disappears il we assume than P'IT production has evelved
separately ai least theee fimes within the Danaing (s the Amauring, Danes and
Tirwmala), bt then the need 1o find o snslaciory explanation for such a set of
clime parallelisma beeomes equally acuve. The discovery of the male of Tiradelphe
sekaeiderr coatlel b ol very special importance in this regard sinee this species miosg
plivagibly represents either the sister-groap of Towsela, or o Dasans + 7 ramala,

.l'.'r.ol'ugi;ml' sotfef n-,f g IHr.-'rumnrr-' .ﬁ.:ufngr

We have discussed the androconial system of Daninae only in the context of
inter-sexual selection, alihough inirasexual funciions of male scents are being
mcreasingly considered (o Boppre, 1984a), To date there & no indication tha
danaine androconial secretions play a role in male-male interactions, alilwugh
one might imagine that the common occurrence of dilwdropyrrolizines in all
Danainae  imdicares some  imra-sexual  function(s) for  these  compounds,
particularly since their synthesis regquires so many adaptations. However, the wse
ol ;|.|.'||.‘I|'lH'\'|:||'|IIH.| TR i anbraesexwal cormmmmie b amodysl the Danaing 65
unhkely becawse, as already discussed, e pheromone-tramsier-panicles appear
o dictate the use of hairpencils only in close-range, inter-sexual situations. In
comtrast, it would be worth i.ll'..'\fh“gihlll.g Eh:m.ilﬂr rales for J:hrrmm:rlms in male-
male interackbons nl'.f'.-n:p.l'm; Fﬂln:ll“ll_q with nxr.'rnmlrd. SCEil drgans I'll'ln_lll: S
p altract emales but could abo, or example, repel other mabes. Thus, intra-
sexial (in addition o inter-sexuall functions of male pheromones remain a
challenging field for further studies,

As outlined above amd discossed 0 omase detail by Ell.q:r‘l" 194 ],
alledlocliemics aflieer the counship success of make danaine buterflies direcily and
significantly. In additien, the pyrrolizidine alkaloids are stored and afford

chemical |1nu:rr|:m|| FTLATIREY p-rh:l wiors. The = ulaiion ln Caominer and Epner
(im Eisner, 1980 Conmer o af,, 1981 that PAs-dermved |:||||:".rr.||:rln|.1n iy allow
fermales i aswess the alkalodd comtent of males amd lercfore thear degeee ol
prodection, and Brown’s T8 finding that PAs can be transferred 1o e female
during copalation via the spermatophore, shed seme light on the o far peeeling
phenomenon of a correlanon between clemical communication and clwemical
defenee (sev abko Boppre, 1986). Howcover, the precse role of dibydoo-
pyrrolizines, wwd by s many species, produced in such high guantiiies anad
recquiring s much “costly” effors, & soll mor flly anderstosd.

This survey taken together with behavioural and chemical data (of, Ackery &
Vane-Wright, 1984; Boppre, 1984a; Schule of of., unpublished ), strongly suggesis
that the male pheromone sysiem in Danainae was elaborated wunder high
selection pressure, As previousdy hypothesized (Boppre 1978, 19848; o Brower,
1963, 1970}, the male androconial systems might have evolved as a conseguence
of the unpalatabilivy of the Danainae and the appearance of Bawesian mimies,
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Chemical communication would have become necesary due 1o selective
pressures by Batestan mimics upon a visual communication sysicm in proo-
danaines. The pheromone biology was apparently differentiated and elaborated
morphologically as well as chemically during the development of advantageous
Mullerian mimicey {of. Boppré, 1978),
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