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Abstract

we evaluate species, species group, and generic concepts for Ophiderini and Phyllodini (Lepidoptera: Calpinae) with a 
cladistic analysis of COI 5’ mitochondrial DNA sequences. Species recognized by current taxonomy formed monophyletic 
clades with three exceptions: Eudocima phalonia (L.), E. cocalus (Cramer) and E. hypermnestra (Cramer). Eudocima 
phalonia formed two allopatric clades, an African clade sister to E. lequeuxi Brou & Zilli, and another clade sister to 
E. euryzona (Hampson). Each of these four clades comprises a separate taxon diagnosable by unique combinations 
of discrete genitalic characters, and the African clade previously lumped under E. phalonia is described herein as E. 
afrikana sp. n. Eudocima cocalus and E. hypermnestra phenotypes overlap in COI 5’ haplotypes. Eleven Eudocima 
species groups delimited from morphology are independently supported as monophyletic with the molecular analysis. 
Unique combinations of COI 5’ characters diagnosing species and species groups are provided. Eudocima is largely 
supported as monophyletic, except E. formosa is excluded from the Eudocima clade, and Graphigona regina, Tetrisia 
florigera, and Ferenta stolliana are embedded within it. Structural morphology of E. formosa also suggests it does not 
belong in Eudocima. Adult images are shown for most species of Ophiderini, including many DNA sequence vouchers, 
and their diagnoses and general distributions are provided. 

Key words: Lepidoptera, Calpinae, Ophiderini, Phyllodini, Eudocima, fruit-piercing moths

Introduction

The economic impact of fruit-piercing moths (Noctuidae: Calpinae: Ophiderini and Phyllodini) has prompted ef-
forts to study their behavior (Bänziger 1982; Hargreaves 1936; Zaspel 2008) as well as their systematics (Zilli & 
Hogenes 2002; Zahiri et al. 2012; Zaspel et al. 2012; Zilli et al. 2017). Most molecular studies of Ophiderini and 
Phyllodini have focused on phylogenetic inference with limited representations of the species in these tribes (Zahiri 
et al. 2011; Zaspel et al. 2012; Kawahara et al. 2019). Marsberg et al. (2015) compared COI sequences for three spe-
cies of Eudocima for identification purposes, including: E. divitiosa, E, materna, and a nominotypical E. phalonia 
from GenBank. However, to date no rigorous analysis of the species concepts has been published with molecular 
data. A purpose of this paper is to independently evaluate the morphology-based species concepts in the Ophiderini 
and Phyllodini with an analysis of mitochondrial DNA from the 5’ region of the gene Cytochrome Oxidase Subunit 
I (COI). 

Eudocima phalonia causes extensive damage to commercial fruit crops (Baptist 1944; Bänziger , 1982; Ro-
land et al. 2012; Leroy et al. 2021), and much has been written on efforts to control it (Davis et al. 2005; Sands 
& Liebregts 2005; Chikkalaki et al. 2018). This species is morphologically similar to E. lequeuxi Brou & Zilli, E. 
euryzona (Hampson), E. oliveri Zilli & Brou, and E. steppingstonia Brou et al. (Zilli et al. 2017). These taxa are 
herein referred to as the Eudocima phalonia species group. Here we analyze three dimensional genitalic structure 
to evaluate a contradiction between the current classification and the mtDNA results for the E. phalonia species 
group.
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Materials and methods

The following collection acronyms are used herein:

ANIC Australian National Insect Collection, Canberra, Australia
CAS Chinese Academy of Sciences, Institute of Zoology, Beijing, China
CBG Centre for Biodiversity Genomics, Guelph, Canada
CC Area de Conservacion Guanacaste, Costa Rica
CNC Canadian National Collection, Ottowa, Ontario, Canada,
DJ Private collection of D. Janzen & w. Hallwachs, Pennsylvania, USA
FMC Florida Museum of Natural History, McGuire Center, Gainesville, Florida, USA
FMNH Field Museum of Natural History, Chicago, Illinois, USA
GC Private collection of Graeme Cocks, Townsville, Australia
HLK Private collection of Hugo Kons, Appleton, wisconsin, USA
MJwC Private collection of Mathew J.w. Cock, Trinidad & Tobago
MNHN National Museum of Natural History, Paris, France
NBC Naturalis Biodiversity Center, Leiden, Netherlands
NHMUK National History Museum, London, England
NIBGE National Institute for Biotechnology and Genetic Engineering, Faisalabad, Pakistan
NRC Nature Research Centre, Vilnius, Lithuania 
RJB Private collection of Robert Borth, Mequon, wisconsin, USA
SB Private collection of Steve Bransky, Chicago, Illinois, USA
SMC State Museum of Carinthia, Klagenfurt, Austria
UM University of Maryland, College Park, Maryland, USA
UP University of Pennsylvania, Philadelphia, Pennsylvania, USA
UR University of Rouen, Mont-Saint Aignan, France
USNM National Museum of Natural History, washington D.C., USA
Uw University of wisconsin, Madison, wisconsin, USA
YPM Yale Peabody Museum of Natural History, New Haven, USA 
ZSM Bavarian State Collection of Zoology, Munich, Germany

we submitted legs to BOLD (Barcode of Life Data Systems) to obtain sequences for 42 Eudocima species 
(Ophiderini), and 14 Phyllodini species. Up to 658 base pairs from the 5’ region of COI were sequenced by Paul 
Hebert’s lab at the University of Guelph as described in Hebert et al. (2003). Christian wieser and Carlos Lopez 
Vaamonde added sequences of miniodes phaeosoma and a second sequence of Huebnerius dux. J. B. Sullivan pro-
vided a sequence for Eudocima anguina. The six Eudocima species not sequenced include toddi Zayas, treadawayi 
Zilli & Hogenes, talboti Prout, behouneki Zilli & Hogenes, oliveri Zilli and Brou and smaragdipicta walker. Data 
for sequence vouchers is presented in Tables 3 and 5. 

we obtained additional sequences from BOLD public projects including exemplars representing approximately 
43% of the remaining Calpinae species. Many of these public sequences come from Costa Rican material submitted 
by Daniel Janzen, winifred Hallwachs, and collaborators. All included taxa have at least one complete 658 base pair 
COI 5’ sequence with the following three exceptions: Phyllodes conspicillator Cramer (600), Calyptra hokkaida 
(wileman) (612) and Gonodonta syrna Guenée (630). 

Sequences were manually aligned in Mesquite version 2.75 (Madison & Madison 2011). Characters were 
mapped on the strict consensus of most parsimonious trees (MPTs) for the included taxa, and diagnostic combina-
tions of COI 5’ characters were identified with the “map characters (show hash marks)” function of winclada (Nix-
on 2002). Haplotypes for characters that vary within species were identified with the “character diagnoser” function 
of winclada or by comparing the full sequences in Mesquite. MPTs were calculated in TNT (Goloboff et al. 2008) 
with all four search algorithms selected at the default settings and the best score hit 1000 times. Bootstrap supports 
were obtained from 1000 replications of a TNT new technology search with 100 random addition sequences per 
replication and all four search algorithms selected at the default settings.

No taxonomic changes or phylogenetic hypotheses are proposed solely based on COI 5’ mitochondrial DNA. 
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Some of the molecular results are independently corroborated with morphological data presented herein and/or 
cited in the literature. Other molecular results that contradict the current classification are noted, but we consider it 
premature to take formal action until these results can be further evaluated with additional morphological study or 
nuclear DNA. The taxonomic changes proposed herein would be traditionally justifiable by the mophological data 
alone, and the COI 5’ data provides additional corroboration.

Specimen photos were taken by RJB with a Canon EOS 60D camera and 100 mm macro lens without flash at 
the daylight wavelength using Ott lights. Live images of fruit-piercing moths were obtained from many individuals 
including 80 images supplied by iNaturalist photographers. The photographers’ name or login attribution informa-
tion follows their observation data in Table 4. Adult photos of Eudocima talboti and E. oliveri from Alberto Zilli are 
licensed by CC BY 4.0 https://creativecommons.org/licenses/by/4.0/.

Genitalia were dissected and imaged by HLK with the Automontage system at the University of wisconsin-
Madison Department of Entomology. Multiple images were taken at different focal lengths for each structure and 
combined into a single sharp image with Syncroscopy or Helicon Focus software, except for single frame images 
of the abdominal cuticle and juxta flattened out between two slides. Photos were taken with either white or black 
backgrounds, depending on which showed the characters best on a case by case basis. Generally black backgrounds 
were used for vesica images, characters of the colleterial gland complex, and to highlight setae on the papillae anales 
and uncus. Some images had photographic artifacts with Syncroscopy software, particularly images derived from 
overlapping three dimensional structures. In these cases the stacks of images were saved and combined with Helicon 
Focus, which generally eliminates or greatly reduces such artifacts.

Abdomens were removed and soaked in 10% KOH for 2–4 days. For males the phallus was removed from the 
capsule in 70% IsOH, and the external portion of the ductus ejaculatorius was removed from the coecum with a mi-
cro scissors. The phallus was photographed from multiple angles prior to everting the vesica. To evert the vesica the 
phallus was placed in distilled water, and distilled water was blown into the coecum opening with a syringe. Then 
the phallus and vesica were transferred to 99% IsOH, and 99% IsOH was pumped into the vesica with a syringe until 
it held its shape. The vesica was photographed from at least four angles, with the phallus hood orientated above, 
below, lateral and above, and lateral and below. Then the phallus/vesica was transferred to a vial of 99% IsOH for 
permanent storage (placing the vesica in water or weaker alcohol would cause permanent deflation). The ductus 
ejaculatorius was cleaned with fine forceps and stained with chlorazol black, then photographed in a petri dish with 
a thin layer of 70% IsOH. The inside of the capsule was cleaned out with fine forceps and by blowing in 70% IsOH 
with a syringe. Then the capsule was photographed before and after the long hairs covering the valvae were removed 
with fine forceps. The capsule was then dissected apart and separated into the two valvae, the uncus+tegumen, juxta, 
and saccus. The three-dimensional structure of these components was photographed in 99% IsOH from multiple 
angles, and then the juxta and saccus were flattened out between two slides, dried out with 99% IsOH, and photo-
graphed again. No other component of the male genitalia was ever slide mounted. 
 For females the abdomen was placed in 70% IsOH, and the cuticle anterior of segment seven was separated 
from the genitalia. Scales and hairs were carefully removed with blunt and fine forceps. The vagina and rectum were 
clipped below the papillae anales with a micro scissors. The colleterial gland complex was meticulously dissected 
out in a well-lit petri dish over a black background. The colleterial gland complex was photographed in a petri dish 
with a thin layer of 70% IsOH. The corpus bursae was blown out with a syringe of 99% IsOH. Remaining female 
structures were photographed while submerged in 99% IsOH. No portion of the female genitalia was ever slide 
mounted.
 Abdominal cuticles were prepared in 70% IsOH. Scales were removed with blunt and fine forceps. The tergites 
were separated from the sternites with a micro scissors, and the segments pulled apart with fine forceps to show 
the structure of individual segments. The clean cuticle was soaked in 99% IsOH, flattened between two slides, and 
photographed after it was dry. The eighth and seventh segments were photographed separately in males and females, 
respectively. 
 Sets of legs were removed with fine forceps and soaked in 10% KOH for 2–4 days. Scales and hairs were re-
moved with fine forceps. Legs were submerged in 99% IsOH and photographed in a petri dish. 
Proboscides were soaked in 10% KOH for 2–4 days. They were cleaned with fine forceps and then photographed 
in a petri dish with 99% IsOH.
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Results

The strict consensus of most parsimonious trees (MPTs) from the cladistic analysis of COI 5’ sequences is presented 
in Figures 78–86. The Phyllodes clade (Fig. 81) and Calyptra clade (Fig. 79) were recovered on some but not all 
MPTs, and are shown with those nodes unresolved in the strict consensus tree indicated by a Bremer support of 
zero. All included species of Ophiderini and Phyllodini recognized by current taxonomy are diagnosable by unique 
combinations of COI 5’ characters and supported as apomorphic with three exceptions: Eudocima cocalus, E. hy-
permnestra, and E. phalonia. These exceptions are discussed in the following section. Results above the species 
level are discussed in the section on Calpinae Phylogeny (below).

Images of Ophiderini and Phyllodini, including all known Eudocima species (except for Cuban endemic E. 
toddi Zayas) are provided in Figures 1–28. Because Eudocima are often sexually dimorphic both males and females 
are shown where available. Numbers in parentheses under specimen images include the first part of the BOLD 
sample ID number (for DNA sequence vouchers) on the left, and the HLK: dissection number on the right. These 
specimen sample ID numbers correspond to the numbers on the strict consensus tree in Figures 78–85, while the 
dissection numbers correspond to the numbers with the structural images in Figures 33–77. Sequence vouchers that 
were not dissected have a “-” in place of the dissection number. Comparative palpi close-up images of 64 specimens 
of Calpinae are provided in Figures 29–32. Images of live individuals are provided in Figures 87–96.

Conflicts with species level classification

Eudocima cocalus and E. hypermnestra: These two phenotypes form a single clade and overlap in COI 5’ hap-
lotypes. we did not compare their structural morphology, but Zilli et al. (2017) reported finding no meaningful 
genitalic differences between them, and raised the possibility of sinking E. hypermnestra into E. cocalus. Zilli et al. 
(2017) reported wing pattern differences: E. hypermnestra has paired black hindwing spots, and a more neatly scal-
loped marginal band which encloses pale marginal spots. The specimen shown in Fig. 11:F, labeled from Papua New 
Guinea, appears to be intermediate between the two phenotypes. Zilli et al. (2017) observed faded hindwing spots in 
E. hypermnestra specimens from the Andaman and Nicobar Islands, and no spots for New Guinea specimens which 
he includes under E. cocalus. 
 Eudocima phalonia: The current paraphyletic concept of Eudocima phalonia is comprised of two morphospe-
cies corresponding to two genetic clades: an unnamed African clade sister to sympatric E. lequeuxi, and the nomi-
nate clade sister to allopatric E. euryzona. Structurally the African phalonia clade is most similar to E. lequeuxi 
whereas the nominate phalonia clade is most similar to E. euryzona, as explained in detail in the diagnoses (below). 
The E. phalonia species group contains five morphospecies forming genetic clades (a sixth morphospecies, E. oliv-
eri, has not been sequenced), each diagnosable by unique combinations of discrete genitalic structural differences. 
In the current classification three of the clades are recognized as single species: Eudocima lequeuxi, E. euryzona, 
and E. steppingstonia, while two clades are currently lumped together under E. phalonia. This creates a very incon-
sistent classification by any species concept. Because all five entities are diagnosable by unique combinations of 
both mtDNA and structural characters, they should have equal rank. Since the African clade currently lumped under 
E. phalonia is sympatric with E. lequeuxi and E. euryzona, the five clades could not be considered subspecies of a 
single species level taxon, even under a broad lumping concept that doesn’t recognize discrete genitalic differences 
as a basis for species separation. The African clade lacks an available name and we describe it herein as Eudocima 
afrikana sp. n.
 The possibility of a second taxon included under E. phalonia had previously been raised by Zilli & Hogenes 
(2002) who recommended “Further research should be done to establish whether or not two different allopatric taxa 
are involved within this nominal species.” They reported differences in the more elongate-lanceolate shape of the 
forewings and narrower juxta processi in the west African compared to Indoaustralian phalonia samples. Our study 
found that these juxta differences, along with additional genitalic characters, correspond to mtDNA differences.
Images of genitalic structural morphology for Eudocima phalonia, E. afrikana, E. lequeuxi, and E. euryzona are 
presented in Figures 33–68, with differences between taxa specified in the diagnosis of E. afrikana (below). Male 
genitalic characters are shown for all four taxa while female genitalia are included only for E. phalonia and E. af-
rikana. we had no specimens of the rare E. oliveri and E. steppingstonia available for dissection; however, species 
specific differences in male genitalia for both are illustrated in Zilli et al. (2017). 
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Eudocima afrikana sp. n.

Type material. The type series is restricted to specimens with DNA sequences and/or genitalic dissections.
 Holotype male (Figure 15:G): Togo, Forest of Missahoe, Kpalime-Kloto, 1–25.ix.2018, (DNA Sample ID No. 
24834-150918-TO, Dissection No. HLK: 2633), leg. Chmielowiec (YPM).
Paratypes: TANZANIA: 1 male (Figure 27:H) Tanga, Nguu mtns., Kilindi village, Tamota Forest, 10.ii.2007, 
(DNA No. 9346-100207-TA, Dissection No. HLK: 2501), (RJB). 

TOGO: 1 female (Figure 27:K) Forest of Missahoe, Kpalime-Kloto, 1–25.ix.2018, (DNA No. 24816-130918-
TO, Dissection No. HLK: 2645), leg. Chmielowiec (RJB). 

MADAGASCAR: Fianarantsoa, Ranomafana, N -21.26 ˚ E47.42˚, 850m: 1 male (Figs 1:C, 15:I): 15.xi.2018, 
(DNA No. 24833-151118-MA, Dissection No. HLK: 2632), leg. Golovizin (RJB). 1 female (Figures 1:B, 15:J), 
15.xi.2018, (DNA No. 24831-131118-MA), leg. Golovizin, (RJB); 1 male (Figure 27:F), 2.iii.2019, (DNA No. 
24832-171118-MA, Dissection No. HLK: 2503), leg. Golovizin, (RJB); 1 male (Fig. 27:G, 21:I), 2.iii.2019, (DNA 
No. 24889-090319-MA), leg. Golovizin, (RJB); 

UGANDA: 1 male (Fig. 27:E), Karbole Fort Portal, Lake Nkuruba Nature Reserve, N0.518˚ E30.302˚, 1519m 
(DNA No. 25027-211119-UG), leg. Golovizin, (RJB).
 Diagnosis. The Sub-Saharan African distribution separates E. afrikana from its more eastern relatives includ-
ing E. phalonia (found from India eastward to Hawaii), E. oliveri (found over 11,000 km to the east in the Vanuatu 
Archipeligo), and E. steppingstonia (found in the Marquesas Islands another 4,600 km further east). However, E. 
afrikana could be confused with the sympatric E. lequeuxi and E. euryzona. At least five species in the Eudocima 
phalonia group are diagnosable both by unique combinations of male genitalic and COI 5’ mitochondrial DNA 
characters (E. oliveri has not been sequenced), and all six species are diagnosable by discrete differences in male 
genitalia. Male genitalic and abdominal structures are compared for E. afrikana, E. phalonia, E. euryzona, and 
E. lequeuxi in Figures 33–58, and female genitalic and abdominal characters are compared for E. afrikana and E. 
phalonia in Figures 59–69. The male genitalia of E. afrikana is most similar to E. lequeuxi whereas E. phalonia is 
most similar to E. euryzona.
 Versus Eudocima phalonia. wings: Eudocima afrikana cannot be reliably separated from E. phalonia by wing 
pattern or external characteristics. 

male genitalia. we found multiple consistent differences in the male genitalia. The posterior terminal process of 
the valvae are relatively broader in E. afrikana (Figs 39: A–D) than in E. phalonia (Figs 39: E–G, black arrows). The 
distance from the anterior median of the juxta to the point where the posterior processes diverge is 0.47–0.58 mm in 
E. phalonia versus 0.8–1.02 mm in E. afrikana (Fig. 38). The paired posterior processes of the juxta are wider in E. 
phalonia; the widest point measured 0.68 to 0.70 mm in E. phalonia versus 0.44–0.52 in E. afrikana (Fig. 38). The 
point where the posterior juxta processes diverge is broader and U-shaped in E. phalonia (Figs 38: E–G) versus V-
shaped with a sharp point in E. afrikana (Figs 38: A–D). In dorsal or ventral aspects there are a pair of conspicuous 
dark pigmented bands near the inner margin of the anterior portion of the juxta processes in E. afrikana (Figs 34: 
A–C, red arrows) but not in E. phalonia (Figs 34: D–F). In lateral aspect the paired juxta processes bend posteriorly 
farther distally in E. afrikana (Figs 36: A–C) than in E. phalonia (Figs 36: D–F) (red lines in these figures cross the 
inflection point). In ventral aspect, with the natural three dimensional structure intact, the apices of the paired juxta 
processes cross in E. phalonia (Figs 34: D–F, 37: B), whereas they are widely separated in E. afrikana (Figs 34: 
A–C, 37: A). In ventral aspect the paired dark pigmented bands on the uncus converge distinctly proximal of the 
apical spine in E. phalonia (Figs 44: E–G), whereas in E. afrikana these bands remain separated where they meet 
the spine (Figs 44: A–D). The apex of the scoop-shaped region of the ductus ejaculatorius has a large terminal fold 
that completely covers the tip in E. phalonia (Figs 46: E–G), whereas E. afrikana has only a small fold that does not 
overlap with the tip (Figs 46: A–D). with the ventral phallus hood orientated behind the vesica opening and tilted to 
the left (Figs 48–49), there is a deep U–shape on the posterior side of the vesica between the base and diverticulum 
1 in E. afrikana (Figs 48: A–C, 49: A, red arrows), whereas this U–shape is not visible in the same orientation in 
E. phalonia (Figs 48: D–E, 49: B, red arrows). with the ventral phallus hood orientated behind the vesica opening 
(Figs 48–49), the sclerotized plate of cornuti on diverticulum 1 is partially on top in E. phalonia (Figs 48: D–E, 49: 
B, yellow arrows), whereas it is entirely underneath in E. afrikana (Figures 48: A–C, 49: A, yellow arrows). with 
the ventral phallus hood orientated above (Figs 50–51), vesica diverticulum 1 projects to the right in E. phalonia 
(Figs 50: D–E, 51: B), whereas it projects to the left in E. afrikana (Figs 50: A–C, 51: A). In this same orientation, 
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the sclerotized curved cornuti plate on diverticulum 1 is entirely underneath in E. phalonia, whereas it occupies 
lateral and ventral planes in E. afrikana (same figures as preceding character, red arrows). with the ventral phallus 
hood orientated lateral and down (Figs 52–53) the plate with deciduous spines is nearly perpendicular to the phallus 
in E. phalonia (Figs 52: D–E, 53: B, red lines), whereas it is roughly parallel to the phallus in E. afrikana (Figs 52:
A–C, 53: A, red lines). 

Female genitalia. In comparing female genitalic structures between two specimens each of E. afrikana and E. 
phalonia, only one consistent difference was found. The ventral anterior edge of the ovipositor lobe is convex and 
smoothly curved in E. phalonia (Figs 61: C–D, red arrows), whereas it is more triangular and protracted anteriorly 
in E. afrikana (Figs 61: A–B, red arrows).
 Versus Eudocima lequeuxi. wings: Brou & Zilli (2016) compared E. lequeuxi and E. afrikana (called E. phalo-
nia) and noted differences in wing shape, genitalia, and the abdominal coremata. Some of the following characters 
were previously noted in Brou & Zilli (2016), whereas others are newly reported. In E. lequeuxi there is a concave 
indentation in the forewing outer margin between veins M3 and R5 (Fig. 15: E–F, Brou & Zilli (2016)), whereas 
this area is fairly straight in E. afrikana (Figs 1: A, 15: G). The female forewing has less contrast between lighter 
and darker areas in E. afrikana (Figs 1: B, 15: H, J) than in E. lequeuxi (Fig. 15: F). The distance between the dorsal 
hindwing black marginal band and medial patch is wider in E. lequeuxi (Figs 15: E–F, Brou & Zilli (2016)) than 
E. afrikana (Figs 15: G–J). The basal side of the dorsal hindwing medial patch is convex in E. afrikana whereas 
there is a concave indentation in E. lequeuxi (same figures as preceding character, Brou & Zilli (2016)). The ventral 
hindwing black marginal band of E. lequeuxi is more tapered posterior of vein Cu2, whereas the posterior apex of 
this band is abruptly squared off in E. afrikana (same figures as two preceding characters). 

male genitalia. Eudocima lequeuxi is the only one of these four species with a serrate inner margin of the poste-
rior processes of the juxta (Figs 38: J–L, Brou & Zilli (2016, Figs 9–12)). when the saccus and arms of the vinculum 
are flattened out on a slide, the arms of the vinculum are distinctly less strongly curved posteriorly in E. lequeuxi 
(Figs 45: H–I) than in the other three species (Figs 45: D–G). The paired dark bands on the ventral side of the uncus 
are strongly concave on the outer sides subapically in E. lequeuxi (Figs 44: H, 45: A, distal to the red arrows) where-
as they are straighter in the other three species (Figs 44: A–G, 45: B–C). The apex of the scoop-shaped region of the 
ductus ejaculatorius is strongly folded over (Fig. 46: I), similar to E. phalonia and E. euryzona (Figs 46: E–H), but 
unlike the smaller fold of E. afrikana (Figs 46: A–D, red arrows). with the phallus hood orientated lateral and down 
(Figs 52–53) diverticulum 2 appears narrower and more elongate in E. lequeuxi (Figs 53: D–E) than in E. afrikana 
(Figs 52: A–C, 53: A). The same is true with the phallus hood orientated lateral and up (Figs 54–55). 

male abdomen. The coremata on sternite 8 is more elongate in E. lequeuxi (Figs 57: C–E, Brou & Zilli (2016, 
Fig. 19)) than in the other three species (Figs 56, 57: A–B).
 Versus Eudocima euryzona. wings: The forewing of E. euryzona has a more pronounced falcate apical tip (Figs 
16: A–B). The abdomen of E. euryzona is dorsally covered by orange hairs and scales throughout (Figs 16: A–B), 
whereas the anterior half of the abdomen in E. afrikana has extensive brown hairs and scales along the dorsal mid-
line (Figs 15: H–J). The space between the medial patch and marginal hindwing band is narrower in E. afrikana 
(Figs 15: G–J) than in E. euryzona (Figs 16: A–B). Females of both species are variable but the background color 
of the forewings of E. euryzona is generally lighter (Fig. 16: B). The ventral hindwing black marginal band of E. 
euryzona tapers to a triangular point posterior of vein Cu2 (Fig. 21: J), whereas the posterior apex of this band is 
abruptly squared off in E. afrikana (Fig. 21: I). The ventral hindwing apical area of E. euryzona is a pale cream color 
(Fig. 21: J) versus the orange-yellow coloration of E. afrikana (Fig. 21: I). 

male genitalia. In ventral aspect, with the natural three dimensional structure intact, the apices of the paired 
juxta processes cross in E. euryzona (Figs 34: G–H) whereas they are widely separated in E. afrikana (Figs 34: 
A–C, 37: A). In dorsal or ventral aspects there are a pair of conspicuous dark pigmented bands near the inner mar-
gin of the anterior portion of the juxta processes in E. afrikana (Figs 34: A–C, red arrows) but not in E. euryzona 
(Figs 34: G–H). with the ventral phallus hood in lateral aspect, the top of the hood is more strongly convex in E. 
euryzona (Figs 47: I (bottom image), 53: C, F, 55: C, F) than in E. afrikana (Figs: 47: C–D (bottom images), 52: 
A–C, 53: A, 54: A–C, 55: A). with the ventral phallus hood orientated behind the vesica opening and tilted to the 
left (Figs 48–49), there is a deep U–shape on the posterior side of the vesica between the base and diverticulum 1 
in E. afrikana (Figs 48: A–C, 49: A, red arrows), whereas this U-shape is much shallower in the same orientation 
in E. euryzona (Figs 49: C, F, red arrows). with the ventral phallus hood orientated behind the vesica opening (Figs 
48–49), the sclerotized plate of cornuti on diverticulum 1 is partially on top in E. euryzona (Figs 49: C, F yellow 
arrows), whereas it is entirely underneath in E. afrikana (Figs 48: A–C, 49: A yellow arrows). 
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 Versus Eudocima oliveri. This species is known from only two males and one female from the Vanuatu Archi-
pelago (Zilli et al. 2017), and no specimens were examined by us; however, a diagnosis is provided by Zilli et al. 
(2017). E. oliveri has shorter, broader forewings with a noticeably darker and more evenly convex PM line, and a 
narrower medial patch on the hindwing (Figs 16: G–H). Zilli et al. (2017) also noted E. oliveri has an outwardly 
projecting apex of the valvae. This character is unique among all species in the E. phalonia group.
 Versus Eudocima steppingstonia. This species is known from only one male and two females from the Marque-
sas Islands (Zilli et al. 2017), and no dissections were examined by us. Eudocima steppingstonia has paler, yellow-
ish hindwings with an indistinct outer margin and medial patch (Figs 15: C–D). Zilli et al. (2017) show this species 
has an elongated narrow uncus, which differs from the much wider uncus of E. afrikana, E. phalonia, E. euryzona, 
and E. lequeuxi (Figs: 42: D–F, 43). 
 COI 5’: This species is diagnosable by the following unique combination of COI 5’ character states: 46(C), 
154(T), 313(C or T). There are 13 consistent character state differences between E. afrikana and E. lequeuxi, 21 
between E. afrikana and E. phalonia, and 24 between E. afrikana and E. euryzona (Fig. 86). 
 Description. Head (Male). Vertex and frons with predominately pale purple hairs and scales, except ventral 
margin of frons with light tan hairs and scales. Labial palp basal segment predominately brown but mottled with 
lighter tan scales and hairs, narrow bands of iridescent pale purple scales along apical margin and dorso-lateral 
sides; middle segment with predominately dark purple scales and hairs on dorso-lateral side, predominately bluish 
grey scales and hairs on ventro-lateral side except proximally where dark brown scales dominate; terminal segment 
with tan and dark brown scales for roughly proximal 2/3 of length, distal 1/3 appearing wider with a lateral patch 
of blue rimmed with black, extreme apex light tan. Terminal segment appearing much narrower than proximal two 
segments (Fig. 32: K).

Proboscis (Figs 71: A, 72: A, H). Approximately basal 2/3 simple (Fig. 71: A). Subapical portion with lightly 
sclerotized rasping spines. Apex with glossy dark, smooth sclerotization, contrasting with the ribbing of the more 
lightly sclerotized remainder of the proboscis (Figs 72: A, H). Unsclerotized ovoid areas present around heavily 
sclerotized tearing hooks (Figs 72: A, H). Extreme apex with heavily sclerotized hooks lacking the unsclerotized 
ovoid areas (Fig. 72: H). Dorsal galeal ligulae extend for most of length (Fig. 71: A), except for extreme apex (Fig. 
72: H).

Thorax (Male) (Fig. 1: A). Patagia mottled with purple, brown, and lighter tan scales. Tegulae pattern similar 
to patagia except at apex and along distal outer margin, where pattern sharply changes to mottled blue, black, and 
sparser white scales. Elsewhere dorsally a mix of brown, lighter tan, and purple scales and hairs. Ventrally with 
dense brown and tan hairs and scales.

Wings (Figs 1, 15: G–J, 21: I, 27: E–L). Length of anterior forewing base to apex: 37–45 mm, mean=42 mm 
males (n=8); 40–46 mm, mean=43.4 mm females (n=7); ratio of (anterior forewing base to apex)/ (anterior forew-
ing base to tornal angle): 1.8–2.1, mean=1.9 (males); 1.8–2.1, mean=1.9 (females). Anal flap prominent, sharply 
pointed with convex sides. Tornal hook prominent, outer side convex, inner side concave, apex bluntly pointed to 
narrowly rounded. Shape of wings similar in both genders, but forewing fringe scalloped in female.

Forewing upperside (Figs 1: A–B, 15: G–J, 27: E–L). Sexually dimorphic. 
Males. Background color predominantly brown with most pattern elements diffused, some individuals with 

distinctly lighter brown distal to the postmedial line. Veins accented by black scaling, often broken, creating the ap-
pearance of dashed-lines along the veins, especially distal to the postmedial line. Basal dash and basal line absent. 
Antemedial line diffuse, fairly straight and slanted proximally anterior to posterior, bent slightly basally at costa, 
terminating basal of anal flap along inner margin. Paired terminal lines present but often faint, barely discernible 
in some individuals, slightly paler than background color, distal terminal line extending from costa to postmedial 
line, basal terminal line extending from costa to posterior margin of discal cell. Medial line diffuse, convex, slightly 
darker brown than background color when discernible. Postmedian line diffuse, convex, curving strongly basally 
posterior of vein M3 and straightening between vein Cu1 and inner margin, darker brown than background color, 
tending to be more conspicuous than aforementioned lines, thinner and sharper than medial line. when discernible, 
reniform spot a simple band of lighter tan scaling spanning the width of the distal edge of the discal cell. Small, 
inconspicuous darker brown dot in discal cell basal to reniform. when discernible, subterminal line broad and dif-
fuse with indistinct margins, darker brown than background color, convex, primarily spanning between veins Cu2 
and M1. Apical line conspicuous, contrasting light tan to pale greenish tan, extends basally from subapical area at 
costa to vein M1 as a slightly convex arc, then bent distally between veins M1 and M2, sometimes weakly chevron-
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shaped between veins M1 and M2. Small white apical patch sometimes present distal of apical line and anterior of 
vein R4, with diffuse white scaling between veins R4 and R5. Margin with a thin band slightly darker brown than 
background color, fringe concolorous with margin. Forewing covered with a glossy sheen. 

Females. Background color variable, mottled with grey, brown, olive-grey, and violet-grey. Pattern elements 
generally better defined than in males. Veins accented by black scaling, often broken, creating the appearance of 
dashed-lines along the veins, especially distal to the postmedial line. Basal dash and basal line absent. Antemedial 
line sharp, edged with white on distal side, fairly straight, bent slightly basally at costa, terminating basal of anal flap 
along inner margin. Paired terminal lines absent. Medial line a variable, wide, diagonal black band posterior of vein-
let between veins Cu2 and Cu1, broken between this veinlet and vein M3, a much thinner, more diffused arc distal 
to the reniform between veins M3 and the costa. Postmedian line similar to male except contrasting more strongly 
against background color and variably edged with white on the distal side posterior of vein Cu1. Postmedian line 
transversed by a chevron-shaped whitish mark between veins Cu1 and M3. Reniform spot strongly contrasting 
against background, partially edged with black and white and filled with dark brown to blackish scales, shape an 
inverted chevron, sometimes surrounding area with extensive whitish diffusion. Small, sharply contrasting black 
dot in discal cell basal to reniform. when discernible, subterminal line narrow and diffuse with indistinct margins, 
lighter tan than background color, bulging distally between veins Cu1 and M1. Margin with extensive whitish suf-
fusion, especially posterior to vein Cu1. Fringe distinctly scalloped, dark brown-grey anterior of veinlet between 
veins Cu1 and Cu2, lighter tan to whitish posterior of this veinlet.

Hindwing upperside (Figs 1: A–B, 15: G–J, 27: E–L). Not sexually dimorphic except in males the medial patch 
averages larger. Background color orange, variable amount of brown suffusion in basal area. Medial patch large 
and black, basal side simple and convex, distal side convex on each end and strongly concave in the middle. Mar-
ginal black band wide, widest anterior of vein M1, abruptly narrows across vein M1, then gradually narrows until 
abruptly squared off slightly posterior of vein Cu2, in some individuals extending slightly farther along wing margin 
with a small disjunct tornal spot sometimes present at vein 2A. Fringe chequered black and creamish-white, black 
patches at vein apices from veins Cu2 to Rs, creamish-white patches between the veins from Cu2 to Sc+R1, orange 
at anal angle proximal of vein Cu2 except for a small black patch contiguous with the tornal spot (when present).

Forewing underside (Figs 1: C, 21: I). Background color yellow-orange. Marginal band thick and black, basal 
margin sharp, distal margin less distinct. Apical area between marginal band and outer margin with lighter grayish-
black, diffused with pale orange scaling. Postmedial band yellow-orange and completely surrounded with black, 
extends from vein parallel to costa to cell between veins Cu2 and 2A. Medial band sharp and black, fused with 
marginal band posterior of vein Cu2. Anterior of discal cell, antemedial band darker orange than postmedial band; 
posterior of discal cell largely concolorous with postmedial band. Basal band comprised of two small black patches 
separated by orange along vein Cu2. Basal area dull orange with a small black patch parallel to the costa. Area be-
tween costa and parallel vein mottled with black and yellow-orange. Fringe sexually dimorphic, solid dark brownish 
black in male, chequered with black patches at ends of veins and pale tan between in female.

Hindwing underside (Figs 1: C, 21: I). Background color varies from orange basally to yellow-orange distally. Me-
dial patch like upperside. Marginal band similar to upperside posterior of vein M1, but partially replaced by pale cream 
suffused with black between veins M1 and R2 (on the distal side), and nearly completely replaced with pale cream suf-
fused with black anterior of vein Rs. Tornal spot (when present) like upperside. Fringe similar to upperside. 

Legs (Male) (Fig. 70).
Legs covered with tan scales and hairs, male metatibia with more elongate ventral hairs than female.
Foreleg (Figs 70: A–C): Protibia (Fig. 70: C) and profemur (Figs 70: A–B) unspined. Protibia with small con-

vex sulcus with radiating spines near basal extremity on the inner side (Fig. 70: C). Protibial flange in shallow ovoid 
pit, margins of flange smooth (Fig. 70: C). Foreleg sclerotized throughout except for inner side of protibia distal of 
the flange (Fig. 70: A–C).

midleg (Figs 70: A–B, D). Mesotibia and femur unspined with no hair pencil groove on mesotibia (Figs 70: 
A–B). Midleg sclerotized throughout except for a narrow translucent area at apex of mesotibia (Figs 70: A–B).

Hindleg (Figs 70: A–B, E–F). Metafemur and metatibia unspined (Figs 70: A–B). Sclerotization pattern as 
observed for Catocala and other Erebinae, with femur sclerotized throughout, metatibia translucent white except 
for proximal edge (Figs 70: A–B), metatarsomere 1 translucent white except at distal apex (Fig. 70: E), remaining 
tarsomeres sclerotized throughout (Figs 70: E–F). 



GENETICS OF OPHIDERINI wITH A NEw SPECIES OF EUDoCImA Zootaxa 5148 (1) © 2022 Magnolia Press · 11

Tarsi (Figs 70: D–F). Spination similar on all legs. Tarsomeres 1–4 with three ventral rows of large triangular 
spines, with one to three extra spines between the middle and right outer rows of spines at tarsomere apices (ventral 
aspect with claw on left) (Fig. 70: E). Tarsomere 5 with the same two outer rows of triangular spines but spines 
reduced in size, dense smaller spines between them not arranged in rows (Fig. 70: F). Minute translucent hair-like 
spines present on lateral sides of tarsomeres (Fig. 70: F) and along dorsal midline. Tarsomere 5 with two pairs of 
elongate, narrow, tubular spines dorsally at apex (Figs 70: D, F). Tarsal claws strongly bifid (Fig. 70: D, F), arolium 
translucent on edges, with two dark lateral bands and a somewhat opaque whitish center, distal margin strongly 
emarginate (Fig. 70: F). 

Abdominal Scale Pattern (Fig. 1). Dorsally predominately orange scales and hairs except for anterior two seg-
ments and apex where brownish-tan hairs dominate. Male with apical brown hairs protruding from the genital cap-
sule. Brownish-tan hairs decrease anterior to posterior except at apex. Ventrally with brownish-tan hairs throughout.

Abdominal cuticle (Figs 56: A–D, G, 58: A, E, 69: A–C). Male as shown in Figures 56 & 57, segment 8 highly 
modified, corema on sternite 8 comprised of deep pocket densely filled with hair pencils, tergite 8 sclerotization 
deltoid with deeply concave sides (Figs 56: A–D, G). Female as shown in Fig. 69: A–C.

Male genitalia (Figs 33–55).
Capsule (Figs 33: A–B, I–J, 34: A–C, 35: A–C, 36: A–C). Juxta and vinculum weakly fused with valvae, vincu-

lum weakly fused with tegumen, vinculum arms expanded midventrally to a contiguous saccus without separation 
at the midpoint (Figs 34, 35, 45: D–E). Diaphragma membranous except for juxta (Fig. 34).

Valvae (Figs 33: A–B, I–J, 39: A–D). Outer surfaces densely covered with elongate brown and tan hairs and 
scales except for anterior and dorsal portions of sacculus (Figs 33: A–B, I–J); we could not get these hairs and scales 
to reflect iridescent green, although we observed this in two preparations of E. phalonia (Fig. 33: C). Dorsal edge 
of sacculus strongly concave (Figs 39: A–D). Posterior margin with broad convex process extending around to both 
dorsal and ventral sides; dorsal margin with blunt triangular subapical process. Sclerotized throughout except for a 
translucent subapical band arching over the dorsal triangular process. Ventral fold with fang-shaped medial gap. No 
claspers (Figs 39: A–D).

Juxta (Figs 34: A–C, 36: A–C, 37: A, 38: A–D). No distinct separation into a juxta and anellus, thus we refer to 
the entire structure as the juxta. Anterior margin U-shaped with a triangular median notch (Fig. 38: A–D). Diverges 
into two elongate processes with sharply pointed apices, anterior point of divergence triangular and sharply pointed 
(Figs 37: A, 38: A–D); distance from the anterior median to the point where the processes diverge 0.80–1.02 mm, 
processes 0.44–0.52 mm at widest point. Shape as shown in Figs 37: A (three dimensional) and 38: A–D (flattened 
out between two slides). In lateral aspect fairly straight in roughly anterior 2/3 but sinusoidal in posterior 1/3 (Figs 
36: A–C). In dorsoventral aspect paired dark pigmented bands along inner margin anterior in roughly anterior fourth 
(Figs 34: A–C, 37: A).

Uncus (Figs 43: A–D, 44: A–D). Broad in lateral aspect, widest medially, posterior side strongly convex, ante-
rior side strongly concave (Figs 43: A–D). Narrower in posterior aspect, shape variable but always distinctly flared 
and dorsoventrally flattened subapically (Figs 44: A–D). Apical spine heavily sclerotized, dorsoventrally flattened 
with a blunt tip (Figs 44: A–D), appearing fang shaped in lateral aspect (Fig. 43: A–D), in lateral aspect transition 
from uncus to apical spine nearly entire on posterior side, with a strongly convex bulge on anterior side (Figs 43: 
A–D). Setae dense on sides throughout length (Figs 44: A–D), projecting posteriorly to laterally (Figs 44: A–D), 
longest medially, longest setae of comparable length to maximum width of uncus in lateral aspect (Figs 43: A–D), 
row of short setae projecting anteriorly along medial to subapical anterior edge (Figs 43: B, D). 

Tuba analis (Figs 41: A–D). Membranous except for scaphium and posterior–lateral corners. Scaphium an in-
vaginated, concave plate tapering to a point slightly dorsal of the apical spine. 

Phallus (Figs 47: A–D). Translucent throughout, coecum distinctly less sclerotized than remainder. width and 
shape variable, fairly straight, apical triangular process present on ventral phallus hood highly variable in size, 
shape, and length. Coecum opening and posterior opening both on dorsal side. 

Ductus ejaculatorius (Figs 46: A–D). Slender region much longer than scoop-shaped region. Scoop slender 
with small fold at distal end of inner side. Portion inside the phallus readily everts with the vesica (labeled “DE” in 
Figs 48–55), adjacent to and posterior of diverticulum 2 (Figs 48: A–C, 49: A).

Vesica (Figs 48: A–C, 49: A, 50: A–C, 51: A, 52: A–C, 53: A, 54: A–C, 55: A). Two simple unilobal diverticula 
present and a basal bulge. Diverticulum 1 with a sclerotized ovoid plate with dense deciduous heavily sclerotized 
spine-like cornuti. Orientation of diverticula as described in the diagnosis. 
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 Female genitalia (Figs 59–68).
Papillae anales (Figs 61: A–B, 62: A–B, 63: A–B). Sclerotized throughout, shape as shown in Figs 61: A–B, 

setae project primarily posteriorly, dense short setae along posterior edge, more widely separated and elongate setae 
elsewhere.

Apophyses (Figs 60, 66: A–B). Posterior apophyses conspicuous, sclerotized, elongated rods (Fig. 60). Anterior 
apophyses short and unpigmented distally (Figs 66: A–B).

Intersegmental membrane between papillae and segment 8 (Figs 59: A–B, 60: A). Gradually widening posteri-
orly to anteriorly. Ratio of length to width at anterior end about 0.8. 

Segment A8 (Figs 64: A–B, 66: A–B). Shape as shown in Figs 64: A (ventral) and 66: A–B (lateral). Elongate, 
posteriorly projecting setae arranged irregularly along posterior edge (Figs 64: A–B, 66: A–B).

Intersegmental membrane between lamella and segment 8 on ventral side (Fig. 64: A). Heavily sclerotized 
sinus vaginalis with two tones of sclerotization, including a more darkly sclerotized interior ovoid pattern; only two 
narrow bands of unscleriotized tissue (not present in Fig. 64: B, where this area appears to be deformed). Sclerotiza-
tion pattern posterior of antrum ornate with radiating bands of darker sclerotization as shown in Figs 64: A–B.

Lamella antevaginalis (LAV)/Antrum (Figs 64: A–B (ventral), 66: A–B (lateral)). A large amount of variation is 
present between our two preparations as one specimen (HLK: 2645) appears to have a deformed antrum and lamella 
antevaginalis. Specimen HLK: 2505 is typical of other dissections we have prepared or examined in the literature 
from the E. phalonia species group. Both preparations have two asymmetrical pockets with a long, tapering triangu-
lar medial spine extending posterior of the sinus vaginalis, with the left pocket larger than the right (ventral aspect). 
The spine is fairly straight in HLK: 2505 (Fig. 64: A) whereas it is strongly curved to the right and much longer in 
HLK: 2645 (Fig. 64: B).

Ductus bursae (Fig. 59: A). Membranous, dorsoventrally flattened with broad vertical striations, forks posteri-
orly into asymmetrical diverging, pointed extensions where fused with antrum (Fig. 65: A). 

Corpus bursae (Figs 59: A–B, 60). Longitudinal raised striations throughout. Shape irregular, posteriorly bulg-
ing, anteriorly gradually tapering and curving ventrally. Note the degree of inflation varies among preparations in 
Fig. 59. while we fully inflated the corpus bursae with 99% IsOH, it quickly retracted and lost its shape before it 
could be photographed.

Ductus seminalis (Fig. 67: B). Total length approximately 3.8 mm. Simple, uncoiled, bulla begins about 0.9 mm 
distal of base. Note the bulla is not inflated in Fig. 67: B, but is inflated in Fig. 67: C of E. phalonia.

Colleterial gland complex (Figs 67: D–E, 68: A, C, E). Terminology follows Mitter (1988). Adjoining differ-
entiated canals of spermathecal duct with 1.5 coils basal to the vesicle; abrupt transition to undifferentiated section 
at base of vesicle; vesicle unsclerotized, elongate and weakly curved (Fig. 68: C). Utriculus elongate, terminus 
somewhat crescent-shaped, heavily ribbed (Fig. 68: E). Lagena globular with short triangular stalk (Fig. 68: E). 
Colleterial gland (separated from the vagina in Fig. 67: E) tubular for most of length, narrowest at base, widening 
medially, then constricting basal to a distal asymmetric expansion from which the paired glands arise at its apex 
(Fig. 67: E). Note the colleterial gland is not inflated in Fig. 67: E of E. afrikana but is inflated in Fig. 67: F of E. 
phalonia. Oviductus communalis narrow with the paired branches much longer than basal stalk (Fig. 67: D). Vagina 
ovoid (Fig. 67: B). 

Rectum/Intestine (Fig. 69: D). Rectum sculptured throughout with small ovuloid shapes with slightly raised 
walls. Intestine robust, as shown in Fig. 69: D.
 COI 5’ Mitochondrial DNA. The holotype with a DNA Sample ID Number of 24834-150918-TO has a com-
plete 658 base pair COI 5’ sequence as follows:

AACATTATATTTTATTTTTGGTATTTGAGCAGGTATAGTAGGAACCTCACTCAGTTTATTAATTC-
GAGCTGAATTAGGAAACCCAGGATCACTAATTGGAGATGATCAAATTTATAATACTATTGTCACAGCT-
CATGCTTTTATTATAATTTTTTTCATAGTAATACCTATTATAATTGGAGGATTTGGAAATTGATTAG-
TACCCCTTATATTAGGAGCCCCTGATATAGCTTTCCCCCGAATAAATAATATAAGTTTCTGACTTCTTC-
CCCCTTCTTTAACTCTTCTTATTTCAAGAAGAATTGTAGAAAATGGAGCAGGAACTGGATGAACAGTT-
TATCCCCCACTTTCATCTAATATTGCCCATAGAGGTAGTTCGGTAGATTTAGCTATTTTTTCC
CTTCATTTAGCTGGAATTTCATCAATTTTAGGAGCTATTAACTTTATTACAACAATTATTAATATAC-
GACTAAATAATTTATCATTTGATCAAATACCATTATTTATTTGAGCTGTTGGAATTACTGCATTTTTAT-
TACTTCTTTCTTTACCTGTCTTAGCAGGTGCTATTACAATACTTTTAACAGATCGAAATTTAAATA-
CATCTTTCTTTGACCCCGCTGGTGGTGGAGATCCTATTCTATATCAACATTTATTT
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 Infraspecific variation is shown in Table 1.
 Taxonomic notes. Eudocima phalonia (Linnaeus, 1763) (=fullonia Clerck, 1764) includes the following syno-
nyms, along with their type countries in parentheses: 

Phalaena (=Noctua) phalonia Linnaeus, 1763 (India), 
othreis fullonia Clerck, 1764 (India), 
ophideres fullonica Linnaeus 1767 (incorrect spelling of fullonia), 
Noctua dioscoreae Fabricius, 1775 (Oriental India), 
Phalaena pomona Cramer, 1776 (India), 
ophideres obliterans walker [1858] (Samoa). 

 A thorough nomenclatural review of E. phalonia was undertaken by Brou & Zilli (2016), who concluded that no 
names were based on material of African origin. Terrell (2020) found no overall genitalic variance in dissections of 
14 female and 16 male specimens of E. phalonia from Indomalya and Australasia, but did not include any African 
material. Thus, all material included in that study constitutes nominate E. phalonia.
 Etymology. The new species is named after the Swahili spelling of Africa. 

Eudocima (Ophiderini) species groups 

The cladistic analysis of COI 5’ sequences recovered a number of species groups that are known to correspond well 
with morphological characters. These groups are discussed below:
 Eudocima collusoria species group (Figs 7: I–L, 18: D–E, 23: J–K, 30: H). E. collusoria (Cramer) and E. memo-
rans (walker). These small Neotropical species are sexually dimorphic with strongly concave apical forewing lines. 
The hindwing medial patch reaches the wing margin. They are weakly supported as sister taxa in the molecular 
analysis (Fig. 82).
 Eudocima kinabaluensis species group (Figs 8: A–D, 18: I–J, 23: N–O, 30: I–J). E. kinabaluensis (Feige) and 
E. splendida (Yoshimoto). This group is not sexually dimorphic, has similar transverse green forewing markings, 
and similar palpi with a long, slender third segment and the second segment broadening medially. These two spe-
cies come out as sister taxa in the molecular analysis (Fig. 83), and Yoshimoto (1999) illustrates that the genitalia of 
these two species are similar. 
 Eudocima homaena species group of Zilli et al. (2017) (Figs 8: E–J, 18: K–N, 23: R–X, 24: A–D, 30: K–N). E. 
homaena (Hübner), E. iridescens (Lucus) and E. caesar (Felder). The females have transverse green forewing bands 
and the males have well defined contrasting am and pm lines. The forewing apex is not pointed outward and there is 
a contrasting pale area distal to the subterminal line. Eudocima iridescens comes out basal to a clade with E. caesar 
+ E. homaena in the molecular analysis (Fig. 83). 
 Eudocima materna species group (Figs 9: A–D, 19: A–B, 24: E–I, 30: O–P). E. materna (L.) and E. apta 
(walker). These allopatric taxa form sister clades (Figure 83). They are similar in wing pattern and genitalia (Zilli & 
Hogenes 2002) and are the only Eudocima with a marginal band that have the median patch in the form of a round 
spot. The hindwing fringe is checkered black and white, with eight white and nine black sections; only dissimilar E. 
hypermnestra has as many as eight white sections. The female dorsal forewing has a contrasting pale streak extend-
ing from the base through the reniform toward the subterminal area. The female dorsal forewing also contains a con-
trasting curved white stripe, extending distally/anteriorly from the base, then curving distally/posteriorly beneath 
the reniform, and extending into the subterminal area. Also, females are the only Eudocima taxa with the reniform 
in the form of three dots representing the vertices of a right triangle. Eudocima apta is the only New world species 
in the clade including all of the sequenced Old world Eudocima species (Figs 83–86).
 Eudocima salaminia species group of Zilli et al. (2017) (Figs 10: A–F, 19: F–H, 25: A–F, 31: D–F). E. sala-
minia (Cramer), E. dividens (walker) and E. nigricilia (Prout). All three share a very similar forewing with two 
pattern characters unique in the Eudocima: (1) an extensive olive brown to green triangular patch covering much of 
the forewing except for the costal area, basal area, and subterminal area; (2) an arching line on the anterior side of 
this patch, extending from the inner margin (at the anal flap or basal to it) to the apex, with a contrasting pale edge 
on the anterior side. Eudocima dividens comes out basal to a clade with E. nigricilla + E. salaminia in the molecular 
analysis (Fig. 84).
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 Eudocima discrepans species group of Zilli et al. (2017) (Figs 10: G–J, 19: I–K, 25: G–J, 31: G–I): E. discrep-
ans (walker) and E. muscigera (Butler). These taxa have similar wing pattern and palpi (Figs 30: G–I). Eudocima 
discrepans may include two species that differ in wing pattern, wing shape, and COI sequences (Fig. 84), but only 
one specimen of the possible second species was available for study, and it has no collection data. These two mor-
photypes come out sister to E. muscigera in the molecular analysis (Fig. 84).
 Eudocima cocalus species group of Zilli & Hogenes (2002) (Figs 11: C–J, 20: B–D, 25: K–L, 31: K–L). E. 
cocalus (Cramer), E. hypermnestra (Cramer) and E. treadawayi Zilli & Hogenes. Eudocima cocalus and E. hy-
permnestra form a clade and overlap in COI haplotypes (Fig. 84) as discussed above. The Philippine endemic, E. 
treadawayi, is similarly patterned but the yellowish-green forewings are duller (Zilli & Hogenes 2002); however, 
no sequence was available.
 Eudocima cajeta species group of Zilli et al. (2017) (Figs 12: C–J, 20: F–G, 25:O–T, 31:N–O): E. cajeta (Cram-
er), E. srivijayana (Bänziger), and E. talboti (Prout). Zilli et al. (2017) reported that external differences between 
these species are minor and not always constant such that identification is best done with genitalic differences. All 
three are strongly sexually dimorphic. Males have strongly contrasting am and pm lines edged with a band of light 
scaling on the distal side. The pm line is strongly concave whereas the am line can be concave or straighter. Fe-
males are more mottled with the am and pm lines more irregular, diffused, and less distinct. The molecular analysis 
includes two sister clades tentatively identified as E. cajeta and E. srivijayana based on geographic distribution, 
although single representatives of each clade occur at the same locality in Vietnam (Bach Ma Mountain) (Fig. 85). 
COI analysis places E. jordani (Holland), which is also sexually dimorphic with scalloped forewing margins (Figs 
12: A–B), as the probable sister taxon to this group (Fig. 85). 
 Eudocima sikhimensis species group of Zilli et al. (2017) (Figs 13: E–J, 20: K, 21: A–B, 26: F–K, 32: C–D). E. 
sikhimensis (Butler), E. mazzeii Zilli & Hogenes and E. behouneki Zilli & Hogenes. Eudocima sikhimensis and E. 
mazzeii were recovered as a clade (Fig. 85) but no sequence was available for E. behouneki. All three species have 
a similar wing pattern, and Zilli et al. (2017) reported that all three species have fairly short labial palpi and a small 
compact vesica.
 Eudocima tyrannus species group (Figs 14: C–F, 21: C, E, 26: L–O, 32: E–F). E. tyrannus (Guenée) and E. 
okurai (Okano). This group has a similar wing pattern and has slightly larger palpi with squarer tips compared to the 
previous group. These species come out as sister taxa in the molecular analysis (Fig. 85).
 Eudocima phalonia species group (Figs 15: C–J, 16: A–H, 21: H–L, 27, 28: A–L, 32: J–M, 33–70, 71: A–B, 72: 
A–B). E. phalonia, E. euryzona, E. afrikana, E. lequeuxi, E. steppingstonia, & E. oliveri. These species have similar 
wing pattern, genitalia and palpi as discussed in the description of E. afrikana. No sequence was obtained for E. 
oliveri. The tree topology for the remaining five species is shown in Fig. 86.

Ophiderini species accounts with diagnoses and distribution data

Note. For some species only small series were available for comparison, thus in these cases diagnoses based on 
wing pattern must be considered preliminary. In such cases we selected characters that tend not to vary greatly 
within those species where we have examined longer series. 

Eudocima procus (Cramer, 1777)
(Figs 6: A–B, 18: A, 23: A–D, 30: B, 91: I)
This species has a unique hindwing character: the medial patch is expanded into a median band extending across the 
entire wing from the costa to the inner margin. The band is comprised of four comma-shaped patches fused together. 
Other Eudocima species have at most two comma-shaped patches fused together. The hindwing marginal band is 
disjunct from the wing margin except between veins Cu2 and M3. Females without hindwings exposed could be 
confused with E serpentifera or E. colubra, but E. procus has a contrasting pale triangle on the proximal side of the 
PM line between veins Cu2 and Cu1, which is absent in the other two species. This species feeds on odontocarya 
tamoides (Menispermaceae) in Honduras (Caballero et al. 1994). Eudocima procus is relatively common and wide-
spread from Bolivia and Peru up to Mexico. 
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Eudocima toddi (Zayas, 1965)
This sexually dimorphic species is illustrated in Brou & Águila (2013). It is unique among the Eudocima by having 
the hindwing medial patch separated into two disjunct sections. The marginal band is reduced to a thin, irregular 
band widely separated from the hindwing margin. The only known specimens are a single male and female from La 
Gran Piedra, Oriente Province, in Cuba (Brou & Águila 2013).

Eudocima serpentifera (Walker, [1858])
(Figs 6: C–D, 18: B, 23: E, 30: C, 71: C, 72: C, 91: C–D, H)
In this large (44–56 mm) species the dorsal hindwing medial patch does not reach the wing margin. It is separated 
from E. procus as described above. The dorsal forewing of E. serpentifera females has a light orange-brown patch 
extending from the anal angle to vein Cu1. The homologous patch in females of E. colubra only extends to the 
veinlet between Cu2 and Cu1, and is a distinctly darker orange-brown. Furthermore, the female of E. colubra has 
subterminal greyish-white shadings between the pm and subterminal lines posterior of vein M3, which are absent 
in E. serpentifera. Eudocima serpentifera ranges from Brazil and Peru to Mexico and the west Indies. A single U.S. 
record from Louisiana is illustrated in Brou (2006). In Costa Rica it feeds on Disciphania calocarpa (Menisperma-
ceae) (Janzen & Hallwachs 2009).

Eudocima colubra (Schaus, 1911)
(Figs 6: E–F, 18: C, 23: F–G, 30: D)
The separation of this species from E. procus and E. serpentifera is described above. It has been collected from Peru 
through Columbia, Panama and Costa Rica. we doubt the accuracy of a Zimbabwe label for one specimen (Fig. 6: 
E) which was obtained from a third party. Like E. serpentifera it feeds on Disciphania calocarpa (Menispermaceae) 
in Costa Rica (Janzen & Hallwachs 2009).

Eudocima anguina (Schaus, 1911)
(Figs 7: A–B, 23: H)
Schaus (1911b) raised the possibility that this species was conspecific with E. collusoria, but these two species dif-
fer in wing shape, pattern, and COI 5’ characters. This is one of the three smallest Neotropical Eudocima species (32 
mm, n=2), along with E. memorans (33 mm, n=1) and E. collusoria (34–35 mm, n=2). Of the three only E anguina 
has a fairly straight rather than strongly concave apical line. The forewing of E. anguina has a more pointed apex 
and tornal hook, and more angular outer margin relative to the other two species. Also, only E. anguina lacks dark 
hairs and scales in the dorsal hindwing basal area. The hindwing medial patch may be absent (Fig. 23: H). when 
present the patch does not extend anterior of vein Cu1, whereas in the other two species it extends to vein M2 or 
beyond. The female dorsal forewing has a white spot on the basal side of the PM line between veins Cu2 and Cu1, 
lacking in the other two species. This species is rarely recorded from Columbia (Vargas-Fonseca et al. 2020) north 
to Costa Rica.

Eudocima memorans (Walker, [1858])
(Figs 7: I–J, 18: D, 23: J, 30: H, 90: A, D)
This species is separated from similar E. anguina as described above. Eudocima collusoria shares a more similar 
forewing pattern but lacks the small, elongate dark patch on the distal side of the pm line between veins Cu2 and 
Cu1. The apical line is strongly concave in both species, but in E. collusoria it is distinct between vein R5 and the 
apex whereas in E. memorans it is barely discernible between vein R5 and its more rounded apex. Eudocima col-
lusoria has a distinct hindwing apical patch whereas there is no trace of one in E. memorans. Eudocima memorans 
has been recorded as far south as Bolivia and ranges from Ecuador east to French Guiana and north to Costa Rica.

Eudocima collusoria (Cramer, 1777)
(Figs 7: K–L, 18: E, 23: K, 90: B–C)
This species is separated from similar E. memorans and E. anguina as described above. Eudocima collusoria is an 
uncommon species reported from Columbia east to Trinidad and Suriname.
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Eudocima splendida (Yoshimoto, 1999)
(Figs 8: A–B, 18: I, 30: I)
This species is most similar to E. kinabaluensis but the forewing differs by a smooth outer margin and the shape of 
the green patch from base to subterminal area (Yoshimoto 1999). The distal side of the dark discal stigma extends 
anteriorly as a short projection. This species is only recorded from northern Myanmar (Yoshimoto 1999) and north-
ern Thailand.

Eudocima kinabaluensis (Feige, 1976)
(Figs 8: C–D, 18: J, 30: J, 94: A–C)
The forewing differs from E. splendida in that the green patch bulges distally at vein Cu2, the reniform is less dis-
tinct, and the outer wing margin is crenulate. All specimens are from Borneo.

Eudocima smaragdipicta (Walker, [1858])
(Figs 8: K, 23: P–Q, 94: D–F)
The longitudinal green forewing mark is more irregular than in E. kinabaluensis or E. homaena. Both E. smaragdi-
picta and E. homaena have a medial patch which is lacking in the E. kinabaluensis group. The life cycle is illustrated 
by Leong (2009) who found the larvae in Singapore feeding on Fibraurea tinctoria (Menispermaceae). That larvae 
attained a length of 75 mm, and while resting adopted a typical Eudocima defensive posture presenting a striking 
pair of ocelli on the third abdominal segment. It is found in peninsular Malaysia, Sumatra, and Borneo (Holloway 
2005). 

Eudocima iridescens (Lucus, 1894)
(Figs 8: E–F, 18: K, 23: R–S, 30: K, 94: J–L)
Eudocima iridescens is strongly sexually dimorphic with females having a dorsal forewing green transverse band 
coming to a point at the distal end. It has no hindwing medial patch, separating it from E. homaena but not from all 
specimens of E. caesar. It can be separated from E. caesar by the hindwing marginal band extending to the inner 
margin, versus extending slightly beyond vein Cu2 in E. caesar. Also, E. iridescens has a black tipped orange dorsal 
abdomen, whereas the dorsal abdomen is orange throughout in E. caesar and E. homaena (Zilli et al. 2017). It is 
known from New Guinea and Queensland, Australia, along with a number of surrounding islands.

Eudocima caesar (Felder, 1861)
(Figs 8: G–H, 18: L, 23: T–X, 30: L)
This species could be confused with E iridescens or E. homaena, and the diagnosis is described under those species. 
The few known specimens are from the Moluccans including Halmhera, Buru, Ambon, Seram (Zilli et al. 2017) 
and Bacon Island.

Eudocima homaena (Hübner, [1823])
(Figs 8: I–J, L, 18: M–N, 24: A–D, 30: M–N, 93: B, 94: G–I)
This species could be confused with E. iridescens as discussed under that species (above). It can be separated from 
E. caesar and E. iridescens by the hindwing fringe, which is checkered black and orange in E. homaena and black 
in E. caesar and E. iridescens (Zilli et al. 2017). Eudocima homaena always has a comma shaped medial patch but 
this is rounder when present in E. caesar. It is allopatric with E. caesar and widespread from India and Sri Lanka 
eastward to Sulawesi, Lombok, Flores and Timor (Zilli et al. 2017).

Specimens from Sumba Island (Fig. 8: L) and Malaysia (Fig. 24: D) have the typical homaena hindwings and 
abdomen, but the forewings are more similar to E. iridescens than material we have examined from elsewhere. The 
transverse green forewing band is narrower than typical homaena, and similar to the band of iridescens. E. homaena 
usually has a small finger-like extension on the anterior side of the green band, extending anteriorly to touch the 
posterior side of the reniform, whereas in E. iridescens the transverse green band touches the posterior side of the 
reniform without this extension. The specimen from Sumba Island is like E. iridescens for this character, whereas in 
the specimen from Malaysia the finger-like extension is also absent, but the green band barely touches the reniform–
only at the posterior corner on the basal side. The specimen from Malaysia comes out at the base of the E. homaena 
clade with the COI 5’ analysis, followed by the Sumba Island specimen in the second basal position (Fig. 83).
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Eudocima apta (Walker, [1858])
(Figs 9: A–B, 19: A, 24: E–F, 30: O, 91: B, F)
This species and E. materna are supported as allopatric, apomorphic phylogenetic species diagnosable by unique 
combinations of mtDNA and genitalic characters. Eudocima apta occurs in the New world whereas nominotypical 
E. materna occurs in the Old world. while a single specimen in BOLD, (Sample ID: BC ZSM Lep 40393) dubi-
ously reported to be from Brazil, comes out in the Old world mtDNA Clade, the remaining thirty specimens split 
into Old world and New world clades with eight consistent mtDNA character state differences between them. 
 These two sexually dimorphic taxa are extremely similar in wing pattern, but there is a tendency for the dorsal 
hindwing marginal band to be thinner in E. materna and for the medial patch to be smaller. The aforementioned 
specimen BC ZSM Lep 40393 has a narrow marginal band and small medial patch, consistent with the Old world 
phenotype, casting further doubt on the reported Brazilian locality. Zilli & Hogenes (2002) specify differences in 
the size and shape of the corpus bursae, which they report is distinctly longer in E. materna than E. apta. 
 Eudocima apta has been recorded from Argentina through Mexico and feeds on Disciphania heterophylla 
(Menispermaceae) and Cissampelos pareira (Menispermaceae) in Costa Rica (Janzen & Hallwachs 2009). It also 
occurs sporadically in the southern United States (Kimball 1965; Kons & Borth 2006; Brou et al. 2013; Reeves et 
al. 2017). It has been recorded as far north as Upper Michigan (Kyle Johnson, pers. com. 2018), Vermont (Gilligan 
& Passoa 2014), Quebec (Handfield 1999), and Ontario (Reeves et al. (2017). It has recently been found in numbers 
in southern Florida and Texas; we collected six specimens of E. apta in the Davis Mountains of Texas over two 
nights in 2018, and Reeves et al. (2017) recorded 41 adult observations on a single Ficus aurea tree in the Florida 
Everglades in 2016. 

Eudocima materna (Linnaeus, 1767)
(Figs 9: C–D, 19: B, 24: G–I, 30: P, 95: H–I)
This species with the thinner hindwing marginal band can be diagnosed from the very similar E. apata as discussed 
under that species above. The vast range of E. materna includes Africa, India, the Indoaustralian region up to the 
Central Pacific and the Philippines (Zilli et al. 2017). 

Eudocima boseae (Saalmüller, 1880) 
(Figs 9: E–F, 19: C, 24: J–L, 31: A, 92: D)
This is a sexually dimorphic species with a banded black, red and yellow abdomen unique to the genus. It is one 
of only two Eudocima where the dorsal hindwing medial patch is fused with the marginal band; the other species, 
E. imperator, has an orange dorsal abdomen and a checkered hindwing fringe like other African Eudocima. Eudo-
cima boseae is the only Old world Eudocima species with a double medial patch, although this condition occurs in 
several New world species including E. memorans, E. collusoria, E. colubra, and E. sepentifera. The female has a 
narrow green transverse band which is not found in any New world taxa. It is endemic to Madagascar. 

Eudocima imperator (Boisduval, 1833)
(Figs 9: G–H, 19: D, 24: M–Q, 31: B, 92: F)
This large sexually dimorphic species is separated from E. boseae and all other Eudocima species as described un-
der E. boseae (above). It is a Madagascar endemic sympatric with E. boseae.

Eudocima divitiosa (Walker, 1869)
(Figs 9: I–J, 19: E, 24: R–T, 31: C, 92: E)
This is the only African Eudocima with no hindwing medial patch. The hindwing has a broad continuous marginal 
band similar to the one found in E. iridescens of the Australian region; however, the female of E. iridescens has a 
green forewing transverse band. The male of E. divitiosa has a unique pale greenish band bordering the distal side 
of the PM line. It has been recorded from numerous localities throughout subsaharan Africa (De Prins & De Prins 
2022).

Eudocima dividens (Walker, [1858])
(Figs 10: A–B, 19: F, 25: A–B, 31: D, 93: D)
This species can be separated from similar E. salaminia by the following characters: the forewings have a darker, 
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less greenish background color; the light tan band along the outer edge of the forewing is wider, and the hindwing 
marginal band is wider. Females have a strongly contrasting stigma which is lacking in E. salaminia. It is found in 
southwest Asia from the Philippines and peninsular Malaysia to Java and Sulawesi (Zilli et al. 2017).

Eudocima salaminia (Cramer, 1777)
(Figs 10: C–D, 19: G, 25: C–F, 31: E, 93: A, C)
This species is separated from similar E. dividens as described above. It can also be confused with similar E. nigri-
cilia and can be separated as follows: the dorsal forewing background color is lighter and more greenish, the medial 
patch is more deeply notched the distal side, and the hindwing fringe is checkered cream and black rather than con-
tiguous black. It is a widespread species from India to Fiji in the central Pacific, north to Korea and Japan and south 
to New Guinea and Australia (Zilli et al. 2017).

Eudocima nigricilia (Prout, 1924)
(Figs 10: E–F, 19: H, 31: F)
This species is separated from similar E. salaminia as described above. It is endemic to New Guinea where it is 
found in the Central Highlands. In New Guinea it is sympatric with E. salaminia which is less common there (Papua 
Insects Foundation 2020).

Eudocima discrepans (Walker, [1858]) complex
(Figs 10: G–I, 19: I–J, 25: G, 31: G–H, 95: N)
This is a relatively large species (46–51 mm) with a conspicuous tornal hook and plain brownish-grey forewings, 
except for a few small green patches distal to the pm line. It is sexually dimorphic with two white triangular marks 
basal to the PM line in females. It may be confused with the smaller E. muscigera (36–38 mm) but has more elon-
gate forewings with a more slanted outer margin. It ranges from the northeast Himalayas, w. China, Thailand, and 
Vietnam south to Sundaland (Holloway 2005). 

One unlabelled specimen (Fig. 10: I) differs in mtDNA, wing shape, and wing pattern. It comes out sister to 
the nominotypical discrepans clade with 19 COI 5’ differences between the clades (Fig. 84). The forewing apex 
is more rounded than typical discrepans, and the tornus is rounded without a hook. It has a much narrower hind-
wing medial patch than typical discrepans. On the ventral forewing surfaces, the basal band and postmedial band 
are nearly concolorous pale yellow, whereas in typical discrepans the basal band is orange and postmedial band is 
creamish-white. On the ventral hindwing anterior of vein R5 the color is pale yellow, whereas in typical discrepans 
the color is creamish-white. 

Eudocima muscigera (Butler, 1882)
(Figs 10: J, 19: K, 31: I, 25: H–J)
The pattern and sexual dimorphism is similar to E. discrepans but it can be separated as described above. It is found 
only on the large island of New Guinea and surrounding smaller islands (Zilli et al. 2017).

Eudocima kuehni (Pagenstecher, 1886)
(Figs 11: A–B, 20: A, 31: J, 95: C)
This large sexually dimorphic species has no medial patch. The outer margin of the hindwing is the least convex of 
all Eudocima species. The male is unique among Eudocima by having two conspicuous white patches in the dis-
cal cell on the otherwise blackish forewing. The female dorsal forewing has a lighter grey background color with 
prominent contrasting dark patches and banding. Both forewing and hindwing outer margins are more crenulate in 
the more variegated female. Zilli et al. (2017) record it from Seram, Kei islands, New Guinea, Supiori Island, Rook 
Island, New Britain, Goodenough Island and Ferusson Island.

Eudocima cocalus (Cramer, 1777)
(Figs 11: C–E, 20: B–C, 25: K, 31: K)
Eudocima cocalus and E. hypermnestra doubtfully represent separate species as discussed above. Eudocima co-
calus lacks paired black medial spots on the hindwing which are present in E. hypermnestra. Eudocima cocalus has 
a less dentate inner margin of the dorsal hindwing marginal band relative to E. hypermnestra. Eudocima cocalus 
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is widely distributed from the Sunda Islands and the Philippines east to New Guinea, Australia and the Solomon 
Islands (Zilli et al. 2017).

Eudocima hypermnestra (Cramer, 1780)
(Figs 11: F–H, J, 20: D, 25: L, 31: L, 95: A–B)
The diagnosis is provided under E. cocalus above. It is essentially a continental species (or phenotype) allopatric 
with nominate E. cocalus, occurring from India to southern China and all of Indochina south to the Andaman and 
Nicobar Islands (Zilli et al. 2017).

Eudocima treadawayi Zilli & Hogenes, 2002
(Fig. 11: I)
It is sympatric with similar E. cocalus in the Philippines but can be separated by the duller more olive forewing 
color, and reduced white maculation in the female (Zilli et al. 2017). The pm line of E. treadawayi is distinctly si-
nusoidal posterior of vein R5, whereas it is fairly straight in E. cocalus. In E. cocalus the pm line is sharply bent at 
vein R5, whereas in E. treadaway it is straight across this vein. It has been recorded from the Philippine islands of 
Leyte and Negros (Zilli et al. 2017).

Eudocima jordani (Holland, 1900)
(Figs 12: A–B, 20: E, 25: M–N, 31: M, 95: K)
The male is unique among the Eudocima in having the forewing dark throughout due to a close sprinkling of brown-
ish-black scales on a purplish brown background (Holland 1900). The female looks similar to those in the E. cajeta 
group but the dorsal hindwing medial patch on the hindwing is less elongate. This species’ range includes Sulawesi, 
the Moluccas, New Guinea, Australia (Queensland), the Bismark Archipelago, Nissan Island and New Caledonia 
(Zilli et al. 2017).

Eudocima cajeta Cramer 1775 
(Figs 12: C–D, 20: F, 25: O–S, 31: N, 95: G)
Zilli et al. (2017, Figs 9–12, 14–17) provide clear male genitalic differences that separate the three similar species 
E. cajeta, E. srivijayana, and E. talboti. Eudocima cajeta has a short triangular subapical process on the costal 
margin of the valvae, absent in the other two species, and the longest juxta processes of the three species. Eudocima 
talboti has a minute apical spine on the valvae. Zilli et al. (2017) reported E. cajeta from India, Sri Lanka, Bhutan, 
Southern China, Myanmar, Thailand, Vietnam, and Andamans. It was reported in South Africa (Vári 2002) prior to 
the description of E. lequeuxi (Brou & Zilli 2016) http://www.afromoths.net/species/show/31573. 

Eudocima srivijayana Bänziger 1885
(Figs 12: E–H, 20: G, 25: T, 31: O, 95: E–F)
Eudocima srivijayana has longer spines projecting from the apex of the valvae and shorter juxta projections relative 
to E. cajeta and E. talboti (Zilli et al. 2017). Zilli et al. (2017) reported E. srivijayana from peninsular Malaysia, 
Singapore, Nias, Sumatra, Borneo, Java, Bali, Lombok, Sumbawa, Sumba, Flores, Timor, Sulawesi, and the Philip-
pines. They reported no known zone of sympatry between the three species in the E. cajeta group.

As we have not dissected any of our material, all of our determinations are tentative and hypothesized based 
upon geographic distribution. Among five sequenced specimens there are two haplotype clades separated by 14 
consistent differences (Fig. 85). Both haplotypes occur sympatrically on Bach Ma Mountain at the biogeographical 
border between northern and southern Vietnam. Unfortunately, there is only one specimen of each haplotype where 
they are sympatric, and they belong to different genders.

Eudocima talboti (Prout, 1922)
(Figs 12: I–J)
Zilli et al. (2017) examined old specimens allopatric from either E. cajeta or E. srivijayana collected in the east-
ern Indonesian islands of Seram, Halmahera, waigeo and Numfoor. They found the forewings were broader than 
in those two related sexually dimorphic species, the hindwing medial patch was smaller and the inner edge of the 
black marginal band on vein M1 was blunter. Genitalic differences that separate this species from E. cajeta and E. 
srivijayana are noted above.
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Eudocima prolai Zilli & Hogenes, 2002
(Figs 13: A–B, 20: H, 26: A–B, 31: P, 95: M)
This species could be mistaken for sympatric E. aurantia, but can be separated by the much broader marginal band 
reaching the outer margin of the hindwing, the larger medial patch, and the smaller size (38–40 mm, n=2) vs (48–54 
mm, n=7). Relative to allopatric E. okurai the forewing shape is less elongate, there is no green spot inside the reni-
form, and the distal side of the medial patch has a less distinct concave indentation. This species is endemic to the 
island of New Guinea.

Eudocima bathyglypta (Prout, 1928)
(Figs 13: C–D, 20: I, 26: C–D, 32: A, 95: J)
The forewings are reddish brown with green flecks like E. mionopastea but the inner margin is more deeply concave 
proximal to the tornal hook. The hindwing marginal band is closer to the outer margin and is more dentate at the 
veins than in E. sikhimensis. The forewing has a conspicuous greenish patch above the inner margin at the base and 
proximal to the PM line that is absent in E. tyrannus and E. aurantia. It is found in Indonesia.

Eudocima behouneki Zilli & Hogenes 2002
(Figs 13: E–F, 21: B)
This species is similar to E. mazzeii but the black marginal hindwing band is more dentate at the veins (Zilli & Ho-
genes 2002). This band is also dentate but extends closer to the wing margin in E. bathyglypta, and the forewing of 
that species has greenish flecks, especially proximal to the PM line just above the inner margin. Unlike in E. bathy-
glypta the forewing apex of E. behouneki is produced as in E. sikhimensis and E. mazzeii. This species is endemic to 
the central southern Philippines where it replaces E. mazzeii which is found to the North (Zilli & Hogenes 2002). 

Eudocima sikhimensis (Butler, 1895 )
(Figs 13: G–H, 20: K, 26: F–H, 32: C, 95: D)
It is distinguished from E. mionopasta as described above. The forewings vary from pale yellowish green to deep 
green. The hindwing marginal band is disjunct from the outer margin but is broader than in similar and allopatric E. 
mazzeii and E. behouneki. The range includes the Indian Subregion, Thailand, and Sundaland (Holloway 2005). 

Eudocima mazzeii Zilli & Hogenes, 2002
(Figs 13: I–J, 21: A, 26: I–K , 32:D)
This species looks very similar to E. sikhimensis but it has broader wings and differs further as described above. It 
is found in the northeastern Philippines in Luzon and on the island of Mindoro (Zilli & Hogenes 2002), especially 
around the higher elevations of Banaue.

Eudocima mionopastea (Hampson, 1926)
(Figs 14: A–B, 20: J, 26: E, 32: B)
The hindwings are very similar to E. sikhimensis; however the forewing apex is not falcate, the forewing color is 
predominately bright rufous rather than olive, and the third segment of the palpi is shorter and less spatulate. The 
greenish forewing mottling is similar to E. bathyglypta but the tornal hook and anal flap are much less pronounced. 
This rare species is found in peninsular Malaysia, Sumatra and Borneo (Zilli & Hogenes 2002).

Eudocima okurai (Okano, 1964)
(Figs 14: C–D, 21: E, 26: L–N, 32: E, 93: E)
The PM and apical lines are fused across from the reniform creating the appearance of a single oblique line abruptly 
bending towards the inner margin. In E. tyrannus, E. aurantia and E. sikhimensis there is no distinct bend in this 
line across from the reniform. The forewing has a distinctly less pronounced tornal hook and has more green flecks 
versus E. tyrannus. The forewings have a less prominent anal flap, and the hindwings have a more distally set 
hindwing marginal band than either E. tyrannus or E. aurantia (Bänziger & Honey 1984). The ventral marginal 
hindwing band is clearly separated at the veins compared to the continuous band in E. tyrannus. Eudocima okurai is 
found in the southeastern Himalayas, northeast India, Bhutan, Myanmar, Thailand, northwest Malaysia at elevations 
of 1200–1700 m (Bänziger & Honey 1984) and Vietnam.
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Eudocima tyrannus (Guenée, 1852)
(Figs 14: E–F, 21: C, 26: O, 32: F, 93: F)
The marginal band on the hindwing is larger than in E. aurantia but barely reaches the wing margin if at all. The 
background color of the sharply pointed forewing is brownish rather than the variable green shading of E. sikhimen-
sis. It can be separated from E. okurai by the shape of the oblique line as discussed under that species. Individuals 
from the northern portion of the range in Amur and Japan show a larger comma-shaped medial patch on the hind-
wing than in its southern range from Nepal, Sichuan, Vietnam and Taiwan where it has a smaller patch similar to E. 
okurai (Zilli et al. 2017).

Eudocima aurantia (Moore, 1877)
(Figs 14: G–H, 21: D, 26: P, 32: G, 95:L)
The forewing apex is unique with a protracted obliquely rounded lobe (Hampson 1894). The large size is compara-
ble to E. tyrannus and E. sikhimensis, but the hindwing marginal band is greatly reduced and well separated from the 
wing margin by the orange background color. There is very little black on the underside especially in the marginal 
areas. The range of this relatively common species includes India, China, Indonesia, New Guinea and the Solomons 
(Holloway 2005).

Eudocima martini Zilli & Brou, 2017
(Figs 14: I–J, 21: F, 26: Q–T, 32 :H)
This small species (34–35 mm, n=6) is similar in size to another island endemic, E. paulii, but in E. martini the 
hindwings have no medial patch. Members of the C. homaena group also have no medial patch but lack a green dot 
inside the reniform, and the females have a green transverse bar across the forewing. This species also has unique 
genitalia including a thin aedeagus and uncus and small juxta (Zilli et al. 2017). This species is rare in collections 
and is apparently endemic to the Solomon Islands (Zilli et al. 2017).

Eudocima paulii (Robinson, 1968)
(Figs 15: A–B, 21: G, 32: I)
This relatively small, variable species is sexually dimorphic. The female is reminiscent of the larger E. jordani but 
has a wider hindwing marginal black band across from the medial patch, and a less strongly crenulate outer forewing 
margin. The male is similar to E. martini but its hindwing has a medial patch which that species lacks. It is endemic 
to the Fiji Islands of Vanua Levu and Viti Levu (Zilli et al. 2017). 

Eudocima afrikana Borth & Kons, 2021
(Figs 1: A–C, 15: G–J, 21: I, 27: E–L, 32: K, 33: A–B, I–J, 34: A–C, 35: A–C, 36: A–C, 37: A, 38: A–D, 39: A–D, 
41: A–D, 43: A–D, 44: A–D, 45: D–E, 46: A–D, 47: A–D, 48: A–C, 49: A, 50: A–C, 51: A, 52: A–C, 53: A, 54: A–C, 
55: A, 56: A–D, G, 58: A, E, 59: A–B, 60, 61: A–B, 62: A–B, 63: A–B, 64: A–B, 65: A–B, 66: A–B, 67: B, D–E, 68: 
A, C, E, 69: A–D, 70, 71: A, 72:A, H, 87:A, 92:H) 
The diagnosis is covered in the description (above). 
 Life History and Bionomics. Hargreaves (1936) studied the species now named E. afrikana over an eleven-year 
period in an orchard in Njala, Sierra Leone. He recorded a life cycle there of up to 37 days beginning with pale 
green spherical eggs which darkened before hatching in about 3 days. The larvae fed only on Menispermaceae and 
went through 5 instars. Most larvae were found during October and November on Tiliacora sp. nr. dinklagei Engl., 
but were also found at various times on Dioscoreophyllum volkensii Engl., Stephania dinklagei (Engl.), Albertisia 
ferruginea (Diels) and Triclisia patens Oliv. During May and June larvae were generally pale yellow-green and 
reached 7 cm. At other times of the year larvae typically reached 6 cm. During July and August larvae were all pale 
yellow to green, and September through November they were primarily brown to black. Larvae have two similar 
large dark ocelli on the second and third abdominal segments, each with a pale lilac or blue center and a peripheral 
margin white to pale yellow above and reddish-orange to yellow below. The pupal stage can last up to two weeks in 
a loose silk cocoon (Hargreaves 1936).
 As in other Eudocima, E. afrikana is able to pierce hard skinned fruits as well as thick-skinned, soft-skinned or 
ripening fruits. Zaspel (2008) provided scanning electron microscope images for exemplar Eudocima species illus-
trating serrated ridges, rasping spines, erectile barbs and socketed tearing hooks, and credited the ventrally serrated 
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cuticular ridge and robust proboscis for the ability to pierce hard skinned fruit. we illustrate these features on the 
proboscis of E. afrikana in Figs 71: A, 72: A and H.
 Populations of E. afrikana in Sierra Leone (reported as othreis fullonica) appeared to be correlated to rainfall 
with adult activity peaking when fruit availability was highest during the drier months of April and May with an 
outbreak occurring in 1934 (Hargreaves 1936). Hargreaves noted that in Sierra Leone adults focus on cashews and 
mangoes in February through April until citrus becomes attractive 4–5 weeks before maturity. Then, in order of 
preference, sweet lime, mandarin, orange, and grapefruit were attacked with breadfruit and jackfruit also affected. 
Mangoes and tangerines were pierced in Nigeria (Golding 1945). 
 Unlike most Lepidoptera pests, with Eudocima it is the adult rather than the larva that causes economic dam-
age. Calpinae larvae are not agricultural pests as they feed primarily on Menispermaceae (Zaspel 2008) but the 
adult moths are piercers of fruits (Bänziger 1982). Fay (2002) noted that E. phalonia inserts its proboscis in a direct 
straight line penetrating 15 mm into the fruit and may feed at that site for over 30 minutes. Fruit-rotting molds such 
as odium species (Muller 1939), Fusarium species (Bänziger 1982) and bacteria (Hargreaves 1936) invade the pen-
etration site leading to fermentation, dark lesions, and premature fruit fall. The piercing hole causes susceptibility to 
secondary fruit-sucking species (Bänziger 1982). Leaf mimics such as E. afrikana and E. phalonia are difficult to 
see during the daytime but can often be detected feeding on fruit at the periphery of a crop at night with their eyes 
glowing in the flashlight beam.
 Eudocima afrikana is difficult to control with insecticide because the larvae don’t feed on the adult host but are 
widely dispersed in surrounding disturbed areas (Hargreaves 1936). Furthermore, adults spend only a short time 
on fruits and spraying pesticides on fruit at harvest time is dangerous for human consumption. Bats are the main 
predators (Hargreaves 1936) prompting experimentation with solar powered acoustic frequencies to repel the moths 
(Chikkalaki et al. 2018). 

Distribution and dispersal: Eudocima afrikana is distributed throughout much of sub-Saharan Africa including 
Madagascar. Adults are strong fliers (Hargreaves 1936) and may not be restricted to one area, but we are unaware of 
evidence that they migrate outside their permanent range like congeners E. phalonia and E. apta. 

we have examined specimens or photos from Benin, Botswana, Cameroon, the Democratic Republic of the 
Congo, Kenya, Madagascar, Malta, Réunion, South Africa, Tanzania, Toga, Uganda and South Africa. water-
house & Norris (1987) also recorded E. afrikana (reported as E. phalonia) in Angola, Republic of the Congo, 
Côte d’Ivoire, Ghana, Liberia, Malawi, Mozambique, Namibia, Nigeria, Sierra Leone, and Zimbabwe. Additional 
distribution records (reported as E. phalonia) are Eritrea (Berio 1941), Gabon and Guinea (Zilli & Hogenes 2002), 
Malawi and Rwanda (Brou & Zilli 2016), Comoros (Guillermet 2005), Seychelles (Pagenstecher 1907), Somalia 
(Poulton 1916) Principe and São Tomé (Aurivillius 1910) (see De Prins & De Prins 2022 http://www.afromoths.
net/species/show/31586). Eudocima afrikana was not recorded in a study of fruit-sucking and fruit-piercing moths 
in citrus orchards in South Africa (Goddard 2019). 

Eudocima phalonia (Linnaeus, 1763)
(Figs 16:C–F, 21:K–L, 27:M–T, 28:A–B, 32:L, 33:C–D, K–L, 34:D–F, 35:D–F, 36:D–F, 37:B, G, 38:E–G, 39:E–G, 
41:E, 43:E–F, 44:E–G, 45:F, 46:E–G, 47: E–G, 48:D–E, 49:B, 50:D–E, 51:B, 52:D–E, 53:B, 54:D–E, 55:B, 56:E–F, 
57:A, 58:B, F, 59:C–D, 61:C–D, 62:C–D, 63:C-D, 64:C–D, 65:C–D, 66:C–D, 67:A, C, F, 68:D, 69:E–H, 71:B, 72:
B, 87:B–E) 
Diagnosis. Separation of this species from the allopatric E. afrikana, E. euryzona, and E. lequexui, and sympatric E. 
oliveri, is covered in the E. afrikana description.

Eudocima phalonia has also been confused with co-occurring E. homaena and E. cajeta. For example, Gilligan 
& Passoa (2014) is an often-cited reference for screening for E. phalonia; however, their figure 2 of a photo of a 
live E. homaena from India is misidentified as E. phalonia. This same E. homaena photo is used again to represent 
E. phalonia on wikipedia (2021). The third specimen in Gilligan & Passoa (2014) figure 4 is identified as a female 
E. phalonia, but it is actually a male. For E. homaena, only the males are likely to be confused as the females have 
a transverse green forewing band not present in E. phalonia. The males of E. phalonia have a fairly uniformly 
patterned forewing, whereas males of E. homaena have contrasting paler areas distal to the subterminal line and 
between the postmedial and antemedial lines. Also, E. phalonia has a contrasting lighter band on the posterior edge 
of the apical line, which may be greenish in fresh specimens. The male of E. homaena also has an apical line, but 
there is no contrasting lighter band or greenish coloration.
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Males of E. phalonia and E. cajeta are somewhat similar in pattern, but in E. cajeta the apical line is faint if 
discernible, without the contrasting lighter band on the posterior side that occurs in E. phalonia. Also, E. cajeta has a 
more pronounced and pointed tornal hook relative to E. phalonia. For females, E. phalonia consistently has a larger 
whitish mark on the forewing than E. cajeta. Also, in E. phalonia the forewing has a glossier appearance with more 
contrasts relative to E. cajeta, which has a plainer, more granulated forewing.

Pattern of dimorphism in Fiji. In Fiji there are two male phenotypes of E. phalonia, the typical phenotype and a 
phenotype which is darker ventrally, particularly in the apical areas, with a reduced medial patch ventrally (Fig. 21: 
K). Zilli et al. (2017) provided additional differences between these phenotypes, but reported an intermediate phe-
notype from Guadalcanal, and no meaningful differences in genitalia between the two phenotypes. we sequenced 
two of the darker phenotypes from Fiji (DNA sequence vouchers 24816 and 24817) and both have the most common 
COI 5’ haplotype found in typical E. phalonia (Fig. 86). we also dissected a male of one of these specimens (HLK: 
2647) and found the genitalia to be the typical E. phalonia morphotype. Given the lack of differentiation in both 
male genitalia and COI 5’ plus the Zilli et al. (2017) report of an intermediate phenotype, we favor the hypothesis 
that the second Fiji phenotype represents infraspecific variation in E. phalonia.

Life history and bionomics. Most recent Eudocima life history studies have focused on E. phalonia. This species 
is associated with temperate broadleaf and mixed forests, tropical and subtropical grasslands, savannas and shrubs, 
and tropical and subtropical moist broadleaf forests (Davis 2005). This species often exposes its bright hindwings 
while feeding, revealing the medial patch which is useful for separating it from other Eudocima species (Fig. 87: 
B, E). 

In a Sarawak orchard it had a 40-day life cycle from oviposition to adult emergence (Kueh 2012). The larvae 
of E. phalonia use Menispermaceae, but in the eastern part of their range they feed on Erythrina (Fabaceae) (Co-
chereau 1977). The cocoon may stay on the host plant or drop with the leaves (waterhouse & Norris 1987). Bänziger 
(1982) noted that the three Tinospora (Menispermaceae) foodplants preferred in Thailand are most common in more 
open areas where these tenacious vines can endure drought and generate aerial roots. Foodplants thrive in close 
proximity to humans where they even survive on telephone posts and wires. In Palawan (Philippines) E. phalonia 
occurred in disturbed forest but did not come to bait traps in primary forest openings (observation by RJB). RJB also 
didn’t find it in old growth forest in Papua New Guinea (PNG) where it is widely distributed and not considered a 
pest. In PNG much of the forest remains intact and E. phalonia is believed to be regulated by native parasitoids such 
as ooencyrtus sp. (Hymenoptera: Encyrtidae) and Telenomus lucullus Nixon (Hymenoptera: Platygastridae) which 
contributed up to 95% mortality of the eggs (Sands & Liebregts 2005). Bänziger (1982) urged the establishment and 
protection of forest reserves for control of E. phalonia. He attributed the increase in E. phalonia to replacement of 
Tinaspora-poor primary forests with secondary forest habitat conducive to their larval foodplants, and to increased 
cultivation of fruit hosts for the adults. 
 Outbreaks of E. phalonia were reported by Cochereau (1977) in New Caledonia during February and March 
following a rainfall deficit of over 50% during September to December in the previous year. That outbreak caused 
an increase in damage to citrus production from 4% in a normal year to 90% after the drought period (Cochereau 
1973, 1977). Vargas-Fonseca et al. (2020) observe that the 1968–1969 drought in New Caledonia was prompted 
by the El Niño-Southern Oscillation (Benoir & Delcroix 2000) and that these El Niño related droughts likely also 
triggered other outbreaks of fruit-piercing moths. Intense rainfalls after drought periods can enhance vigorous new 
larval food production (Ngampongsai et al. 2005). This young plant tissue with greater nitrogen and reduced defen-
sive compounds (Shure et al. 1998) can be linked to the improved survival rate of young larvae (Leroy et al. 2021; 
Srygley et al. 2010, 2014). 

Distribution and dispersal. This widespread species is found from India to Australia and east to Hawaii. It 
has become established on many isolated island chains in the southern Pacific. In Australia E. phalonia can move 
great distances between breeding sites and fruit orchards (Sands & Schotz 1988). In New Caledonia E. phalonia 
temporarily leaves the wild figs in the mountains to use larger orchard fruit on the plains but returns to mountain 
biotopes after fruits are harvested (Leroy et al. 2021). The ability to migrate allows it to leave the tropics during hot-
ter weather to temporarily colonize temperate regions in eastern Australia (Sands et al. 1991). It was first recorded 
from Hawaii (Oahu) in 1985, and by 1986 it had spread to four other Hawaiian Islands (Kessing & Mau 1993). True 
E. phalonia does not occur in mainland Africa or Madagascar.
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Eudocima euryzona (Hampson, 1926)
(Figs 16: A–B, 21: J, 28: C–L, 32: M, 33: E–F, M–N, 34: G–H, 35: G–H, 36: G, 37: C–D, H–I, 38: H–I, 40: A–B, 
41: F, 42: A, D, 45: B–C, G 46: H, 47: H–I, 49: C, F, 53: C, F, 55: C, F, 57: B, 58: C, G, 92: A, G)
A diagnosis of this Madagascar endemic species is covered in the E. afrikana description. Other Madagascar Eudo-
cima include E. imperator and E. boseae, but in each of those species the hindwing medial patch is fused with the 
marginal band. Eudocima boseae is much smaller and lacks the orange dorsal abdomen. It could also be confused 
with E. lequeuxi but that species is only found on mainland Africa.

Eudocima lequeuxi Brou & Zilli, 2016
(Figs 15: E–F, 21: H, 27: A–D, 32: J, 33: G–H, N–O, 34: I–J, 35: I–J, 36: H, 37: E–F, J–K, 38: J–L, 40: C–D, 42: 
B–C, E–F, 44: H, 45: A, 46: I, 47: J–K, 48: D–E, 51: D–E, 53: D–E, 55: D–E, 57: C–E, 58: D, H, 92: B)
The diagnosis is covered in the E. afrikana description. It is found from east central Africa to South Africa. The only 
other mainland African Eudocima besides E. afrikana are E. divitiosa and E. materna. Eudocima divitiosa has no 
hindwing medial patch, and in E. materna the medial patch is reduced to a round dot.

Eudocima steppingstonia Brou, Klem, Zaspel & Zilli, 2017
(Figs 15: C–D)
The diagnosis is covered in the E. afrikana description. The only specimens are from Fatu Hiva in the Marquesas. It 
can be distinguished from its southeast Pacific relative, E. oliveri, by its paler hindwings and more elongate medial 
patch. 

Eudocima oliveri Zilli & Brou, 2017
(Figs 16: G–H, 28: M)
The diagnosis is covered in the E. afrikana description and under E. steppingstonia (above). All three known speci-
mens were collected on the Vanuatu Archipelago (Zilli et al. 2017).

Eudocima formosa (Griveaud & Viette, 1960)
(Figs 3: G–H, 17: J, 22: P–T, 29: I, 71: F, 72: F, 73–77, 88: C)
This Madagascar endemic is the only species classified as Eudocima that completely lacks a hindwing marginal 
band. The medial patch is reduced to a somewhat round dot, a condition otherwise found only in E. apta and E. 
materna within the Eudocima. The erroneous generic placement is discussed in the Calpinae Phylogeny section 
below. 

[Phalaena [Noctua] felicia] (Stoll, 1790)
(Fig. 28: Q)
This unrecognized phenotype from Suriname was listed as a Eudocima by Poole (1989) and Zaspel & Branham 
(2008). Zilli & Hogenes (2002) noted the pattern was totally unlike any Eudocima species and concluded it does 
not belong in this group. we agree with the latter interpretation and believe this species should be excluded from 
the genus Eudocima.

Ferenta incaya Hampson, 1926
(Figs 7: G–H)
This species is rare in collections and confused with more common species, although there are good wing charac-
ters for diagnosing it. The oblique dorsal hindwing orange band extends to the wing margin in cell CuA2, unlike F. 
cacica and F. stolliana where the black marginal band spans the entire outer margin. This species lacks a contrasting 
light band between the dorsal forewing reniform spot and the postmedial line which is present in the other two spe-
cies. It was described from Peru by a single male, and has also been recorded from Columbia (Fig. 7: G). No recent 
material or COI 5’ sequences were available.

Ferenta cacica (Guenée, 1852b)
(Figs 7: C–D, 90: G)
This species is separated from other Ferenta species by its wider, more ovuloid orange hindwing band. It has a more 



GENETICS OF OPHIDERINI wITH A NEw SPECIES OF EUDoCImA Zootaxa 5148 (1) © 2022 Magnolia Press · 25

southern distribution than other Ferenta. The type locality is Brazil and all specimens and images we have seen are 
from southeastern Brazil, with records extending as far south as Rio Grande do Sul. There are recent photographs, 
but we are not aware of recent specimens and no COI 5’ sequences were available.

Ferenta stolliana (Stoll, 1782)
(Figs 7: E–F, 18: F, 23: I, 28: P, 30: G, 90: E–F, H)
This species differs from F. incaya by the dorsal hindwing orange band not reaching the wing margin, and this band 
is narrower than in F. cacica. Ferenta stolliana was described as having violet tints in the forewings and ebony blue 
hues on the hindwings and was illustrated in Cramer (1782) Fig. 28: P)). It was described from Suriname and ranges 
from Costa Rica south to Ecuador, Peru and Bolivia and east to Suriname near the French Guiana border. 
 The description of Darceta (Ferenta) castula Dognin was based on one female specimen from Venezuela in the 
heart of the F. stolliana distribution range. The description refers to a large orange hindwing spot as in cacica, but 
thinner and less oval (Dognin 1912). This agrees with F. stolliana. The fact that Dognin (1912) compared F. castula 
to F. cacica but not F. stolliana (which also has a thinner, less ovuloid hindwing band), suggests that Dognin was 
unaware of the latter species. He also described castula as having bluish tinted forewings and ebony blue hues on 
the hindwings, which also agrees with F. stolliana. we are unaware of any difference between F. stolliana and F. 
castula, and thus consider F. castula a syn. nov. of F. stolliana.

Tetrisia florigera Walker, 1867
(Figs 6: G–H, 18: G, 30: E, 71: E, 72: E, 91: E)
This species is unique within the Ophiderini as the only species with an oblique reddish pink hindwing patch con-
spicuous against a black background. we include specimen records from Venezuela and French Guiana, and a live 
image from Peru. It has also been recorded from Costa Rica (Schaus 1911b) and Brazil (Felder & Rogenhofer 1874) 
in addition to the type locality, Colombia (walker 1867b). 

In 1867 walker described the genus Tetrisia in two separate publications, one for Hemiptera (walker 1867a) 
and one for Lepidoptera (walker 1867b). The Hemiptera genus name was published nearly four months before 
the Lepidoptera genus. Therefore, a replacement genus name is required for Tetrisia florigera (waldkircher et al. 
2004). 

Graphigona regina (Guenée, 1852b) 
(Figs 6: I, 18: H, 23: L–M, 30: F, 71: D, 72: D, 91: A)
This is the only Neotropical Ophiderini with orange-yellow hindwings lacking a medial patch. As in Tetrisia the 
forewings do not have a tornal hook. Specimens or photos have been examined from Mexico, Belize, Costa Rica, 
Panama, Columbia, Bolivia, French Guiana, and Brazil (Santa Catarina State).

Genetic diagnosis and variation for Ophiderini Species (mtDNA COI 5’ characters)

These species accounts are in the order species appear in the strict consensus tree in Figures 78–86. 

Eudocima procus: This species is diagnosable by the following unique combination of COI 5’ character states: 
4(C), 70(C), 82(C), 85(T), 91(A), 92(C), 127(C), 193(C), 220(T), 241(T), 247(C), 382(T), 385(C), 412(T), 457(C), 
470(C), 477(G), 478(A), 484(T), 499(C), 574(A), 607(C), 616(C), 637(A), and 646(C). A single haplotype was 
obtained from a sample size of six specimens from Peru, Brazil, and Columbia.

Eudocima serpentifera: This species is diagnosable by the following unique combination of COI 5’ character 
states: 31(C), 100(T), 124(C), 139(C), 379(T), 412(T), 508(A), and 580(C). Two haplotypes which differ by five 
base pairs were obtained with a sample size of 12 specimens:
211(A), 220(C), 235(T), 301(T), 506(A) (one specimen from Ecuador);
211(G), 220(T), 235(C), 301(A), 506(G) (10 specimens from Costa Rica and Mexico). 
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Tetrisia florigera: This species is diagnosable by the following unique combination of COI 5’ character states: 
91(A), 92(C), 112(C), 118(C), 142(C), 214(G), 238(C), 284(T), 286(A), 289(C), 304(C), 343(G), 346(T), 373(A), 
379(G), 386(T), 463(C), 506(G), 547(C), 548(C), 553(A). A single haplotype was obtained from two specimens 
from French Guiana and Venezuela.

Eudocima colubra: This species is diagnosable by the following unique combination of COI 5’ character states: 
4(C), 37(G), 52(C), 55(C), 64(C), 206(T), 208(A), 223(C), 226(C), 263(T), 265(A), 266(T), 274(C), 349(C), 361(C), 
376(T), 424(C), 457(C), 478(C), 479(C), 536(C), 571(C), 574(C). Two haplotypes were obtained with a sample size 
of eight specimens due to one variable character: 211(G & A). Seven specimens from Costa Rica have 211(G). The 
remaining specimen, almost certainly erroneously attributed to Zimbabwe, has 211(A).

Eudocima anguina: One sequenced specimen from Costa Rica has the following unique combination of COI 5’ 
character states: 52(C), 91(A), 124(C), 127(T), 142(C), 205(C), 232(C), 235(T), 346(C), 547(A), 548(C), 595(C), 
596(C), 601(C), 616(C), 619(C), 643(A), 646(C). 

Ferenta stolliana: This species is diagnosable by the following unique combination of COI 5’ character states 
among taxa sequenced thus far: 40(A), 46(C), 70(C), 220(T), 247(C), 376(C), 386(T), 542(T), 544(A); however, as 
only one of three species in this genus has been sequenced, some of these characters may be shared by related spe-
cies. Five haplotypes that differ by one to seven characters were obtained with a sample size of 10 specimens from 
Costa Rica due to nine variable characters:
1(T), 5(T), 6(G), 79(A), 200(A), 208(T), 367(T), 401(T), 475(T) (1 specimen);
1(T), 5(T), 6(T), 79(G), 200(G), 208(C), 367(C), 401(C), 475(C) (1 specimen);
1(T), 5(C), 6(T), 79(G), 200(G), 208(C), 367(C), 401(C), 475(C) (1 specimen);
1(T), 5(C), 6(T), 79(G), 200(G), 208(C), 367(T), 401(C), 475(C) (2 specimens);
1(C), 5(C), 6(T), 79(G), 200(G), 208(C), 367(C), 401(C), 475(C) (5 specimens). 

Eudocima collusoria: One sequenced specimen from Trinidad has the following unique combination of COI 5’ 
character states: 1(T), 5(C), 13(C), 34(A), 46(C), 55(A), 67(T), 100(T), 157(C), 223(C), 499(A), 544(A), 547(A), 
556(G), 634(C). 

Eudocima memorans: This species is diagnosable by the following unique combination of COI 5’ character states: 
82(T), 103(C), 263(T), 265(A), 271(A), 287(T), 289(A), 325(C), 470(C), 472(T), 484(C), 490(C), 506(G). Three 
haplotypes that differ by three to five base pairs were obtained from a sample size of five specimens due to five 
variable characters:
157(T), 181(A), 223(T), 400(C), 622(A) (2 specimens from Ecuador and Costa Rica);
157(C), 181(G), 223(C), 400(C), 622(A) (2 specimens from Costa Rica);
157(C), 181(G), 223(C), 400(T), 622(G) (1 specimen from French Guiana).

Graphigona regina species complex: This species or species complex is diagnosable by the following unique 
combination of COI 5’ character states: 49(A), 130(T), 163(A), 208(A), 373(A), 526(A). Two divergent haplotype 
groups were obtained within this clade that differ by 30 COI 5’ base pairs. One haplotype group is represented by 
eleven specimens from Costa Rica, and is diagnosable by the following unique combination of character states: 
10(C), 202(C), 206(T), 220(T), 278(C), 295(C), 340(T), 400(T), 406(C), 442(C), 547(C). within this group there 
are two haplotypes due to one variable base pair: 40(A & T). Only one of the specimens has 40(A). The other hap-
lotype group is represented by 13 specimens from Costa Rica, Mexico, and French Guiana. It is diagnosable by the 
following unique combination of character states: 85(C), 112(C), 136(C), 250(C), 271(T), 274(T), 287(T), 289(A), 
346(T), 367(T), 386(T), 388(G), 397(C), 401(C), 487(C), 500(C), 532(C), 544(C), 628(G). within this haplotype 
group there are five haplotypes that differ by one to eight base pairs due to nine variable characters: 
82(C), 85(C), 202(T), 205(T), 250(T), 304(T), 421(A), 463(T), 550(A) (1 specimen from Costa Rica);
82(C), 85(C), 202(T), 205(T), 250(C), 304(T), 421(A), 463(T), 550(A) (2 specimens from Costa Rica and 2 from 
French Guiana);
82(C), 85(T), 202(C), 205(T), 250(C), 304(C), 421(C), 463(C), 550(A) (1 specimen from Costa Rica);
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82(C), 85(C), 202(C), 205(T), 250(C), 304(T), 421(A), 463(T), 550(G) (1 specimen from Costa Rica);
82(T), 85(C), 202(C), 205(C), 250(C), 304(T), 421(A), 463(T), 550(A) (6 specimens from Costa Rica and 1 from 
Mexico).
while only one Graphigona species is currently recognized (Zaspel 2008) the extent of variation in COI haplotypes 
exceeds that recorded within any other species in the Ophiderini, particularly the 30 base pair difference between 
the two most divergent groups of haplotypes. while divergent haplotypes can exist within a single population with 
mtDNA due to maternal inheritance and historical allopatry, another possibility is that two separate taxa are present. 
Detailed morphological investigation is needed, comparing representatives of at least the two divergent haplotype 
groups to determine if there are morphological differences corresponding to these 30 COI base pair differences.

Eudocima kinabaluensis: One sequenced specimen from Malaysia has the following unique combination of COI 5’ 
character states: 49(C), 121(C), 157(C), 220(T), 238(C), 259(C), 266(T), 286(A), 325(T), 385(C), 407(C), 424(T), 
538(G), 542(T), 544(A), 574(C), 613(C), 631(G).

Eudocima splendida: This species is diagnosable by the following unique combination of COI 5’ character states: 
55(C), 56(C), 58(T), 85(C), 115(C), 178(C), 205(C), 206(T), 208(A), 283(C), 289(A), 292(C), 364(T), 379(T), 
382(T), 391(A), 401(C), 403(C), 412(C), 415(A), 526(C), 547(A), 568(A). Two haplotypes were obtained with a 
sample size of two specimens from Vietnam due to one variable character: 572 (A & T).

Eudocima materna: This species is diagnosable by the following unique combination of COI 5’ character states: 
82(C), 616(C), and 646(C). Three haplotypes that differ by one or two base pairs were obtained with a sample size 
of 14 specimens due to two variable characters:
25(T), 487(T) (two specimens from Australia);
25(T), 487(C) (seven specimens from Australia, one from Tanzania, one from Pakistan, and one almost certainly 
mislabeled “Brazil”);
25(C), 487(C) (two specimens from India).

Eudocima apta: This species is diagnosable by the following unique combination of COI 5’ character states: 220(T) 
and 337(A). Seven haplotypes that differ by one or two base pairs were obtained with a sample size of 17 specimens 
due to four variable characters: 
142(C), 208(T), 557(C), 637(C) (eight specimens from Costa Rica, 1 from FL (USA), 1 from AZ (USA));
142(T), 208(T), 557(C), 637(C) (one specimen from Costa Rica and one from Brazil);
142(C), 208(T), 557(T), 637(C) (one specimen from Costa Rica);
142(T), 208(T), 557(T), 637(C) (one specimen from Costa Rica);
142(C), 208(T), 557(C), 637(T) (one specimen from Costa Rica);
142(C), 208(C), 557(C), 637(C) (one specimen from Costa Rica);
142(C), 208(T), 557(C), 637(A) (one specimen from Ecuador).

Eudocima iridescens: This species is diagnosable by the following unique combination of COI 5’ character states: 
52(C), 56(C), 133(C), 139(C), 178(C), 265(C), 428(C), 616(C), 634(C), and 646(C). Four haplotypes that vary by 
one to three base pairs were recorded with a sample size of six specimens due to four variable characters: 
79(A), 88(A), 364(A), 628(A) (one specimen from Indonesia);
79(G), 88(G), 364(G), 628(A) (one specimen from Australia);
79(A), 88(G), 364(A), 628(G) (one specimen from Australia); 
79(A), 88(G), 364(A), 628(A) (three specimens from Australia).

Eudocima caesar: This species is diagnosable by the following unique combination of COI 5’ character states: 
181(G), 268(C), 628(T). Two haplotypes were obtained from a sample size of three specimens due to one variable 
character: 190 (A & G).

Eudocima homaena: A single homoplastic character supports the species clade node: 200(G). However, this spe-
cies is diagnosable by a unique combination of COI 5’ character states if this character is combined with the fixed 
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character states supporting the caesar + homaena clade: 49(A), 202(C), 427(C), 502(G), 643(A). All seven se-
quenced specimens have a difference haplotype, and these haplotypes differ by one to seven base pairs due to ten 
variable characters: 
40(T), 235(C), 340(T), 412(T), 490(C), 500(T), 589(T), 601(T), 616(T), 628(A) (Malaysia);
40(T), 235(C), 340(T), 412(T), 490(C), 500(T), 589(T), 601(T), 616(T), 628(G) (Sumba Island);
40(T), 235(T), 340(C), 412(C), 490(C), 500(T), 589(C), 601(T), 616(T), 628(G) (Philippines);
40(T), 235(T), 340(C), 412(C), 490(T), 500(C), 589(C), 601(T), 616(C), 628(G) (Vietnam);
40(T), 235(T), 340(C), 412(C), 490(C), 500(C), 589(C), 601(T), 616(C), 628(G) (India);
40(C), 235(T), 340(C), 412(C), 490(C), 500(T), 589(C), 601(T), 616(C), 628(G) (Vietnam);
40(C), 235(T), 340(C), 412(C), 490(C), 500(T), 589(C), 601(C), 616(C), 628(G) (Malaysia).

Eudocima boseae: This species is diagnosable by the following unique combination of COI 5’ character states: 
55(A), 92(C), 100(C), 208(A), 287(T), 289(A), 355(C), 397(C), 421(T), 529(T), 547(A), 616(C). One haplotype 
was obtained with a sample size of three specimens from Madagascar.

Eudocima imperator: This species is diagnosable by the following unique combination of COI 5’ character states: 
59(C), 127(C), 205(C), 475(C), 574(C), 586(C), 634(C). Three specimens sequenced from Madagascar each have 
different haplotypes that differ by one to three base pairs due to three variable characters:
28(A), 607(T), 628(A);
28(G), 607(C), 628(G);
28(A), 607(T), 628(G).

Eudocima divitiosa: This species is diagnosable by the following unique combination of COI 5’ character states: 
202(C), 259(C), 274(C), 328(G), 340(T), 386(C), 401(C), 418(C), 469(G), 505(C), 536(C), 607(C), 637(C), 646(C). 
All three sequenced specimens have different haplotypes that differ by five or six base pairs due to eight variable 
characters:
46(T), 97(T), 235(C), 238(T), 376(T), 478(C), 577(A), 625(A) (Togo);
46(C), 97(T), 235(T), 238(T), 376(T), 478(T), 577(G), 625(G) (Cameroon);
46(T), 97(C), 235(T), 238(C), 376(C), 478(T), 577(A), 625(A) (Gabon).

Eudocima dividens: This species is diagnosable by the following unique combination of COI 5’ character states: 
127(C), 136(C), 220(T), 268(C), 349(C), 400(T), 500(C), 508(C), 526(C), 547(C), 613(C), 625(A). Two specimens 
sequenced from the Philippines have different haplotypes that vary by three base pairs:
73(G), 238(T), 382(A);
73(A), 238(C), 382(G).

Eudocima nigricilia: One sequenced specimen from Papua New Guinea has the following unique combination of 
COI 5’ character states: 92(C), 142(C), 205(C), 220(A), 289(C), 328(T), 355(A), 385(C), 403(T), 541(A).

Eudocima salaminia: This species is diagnosable by the following unique combination of COI 5’ character states: 
82(C), 208(A), 259(T), 265(C), 406(C), 533(C), 544(A), 634(C). Nine sequenced specimens from Australia, Indo-
nesia, China, Japan, and Myanmar have five haplotypes which vary by one to five base pairs due to six variable 
characters. A tenth sequence from GenBank (MK934830) contains four character states otherwise not recorded in 
the Calpinae: 9(T), 13(A), 14(T), and 125(A). we suspect there are errors in this sequence. The other five haplotypes 
are:
1(G), 235(T), 401(C), 542(C), 619(A), 640(T) (one specimen from Australia);
1(A), 235(T), 401(C), 542(C), 619(A), 640(T) (5 specimens: Australia (3), Indonesia (1), Japan (1));
1(A), 235(T), 401(C), 542(C), 619(A), 640(C) (one specimen from China);
1(A), 235(T), 401(T), 542(C), 619(A), 640(T) (one specimen from Australia);
1(A), 235(C), 401(C), 542(T), 619(G), 640(C) (one specimen from Myanmar).
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Eudocima discrepans complex: This species complex is diagnosable by the following unique combination of COI 
5’ character states: 52(C), 205(A), 301(T), 370(T). The two morphotypes discussed above differ by 19 base pairs. 
Typical E. discrepans is diagnosable by the following unique combination of COI 5’ character states: 76(G), 154(C), 
238(C), 277(C), 289(A), 292(C), 302(G), 367(C), 368(G), 403(C), 470(C), 487(C), 544(C), 619(T), 625(A). Single 
sequenced specimens from Vietnam and China have the same haplotype. The second morphotype with no locality 
data has the following unique combination of COI 5’ character states: 133(C), 202(C), 220(T), 364(C).

Eudocima muscigera: This species is diagnosable by the following unique combination of COI 5’ character states: 
46(C), 49(A), 85(G), 115(C), 187(C), 200(A), 376(C), 382(G), 500(C), 547(C). Two haplotypes were obtained from 
three sequenced specimens that differ by three base pairs:
268(C), 386(C), 628(A) (one specimen from waigeo Island);
268(A), 386(T), 628(G) (one specimen from Papua New Guinea and one from waigeo Island). 

Eudocima kuehni: This species is diagnosable by the following unique combination of COI 5’ character states: 
32(A), 34(A), 46(C), 49(A), 52(C), 100(C), 169(C), 197(C), 200(A), 232(C), 259(T), 373(C), 445(C), 547(C), 
548(C), 550(C), 577(G), 586(T), 604(T), 652(C). Two sequenced specimens from Indonesia have two haplotypes 
that differ by five base pairs:
19(T), 268(C), 427(C), 463(T), 553(T);
19(C), 268(T), 427(T), 463(C), 553(C). 

Eudocima cocalus, Eudocima hypermnestra: These two phenotypes overlap in COI 5’ haplotypes. The combina-
tion of both can be diagnosed by the following unique combination of COI 5’ character states: 127(C), 187(C), 
217(A), 265(C), 368(G), 376(C), 382(T), 400(A), 406(C), 641(T), 643(A), 646(C). Two sequenced specimens of 
the hypermnestra phenotype from Tibet and Vietnam have the same haplotype, and share this haplotype with three 
specimens of the cocalus phenotype from Australia. The cocalus phenotype has two additional haplotypes that vary 
by one base pair. An Australian specimen has 460 (C instead of T). Two Indonesian specimens have 85 (G instead 
of A).

Eudocima jordani: This species is diagnosable by the following unique combination of COI 5’ character states: 
313(C), 337(C), 401(C), 436(C), 487(C), 500(C), 556(C), 616(C). Two haplotypes that differ by one base pair were 
recorded among five sequenced specimens from Australia and Papua New Guinea. One of the Australia specimens 
has 390(T), the other specimens have 390(C).

Eudocima srivijayana, Eudocima cajeta: Since related E. talboti has not been sequenced, the genetic assessment 
for this group is incomplete and some of the characters will likely be shared by this taxon. Furthermore, since no 
specimens have been dissected, identifications are tentative and hypothesized based on geographic distribution. 
However, the two divergent haplotypes obtained (separated by 14 base pairs) are sympatric at Bach Ma Mountain 
in Vietnam. Thus far, the species group is diagnosable by the following unique combination of COI 5’ character 
states: 197(C), 205(C), 212(C), 232(C), 397(C), 400(T), 589(C), 628(T). The haplotype attributed to srivijayana 
has the following unique combination of character states: 85(G), 91(G), 157(C), 247(C), 265(C), 427(C), 463(C). 
Two sequenced specimens from Vietnam and Indonesia have the same haplotype. The haplotype attributed to cajeta 
has the following unique combination of character states: 70(C), 235(T), 355(C), 364(C), 368(G), 457(C), 544(C). 
Three sequenced specimens have two haplotypes that differ by three base pairs:
595(C), 631(G), 643(C) (Vietnam);
595(T), 631(A), 643(T) (Tibet & China).

Eudocima prolai: This species is diagnosable by the following unique combination of COI 5’ character states: 
31(T), 40(G), 82(C), 127(A), 145(C), 208(A), 220(T), 226(C), 265(C), 304(C), 313(C), 550(G), 574(G), 628(G), 
634(C). Two sequenced specimens from Papua New Guinea have the same haplotype.

Eudocima bathyglypta: This species is diagnosable by the following unique combination of COI 5’ character states: 
46(C), 268(C), 274(C), 301(T), 325(C), 500(C), 505(C), 562(G), 604(T), 616(C), 619(A). Three sequenced speci-
mens from Sumatra and west Java have the same haplotype. 
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Eudocima mionopastea: One sequenced specimen from Malaysia has the following unique combination of COI 5’ 
character states: 157(C), 238(A), 421(T), 592(T).

Eudocima sikhimensis: One sequenced specimen from Myanmar has the following unique combination of COI 5’ 
character states: 52(T), 205(C), 364(C), 401(C), 477(G), 637(C).

Eudocima mazzeii: This species is diagnosable by the following unique combination of COI 5’ character states: 
28(G), 31(G), 70(C), 163(G), 397(C), 445(C), 479(A), 616(C), 646(C). Three sequenced specimens from the Philip-
pines have the same haplotype. 

Eudocima okurai: This species is diagnosable by the following unique combination of COI 5’ character states: 
208(A), 220(T), 268(A), 391(C), 397(C), 553(C), 574(C), 658(C). Two sequenced specimens from Myanmar and 
Malaysia have the same haplotype.

Eudocima tyrannus: This species is diagnosable by the following unique combination of COI 5’ character states: 
46(C), 70(C), 193(C), 223(C), 340(T), 424(T), 505(C), 562(G), 613(C). All eight sequenced specimens have the 
same haplotype. 

Eudocima aurantia: This species is diagnosable by the following unique combination of COI 5’ character states: 
106(C), 142(C), 197(C), 284(T), 287(T), 289(A), 302(G), 364(A), 373(A), 539(T), 541(A), 542(T), 544(A), 553(A), 
574(C), 634(C). Three specimens sequenced from Australia and Sumatra each have different haplotypes that differ 
by one to four base pairs due to four variable characters:
130(A), 238(T), 463(C), 553(A) (Australia);
130(G), 238(C), 463(T), 553(A) (Australia);
130(G), 238(C), 463(T), 553(G) (Sumatra).

Eudocima martini: This species is diagnosable by the following unique combination of COI 5’ character states: 
50(T), 52(A), 82(C), 97(C), 121(C), 124(C), 163(T), 232(C), 235(T), 250(C), 271(A), 274(C), 337(G), 427(C), 
550(G), 625(A), 643(C). Three sequenced specimens from the Solomon Islands have two haplotypes due to one 
variable base pair: 202 (A & G).

Eudocima paulii: One sequenced specimen from Fiji has the following unique combination of COI 5’ character 
states: 46(A), 49(T), 142(C), 169(C), 212(C), 268(A), 283(C), 508(C), 589(C), 625(A), 641(T). 

Eudocima steppingstonia: The possible sister taxon, E. oliveri, has not been sequenced so some of the characters 
on the E. steppingstonia node may be shared with this taxon. One sequenced specimen from French Polynesia has 
the following unique combination of COI 5’ character states: 10(C), 25(A), 37(G), 52(T), 115(C), 121(C), 205(C), 
265(C), 364(C), 397(C), 427(C), 436(C), 500(C), 514(C), 568(C), 571(C), 625(C). 

Eudocima lequeuxi: This species is diagnosable by the following unique combination of COI 5’ character states: 
52(T), 127(T), 289(C), 346(C), 355(C), 475(C), 532(C), 544(C), 613(C), 634(C), 646(C). Three sequenced speci-
mens have two haplotypes due to one variable base pair. One specimen from South Africa has 313(C), and single 
specimens from South Africa and Tanzania have 313(T).

Eudocima afrikana: This species is diagnosable by the following unique combination of COI 5’ character states: 
46(C), 154(T), 313(C or T). while only three COI 5’ character states support the node of the E. afrikana clade, there 
are 13 fixed COI 5’ character state differences between E. afrikana and its sister taxon E. lequeuxi, 21 between E. 
afrikana and E. phalonia, and 24 between E. afrikana and E. euryzona (Fig. 86). 
Nine sequenced specimens have seven haplotypes that vary from one to ten base pairs due to twelve variable char-
acters. These haplotypes are shown in Table 1. Four haplotypes are in a subclade unique to Madagascar (Fig. 86). 
while material from Madagascar and mainland Africa represents the same morphospecies (two males from Mada-
gascar have no consistent morphological differences from two males from continental Africa), we found no overlap 
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in COI 5’ haplotypes between Madagascar and Continental Africa. This suggests the population(s) in Madagascar 
may be isolated from population(s) in mainland Africa, although no morphological divergence has occurred.

Eudocima euryzona: This species is diagnosable by the following unique combination of COI 5’ character states: 
127(A), 148(G), 206(T), 208(A), 364(C), 373(A), 400(T), 439(C), 517(A), 613(C), 625(G), 634(C), 641(T). All four 
sequenced specimens have different haplotypes that differ by two to six base pairs due to six variable characters:
40(G), 148(G), 364(T), 400(C), 433(A), 625(G);
40(G), 148(G), 364(C), 400(T), 433(A), 625(G);
40(A), 148(A), 364(C), 400(T), 433(G), 625(A);
40(A), 148(G), 364(C), 400(T), 433(A), 625(G).

Eudocima phalonia: This species is diagnosable by the following unique combination of COI 5’ character states: 
265(C), 376(A), 391(C), 479(C), 500(C), 532(C), 574(T), 607(C), 610(T), 652(C). Nine haplotypes were recorded 
among 26 sequenced specimens that differ from one to six base pairs due to ten variable characters. These haplo-
types are shown in Table 2. Despite the widespread distribution on many different isolated land masses, no geo-
graphic subclades were obtained from COI 5’ data.

Overview of Calpinae phylogeny

Previous studies. Zaspel (2008) analyzed 66 morphological characters for 59 species in the Calpinae genera 
Hemiceratoides, Graphigona, Eudocima, Plusiodonta, Gonodonta, oraesia, and Calyptra. The strict consensus of 
most parsimonious trees recovered all genera as monophyletic. The generic arrangement from most basal to most 
derived, was Hemiceratoides, Graphigona+Eudocima, Plusiodonta, Gonodonta, and oraesia + Calyptra. Zaspel 
(2008) also analyzed a subset of 34 of the species for the same morphological characters in addition to segments 
of the COI and 28S genes. This changed the generic results substantially, as Gonodonta, oraesia, and Calyptra 
were not recovered as monophyletic with either parsimony or Bayesian analyses, and no genera were recovered as 
monophyletic with Bayesian analysis. 

Zahiri et al. (2011) analyzed 152 Lepidoptera species (primarily Noctuoidea) with one mitochondrial and seven 
nuclear genes. This analysis yielded a Calpinae clade with single representatives of seven genera in the following 
arrangement: (Eudocima, (minioides + Phyllodes)) sister to (((Plusiodonta + oraesia), Calyptra), Gonodonta). 
Anomis and Scoliopteryx were included in the analysis but not supported as members of the Calpinae clade. 

Zahiri et al. (2012) analyzed the same genes for 237 taxa. In this analysis two Eudocima species came out sister 
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to Hemiceratoides sittaca, and this clade came out sister to the Gonodonta clade with the same four genera and 
topology as the first study. These two clades came out sister to a clade with Phyllodes and minioides. 

Zaspel et al. (2012) analyzed one mitochondrial, one ribosomal, and seven nuclear genes for 28 species of 
Calpinae. The arrangement of genera in the Gonodonta clade matched Zahiri et al. (2011); however, the Eudocima 
+ Hemiceratoides clade came out sister to the minioides + Phyllodes clade. 

Kawahara et al. (2019) analyzed 186 Lepidoptera species with 2098 protein coding genes. Their analysis recov-
ered a clade for the two representatives of Calpinae included in their analysis (Eudocima salaminia and Phyllodes 
eyndhovii) sister to an Arctiinae clade (five representatives). The Calpinae + Arctiinae clade came out sister to a 
Lymantriinae clade (two representatives). One representative of Calpinae has the complete mitochondrial genome 
available, a specimen of Eudocima phalonia from India (Sivasankaran et al. 2017). 
 Calpinae currently consists of the tribes Calpini (including Gonodonta, Calyptra, Plusiodonta, and oraesia), 
Ophiderini (including Eudocima, Graphigona, and possibly Hemiceratoides) and Phyllodini (including minioides 
and Phyllodes) (Zaspel et al. 2012). miniophyllodes, Lobophyllodes, Tetrisia, and Ferenta have not been included in 
previous phylogenetic studies. In her study of calpine moths Zaspel (2008) stated there was little structural variation 
of proboscides within a genus and reported that the proboscides of species in the genera Ferenta, Graphigona, and 
Tetrisia are identical to Eudocima. The genus Wolframmeyia Behounek, Hacker, & Speidel has been synonymized 
with Calyptra (Snyder et al. 2020).
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 Cladistic Analysis. Cladistic analysis of COI 5’ sequences recovered the following genera as monophyletic and 
separate from all other genera: Hemiceratoides (up to three species) (Fig. 78), Plusiodonta (12 species) (Fig. 79), 
Gonodonta (up to 24 species) (Fig. 80), Xylophylla (one species) (Fig. 80), Huebnerius (one species) (Fig. 80), Glo-
riana (one species) (Fig. 80), and miniophyllodes (two species) (Fig. 81). Calyptra (up to nine species) (Fig. 79) and 
Phyllodes (six or seven species) (Fig. 81) were recovered as monophyletic on some but not all most parsimonious 
trees. Lobophyllodes (one species) is embedded within an otherwise monophyletic miniodes (three species) (Fig. 
81). oraesia (ten species) forms five stable clades in a polytomy on the strict consensus tree (Fig. 78). 
 Eudocima is largely supported as monophyletic group (Figs 82–86), with the exception of E. formosa, which 
weakly groups with Huebnerius, Gloriana, and Xylophylla (Fig. 80). Otherwise, the Eudocima form a clade with 
three subclades: (1) Eudocima procus (Fig. 82); (2) all other sequenced Neotropical Eudocima species (four species) 
except for E. apta with the Neotropical genera Ferenta (one species), Tetrisia (one species), and Graphigona (up to 
two species) embedded within this clade (Fig. 82), and (3) all sequenced Old world Eudocima species (35 species) 
plus Eudocima apta (supported as the sister taxon to Old world E. materna with both morphology and COI) (Figs 
83–86). while we have not investigated if structural morphology could provide synapomorphies in support of these 
clades, it seems unlikely to be a coincidence that all the sequenced Old world species are in one clade, and another 
clade contains exclusively New world species. As previously discussed, many Eudocima species groups proposed 
on the basis of morphology are independently supported as monophyletic with the cladistic analysis of COI 5’ se-
quences (Figs 82–86). 
 As is typical of COI 5’, many relationships above the genus level are unsupported. Relationships among the 
following clades were unresolved (Fig. 78): Plusiodonta, Calyptra, Gonodonta, (Xylophylla+E. formosa+Huebner
ius+Gloriana), (miniophyllodes+minioides (including Lobophyllodes)), Phyllodes, Eudocima (including Ferenta, 
Tetrisia, and Graphigona), and all five clades of oraesia (Figure 78). Even with extensive taxon sampling COI 5’ 
is inadequate to resolve these relationships. 
 we would not propose any generic level changes solely based on analysis of COI 5’ sequences. However, there 
is substantial congruence between the COI 5’ MPTs and morphology-based classification at and below the generic 
level. Thus, the inconsistencies highlight possible errors in the existing classification that merit further investigation 
with other sources of data.
 Generic Placement of Eudocima Formosa. Cladistic analysis of COI 5’ sequences places E. formosa outside 
the clade with all other Eudocima (Figs 82–86), and weakly places it embedded within a clade of Xylophylla, 
Huebnerius, and Gloriana (Fig. 80: C). Zilli & Hogenes (2002) had previously suggested this species was probably 
misplaced in the genus Eudocima. we dissected/imaged the male and female genitalia (Figs 73–76) and compared 
the structures with images of other Eudocima genitalia in the literature. In addition to the five Eudocima species 
we dissected, we examined images in the literature for males of an additional 26 species, including: E. mazzeii, E. 
sikhimensis, E. behouneki, E. bathyglypta, E. prolai, E. okurai, E. tyrannus, E. treadawayi, E. cocalus, E apta and 
E. materna from Zilli & Hogenes (2002); E. oliveri, E. steppingstonia, E. talboti, E. paulii, E. cajeta and E. srivi-
jayana from Zilli et al. (2017); E. salaminia, E. dividens, E. discrepans, E. aurantia, E. homaena, E. smaragdipicta, 
E. kinabaluensis, and E. miniopastea from Holloway (2005); and E. splendida from Yoshimoto (1999).
 In all Eudocima genitalic images where we were able to discern the juxta , it is distinctly bifid with paired posterior 
processes. However, E. formosa has a simple juxta, with the posterior side convex with no processes (Figs 73: C, H).
 The Eudocima images with everted vesicas vary greatly in quality, but all show a simple vesica. The better im-
ages show a base and two diverticula with few if any subdiverticula, recognizable as homologous to the diverticula 
labeled in Figs 48–55 for the E. afrikana group. Diverticulum 1 contains the sclerotized plate with deciduous spines, 
and diverticulum 2 is distal to it. Eudocima formosa appears to have the two homologous diverticulita present in 
Eudocima, but diverticulum 2 is complexly expanded into many subdiverticula (Figs 75: A–D).
 Holloway (2005) reported that the anterior apophyses were often small, and may be vestigial or lost in Eudoci-
ma. These apophyses are often undetectable in literature images, perhaps because they can be largely unpigmented, 
as is the case for E. afrikana and E. phalonia (Fig. 66). In those figures where we can see the anterior apophyses they 
are always short, comparable in proportionate length to E. afrikana and E. phalonia. E. formosa has long, pigmented 
anterior apophyses (Figs 76: B–C), unlike anything we have seen in Eudocima.

Holloway (2005) reported that males of Eudocima have the eighth segment as the framed corematous type. we 
show examples of this for E. afrikana, E. phalonia, E. euryzona, and E. lequeuxi (Figs 56–57). However, E. formosa 
has no trace of a coremata on the eighth segment (Fig. 75: H).
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we compared Automontage images of the proboscis for E. formosa (Fig. 72: F) with E. afrikana (Figs 72: A, H), 
E. phalonia (Fig. 72: B), and E. serpentifera (Fig. 72: C), as well as Graphigona (Fig. 72: D) and Tetrisia (Fig. 72: 
E) which cladistic analysis of COI 5’ sequences place within the Eudocima. Like the other Eudocima examined, E. 
formosa has tearing hooks and rasping spines (Fig. 72:F). Zaspel (2008) reported that the proboscis of Eudocima has 
ventral serrations; however, with our images we were unable to reliably distinguish between ventral serrations and 
tearing hooks, as the shape and degree of sclerotization around these structures appears to vary continuously among 
our images; in any event, E. formosa is comparable to other Eudocima for these hooks and serrations. However, 
it lacks glossy sclerotization present at the apex of the proboscis in E. afrikana, E. phalonia, E. serpentifera, and 
Graphigona regina. It also has sclerotized scales subapically, somewhat similar to those observed in oporophylla 
(Fig. 72: G), although the exact shape differs. However, in oporophylla the tearing hooks are absent and the scales 
extend to the apex. Nothing comparable to these scales is present in the other aforementioned taxa we examined. 

The shape of the inner forewing margin includes a broad, barely protruding anal flap and no trace of a tornal 
hook. This condition is comparable to Xylophylla, Huebnerius, Gloriana, Phyllodes, minioides, and miniophyllodes 
rather than Eudocima. 

In summary, results of our morphological investigation are consistent with the COI 5’ hypothesis that E. for-
mosa is incorrectly classified within the Eudocima. while it seems clear formosa is not really a Eudocima, its phylo-
genetic placement within the Calpinae is unknown; the placement of E. formosa sister to Huebnerius + Gloriana on 
the MPTs has only minimal support (Fig. 80: C). A comparative morphological study is needed between E. formosa, 
Huebnerius, Gloriana, Xylophylla, and other genera of Calpinae, including the other aforementioned Phyllodini 
genera with similar wing shapes. 
 Ferenta, Graphigona, and Tetrisia. Cladistic analysis of COI 5’ sequences places Ferenta, Graphigona, and 
Tetrisia embedded within a clade of four Neotropical Eudocima. Ferenta and Tetrisia were not included in previ-
ous phylogenetic analyses. However, the placement of Graphigona differs between Zaspel’s (2008) morphological 
analysis and the present COI 5’ analysis. In the former it is sister taxon to a monophyletic Eudocima (12 species rep-
resented), rather than embedded within Eudocima. when we reanalyzed the Zaspel (2008) matrix in TNT, we found 
support for the Eudocima clade exclusive of Graphigona is minimal (Bremer support=1, bootstrap=unsupported). 
Zaspel’s (2008) Eudocima clade was supported by one character state that was coded to occur in all included Eudo-
cima but not coded to occur in Graphigona: tearing hooks with basiconic sensilla present on the proboscis. How-
ever, Zaspel (2008) also reported that the proboscis of species in Tetrisia, Graphigona, and Ferenta are virtually 
identical to species of Eudocima.
 we compared Automontage images of the proboscis for E. afrikana, E. phalonia, E. serpentifera, Graphigona 
regina, and Tetrisia florigera (Figs 71–72). we were unable to detect the basiconic sensilla for any of these taxa on 
either our Automontage images or under a dissecting microscope. However, tearing hooks/ventral serrations and 
rasping spines are present on all of these taxa. Zaspel (2008) did not provide a SEM image for Graphigona, but 
reported it was examined under a light microscope.
 Our Automontage images reveal a character that was not clear on Zaspel’s (2008) SEM images, smooth, glossy 
sclerotization at the apex in E. afrikana, E. phalonia, E. serpentifera, and G. regina (Figs 72: A–D, H). This smooth 
sclerotization is not present in T. florigera, however the homologous part of the proboscis is more darkly pigmented 
(Fig. 72: E), and as in the other taxa the apex lacks the ribbing present on the remainder of the proboscis. Eudocima 
seprentifera has a unique feature among these taxa: the absence of an unsclerotized ovoid pit around some of the 
tearing hooks. Eudocima serpentifera does have pits around some of the tearing hooks, but the glossy sclerotization 
extends into these pits and is contiguous with the tearing hooks (Fig. 72: C).
 Our comparison of the proboscides among these taxa revealed nothing that would exclude Graphigona from 
the Eudocima, and all the character states we can see are the same for G. regina, E. afrikana, and E. phalonia. The 
hypothesis that Graphigona lacks basiconic sensilla present in Eudocima should be evaluated with a SEM, as we 
are unclear whether it is possible to do so accurately without one.
 A comparative study of the genitalia between Graphigona, Ferenta, Tetrisia, and Eudocima could provide valu-
able insight into whether these other three genera actually belong within Eudocima. Questions of particular interest 
include: does the juxta have paired posterior processes? Is the vesica simple with a base and two diverticula? Are 
the anterior apophyses short and partially translucent? and Does male abdominal segment 8 have coremata? (see the 
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above discussion of E. formosa on the potential significance of these characters to Eudocima). A detailed study of 
the morphology of the Neotropical Eudocima may also reveal species group characters that could be checked for in 
the other genera.
 
Phyllodes imperialis complex: Sands (2012) recognized four taxa within the Phyllodes imperialis complex (ranked 
as subspecies of imperialis): imperialis Druce, meyricki Olliff, smithersi Sands, and dealbata Holloway. He consid-
ered papuana Hampson to be synonymous with meyricki. The type localities associated with these names are: 

imperialis, TL=Solomon Islands, “Guadalcanar” [misspelling of Guadalcanal?] Island, Aola (Poole 1989); 
meyricki, TL=Australia, Queensland, Mt Bellenden (Sands 2012); 
papuana, TL=Papua New Guinea, Aroa R. (Poole 1989); 
smithersi, Australia, Queensland, Mary Cairncross Park (Sands 2012); 
dealbata, TL=New Caledonia (Poole 1989). 

Some characters proposed to separate these taxa are characters we found not to be helpful in Eudocima. For 
example, for smithersi and meyricki (both with type localities on the eastern Australian coast) smithersi was reported 
to have denser and proportionally smaller apical cornuti than meyricki (Sands 2012). In E. phalonia and E. afrikana 
these cornuti are deciduous, and thus the density of apical cornuti and size of those present is extremely variable 
within species and of no diagnostic value.

we analyzed six sequences for the P. imperialis complex and recovered two clades separated by 12 COI 5’ base 
pairs (Fig. 81). One clade is represented by one specimen from the highlands of Papua New Guinea, and has the 
following combination of character states: 166(G), 202(C), 265(C), 433(G), 634(C), and 641(C). The other clade 
includes two specimens from Misool Island (Indonesia) two from the northeastern coast of Queensland (Austra-
lia), and one of an unknown locality. This clade has the following combination of character states: 76(G), 178(C), 
286(C), 484(C), 637(C) and 640(1). Two haplotypes separated by one base pair occur within this clade due to one 
variable position: 542 (C & T).

The distribution of sequenced specimens relative to the type localities for the available names is mapped in Fig. 
97, created with Google Earth Pro in July 2021. No material was sequenced from the Solomon Islands, New Cale-
donia, or the southeastern coast of Queensland, so the type localities associated with three of the available names 
(imperialis, dealbata, and smithersi) have not been sampled. Since imperialis is the oldest name in the complex, 
and the type locality of the Solomon Islands has not been sampled, we provisionally identify the sequenced material 
as Phyllodes imperialis complex. Also, since one of the COI 5’ clades is represented by a single specimen, there is 
insufficient material to evaluate if the two clades correspond to separate morphologically diagnosable entities.

 The sequenced specimens from the northeastern coast of Queensland are close to the type locality of mey-
ricki (Fig. 97). Sands (2012) considered the distribution of meyricki to include the Island of New Guinea, yet our 
sequenced specimen from Papua New Guinea represents a divergent haplotype from sequenced specimens near the 
type locality of meyricki. The type locality of papuana is a coastal lowland site, whereas the divergent haplotype 
is from a mountainous area. The Misool Island material that matches northeastern coastal Queensland is also from 
coastal lowlands. Therefore, if the divergent haplotype turns out to be a separate taxon, it might represent an un-
named taxon rather than papuana. Additional research is needed to resolve relationships and taxa within the P. im-
perialis complex. Sequences are needed for the type localities, and a larger series of the second divergent haplotype 
recorded thus far is needed for morphological evaluation.

Hemiceratoides divergent haplotypes: The COI 5’ MPTs include three divergent haplotypes for the genus Hemicer-
atoides. One sequence is from a specimen we did not examine, mined from GenBank and identified as H. sittaca. 
According to the BOLD taxonomy browser it is from west-Central Africa as is the type of H. sittaca. Our sequenced 
specimen from Madagascar (Fig. 16: I) represents the second haplotype. Madagascar is the type locality for H. hi-
eroglyphica and H. vadoni; the latter is considered a synonym of hieroglyphica on Afromoths (De Prins & De Prins 
2022). Our sequenced Hemiceratoides specimens from Uganda (Figs 16: J–K) represent the third haplotype.
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Fruit-Feeding Behavior

Much effort has been devoted to assessing fruit-piercing capability and its development within the Calpinae. Exam-
ples of fruit-feeding behavior are provided in Figures (87–96), with details provided in Table 4. 

The ability to pierce fruit can be viewed on a continuum from secondary piercers to primary piercers. Second-
ary piercers opportunistically access pulp through openings made available by primary piercers, other animals or 
insects, weather, or disease. Primary piercers penetrate soft, thick and even hard-skinned fruits (Bänziger 1982). He 
lists three species of Plusiodonta, three oraesia, three Eudocima and two Phyllodes as fruit-piercers in Thailand, 
and stated that the four Calyptra species there were at least in part fruit-piercing. 

Speidel et al. (1996) reported deep morphological differences between piercers and non-piercers, based on 
SEM studies of the proboscis. They found the fruit sucking genera Catocala and Erebus are basically similar in 
proboscis ultrastructure, with no special structures for piercing, whereas Calpini fruit piercers have the distal part of 
the proboscis covered with sclerotized cuticular hooks. These sclerotized cuticular hooks are clearly present for all 
Calpini taxa shown on Figure 72 with the exception of oporophylla.

Zaspel et al. (2012) postulated that the ancestral feeding behavior for the leaf-mimicking clade Phyllodini + 
Ophiderini is the primary piercing of soft-skinned fruit and secondary piercing of other fruits, and the derived condi-
tion present in the Ophiderini (exclusive of Hemiceratoides) is piercing of hard- skinned fruits. Species in the Phyl-
lodini clade exhibit the postulated ancestral condition (Zaspel et al. 2012). Calpini includes Gonodonta, Plusiodonta 
and oraesia which are primary thick-skinned fruit piercers, and Calyptra which can feed on the blood of mammals 
as well as pierce thick-skinned fruit (Zaspel et al. 2012). 

we have regularly observed Plusiodonta compressipalpis and Calyptra canadensis feeding on mashed rotten 
bananas and sugar applied to tree trunks and leaves (Figs 96: B and D, respectively), but we have not observed them 
piercing fruit (including soft-skinned wild grapes that occur in their habitats). Likewise, thousands of observations 
of these species on iNaturalist did not include possible examples of fruit-piercing behavior. These observations 
raise the possibility that particular types of feeding behavior may vary among species within some of the Calpinae 
genera. 
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Not all fruit-piercers are within the Calpinae and examples of other fruit-piercers are included for comparison. 
In Zilli et al. (2021) Bänziger observes that the genus Platyja (Fig. 96: H) uses its scleratized proboscis with blade-
like bristles to slash fruit pulp to release its sap rather than piercing a hole through the skin. A possible fruit-feed-
ing relative of Platyja is Ischyja (Homziak et al. 2019) which RJB has found exploiting wounded (Fig. 96: E) and 
especially fallen fruit. Bänziger (1982) also mentions the common Artena dotata (Fig. 96: G) and Thyas honesta 
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(Fig. 96: I) as fruit-piercers on mandarin and longan. The fruit-sucking genus Catocala is shown here feeding on 
soft Asian pear (Fig. 96: F).
 Of over 4,000 images of Phyllodini and Ophiderini on iNaturalist reviewed by RJB, the most commonly ob-
served species was the pest Eudocima phalonia. This species accounted for about a quarter of all Eudocima observa-
tions while E. materna and E. homaena together added another 25%. The great majority of leaf-mimic fruit-piercing 
moths are not considered of economic significance. Preserving their natural habitat can help protect these species 
while helping to control damage caused by population increases in the pest species which thrive in disturbed habi-
tats.
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FIGuRE 1. Eudocima afrikana wing pattern terminology.
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FIGuRE 2. miniodes, miniophyllodes, and Lobophyllodes adults (dorsal aspect).
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FIGuRE 3. Xylophylla, Gloriana, Huebnerius and Eudocima formosa adults (dorsal aspect).
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FIGuRE 4. oporophylla and Phyllodes adults (dorsal aspect).
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FIGuRE 5. Phyllodes adults (dorsal aspect).
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FIGuRE 6. Neotropical Eudocima, Tetrisia, and Graphigona adults (dorsal aspect).
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FIGuRE 7. Neotropical Eudocima and Ferenta adults (dorsal aspect).
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FIGuRE 8. Eudocima kinabaluenis and Eudocima homaena group adults (dorsal aspect).
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FIGuRE 9. Eudocima materna group and African Eudocima adults (dorsal aspect).
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FIGuRE 10. Eudocima salaminia and Eudocima discrepans group adults (dorsal aspect).
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FIGuRE 11. Eudocima kuehni and Eudocima cocalus group adults (dorsal aspect).
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FIGuRE 12. Eudocima cajeta group adults (dorsal aspect).
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FIGuRE 13. Southeast Asian Eudocima and Eudocima sikhimensis group adults (dorsal aspect).
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FIGuRE 14. Southeast Asian Eudocima and Eudocima tyrannus group adults (dorsal aspect).
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FIGuRE 15. Eudocima paulii and Eudocima phalonia group adults (dorsal aspect).
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FIGuRE 16. Eudocima phalonia group and Hemiceratoides adults (dorsal aspect).
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FIGuRE 17. Phyllodini adults (ventral aspect).
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FIGuRE 18. Neotropical Eudocima, Ferenta, Tetrisia, Graphigona; Eudocima kinabaluensis group, and E. homaena group 
adults (ventral aspect).
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FIGuRE 19. Eudocima materna, E. salaminia, E. discrepans groups and African Eudocima adults (ventral aspect).
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FIGuRE 20. Eudocima cocalus, E. cajeta, E. sikhimensis groups and Southeast Asian Eudocima adults (ventral aspect).
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FIGuRE 21. Eudocima tyrannus, E. phalonia groups and Southeast Asian Eudocima (ventral aspect).
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FIGuRE 22. Phyllodini and Eudocima formosa adults (dorsal aspect).
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FIGuRE 23. Eudocima, Ferenta and Graphigona adults (dorsal aspect).
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FIGuRE 24. Eudocima adults (dorsal aspect).
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FIGuRE 25. Eudocima adults (dorsal aspect).
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FIGuRE 26. Eudocima adults (dorsal aspect).
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FIGuRE 27. Eudocima phalonia group adults (dorsal aspect).
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FIGuRE 28. A–O: Eudocima phalonia group and Calpini adults (dorsal aspect); P: Page 41, Plate 310, Figure A from Cramer 
(1782); Q: Page 58, Plate 12, Figure 11 from Stoll (1790).
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FIGuRE 29. Phyllodini palpi.
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FIGuRE 30. Phyllodini and Ophiderini palpi.
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FIGuRE 31. Eudocima palpi.
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FIGuRE 32. Eudocima and Calpini palpi.
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FIGuRE 33. Eudocima male genitalic capsules with hairs intact. Apparent differences in coloration are due to differences in 
lighting.
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FIGuRE 34. Eudocima male genitalic capsules (ventral aspect) with hairs removed. 
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FIGuRE 35. Eudocima male genitalic capsules (dorsal aspect) with hairs removed. 
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FIGuRE 36. Eudocima male genitalic capsules (lateral aspect) with hairs removed. Red lines cross the first inflexion point on 
the juxta. 
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FIGuRE 37. Eudocima juxtas with natural three dimensional structure.
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FIGuRE 38. Eudocima juxtas (ventral aspect). These preparations are flattened out and mounted on slides.
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FIGuRE 39. Eudocima valvae (inner aspect). These preparations are lying flat on the bottom of a petri dish.
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FIGuRE 40. Eudocima valvae (inner aspect). These preparations are lying flat on the bottom of a petri dish.
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FIGuRE 41. Eudocima uncus, tuba analis, and tegumen (lateral aspect). These preparations are on the bottom of a petri dish 
and the arms of the tegumen are slightly compressed due to being held in place by a piece of concave glass.
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FIGuRE 42. A–C: Eudocima uncus, tuba analis, and tegumen (lateral aspect). These preparations are on the bottom of a petri 
dish and the arms of the tegumen are slightly compressed due to being held in place by a piece of concave glass; D–F: Eudocima 
uncus and scaphium (lateral aspect).
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FIGuRE 43. Eudocima uncus (lateral aspect).
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FIGuRE 44. Eudocima uncus apex (ventral aspect). 
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FIGuRE 45. A–C: Eudocima uncus apex (ventral aspect); D–I: Eudocima saccus (ventral aspect). These preparations are flat-
tened out and mounted on slides.
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FIGuRE 46. Eudocima ductus ejaculatorius simplex (posterior section, external of the phallus) stained with chlorozol black. 
Terminology follows Mitter (1988). The homologous structures for a variety of Catocala species appear in Mitter’s (1988) 
Figures 22–24 & 26–34.
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FIGuRE 47. Eudocima phallus (multiple aspects). The position of the triangular ventral phallus hood indicates the orientation 
of the phallus.
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FIGuRE 48. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood behind the image and tilted 
to the left.
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FIGuRE 49. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood behind the image and tilted 
to the left.
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FIGuRE 50. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood in front of the image. Note 
this is the most difficult orientation to photograph, resulting in relatively greater variation in tilt among the images.
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FIGuRE 51. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood in front of the image. Note 
this is the most difficult orientation to photograph, resulting in relatively greater variation in tilt among the images.
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FIGuRE 52. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood orientated laterally and 
down.
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FIGuRE 53. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood orientated laterally and 
down.
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FIGuRE 54. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood orientated laterally and 
up.
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FIGuRE 55. Three dimensional phallus and everted Eudocima vesica with the ventral phallus hood orientated laterally and 
up.
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FIGuRE 56. Eudocima coremata: A: KOH treated abdomen with no hairs or scales removed (lateral aspect); B–F: slide 
mounted eighth segment of abdominal cuticle with many or all hairs and scales removed; G: Eighth sternite in alcohol and still 
attached to tergite, with hairs and scales removed (left); sternites 7–8 in alcohol with hairs of coremata cut off but not removed, 
other hairs and scales removed (right).
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FIGuRE 57. Eudocima coremata: A–D: slide mounted eighth segment of abdominal cuticle with most hairs and scales re-
moved; E: Eighth abdominal segment in alcohol with hairs of coremata cut off but not removed.
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FIGuRE 58. Eudocima tergites and sternites with hairs and scales removed (excluding eighth segment).
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FIGuRE 59. Eudocima female genitalia habitus (ventral aspect). Note Figure 3 is dermestid damaged and dyed with chlorozol 
black.
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FIGuRE 60. Eudocima afrikana female genitalia habitus in three orientations.
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FIGuRE 61. Eudocima papillae analis (lateral aspect).
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FIGuRE 62. Eudocima papillae analis (ventral aspect).
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FIGuRE 63. Eudocima papillae analis (dorsal aspect).
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FIGuRE 64. Eudocima lamella antevaginalis and antrum (ventral aspect).
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FIGuRE 65. Eudocima lamella antevaginalis and antrum (dorsal aspect).
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FIGuRE 66. Eudocima lamella antevaginalis and antrum (lateral aspect).
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FIGuRE 67. Eudocima ductus seminalis and colleterial gland complex.
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FIGuRE 68. Eudocima spermathecal duct and associated glands.
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FIGuRE 69. A & E: Eudocima tergites 1–6; B & F: Eudocima sternites 2–6; C & G: Eudocima abdominal cuticle segment 7; 
D & H: Eudocima female rectum. Note Figure D is a different specimen of E. afrikana from Figures A–C.
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FIGuRE 70. Eudocima afrikana male legs. These preparations are KOH treated with many hairs and scales removed.
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FIGuRE 71. Calpinae proboscides.
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FIGuRE 72. Calpinae proboscides apex. Terminology follows Zaspel (2008).
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FIGuRE 73. Male genitalia of Eudocima formosa.
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FIGuRE 74. Male genitalia of Eudocima formosa.
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FIGuRE 75. Male structures of Eudocima formosa.
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FIGuRE 76. Female genitalia of Eudocima formosa.
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FIGuRE 77. Eudocima formosa male legs. These preparations are KOH treated with many hairs and scales removed.
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FIGuRE 78. Summary of the strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences. Details 
for genera other than oraesia and Hemiceratoides are provided in Figures 79–86.
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FIGuRE 79. A–B: Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Plusiodonta 
clade; C: Calyptra clade recovered on some but not all equally parsimonious trees.
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FIGuRE 80. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Gonodonta and 
Xylophylla+Eudocima formosa+Huebnerius+Gloriana clades.
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FIGuRE 81. A–B: Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): miniophyllodes 
+minioides+Lobophyllodes clade; C: Phyllodes clade recovered on some but not all equally parsimonious trees.
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FIGuRE 82. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Eudocima clade 
(part).
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FIGuRE 83. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Eudocima clade 
(part).
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FIGuRE 84. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Eudocima clade 
(part).
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FIGuRE 85. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Eudocima clade 
(part).
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FIGuRE 86. Strict consensus tree from a parsimony analysis of Calpinae COI 5’ mtDNA sequences (part): Eudocima clade 
(part).
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FIGuRE 87. Live adults and larva of Eudocima afrikana and E. phalonia.
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FIGuRE 88. Live adults and larvae of Phyllodini species.



GENETICS OF OPHIDERINI wITH A NEw SPECIES OF EUDoCImA Zootaxa 5148 (1) © 2022 Magnolia Press · 143

FIGuRE 89. Live adults of Phyllodes species.
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FIGuRE 90. Live adults of Neotropical Eudocima and Ferenta species.
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FIGuRE 91. Live adults of Neotropical Ophiderini species.
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FIGuRE 92. Live adults and larva of African Eudocima species.
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FIGuRE 93. Live adults of Eudocima species.
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FIGuRE 94. Live adults of Eudocima species.
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FIGuRE 95. Live adults of Eudocima species.
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FIGuRE 96. Fruit-feeding moths.
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FIGuRE 97. Type localities and localities for DNA sequence vouchers in the Phyllodes imperialis complex (white stars=type 
localities; red circles=first haplotype; yellow square=second haplotype).
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