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Summary. — Although the genuMorpho Fabricius, 1807, is an important component of ititernational
butterfly trade, it is still poorly understood phgknetically. The first phylogenetic analysis of tienus,
based on morphological characters, was publishe2D@®, and its results contested the monophyly of
three of the nine recognized subgenera, and swegghabandoning the subgeneric classification alleget
The present study re-evaluates the characterspusemusly, and adds new data derived from the anicr
structure of the wing scales. In contrast to previstudies, eight of the nine subgenera were reed\ss
monophyleticM. absoloniwas confirmed to be closely relatedMio aurorawithin subgenu8alachowskyna
SubgenuLytheritiswas found to comprise two widely separated monlegibygroups centered dvi. portis
andM. marcus The latter is described as a new subgenus. Hawtaaeevolutionary relationships among
the subgenera remain poorly supported, excepiorctades each composed of two subgendtargho,
Pessoniaand (phimedeiaLaurschwartziy We then use this new phylogeny to gain furthretaenstanding
of the evolution of the famous blue wing coloratafrcertainMorphospecies. In particular, we demonstrate
that not all blueMorphoare blue in the same way.

Résumeé — Quoique les espéces du gevieapho Fabricius, 1807, soient trés recherchées paolestonneurs et
activement commercialisées, ce genre reste tresonalu sur le plan phylogénétique. La premiereyaeal
phylogénétique basée sur des caractéres morphoésyi été publiée en 2002. Ses résultats contémstent
monophylie de trois des neuf sous-genres recortraigygérent d’abandonner 'ensemble de la claasific
subgénérique. La présente étude reprend I'anabsearactéres utilisés et en aborde de nouveagercon
nant la microstructure des écailles alaires. Coetreent a la précédente analyse, ce nouveau traogitre
que huit des neuf sous-genres sont monophylétidiegho absoloniest confirmé comme étant proche
parent deM. auroradans le sous-genialachowskynal e sous-genr€ytheritisest révélé comme formé de
deux groupes bien séparés centrésviupho portisandM. marcus Ce dernier est décrit comme un nouveau
sous-genre. Cependant les relations évolutives Egrdifférents sous-genres sont peu soutenuseptéxpour
deux clades, chacun composé de deux sous-geiespho, Pessonia et (phimedeia Laurschwartzi.
Nous avons donc utilisé cette nouvelle phylogéer pbtenir une meilleure compréhension de I'évaoitut
de la fameuse coloration bleue des ailes de ceganpeces ddorpho. En particulier, nous démontrons
que tous lesMorphobleus ne le sont pas de la méme facon.

Keywords. — Lepidoptera, Nymphalida®orpho, phylogeny, subgenuBalachowskyna, Deyrollia.

For many people the nanMorpho is immediately evocative of large blue butterflies
encountered in Amazonian forests. But the gdvospho Fabricius, 1807, also includes
some very different species, such as the gianigerémnownM. hecuballL., 1771) from the
Guianas, the small. sulkowskyKaollar, 1850, with its brilliant transparent motke-pearl
wings, which flies in the Andean cloud forests, lluge whiteM. polyphemudVestwood,
[1850], common in Mexican forests, or the black ahde M. achilles(L., 1758), the type
species of the genus. Evidently, the geMiasphois heterogeneous in colour pattern.

The first comprehensive study of the genus wasighda by RUHSTORFER(1912-1913),
who listed 30 species, and divided the genus witbdpecies group$phimedeiaFruhstorfer
and Morpho. Fifty years later, E MOULT & REAL (1962, 1963) distinguished 80 species.
Using wing venation, male genitalia and wing cgbattern, they divided the genus into
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eight subgenerdphimedeiaFruhstorfer (10 speciedphixibia Le Moult & Réal (1 sp.);
CytheritisLe Moult & Réal (16 sp.Balachowskynd.e Moult & Réal (2 sp.:in Tome I, Le
Moult & Réalindicated thatV. absoloniis a distinct species belonging Balachowskyng
Cypritis Le Moult & Réal, a junior synonym dflegamedd-ibner, [1819] (6 sp.Pessonia
Le Moult & Réal (5 sp.)GrasseialLe Moult & Réal (9 sp.) antMorpho s. str(31 sp.). e
MouLT & REAL (1962) considered that subger@gheritiswas probably the group from which
the other subgenera had emerged and they suggestenlld be divided into new groups
after further study. This represented the firstratit to suggest evolutionary relationships
among members dflorpha

Revisiting the systematics dorpho, BLANDIN (1988) followed Le Moult & Réal’s
subgeneric classification, but created subgeBciswartzia later named_aurschwartzia
(BLANDIN, 2007Db), for two species previously included itbhgenusiphimedeia BILOTTA
(1992, 19944, b) elevated all the subgenera tosgenal, based on the marked morphological
variation he observed among seven BraziNwrpho species representing six subgenera.

No modern phylogenetic study bforphowas published until that ofERz & DEVRIES
(2002). The aim of that work was to test explicithe monophyly of the nine subgenera.
They studied a sample of 2Torpho species, used three Antirrheina species as oyigyou
and defined 118 morphological and 2 ecological bekavioral characters. Although the
monophyly of the genudorpho was not challenged, they obtained a consensusirtree
which subgenerdphimedeia Schwartzia Cypritis and Pessoniawere monophyletic, but
Cytheritis GrasseiaandMorphowere paraphyletic.

Based on these resultEN2 & DEVRIES (I. c.) rejected the subgeneric classification of
Morpho butterflies, making all subgenera synonym#lofpha However, that work involved a
relatively small sample of taxa. In this study, ieeisit the phylogenetic relationships of genus
Morpho, studying a more complete sample of species arddimg additional characters,
especially from the genitalia and the microstruetof the scales on the upperside of wings,
to bring new arguments to bear on the validityh#f subgenera. We also aim to infer the
evolution of wing color and certain biological tsawithin the genus.

MATERIAL AND METHODS

Increasing the support for and/or resolution ohg@lggenetic hypothesis usually consists
of increasing the number of characters analyzedntimber of taxa included, or both. We
therefore added 43 ingroup taxa to the sample edubly Nz & DEVRIES (2002) and an
additional outgroup (Table I). Thus, Morpho species, as recognized byABDIN (2007a, ),
are included, several represented by more tharsaigpecies, to gain a better representation
of their geographical range. The outgroups comgrigeee species of Antirrheina, the
sister-subtribe of Morphina @YRIES et al, 1985) within the tribe Morphini, and one species
of Brassolini, the sister-tribe of Morphini withthe subfamily Morphinae, according to the
most recent higher classificationsffa et al., 2006).

To increase objectivity in our search for phylogealy informative characters, we
initially coded characters without reference enP& DEVRIES (2002). Wing characters were
observed on males and we use a terminology bas&d/npiN (1988, 2007a; Appendix 1,
plates 1 and 2). Scales were observed in dischbtébrewing upperside using a stereo
magnifier (up tox 64) for characters related to scale shape anchizag#on, whereas their
microstructure was examined with a scanning elatrmicroscope following gold metalli-
zation by cathodic plasma deposition (Appendixlatep3). Presence or absence of pigments,
and their density in scales, was determined bytnasion photon microscopylorpho scale
terminology and optics were described, richly exygd and illustrated byERTHIER (2007).



All specimens are deposited in the general caliecind the Laurent Schwartz and Patrick Blandilectobns
at the Muséum national d’Histoire naturelle, Pdngroup taxa marked with * were also studied le}P
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Tablel.

& DEVRIES (2002).

— Taxa sampled.

Qutgroups
Brassolini, Brassolina
Caligo ilioneus(Cramer, 1775)

Morphini, Antirrheina

Caerois chorinaeugFabricius, 1775)
Antirrhea pterocoph&alvin & Godman, 1868
Antirrhea tomasigL., 1758)

Ingroupg Morphini, Morphina
Subgenusphimedeia Fruhstorfer, 1912

=TI (L

. hercules hercule@®alman, 1823)*

. theseus theseideyrolle, 1860*

. theseus aquariuButler, 1872

. theseus juturn8utler, 1870

. theseus oaxacendis Moult & Réal, 1962
. niepeltiR6ber, 1927

. telemachus telemach(ls, 1758)*

. telemachus lilliana¢.e Moult, 1927

. telemachus martiriliepelt, 1933

. telemachus exsusaride Moult & Réal, 1962
. amphitryon amphitryo®taudinger, 1887*

Subgenus aurschwartzia Blandin, 2007

=L

. hecuba hecub@.. 1771)*

. hecuba obidonuBruhstorfer, 1905

. cisseis cisseiBelder & Felder, 1860*
. cisseis phanodemiiewitson, 1869

. cisseis cisseistricthe Moult & Réal, 1962

SubgenugLytheritisLe Moult & Réal, 1962

=TI (L

. marcus marcugSchaller, 1785)*

. eugenia eugeniBeyrolle, 1860*

. eugenia uraneisl. W. Bates, 1865

. sulkowskyi sulkowskigiollar, 1850*

. sulkowskyi eroStaudinger, 1892

. sulkowskyi lymphariButler, 1873

. sulkowskyi calderorBlandin & Lamas, 2007
. zephyritisButler, 1873

. portis portis(Hubner, [1821])*

. portis thamyrid-elder & Felder, 1867

. aega aegdHubner, [1822])*

. rhodopteron rhodoptero®odman & Salvin, 188(

Subgenu8alachowskyna Le Moult & Réal, 1962

M.
M.
M.

aurora auroraWestwood, 1851*
aurora aureolaFruhstorfer, 1913
absoloniMay, 1924

Subgenu<€ypritis Le Moult & Réal, 1962
. cypris cyprisWestwood, 1851*
. rhetenor rhetenofCramer, 1775)*
. rhetenor cacicétaudinger, 1876
. rhetenor helen&taudinger, 1890
. rhetenor augustinake Cerf, 1925

Subgenu$essonia Le Moult & Réal, 1962
. polyphemus polyphemug¢estwood, [1850]*
. polyphemus lunButler, 1869
. epistrophus epistrophEabricius, 1796)*
. epistrophus catenarigPerry, 1811)*
. epistrophus nikolajevn@/eber, 1951
. iphitus iphitus~elder & Felder, 1867
. iphitus titeiLe Moult & Réal, 1962

Subgenusphixibia Le Moult & Réal, 1962
M. anaxibia(Esper, [1801])*

Subgenu$rasseia Le Moult & Réal, 1962
. menelaus menelags., 1758)*
. menelaus coerulePerry, 1810)
. menelaus eberkischer, 1962
. menelaus occidentalzelder & Felder, 1862
. amathontédeyrolle, 1860*
. godartii godartiiGuérin-Méneville, [1844]*
. godartii didiusHopffer, 1874*
. godartii julanthiscug~ruhstorfer, 1907

SubgenudMorpho Fabricius, 1807

. achilles achillegL., 1758)*

. achilles phokylideBruhstorfer, 1912

. achilles vitreaButler, 1866

. helenor heleno¢Cramer, 1776)

. helenor achillaengHubner, [1823])*

. helenor peleideKollar, 1850*

. helenor peleuRober, 1903

. helenor theodoruBruhstorfer, 1907

. helenor coelestiButtler, 1866

. helenor anakreoRruhstorfer, 1910

. helenor maculat&ober, 1903

. helenor macrophtalmusruhstorfer, 1913
. helenor montezum@auenée, 1859

. deidamia deidamiéHubner, [1819])*

. deidamia jackNield, 2008

. deidamia electr&6ber, 1903

. granadensis granadensielder & Felder, 1867
. granadensis lycandfruhstorfer, 1913

=L

=TI L

=L

=TI (LC(LL
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The abdomens d¥lorpho specimens are often removed just after the cgpiniravoid
“greasing” of the wings and unfortunately, they afien discarded or lost. Most specimens
included in this analysis were intact but for s@pecies, such specimens were not available. In
those cases, we used specimens only when an uneubigbel was pinned with the abdomen,
certifying its origin. We dissected at least ondar(@ppendix 1, plate 4) and one female
(App. 1, plate 5) for each taxon. Only one femakes available foAntirrhea tomasiaand
Caerois chorinaeusBoth of these specimens were old, very fragild\ware badly damaged
during dissection. Nevertheless, we could stilordanost of the characters included in the
analysis. We followed KISTENSENS (2003) nomenclature for genitalia.

After our initial character search, we compared marphological data matrix with
that of ENz& DEVRIES (2002). We evaluated how they treated and defineid characters,
and how they were coded for all taxa. We then relobe our characters and added several
more. Among the characters coded by Reri2eVries, we rejected most of those related to
degree of sclerotization because we observed ttltani be strongly affected by the length
of time the preparations were heated in the aqupotassium hydroxide solution used for
maceration of soft tissues. Instead, we focusetth@ishapes of the same structures, which are
never affected by such treatment. We omitted &éur23 characters that concerned structures
we could not identify or recognize (Appendix 1).r@nal matrix thus included 140 morpho-
logical characters (App. 1), of which 49 were newhis study. Of the remaining 91, which
were also used byeRz & DEVRIES (2002), 62 characters were either coded diffgrdatlsome
taxa (disagreement in observations) or treate@rmifitly: in case of conflicting observations,
we favored our own character states as they wemnérewed by many specimens; some
characters were changed from binary to multistasgacters and vice versa, depending on the
number of states we could effectively observe enstinucture (sometimes less, sometimes
more than those indicated by Peé&ZDeVries). Moreover, we took care to code characters
in such a way as to avoid redundancy and henceshideighting in the matrix. To avoid
subjective assessments of color and differenceseckloy different viewing angles, color of
wing upperside was coded only from the microstmecéund not as it appears to the naked eye.

We also added the two ecological and behavioralaciers used byERz & DEVRIES
(2002) and three more following a field study oglfit behavior using a watchtower in the
rio Shilcayo valley, near Tarapoto, departmentgartin, Peru. Larval host plants are known
with certainty for only a small number borpho butterflies and what is mostly reported is
just whether the caterpillars feed on monocotyledsror dicotyledonous plants. Five larval
characters (Appendix 1) and as much data as pesalimut ecology and behavior were
extracted from the literatureKBHSTORFER 1912-1913; @ERQ, 1966; [(EVRIES, 1987; ACKERY et
al., 1998; Qero & MARIGO, 1990; BKACS & TELLO, 1993, 1994; EVRIES & MARTINEZ, 1994;
CONSTANTINO, 1997; BREVIGNON, 2003; MLLER et al, 2007; NEILD, 2008; WERRA-SERRUDO &
LEDEZMA-ARIAS, 2008).

Most parsimonious cladograms (MPCs) and bootstvaphses (ELSEINSTEIN 1985)
were found using TNT (GLoBoFFet al, 2003) by heuristic searching with tree bisection
reconnection (10 addition sequence replicationsl&mbunds of branch swapping). As some
replicates could overflow because of buffer capacitany independent analyses were run,
as recommended byoGoBorrFet al (2008), each with a different starting seed,|uvei found
the most parsimonious score ten times. Strict cwusetrees were generated from the results
of these ten analyses. Two datasets were analjaedirst comprised only the morphological
characters, the second also included the ecologimmhbehavioral characters. In each case,
all characters were equally weighted and multistéu@racters were unordered. Values of
Bremer’s Decay Index (@=MER 1994) were calculated undareeRot.vASORENSON 1999).
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Fig. 1. — Strict consensus tree of 210 equallyipensious
cladograms derived from analysis of 145 chara@teospho-
logy, ecology, behavior). Bootstrap values (>50%)
indicated under branches, Bremer's Decay Indexegalu
are emboldened above. Subgeneric nomenclaturevi
BLANDIN (2007b, c).Laurschw. Laurschwartzia Bal.:
BalachowskynaMegam. Megamedglx.: Iphixibia. Charac-
terswith low homoplasy (one or two steps) supportimg
numbered clades are listed inble 1.
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Table II. — List of synapomorphies with one to éhsteps. Clades are as numbered on fig. 1. Autapbias of
the clades are emboldened. FW: forewing, HW: hingwC: scales{ and?: male and female genitalia.

Clade 1: GenusMORPHO
8:1 Labial palpus white
10:1 Tuft of white scales on patagium present
11:1 Tegula with a white spot at base
14:13: Midleg, four rows of ventral spines on tarsome
5
17:19: Foreleg, pulvillus not fused medially
24:1 HW: Discal cell open
421 HW: Discal area absert
65:1 SC: Discal cell cover scales not pigmented
70:0 SC: Cover scales not pigmented near cliossve,
8217: Scale tufts attached to vinculum
105:03": Base of valva rounded
1181 9: Papilla analessemicircular
1391 9Q: Ductus bursae short
1431 Diurnal flight

Clade 2:marcus species group
15:13: Male midleg, ventral pulvillar process blunt
481 HW: No eyespot in cell 3
712 SC: Cover scale folded like an accordion
72:1 SC: Cover scales forming a uniform muigeled
coat
77.1 SC: Each ridge a sindemelladeveloped
lengthwise
92:27: Apex of uncus truncated
97:23: Gnathos stick-shaped
1101J3: Presence of one strong spine at inner side
valva
112:13: Valva conspicuously convex
11713 Juxta developing a strong backward process
13219: Flattened processes lamella postvaginalis

Clade 3
89:27: Dorsal fissure ending near the apex of uncus
142:1 Larval host plant: dicots

Clade 4
66:1 SC: Apex of cover scales nearly smoothsaiaifht
781 SC: Discal cell ground scales: high ridge dgnsi

Clade 5: Subgenus$pPHIXIBIA
121 Strongly iridescent blue scales on thorax
71:3 SC: Semicircular cover scales
97:03": Gnathos slightly constricted

Clade 6: (MEGAMEDE, GRASSEIA)
8:3 Red scales on labial palpus

Clade 7: Subgenu$MEGAMEDE
9:1 Labial palpus red: a white line on thernél edge

54:1 HW: Eyespot in cell 1b present
691 SC: Atrophied cover scales
83:173: Segment IX setae white
89:14" Dorsal fissure short

M. rhetenor

140:19: Signashort

M. cypris
621 HW: Eyespot pupils white and blue

Clade 8: Subgenu$sRASSEIA

6:1Hairy eyes
40:2 HW: Areas over the cellular and basal zgreenish
43: 1 HW: Discal area thin
44:1HW: Discal area disrupted by veins

20e00: 14: Small spines on gnathos present

M. didius
10:0 No white scales on patagium
Clade 9: BALACHOWSKYNA, CYTHERITIS)
142:0 Larva feeds on monocots

Clade 10: SubgenuALACHOWSKYNA
43:1HW: Discal area thin
66:2 SC: Apex of discal cell cover scales concave
83:14: Tegumen scales white
105:14: Base of valva making an angle
108:03" Valva inner side: spiny bulge present
M. zephyritis
66:1 SC: Apex of discal cell cover scales nesiripoth
and straight
113:14: Carina penigpresent
125:19: Lamella postvaginalideveloped forward
Clade 11
7:1 Labial palpus unkempt
8:2 Labial palpus orange
66:0 SC: Apex of cover scales deeply indented
89:17 Dorsal fissure short
#21:02: Papilla analessetae inserted in long tubercles
Clade 12: M. aega, M. portisssp.)
91:14: Uncus flattened lateral processes present
112:14: Valva conspicuously convex
130: 14 Posterior area entirely sclerotized
M. aega
7:0 Labial palpus smooth
8:09: Foreleg, pulvillus fused medially
791 SC: Uppelamellaof ridges ending curved outward
98:04: Gnathos pointed and sharp
11114 Costa of valva projected at base

Clade 13:M. portis ssp.
92:14": Apex of uncus bifid
96.1J": Gnathos atrophied

Clade 14:M. sulkowskyi ssp.

53:1 HW: Eyespots very distorted or oblate

67:1 SC: Basal scales not pigmented in disdlal ce

731 SC: Basal scales not pigmented aroung m3
121:09: Papilla analessetae inserted in long tubercles
1281 9: Integument strongly wrinkled on posteriorarea

M. eros
98:074": Gnathos pointed and sharp
Clade 15
8:2 Labial palpus orange

70:1 SC: Cover scales pigmented aroung mp3

81:0 Color dimorphism weak
113:14": Carina penigresent

Clade 16: LAURSCHWARTZIA, | PHIMEDEIA)
321 FW: Marginal and/or postmarginal spots orange
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65:0 SC: Discal cell cover scales pigmented
97:03": Gnathos slightly constricted
100:13: Gnathos spinose
1441 Gliding flight
Clade 17: Subgenu$ AURSCHWARTZIA
40:1 HW: Cellular and basal areas: deep orange

Clade 18:M. cisaisssp.
322 FW: Marginal and/or postmarginal spots blue
53:1 HW: Eyespots very distorted or oblate

Clade 19: Subgenu$PHIMEDEIA
25:0HW: Tail appendix on vein M3
113:03" Carina penisabsent
1291 9Q: Supernumerary depression dorsal tdaheella
postvaginaligresent

M. hercules
10:0 No white scales on patagium
140:19: Signa short
Clade 20: M. niepdti, M. theseus ssp.)
29: 1HW: Small tail-like appendices pointed
Clade 21: (MORPHO, PESSONIA)

9:1 Labial palpus with a white line on theeinial edge
75:1 SC: Thin scales present at discal cell base
83:17: Segment IX setae white

101:14: Gnathos basal process present

102142 Gnathos subterminal basal process present
125:19: Lamella postvaginaliseveloped forward
134:19: Lamella antevaginalideveloped backward

Clade 22: Subgenu®eESsoNIA
11:2Tegula nearly entirely white with brown edges
67:1 SC: Basal scales not pigmented in disdlal ce

114:13: Carina penisiear apex of thestellum

231

Clade 23
53:1 HW: Eyespots very distorted or oblate
76:2 SC: Uppersidamina present with large perforations

Clade 24
81:1 Color dimorphism strong

Clade 25
134:0Lamella antevaginaliaot developed backward

Clade 26:M. polyphemus ssp.
76:1 SC: Uppersidamina present with small perfora-
tions
109:14" Strong spine halfway along valva posterior edge

Clade 27: Subgenu$/orPHO

17:0 Female foreleg, pulvillus fused medially

40:2 HW: Areas over the cellular and basal zones
greenish

43:1HW: Discal area thin

601 HW: Claret shadow over the eyespot disk present

66:1 SC: Apex of discal cell cover scales nesiripoth
and straight

69:2SC: — At apex of discal cell, cover scales over
developed

70:0 SC: 4dem,not pigmented

711 SC:-Hdem,cover scale distal part enlarged

72:1 SC: Cover scales forming a uniform muigeled
coat

Clade 28:M. deidamia ssp.
8:1Labial palpus white
Clade 29
6:1 Hairy eyes
8:3 Red scales on labial palpus
1261 9: Lamella postvaginalis: laterally overdeveloped
13319: Integument anterolateral area: strongly wrinkled

Table lll. — Character consistency (ci) values afrpmological, ecological and behavioral characters.
Characters with ci values between 0.5 and 1 undatrgee most three state changes. The number of
characters having a ci value equal to 1 is givguairentheses.

Number of characters

Character categories percategory with ci<05 hwi#0.5(ci=1)| novel charactésvith ci=1)
Caterpillars 5 - 5(5) 5(5)
General morphology 12 1 11 (6) b1
Wing structure 12 7 5@4) 6 (3)
Wing color pattern 33 21 12 (10) (7.
Scales 17 2 15 (10) °15)
Sexual dimorphism 2 2 - 1
Genitaliad 36 18 18 (11) 10(3)
Genitalia® 23 7 16 (9) 6 (2)
Ecology and behavior 5 3 2(2) 3(2)
Total for morphology only 140 58 82 (55) 48 (21)
Total for MEE 145 61 84 (57) 51 (23)

a: characters not previously used for phylogenetidistiof the genub; including one character with i0.5;
c: including two characters with 2i0.5;d: including three characters withxi0.5
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RESULTS

Analyses with and without the ecological and bebtraVicharacters produced respectively
210MPCs(L =457, Cl =0.383, Rl = 0.845) and 140 trees 443, Cl = 0.381, RI = 0.845). Howewer,
the two strict consensus trees have the same tpp@ilg. 1). Forty-five characters are autapo-
morphies of subclades within the gemdsrpho (i.e. characters having ci = 1; emboldened
in Table Il) and slightly more than half the chdess have a character consistency index,
ci, =2 0.5. The morphological structures that generateracters with lower homoplasy
were the scales of the forewing upperside anddéh®ale genitalia. A few other characters
with high ci values came from general morphologg Emvae (Table IlI).

Monophyly of the genuMorphois confirmed, but contrary to the resultsReiNz &
DeVRIES(2002), only subgenuSytheritisappears polyphyletic. Moreover, all the subgenera
are quite well supported excejphimedeia and there are strongly supported sister-group
relationships betwedraurschwartziaandlphimedeia andMorpho andPessoniaThe deepest
relationships between larger clades are not suggort

DISCUSSION

At the subgeneric level, the ngwylogenyis better supported than that previously
published (BNz & DEVRIES, 2002), as at least one autapomorphy was founeifirt of
the nine subgenera. However, with regard to thee&eaodes, none receives improved
support (with and without ecological and behaviai@racters), and the most homoplastic
characters in Pen& DeVries study remained homoplastic in the presermtys

Phylogenetic relationships within the genus Morpho

Contrary to the results of the previous work of P&nDeVries, subgenuliorphois
recovered as monophyletic, as it now inclubiesdeidamia The topologies contradict Lamas’
opinion (2004) thatM. granadensids a subspecies d¥l. deidamiabut support a basal
position of the latter. A sister-group relationshigtween subgeneidorpho and Pessonia
was found. This pattern suggests interesting biggggathical questions, given thaessonia
is split into Mata Atlantica species-paM ( epistrophusM. iphitug and a Mesoamerican
species 1. polyphemus and subgenuBlorpho includes two strictly Amazonian species
(M. deidamiaM. achilleg, a trans-Andean specidd.(granadensisand theMorpho species
with the largest range (from South-East Brazil texiMo),M. helenor

Also in contrast to the results a2 & DEVRIES (2002), subgenuSrasseiawas also found
to be monophyletic. Per& DeVries did not studyl. absoloni which was considered to be a
subspecies d¥l. (Grasseid amathontdy LE MoULT & REAL (1962), but later placed by them in
Balachowskyn@LEMoULT & REAL, 1963). This latter decision is strongly suppoligaur results,
as the cladeM. absolonj M. aurora) has good bootstrap and Bremer's Decay Index salue

Morpho hecubandM. cisseiswvere originally included within subgenighimedeiaby
FRUHSTORFER(1912), but when revisiting the subgenus taxonddagNDIN (1988) placed
these two species in a different subgenus (nowdalaHurschwartziaBlandin, 2007b). Unsur-
prisingly and as already demonstrated ByA®8 DEVRIES(2002), these two subgenera were
distinct from each other in our phylogenetic anialyget they remained closely related.

LEMoULT & REAL (1962) included in subgen@ytheritisthose species they considered
to be «@among the most primitiveof genusMorpho. However, because these species have
rather similar external appearance but markedkgrdent genitalia, they believed that subgenus
Cytheritisconstituted a non-homogeneaysup, a view supported byRz & DEVRIES(2002).

On our cladogram, subgen@ytheritis appeared as two widely separated groups. The first
which we term themarcusspecies groupM. marcusandM. eugenig, forms the most basal
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Morpho clade. We refer to the second clad€Cgtheritiss. str It includes the type-specidd,
portis, and this is placed as the sister cladBasdchowskynaThe distance between thearcus
group and th€ytheritisgroup derives mainly from the very divergent natel female genital
structures and wing upperside scales ohthaecusspecies group. In all, we found seven striking
autapomorphic traits for this group (Table II, &), making it very different fror@ytheritis

S. str.but also very different from all othé&torpho species. Therefore, we decided to erect a
new subgenu®eyrollia, n. subgen., which is described in Appendix 249).

Bluesin blue: a phylogenetic test of the origin of blue coloration

Many Morpho butterflies are instantly recognizable by the dagzblue color of males,
which is due to optical phenomena produced by theeulamina of the wing upperside
scales. Consequently, we used scales organizdtamaateristics, microscopic observations
and the optical characteristics Mbrpho wing upperside scales to test a hypothesis ofr colo
evolution within the genus. As the outgroup taxa aither not iridescent or iridescence is
restricted to very small areas of hindwing, one Moeaxpect non-iridescenvorpho
butterflies to constitute the more basal cladekiwithe genus.

In Morpha with the exception of the new subgebayrollia, the iridescent blue coloration
is produced by the Christmas tree-like structurthefground scales EBTHIER et al, 2006).

This characteristic structure is generated by abmiraf piled chitinous lamellae that form
high ridges on the upper membrane of the scalegiftend scales also contain pigments
and vary in size and shape. In general, the ldngetidge density, the number of lamellae per
ridge and degree of melanization, the more dazziinige resulting color. Although they do
not produce color, the cover scales act to difthedight and thus reduce the spectral purity
of the blue color (BRTHIER, 2007). They are therefore also important to euteustanding
of the structural colors. For exampMorpho (Megamede) cyprandMorpho (Morpho)
helenorhave ground scales that are similar in shapeasidgigment concentration. However,
in M. cypristhe structural color is intense and relativelygliecause the cover scales are
atrophied and cannot interact with the light refelcby the ground scales. In contrast, the
spectral purity of the blue coloration on the wind$/1. helenoris quite low because the
enlarged and overlapping cover scales diffuseigfint teflected by the ground scales in a
large range of directions across the plane of ting waembrane.

Three main groups can be recognized wittiorpho based on their color. The first is
formed of the iridescent blue species of subgei@yrtheritis and Deyrollia, Iphixibia,
Grasseia MegamedgeBalachowskynandMorpho The second includes the white species
of subgenu$essoniaThe last group comprises subgenpramedeiaandLaurschwartzia
This last group is a peculiar case in that it idelsiM. cisseis which shows slightly
iridescent blue areas, and species having dulredlareas that can be blue (some forms of
M. telemachusM. niepelti M. theseus schweizgrgreenish and grayish-bluki( hercules
M. amphitryon, white (M. theseus juturna ocher-bronze or even yellow-orange (some
forms ofM. telemachusM. hecuba hecuba

The iridescent blu&orpho species do not form a monophyletic unit (fig.\Bjth the
naked eye, we could differentiate the deep blueispdrom the pale blue ones. In the first
group are the subgendgzhixibia, Grasseia MegamedgeBalachowskynand Morpha Their
ground scales show a high ridge density, with B2piled lamella, and strong melanin density
(although not in some populations Mf aurorg). Their cover scales are not pigmented and,
depending on their size, they can modulate thetrsppguirity of the blue, as noted above. In
the pale blue group, we could separate the newesuisBeyrollia from Cytheritisstr. The color
difference between them is quite subtle when viewstlal the naked eye but striking when the
scale shape, organization and microstructure amsidered. In the subgen®yrollia, the
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Christmas tree-like structure does not exist. Eadbe is made from a single lamella,
developed and not disrupted lengthwise, and haaicgcular cross-section. The piling of
the lamellae, essential to produce iridescenaepkaced by a piling of the scales to form a
multiple layer coat. Nonetheless, this piling i¢ sofficient to produce a very dazzling color.
In contrastCytheritisstr. species show the characteristic lamellagitifiiridescentVorpha

The color difference betwedbdytheritis str. and the deep blue species does not come from
differences in fundamental microstructure but flom melanin density or even, in the case of
M. sulkowskyithe complete absence of pigments in the scald®afing upperside.

OUTGROUPS (Brassolini,

Antirrheina)
_' marcus group
Zd :

— [

R SELH %?_ GRASSEIA g

?  MEGAMEDE f

-

IPHIXIBIA é*

»

W ? BALACHOWSKYNA j

L —

CYTHERITIS Z’

<

] Qﬁa? . LAURSCHWARTZIA4

IPHIMEDEIA ‘

Legend: — PESSONIA £

] diurnal

w feed on monocots MORPHO G

# feed on dicots

<<= gliding species
a¥ fluttering species
@ flight height: the arrow indicates either canopy,
mid-storey or under-storey

Fig. 2. — Evolution of the ecological and behaviafzaracters. Gregariousness data are really resta
be included in character matrices.

Whiteness is the most notable characteristic afjemsPessonieand supports the mono-
phyly of the subgenus. This color results from abseof pigments, except for small black
areas, and ability of the scales to reflect all@lengths of visible light. At the microscopic level
we observed that they are the oklgrpho butterflies having the upperside lamina developed
between the ridges, but fenestrated at differagieds. Moreover, the ridges are only one lamella
high, the lamella themselves being short compai#dthat observed in iridescent scales.

Our results also support the grouping of all the-nhite/iridescent blu&lorpho. In this
clade (phimedeia Laurschwartzig, scale microstructure cannot generate iridescaaceach
ridge is only one lamella high and both cover amaigd scales are deeply pigmented. Greenish
and grayish-blue could have different origins. Sarhé¢his type of coloration could come
from optical phenomena that modify the wavelengftected by underlying pigment grains.
Alternatively, diverse tones of green, purple ahe ltan derive from biliary pigments, such as
pterobiline, as irGraphium weiske{Papilionidae). However a generally weak and iaedl
iridescence in diverse colors, generated by botarand ground scales, can be observed in few
subspecies but it is a relatively unusual phenomemal its microstructural origins remain
unknown. Other candidates for iridescence incMdéheseus schweizeand some specimens
of M. herculesbut the occurrence and underlying physics of siratcolor in these taxa needs
to be investigated. The only confirmed exceptioMigLaurschwartzid cisseis which is
iridescent even though its ground scale ridge®aketwo lamellae high.
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In conclusion, iridescence appears to be createnvbydifferent mechanisms — the
subgenudeyrollia and theMorpho type. Among the deep blue butterflies, optical and
colorimetrical differences occur EBTHIER, 2007), which are the result of variations in
ridge height and density, scale shape and orgammzafonsidering this, all bluslorpho
are differently blue. With the exception of the glear case of the subgenDeyrollia, three
major events could have generated much of the wbdesariation within the genus. In the
clade (phimedeia Laurschwartzid, species became drab and lost their blue cotorats
the ridge density strongly decreased and ridgehthargduced to one lamell®essonia
species also lost their blue coloration and becamiée by losing the black pigment in
ground scales. Finally, the blue color became palkin Cytheritis str. as the melanin
concentration decreased.

Flight behavior of Morpho butterflies, host plants and larval behavior

Flight characteristics, derived from literatureamhation and numerous oral communi-
cations, are much better known for males than éondles. Inclusion of the male flight
height character, coded followinge®z & DEVRIES (2002) and completed using personal
observations in Peru, only brought further homoplasthe results of our analysis (fig. 2).
We observed thaWlorpho flying in the understorey never fly at canopy Ineigut that the
reverse is not true. For example, we obseMedisseidlying quite high (i.e. 15 meters) in
the canopy, but also at only a meter above a saweybank (see alsoeN.D, 2008). This
behavior was also reported fiot. polyphemugD. Janzen, M. Balcazar-Lara, pers. comm.)
and it certainly occurs in other taxa. Moreovedjcations of species flying in “midstorey” are
not precise as individuals can fly just under thedr branches of canopy, quite low over
shrubs or throughout the entire space betweenpa@ghat can be very important in sites
where trees are very tall. Furthermore, we not@&adesoccasional, slight or marked variations
in flight height between cloudy and sunny days,aheling on the species group. Linking
flight height to environmental parameters suchast plant stratification or weather/ microcli-
matic data should be investigated to determinglififerent parameters that influence this trait
and then assess the part of it that is inheritedv,Nt is more a locally useful diagnostic trait
for recognizing species in the field than a phytegeally significant character. Flight style —
fluttering versus gliding — only distinguishes tiade (phimedeiaLaurschwartzia (fig. 2). As
we noticed in the field, perhaps more detailed staddardized observations would provide
further significant characters.

Data related to larval host plants are scarce asti@ly for about 2Morphotaxa (data
from various sources INGRSTANTINO, 1997; RKACS & TELLO, 1993; 1994; BVRIES& MARTINEZ;
1994; BREVIGNON, 2003; MLLER et al, 2007; NiLD, 2008; WERRA-SERRUDO & LEDEZMA-ARIAS,
2008). According to our most parsimonious intergiet, evolution of larval host-plant type
(monocots versus dicots, character 142) involveg two steps (Table Il), a change from
monocots to dicots in clade 3 followed by a revietsanonocot feeding again in clade 9.
These data are very coarse-grained but they deesutat the first host plant shift, to dicots,
was associated with the diversification of the gefiig. 2).

We did not include data about larval gregariousimessr analyses because it is too scarce,
but this behavior should also be subjected to nmbemse scrutiny. For example, in subgenus
IphimedeiaM. telemachusndM. herculedarvae are gregarious throughout all instars, adeer
M. theseudarvae are gregarious during the first four irsstart solitary in the fifth (RUHSTORFER
1912-19130TERO, 1966;BREVIGNON, 2003;MILLER et al, 2007).The same situation occurs in
subgenug’essoniaM. epistrophusaandM. iphituslarvae are gregarious,BHSTORFER 1912-
1913;0TERQ, 1966;0TERO & MARIGO, 1990) butM. polyphemudarvae are not (JUNG &
MUYSHONDT, 1972;MILLER et al, 2006). Within subgenuSrasseia M. amathontédhas solitary
larvae (ONSTANTINO, 1997) but it has recently been observedihajodartii godartiilarvae in
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Color Pattern _
SDA: sub-discal area

BA: basal area

BB: basal band

BS: basal system

PrCA: pre-cellular area
CA: cellular area

CB: cellular band

PeCA: peri-cellular area
PeCB: peri-cellular band
DCA: disco-cellular area
DCB: disco-cellular band

SDB: sub-discal band
DA: discal area

DB: discal band

SMA: submarginal area
SMB: sub-marginal band
PMA: pre-marginal area
PMB: pre-marginal band
MA: marginal area

MB: marginal band

ML: marginal lunule

Plate 1. -Morpho butterfly wing color pattern of ventral surfaceofh BLANDIN, 2007a) and venatiois¢
subcostalR : radiusRs radial sectoml: media ;CuA anterior cubitusCuP. posterior cubitug\: anal vein).

Bolivia (GUERRA-SERRUDO& LEDEZMA-ARIAS, 2008) andM. godartii tingomariensisarvae
in Northern Peru, are gregarious (Douglas Cotriaac8ez, pers. comm.). In contralsk,
menelaus occidentallarvae are solitary (César Ramig&AStéphanie Gallusser, pers. comm.).
In subgenudorpho, M. helenor(e.g. CONSTANTINO & CORREDOR 2004) andVl. deidamia
(TAKACs & TELLO, 1993) both have solitary larvae. According to lingted information
available, larvae are also solitary in subgeMiegiameddTAKACS & TELLO, 1994;DEVRIES

& MARTINEZ, 1994). Even given our poor present knowledge, imigortant to emphasize
that gregariousness exists in several speciesvaraeadifferent subgenera. Most gregarious
larvae M. theseuss an exception) share a common red and yellovepatwhereas solitary
larvae show a different but rather similar pattelnaracterized by large rhomboidal yellow
or green patches. Presently, we cannot draw angitilef conclusions regarding the apo-
morphic or plesiomorphic status of larval behawaod pattern characters.
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Plate 2. — Wing pattern. A-B, Forewing uppersid&: M. herculesB: M. helenor — C-D, Forewing underside — C:
M. godartii julanthiscusD: M. theseus— E-L, Hindwing underside — BA. anaxibig F: M. sulkowskyiG: M.
absolonj H: M. cypris I: M. deidamiaJ:M. achilles phokylides: M. menelaus occidentajis: M. hecuba
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Photo No.=2
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Plate 3. — Scale microstructure (upperside of forgwliscal cell). — AM. hecubaB: M. amathonteC: M. anaxibig
D: M. sulkowskyiE:M. granadensig=:M. rhetenor G, H:M. marcusl: M. polyphemus):M. epistrophus catenaria
K: M. aegalL: M. absoloni
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CONCLUSION

The monophyly of genuslorphois confirmed, as found in the previous study eXiP
& DEVRIES (2002), but contrary to their results, eight af thine subgenera were recovered
as monophyletic. Only subgenGgtheritiswas not; it was divided into two well supported
but widely separated clades, one of which (origynermed the fharcusspecies group”)
we here describe as a new subgenus. The scalestnictare, which produces the iridescence
phenomena, provided a stronger phylogenetic sthaalthe blue color simply coded as such.

Our study provides strong support for the subdmwsof Morpho into subgenera, and
underlines the quality of Le Mouft Réal’s approach, despite the confusion they engedde
within subgenusphimedeia(BLANDIN, 1988). However, due to the great complexity ef th
wing structure (especially crossvein connectiors assessing the concavity of the forewing
discal cell apex and wing marginal edge) and toesdifficulties in assessing homologies of
some wing underside color pattern elements, we weable to find sufficient characters to
resolve deeper relationships among all subgeneveedver, relationships between species, and
sometime subspecies, generally remained unclearefidre, further exploration of morpho-
logical, ecological, behavioral and molecular dataeeded to strengthen our understanding
of relationships among the subgenera.

No molecular phylogeny d¥lorpho has been published but work is in progress. I wil
probably lead to a better understanding of the i of Morpho butterflies. Fieldwork
must also be undertaken to improve both our knogéeaf the morphology, ecology and
behavior of the immature stages of these buttertlied the flight behaviors of the adults
(including the identification of homologous behamicsequences). These data will be crucial
to future phylogenetic studies.

APPENDIX 1
List of characters
Character number style explanations:
N.— used by BNz & DEVRIES (2002), coding in the present study equivalent.
N. — used by BNz & DEVRIES (2002), coding for at least one shared taxon ahimgthe present study.
N. — not used by#Nz & DEVRIES (2002).

IMMATURE STAGES

All characters taken fromiEYRIES et al (1985); not rechecked in the present study dumévai-
lability of material.

1. Egg: cartridge-shaped or spherical (0), hemispakfl).

2. Vertex: setae erect or semi-erect (0), deflexeddrd (1).

3. Labrum: distinctly wider than or longer than wi@d, approximately as long as wide (1).

4. Epipharyngeal setae 1: mesad to or under labtaéd.3 (0), distinctly lateral to L3 (1).

5. Stipital and submental setae: smooth (0), ba¢bed

GENERAL MORPHOLOGY

HEAD

6. Eyes: bare (0), hairy (1).

7. Labial palpus: smooth (0), unkempt (1).

8. Labial palpus: mainly brown (0), white (1), ogan(2), red scales present (3).

9. Labial palpus red or orange: entirely red ongea(0), with an even narrow white line on the
internal edge (1). This white line does not exisboown palpus.

10. Tuft of white scales on patagium: absent (0), gmegl).

11. Tegula: entirely brown (0), with a white spbbase (1), nearly entirely white with brown ed@8s

THORAX

12. Thoracic dorsum: strongly iridescent blue scaleseat (0) present (1).
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LEGS

13. Male midleg, thin spines on dorsal surfaceadsus: absent (0), present (1).

14. Male midleg, ventral spines on tarsomere 5:roves (0), four rows (1).

15.Male midleg, ventral pulvillar process: pointed, (Blunt (1).

16. Female foreleg, pretarsal claws: absent orgiastsingle (0), well developed, paired (1). Hstigial,
there is only one atrophied claw.

17. Female foreleg, pulvillus: fused medially (09t fused medially (1).

FOREWING SHAPE AND STRUCTURE

18. Apex:rounded (0), truncate (1).

19. Virtual line direct from base to apex: passingrodiscal cell apical crossveins (0), not (1). The
apex is taken as the distal end of vein Rs3. Rig2B.

20. Crossvein py: conspicuously longer than,m(0), shorter (1). The critical value for decisismm,.
»/m,_3is 0.8. PI. 2, fig. D.

21. Curve of crossvein i strong (<130°) (0), weak (130-170°) (1), absexit/0°) (2). PI. 2, fig. D

22. Origin of vein Rs2: near the intersection of gdits3 - Rs4 (0), halfway from discal cell (1). they words,
whether the origin is on the proximal or the diktf of the common stem of veins Rs3-Rs4. Ry.2\f

23. Stems of veins Rs3-Rs4 and M1: fused or almasgdy0), distinctly separated (1).

HINDWING SHAPE AND STRUCTURE

24.Discal cell:closed (0), open (1).

25. Tail appendix on vein M3: present (0), absent (1).

26. Small tail-like appendix on vein CuAl: absé)t present (1).

27. Small tail-like appendix on vein CuA2: absét present (1).

28. Small tail-like appendix on vein 1A: absent (@)poesent (1).

29. Small tail-like appendices on vein CuAl and AQu2nded (0) or pointed (1).

FOREWING DORSAL COLOR PATTERN

30. Postmarginal spot row: absent (0), present (12,Rig. A, B.

31 Marginal spot row: absent (0), present (1). Pfi2 A, B.

32. Marginal and/or postmarginal spots: white (Ograe (1), blue (2).

FOREWING VENTRAL COLOR PATTERN

33. Color pattern : basal system (BS): absens{fngly blurred (1), very distinct (2). PI. 2, fi@,D.

34. Eyespots: simple marks (0), true eyespots (1).

(In the following five characters, no distincti@made between ‘true eyespots’and simple magtdouLT
& REAL (1962) considered that the possible externaldaiight ring is not included in the eyespot).

35. Eyespot in cell 8: absent (0), present (1).

36. Eyespot in cell 5: entirely included within spac€)), extending into spaces 4 and 6 (1).

37. Eyespot in cell 2: absent (0), present (1).

38. Eyespot in cell 3: absent (0), present (1).

39. Eyespot in cell 4: absent (0), present (1).

HINDWING VENTRAL COLOR PATTERN ANDEYESPOTS

40. Color of areas in cellular and basal zonesvhish or cream (0), deep orange (1), green (2).
Definitions of areas and zones followAIDIN (2007a), see PI. 2, fig. H, I, J, L.

41. Costal cell: brown or tan (0), white (1).

42. Discal area (DA): absent (0), present (1)2Pfig. F.

43. Discal area (DA): quite wide (0), thin (1). B).fig. E, F, G.

44. Discal area (DA): continuous (0), disruptedveins (1). Pl. 2, fig. E, F, G, K.

45. Discal Area (DA) external edge: nearly straighd far from edges of eyespots (0), undulating and
very close to edges of eyespots (1). PI. 2, fig- K.

46. Subdiscal area (SDA): absent (0), connected tarDeell 4 or on vein M (1), separated out from
DA (2). Pl. 2, fig. F, I, J, L.

47. Eyespots: simple marks (0), true eyespots (1).

(In the following five characters, no distincti@made between ‘true eyespots’and simple magtdouLT
& REAL (1962) considered that the possible externaldaidight ring is not included in the eyespot).

48. Eyespot in cell 3: present (0), absent (1).
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49. Eyespot in cell 4: present (0), absent (1).

50. Eyespot in cell 5: present (0), absent (1).

51. Eyespot in cell 1c: absent (0), present (1).

52. Eyespot in cell 6: entirely included (0), exdany into spaces 5 and 7 (1).

53. Eyespot shape: circular or nearly circular (Oyywdistorted or oblate (1).

54. Eyespot in cell 1b: absent (0), present (1).

55. Supernumerary eyespot in proximal half partedf 1c: absent (0), present (1). Presence of arsup
numerary eyespot results in a double eyespot sncetli.

56. Eyespot between CuP and Sc: not aligned (@ped (1). The eyespot is considered aligned if
170°<0<180°. The angle is figured by white lines on RIi@. F, I.

57. Eyespot external ring: absent (0), present évien(1). PI. 2, fig. G.

58. Eyespot internal ring: yellow or yellowish-ogen(0), deep orange (1) or red (2). PI. 2, fig. G.

59. Eyespot disk: well developed (0), reduced tloraedging (1), absent (2). Pl. 2, fig. G.

60. Claret shadow over eyespot disk: absent (@ggmt (1). PI. 2, fig. J.

61. Eyespot pupils: reduced (0), well developeddbyent (2).

62. Eyespot pupils: white only (0), white and b{ag PI. 2, fig. H.

FOREWING UPPERSIDE SCALES

63. Androconial scale comb on posterior edge of fongwientral surface: present (0), absent (1).

64. Androconial patch on vein Al: present (0), abg&nt

CENTRE OF DISCAL CELL

65. Cover scales: pigmented (0), not pigmented (1)3Hig. B.

66. Apex of cover scales: deeply indented (0),lpesamooth and straight (1), concave (2). Pl. 3, lfig

67. Ground scales: pigmented (0), not pigmentedIfil)erms of optics, white is not a pigment. The
white wings ofPessoniawhen immersed in a liquid of appropriate refraetindex and observed
with an optical microscope, appear devoid of pigmen

68. Apex of ground scales: deeply indented (0), shgimdented (1), nearly smooth and straight (2).

APEX OF DISCAL CELLJUST BASAL TO CROSSVEINS

69. Cover scales: normal size (0), atrophied (1)rdseecloped (2). PI. 3, fig. C, L.

70. Cover scales: not pigmented (0), pigmented (1).

71. Cover scale shape: nearly rectangular (Oxgadaapically (1), folded (2), semicircular (3).3fg. B, C, H.

72. Cover scales arrangement over the ground sealeg)le-layered coat (0), a uniform multilayecedt (1).

73. Ground scales: pigmented (0), not pigmented (1).

74. Thin scales: present (0), absent (1). Thesesssaj®erficially appear piliform but are actualitténed.

DISCAL CELL BASE

75. Thin scales: absent (0), present (1). PI. 3 Hig.

MICROSTRUCTURE OF COVER SCALEENTRE OF DISCAL CELL

76. Uppersiddamina absent (0), present, with small perforations leetwthe cross-ridges (1), present,
with large perforations (2). PI. 3, fig. I, J.

77. Ridge construction: comprising matamellaeper ridge (0), formed from a singlamella along
the entire length of the scale (1). PI. 3, fig. ).

MICROSTRUCTURE OF GROUND SCALEENTRE OF DISCAL CELL

78. Ridge density: low (0), high (1). When the riddgnsity is low, the undersidamina of the scale
can be seen between the ridges. PI. 3, fig. D, I.

79. Upperlamella of ridges: not ending suddenly out-curved (0) egdsuddenly curved outward (1).
Pl. 3, fig. K.

SEXUAL DIMORPHISM

80. Size dimorphism:male and female equal in sized@erage male wingspan not more than 90% of
female wingspan (1).

81. Color dimorphism: weak (0), strong (1). [Weakaphism: blue coloration slightly more spread amit
male wing or that one of the two sexes is sligtitiler than the other. Strong dimorphism: males and
females show major color pattern differences irtreémiew, dorsal view or both].
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b\ ‘ ) K \ '1:
Plate 4. — Male genitalia. — OCaligo ilioneus ateral view; — O2Antirrhea tomasiascale tufts; — AM. aurora, posterior
view; — B,M. absolon]ateral view; — CM. portis, lateral view; — D, GM. polyphemus, phalltend posterior view; — B.
helenor lateral view; — FM. granadensisjuxta, anterior view; — HM. rhetenor juxta, anterior view; — IM. eugenia,
posterior view; — M.sulkowskyi lympharigosterior view; — KM. telemachusscale tufts; — LM. helenor setae tufts.
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Plate 5. — Female genitalia. — A, B, marcus,posterior and anterior view respectivelyC;M. cisseis,anterior
view; — D, M. Hercules posterior view; — EM. Achilles posterior view; — AM. sulkowskyiposterior view; — GM.
portis, posterior view;— HM. deidamia posterior view; — M. epistrophusanterior view.
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MALE GENITALIA

ABDOMINAL SEGMENTX

82.Vinculum tuft, composition: scales (0), setae &) .4, fig. K, L.

83. Vinculum tuft, scale/seta color: brown (0), tehil). PI. 4, fig. L, M.

84. Joint between tegumen and vinculum: absenty@nentary (1), well developed (2). PI. 4, fig.BB,

85. Joint between tegumen and vinculum, if welleleped: quite wide (0), very narrow (1). PI. 4, g

86. Tuft of setae/scales on tegumen midline: absgnp(@sent (1).

87. Small dimple on tegumen midline: absent (0), @né$l).

UNCUS

88. Uncudength relative to tegumen: at least as long asst@®rter (1).

89. Dorsal fissure: absent (0), short (1), endiegrrihe tip of uncus (2). Pl. 4, fig. G, C, I.

90. Uncus ventral side distally: not expanded é@panded (1).

91.Uncus flattened lateral processes: absent (03ept€1). Pl. 4, fig. C.

92. Tip of uncus: pointed (0), bifid (1), truncate.(PI. 4, fig. A, B, E, I.

93. Uncus tip, if pointed: blunt (0), sharp (1)ttwa long spine (2). PI. 4, fig. A, B, E.

GNATHOS

94. Gnathos and tegumen: joined (0), separate (13, Fg. 1.

95. Suture between gnathos and tegumen: absentigiinct (1).

96. Gnathos: well developed (0), atroph{@gl. P1.4, fig. C.

97. Gnathos: slightly constricted (0), stronglyttBaed, even forming thin plate (1), stick-shapg&d (
Pl. 4, fig. A, E, I.

98. Gnathos: pointed and sharp (0), enlarged amtt f1). PI. 4, fig. A, G, J.

99. Gnathos, in dorsal view: turned outward ((@jgit or slightly turned inward (1), strongly cadwupward (2).

100. Small spines on gnathos: absent (0), pre&gnPl. 4, fig. A.

101.Gnathos basal process: absent (0), present (1, iy. B, E, G.

102. Gnathos subterminal basal process: absergré®ent (1). PI. 4, fig. B, E, G.

VALVA

103.Appendices angulareabsent (0), quite developed (1), overdevelopgdRR 4, fig. B, E.

104. Apex of valva: pointed (0), very elongate ¢(bynded (2). PI. 4, fig. 01, C, E.

105 Base of valva, in dorsal view: rounded (0), addt®). PI. 4, fig. A, B, E.

106. Ornaments on dorsal edge of valva: absenh(@erous small, equally-sized spines (1), strgnger
more differentiated spines (2). PI. 4, fig. C, G, E

107. Posterior edge of valva: forming a bulge imiatety before sclerotized rim (0), without a bu{d®

108 Inner side of valva, just under dorsal edge: withrge bulge armed with strong spines (0),
smooth (1). PI. 4, fig. A.

109 Strong spine halfway along valva posterior edgsent (0), present (1). Pl. 4, fig. G.

110.Isolated strong spine on inner side of valva: abg#), present (1). Pl. 4, fig. I.

111.Costa of valva: projected at base (0), not prep¢L).

112.Valva: laterally flattened (0), conspicuously cer\1).

PHALLUS

113.Carina penisabsent (0), present (1). PI. 4, fig. D.

114.Carina penison proximal part ofostellum(0), near apex (1). This character was not usedcs by
PENZ& DEVRIES 2002, but they included an equivalent charaeternng to the asymmetry of these spines
(symmetrical spines are always distally placed@ talxa partition is the same in both studies., Rg.4D.

115.Distal part ofrostellum with small lateral processes (0), without (1).

JUXTA

116. Juxta, anterior view: U-shaped, even quite ¢0), large (1). From PI. 4, fig. F, H.

117.Juxta posterior margin: without a strong postéyidirected process (0) with such a process (1).
Pl. 4, fig. I.

FEMALE GENITALIA

118.Papilla analesdorsally pointed (0), semicircular (1).
119.Lamellaantevaginalisandlamella postvaginaligetracted, covered by sternite 8 (0); exposed (1)
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120.Papilla analessetae: some as long as, or longer than, crossis@ttone segment of tipapilla (0),
all setae shorter than cross section of one segof@apilla (1).

121.Setae on dorsal portion pdpilla analesinserted in long tubercles (0), inserted in shdvéercles (1).

122 Sclerotized plate on abdominal segment 10, updpiilla analesnarrow or atrophied (0), large
(2). PI. 5, fig. I.

123 Posterior apophysis: atrophied (0), small (1grdeveloped (2). PI. 5, fig. B, I.

LAMELLA POSTVAGINALI§POSTERIOR GENITAL PLAJE

124.Lamella postvaginalismooth (0), bumpy (1), spinose (2).

125.Lamella postvaginalisiot developed (0), developed anteriad (1). PighH.

126.Lamella postvaginalisiot developed laterally (0), laterally overdeyssd and curved inward (1).
PlL. V, fig. E, H.

127.Lamella postvaginalimmedian bump: absent (0), present (1). PI. 5, fid- K.

128. Integument of posterior area: not or onlyhsljgwrinkled (0), very strongly wrinkled (1). P4, fig. F.

129. Supernumerary depression dors#hmoella postvaginalisabsent (0), present (1). PI. 5, fig. D.

130. Posterior area: at least partially membrari@ysntirely sclerotized (1). PI. 5, fig. G.

131 Posterolateral area: not wrinkled (0), with wigiesd wrinkling (1).

132 Two flattened digit-like processes lamella postvaginalisabsent (0), present (1). PI. 5, fig. A.

LAMELLA ANTEVAGINALISANTERIOR GENITAL PLATE

133. Integument of anterolateral area: smoothwgln strong wrinkles (1). PI. 5, fig. E, F, H.

134.Lamella antevaginalisiot developed (0), developed backward (1). Pfig/,E, F, H.

135.Sclerotized plate anterior to sterigma: absentd¢fning a continuous band (1), split at midligg (n our
preparations, these structures were mostly dansaged used the states given ByE DEVRIES(2002).

136. Separate units of sclerotized plate anterior ¢vigena: far apart, not close to midline (0); close
together, near midline (1). In our preparationgsthstructures were mostly damaged so we used
the states given byERz & DEVRIES (2002).

DUCTUS BURSAE

137.Antrum tubular (0), cone shaped (1). PI. 5, fig. C, G.

138. Antrum membranous (0), at least partially sclerotized $tlerotization is correlated with integument
thickness, so even though sclerotization is alteydukeating, its presence can easily be detected.

139.Ductus bursae: long (0), short (1).

CORPUS BURSAE
140. Signa:long (0), short (1).

ECOLOGY AND BEHAVIOR

141. Adult flight: confined mostly to understorey (Ohid-storey (1), canopy (2). Coding oEWz &
DEVRIES, 2002, completed by personal observations.

142.Larval host plant: monocotyledonous (0), dicotgiedus (1).

143 Adult time of activity: crepuscular (0), diurndl).

144 Flight style: vigorous fluttering (0), mainly ding (1).

145 Flight behavior: direct (0), twisting (1). In dat flight, the butterfly flies essentially in @asght line. In
twisting flight, it twirls and often deviates up down, left or right of the main general direction.

Characters of BNz & DEVRIES, 2002, omitted in this analysis
Numbers are those given bgNZ & DEVRIES, 2002.

12.Inner side of abdominal tergites 1 and 2, apodeiitte longitudinal ribs in a loopabsent (Q)present (1).
The abdominal terga were heavily damaged by tlagnient with hot potassium hydroxide solution, and
were often destroyed in the outgroup specimenshaiere old and not very well preserved. Fortugatel
the structure was present onhAintirrheasp.

13. Hairpencils absent (Q)present (1)Penz& DeVries added thatSurprisingly, hairpencils were absent

in the two dissected M. sulkowskyi males. Bothedisd specimens had intact, original abdomens
[...]". In our Morphosample, hairpencils are always present.
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20.Uncus ventral sidéorming sharp lateral ridges (@punded (1). Adapted fronRBHSTORFERK1913) and E
MouLT& REAL (1962).We found we could not reliably distinguish thesta?es.

25. Gnathos absen{0); present (1)A gnathos is always present in our sample taxaa#i absent in one
outgroup taxon used by Pe&zDeVries.

34. Small depressions at the dorsolateral edges o&jwdbsent (0); present (1kigure 14N. We noted
nothing of note at this position.

40. Setae on costal margiabsent or few (Qnumerous (1)We were unable to code significant variation
in setal number.

43. Heavily sclerotized rim at posterior, internal edglevalva absent (Q)present (1)Figure 15A and B.
This feature did not vary in our sample.

48.Corpus bursaeelongated (Qnearly rounded (1L This is true for two of Per& DeVries’ outgroups,
both of which were included in our sample but tia¢es could not be observed because the specimens
were heavily damaged during preparation.

49. Signumabsent (Q)present (1)This is true for two of Pen& DeVries’ outgroups, both of which were
included in our sample but the states could nattiserved because the specimens were heavily
damaged during preparation.

51. Spines on signurwell developed (@educed (L)We define “well developed” as 3@n or larger It was
hypothesized as an apomorphyOytheritisbut we did not observe any difference.

64.1n ventral view, lobes between papilla anales asiilion bursamembranous (Q¥clerotized (1)We
observed no such sclerotization but would notertigt taxa were scored by PéhDeVries as “?”.

68.FW R1 and R2educed at base, connection with radial systerrapicuous (Qnot reduced,
connection with radial system evident {)e examined this region and could not discern the
distinction claimed by Per& DeVries.

70. Recurrent vein on FW crossvein ml:raBisent (Q)present (1).This vein was present in all our
samples, even in f&ntirrhea sp, in which genus it was noted as absent by RebDeVries.

71.Recurrent vein at base of FW discal cell, off Gallsystemabsent (Q)present (1)This character did
not vary in our samples.

72.HW M2 with a basal bend (Q¥levoid of a basal bend (Ve did not observe any significant variation.

84.Male FW dorsal surface, ephemeral androconial paiatell Cu2 absent (Q)present (1).

86. Male HW dorsal androconial patches on R and Msabsent (Q)present (1).

87.Male HW dorsal patch of elongated androconial ssabecell Cu2absent (Q)present (1)These
characters concern either one or two of the oufgtaxa or are characters separafitayphofrom the
tribe Antirrheina. However, we did not observe éheghemeral androconial patches, nor any traces of
them, neither on specimens nor in images.

92. FW dorsal surface, basal to medial regions darkyteasting with the rest of the wing at least in one
sex (0) not dark (1).We could observe no potential phylogenetic sigiave the species level and,
even then, this character can be variable withatigg, especially in subgerdsrpho.

100. Male HW ventral surface, ocellus in cell Clhsal (0) distal (1).Ocelli necessarily aligned if the
ocellus in this cell is distal; coding both ocellignment and this ocellus position is equivalent t
weighting.

108.Male HW ventral surface, location of ocefiear distal edge of medial brown band; (@ar proximal
edge of medial brown band (e found it difficult to determine what Pe&zDeVries understood
by the “medial brown band” because the discal amhdiscal areas (DA and SDA, PI. 1) are absent in
some taxa they coded as “1”.

114.Male HW ventral surface, light-colored medial basiaight across wing (Qangled (1) We had the
same difficulty with this character as we had 1i98.

117.Male HW ventral surface, basal to submedial lighieeed banding patterrabsent (Q)two to three
light bands, complete or incomplete (1); four orrendight bands (2).After we had established
homologies and counted the areas, we found maagrdisments and ultimately the character did not
appear relevant.
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chorinaeus
ilioneus
pterocopha
tomasia
absoloni
aureola
aurora
achillaena
achilles
anakreon
coelestis
deidamia
electra
granadensis
helenor
jacki
lycanor
macrophtalm
maculata
montezuma
peleides
peleus
phokylides
theodorus
vitrea
anaxibia
augustinae
cacica
cypris
helena
rhetenor
cisseis
cisseistricta
hecuba
obidona
phanodemus
coeruleus
didius
eberti
amathonte
godartii
julanthiscus
menelaus
occidentalis
catenaria
epistrophus
iphitus

luna
nikolajevna
polyphemus
titei
amphitryon
exsurarion
hercules
juturna
lilianae
martini
niepelti
oaxacensis
pacificus
telemachus
theseus
aega

eros
eugenia
calderoni
lympharis
marcus
portis
rhodopteron
sulkowskyi
thamyris
uraneis
zephyritis

10

1001100171
1001100171
1001100171
1001110311

1011001000
1011001000
1011001000
1011000000

20

30 40

1011100070 0701001100 0110101011
1111100070 0721001100 0110121011
1111100070 0721001100 0110121011
0101100071 0001001102 0110101011

50

60 70 80

1100001100 0011120200 0001000100
1100001000 0011120200 0001000100
1100001000 0011120200 0001000100
1100001001 0011110120 1101107770

1001110771
1001110311
1001110311
1001100171
1001100171
1001110311
1001110311
1001100171
1001110311
1001110311
1001110311
1001110311
1001110311
1001110311
1001110771
1001110311
1001110771
1001100171
1001100311
1001100371
1001100311
1001100311
1001100311
1001100201
1001100201
1001100201
1001100201
1001100201
1001110301
1001110300
1001110301
1001110301
1001110301
1001110301
1001110301
1001110301

1001100201
1001100201
1001100200
1001100201
1001100771
1001100771
1001100201
1001100201
1001100201
1001100771
1001100201
1001100201
1001101201
1001100170
1001101201
1001101201
1001100170
1001101201
1001101201
1001101201
1001101201

1011000001 0111100071 0001011102 0110101011
1011000000 0101100071 0001001102 0110101011
1011000000 7101100071 0001001102 0110101011
1011000000 1001100071 0021011102 ?110021011
1011000000 1001100071 0021011102 ?110021011
1011000000 1011100071 0001011102 2110021011
1011000000 0001100071 0001011102 0110101011
1011000000 1011100071 0021011102 ?110021011
1011000000 1011100071 0021011102 2110021011
1011000000 7001100071 0001011102 0110101011
1011000000 1101100071 0001001102 0110101011
1011000000 1101100071 0001011102 0110101011
1011000000 1701100071 0001001102 0110101011
1011000000 1001100071 0001011102 0110101011
1011000000 1001100071 0001011102 0110101011
1011000000 0101100071 0001001102 0110101011
1011000000 1101100071 0001001102 0110101011

1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001101 0011110120
1100001001 0011110120
1100001001 0011110120
1100001101 1011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120
1100001001 0011110120

1101100000
1101107270
1101107770
1101100000
1101107270
1101100000
1101100070
1101107270
1101107770
11011072720
1101107270
1101107770
1101107270
1101107270
1101107770
1101107270
1101107270

1111001000 1011100070
1011001000 1111100071
1011001000 1111100070
1011001000 7111100070
1011001000 7111100070
1011001000 7111100070
1011001007 2011110001
1011001000 2011110000
1011001000 2011110001
1011001001 2011110001
1011001000 2011110000
1011001010 7111100070
1011001010 1111100070
1011001000 1111100070
1011001017 1011100070
1011001010 1111100070
1011001011 1111100070
1011001000 1111100070
1011001000 1111100070

1011001001 2011011001
1011001000 2011011001
1011001000 2011011001
1011001007 2011011011
1011001000 2011011001
1011001000 2111011001
1011001001 2111011011
1011001001 2111011011

0721001110 0100011000
1001001100 0100171010
1701001100 0100171010
1721001170 2100071010
1701001100 1100171010
0701000100 0100171010
1221011101 1100021011
1221011101 1100021011
1121011101 1100021011
1121011101 1100021011
1221011101 1100021011
0701001112 0111101011
0701001112 0111101011
0701001102 0111101017
0701001112 0111101010
0701001112 0111101017
0701001172 0111101011
0701001102 0111101011
0701001112 0111101011

1121001110 0100021011
1111001100 0100021017?
1121001110 0100021011
1111001100 0100021010
1121001100 0100021017?
1121001100 0100021010
1111001100 0100021011
1111001110 0100021010

1011001001 2111011011
1011001000 2011011001
1011001001 2111011011

1121001100 0100021010
1121001110 0100021017
1121001100 0100021010

1011001000

1011001001
1011101010
1011001001
1011001001
1011101000
1011001001
1011001000
1011001001
1011001001

1001100120 1011101070
1001100171 1011001000

1001101000 0721001110 2100011001
1011101000 0711001100 ?1?70001111
1071101000 0721000110 2100011000
1071101000 0721000110 1100011007?
1011101000 0711001100 2170001111

1000001120 0011110200 3001000100
1001101100 2011??7021? 2001007771
1001101100 2011??7021? 2001007771
1001101100 1111770217 2001000101
1001101100 2011??7021? 2001007771
1001101100 2011??7021? 2001000101
1110101100 1011000001 0001000000
1110101100 1011000001 0001007??0
1100001100 1011000001 0001000000
1100001100 1011000001 0001007770
1110001100 1011000001 0001007??0
1000001200 0011110200 0001007?7?7?
1700001100 0011110100 00010001??
1000001200 0011110200 0001007?7?7?
1000001000 0011110200 0001000101
1700001100 0011110200 0001007771
1000001200 0011110200 0001007?7?7?
1000001200 0011110200 0001000100
1000001200 0011110200 000100??7??
1000007000 1011101001 0001177771
1010017010 0011101001 0001120001
1010017010 0011101001 0001120001

1000017010 1011101001 0001177771
1000007010 1011101001 0001110001
1010017000 7011101001 0001177771
1000000100 0011000001 0001000000
1000007100 0011000001 0001007770
1100000100 0011000001 0001000000
1000001100 0011000001 0001007??0
1000007100 0011000001 0001007770
1000001100 0011000001 0001007??0
1000001100 0011000001 00010?7??0
1000007100 0011000001 0001007770
1000000100 0011000001 0001007??0
1000007100 0011000001 0001000000
1000101100 0011000001 0001000000

1001101000 0711000100 0100011011 0000010020 0011170100 0001000110

1110011000 1011101000 0711007??0
1100011000 1011100100 2101001000
1110011000 1011101000 0711007??0
1110011000 1011101000 0711007??0
1100011010 1011100100 210100100?

1001111000 0711000170 0100011011 0100011000 1011100000 0001000100

1001111000 0721000100 1100011011
1071101000 0721001110 1100011000

1100011000 1011170200 0001000100
1110011000 1011101000 0211000100

1001111000 0721000100 0100011011 0100011000 1011100000 0001007?7?0

1071101000 0711001100 ?1?0001111

1100011000 1011100100 2101007??0

1011101000 0721000100 1100021011 0100011000 1011110200 0001000100
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chorinaeus
llioneus
pterocopha
tomasia
absoloni
aureola
aurora
achillaena
Achilles
anakreon
coelestis
deidamia
electra
granadensis
Helenor
jacki
lycanor
macrophtalm
maculata
montezuma
peleides
peleus
phokylides
theodorus
vitrea
anaxibia
augustinae
cacica
cypris
helena
rhetenor
cisseis
cisseistricta
hecuba
obidona
phanodemus
coeruleus
didius
eberti
amathonte
Godartii
julanthiscus
menelaus
occidentalis
catenaria
epistrophus
iphitus

luna
nikolajevna
polyphemus
titel
amphitryon
exsurarion
hercules
juturna
lilianae
martini
niepelti
oaxacensis
pacificus
telemachus
Theseus
aega

eros
eugenia
calderoni
lympharis
marcus
portis
rhodopteron
sulkowskyi
thamyris
uraneis
zephyritis

90

2000770100
0002070100
1000720000
1000770100
1111072020
1111220020
1111201020
0112000020
0112000020
0112070720
01120???20
0112007721
0112070721
0112000720
0112070020
0112070721
0112071720
0112071720
0112071720
0112070720
0112000720
0112077720
0112071720
0112070720
0112077720
1100?10?20
11117270111
11117271111
1111711111
1111?20?11
1111701111
0102011010
0102070010
0102011010
0102071010
0102077010
1102071020
1102100120
1101720020
1102100120
1102110120
1107?70?20
1101710020
11021772020
1112100120
0112100120
0112120120
1112120020
1112120120
1112100120
0112170120
0100711011
0100?71?11
0100711011
0100770011
0100?70?11
0100?71?11
0100771011
0100?70?11
0100?71?11
0100701011
0100701011
1170700011
1170770010
11?2??00000
1172?20?10
1170?70?10
11?2??00000
1170700011
1170770010
11?0?10010
1170?70?11
1177?7??1000
11?20?71120

100

0170107000
0011107771
0010101170
0010101700
0020001100
0020001110
0020001110
0010101110
0010101170
0000101110
0010101110
0010101110
0010101110
0010101110
0010101110
0010101110
0010101110
0000101110
0010101110
0000101110
0000101110
0000101110
0010101110
0010101110
0010101110
0010100120
0010001117
0000001117
0010001117
00100011772
0010001107
0000000121
0000000121
0000000121
0000000121
0000000121
0010001111
0010001111
0010001111
0010001111
0010001111
0010001111
0010001111
0010001111
0010101110
0010101110
0010101110
0010101110
0010001110
0010101110
0010101110
0000000111
0000000121
0000000121
0000000121
0000000121
0000000121
0000000121
0000000121
0000000121
0000000121
0000000121
1010001070
0010001010
0270002100
0010?0?7117
0010?07107?
0270002700
1170017170
0010007110
0010107110
1170017770
0270102700
0010001110

0070100100
2701110700
0010710000
2011710000
0000107000
0000107000
0000107000
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
1122020100
0012001100
0712021100
0012010100
0012021100
0012017100
0012021100
0002017100
0002010100
0002011100
0002010100
0702017100
0012011100
0012010100
0012010100
0012010100
0012010100
0012010100
0012011100
0012011100
1702027100
1102021100
1112021100
1102021110
1712021100
1102021110
1112027100
0072010100
0072010100
0072017100
0072011100
0072010100
0072010100
0072010100
0072017100
0072011100
0072010100
0072011100
0000721100
0012077100
0000007101
00?20?7100
0012077100
0000007101
0001027100
0000017100
00020??100
0001027100
0070007101
0702017100

110

0007110071
0007100000
0007000070
0007000777
0007100111
0007100111
0007100111
0010110111
0010110111
0010110111
0010110111
0010100111
0010100111
0010110111
0010110111
0010100111
0010110111
0010110111
0010110111
0010110111
0010110111
0010110111
0010110111
0010110111
0010110111
0007100111
0007100111
0007100111
0007100111
0007170111
0007170111
0010100111
0010100111
0010100111
0010100111
0010100111
0007100111
0007100111
0007100111
0007100111
0007100111
0007100111
0007100111
0007100111
0011110111
0011110111
0011110111
0011100111
0011110111
0011100111
0011110111
0007100111
0007170111
0007100111
0007110111
0007100111
0007100111
0007110111
0007170111
0007110111
0007100111
0007110111
1107100111
0007100111
0107101111
0007170111
0007100111
0107101111
0107100111
0007100111
0007100111
0107100111
0107101111
0710110111

120

0110071000
1010070001
1101070000
1101070000
1101070000
1000111000
1001111000
1701111000
1001111000
1002100000
1002100000
1001110000
1001111000
1072100000
1001110000
1001111000
1001111000
1001111000
1001111000
1001111000
1007111000
1001111000
1000111000
1000070000
1701072000
1101071000
1701071000
1101071000
1001072000
1002070000
1002070000
1002070000
1002070000
1002070000
1001070000
1001070000
1001070000
1001070000
1001070000
1001070000
1001070000
1001070000
1001100000
1001100000
1001100000
1001101000
1001100000
1001101000
1001101000
1001070010
1001070010
1001070010
1001072010
1721077010
1001070010
1001070010
1001070010
17?10?7010
1001070010
1001070010
0100071001
01?10?0100
1022071000
0101070100
0101070100
2022071000
0010071001
0110070000
0111070100
0010071001
1022071000
1100107000

130

0000??100?
1000770000
0000770010
0000??7010
0000170010
0011200010
0011200010
0011??0010
0011770010
0001201110
00?71??1110
0011200010
0011??0010
00?71??1110
0011???010
0011??0010

0011770010
0011200010
0011???010
0011770010
0011??0010
0011??0010
0000070010
0000??0017?
0000??0017?
0000070010
0000770010
0000070011
0000201110
0000771110
0000071110
0000771110

0000?0010
0000210010
0000770010
0000210010
0000210010
0000770010
0000210010
0000770010
0001201110
0001201110
0001771010
0000770110
0000770110
0000200110
0001??1110
0000??0010
0000771110
0000070011
0000???010
0000???010
0000??0010
0000??0010
0000770010
0000???010
0000210010
0000770010
0000170070
0000?0010
0100210010
0000770010
0000770010
0100771110
0000070010
0000771110
0000070010
0000770010
0100???010
0000770010

140

00007?
00000
00001
00007?
2?0107
?010?
10107
011072
0110?
?1107?
?1107?
0110?
?1107?
01107
0110?
?1107?
?1107?
?1107?
?1107?
?1107?
0110?
?1107?
01101
01101
?1107?
2117??
?1107?
?1107?
2110?
21107
21100
2111?
?111?
21117
?1117
21110
?1107?
01107
?1107?
011??
?1107?
11101
0110?
?1101
1117272
?117??
?1177?
?11??
?117??
111?27
?11??
21177
?1177?
21177
21110
?117?7?
21110
21177
?11727?
?11??
21177
21177
?010?
?0107?
10107
?010?
?0107?
10107
0010?
?0107?
2?0107
0010?
?0107?
2?0107
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APPENDIX 2
Description of Deyrollia Cassildé & Blandin,n. subgen.

Type speciesdviorpho marcugSchaller, 1785); other included specMsrpho eugenideyrolle, 1860.

Diagnoss. — General ventral pulvillar process of male ngdbunt; distal edge of forewings
slightly concave; distal edge of hindwings smoaoibt €ven slightly scalloped) but with a small
lobe at the end of vein Cu2; 3 ocelli on ventrafage of forewings generally well developed; 3
ocelli on hindwing ventral surface, positioned obrawn band that is actually the fusion of
several bands, from the cellular to the discabewlus in cell 3, that in cell 1c reduced in size.

Scale microstructure on dorsal surface of winggecacales folded like an accordion and forming a
multi-layered coat over the ground scale layet emlge made from a singlemella developed lengthwise
and not disrupted. Sexual dimorphism very pronodnele blue, smaller than the brown and very pale
yellow female.

Genitalia 3 valva with isolated strong spine on inner sidie,of uncus truncate, gnathos stick-
shaped, juxta with a strong posteriorly projeciimgcess.

Genitalia @: two flattened processes tamella postvaginalis

Etymology. — The subgenus is named in memory of Emile Deyrd#38-1917), a French entomo-
logist who described sevendlorpho species in 1860, among whid¥, eugenia.

Geographical distribution: eastern foothills of the Andes (from ColombiaBolivia),
Amazon Basin (Brazil, Venezuela, Colombia, EcuaBeru, Bolivia), the Guiana Shield.
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