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The tribe Ithomiini (Nymphalidae: Danainae) includes nearly 400 species of butterflies distributed from Mex-
ico to Northern Argentina, and adults of all species are aposematic and the main models in several Neotropical
mimicry rings. The subtribe Melinaeina, a small group composed of five genera of large ithomiines, is the
sister group of all remaining groups in the tribe Ithomiini. With 14 recognised species, the genus Melinaea
is the most species rich, and also the most widespread within the Melinaeina. From all species of the genus,
Melinaea mnasias is considered very rare and a little known one. This is also true for Melinaea mnasias thera,
a subspecies from the Atlantic Forest with less than 20 specimens known in all world museums. Studies com-
bining systematics, ecology, biogeography and natural history are priority in tropical areas, especially when
focusing on threatened species. Thus, the aim of this study was to compile all available knowledge on the
threatened M. mnasias thera, providing information to future management plans focusing on the conservation
of this butterfly and its habitats. Data were compiled from scientific collections and personal observations,
and the systematics of species of Melinaea was assessed by DNA sampling and analysis. The obtained phy-
logeny recovered the subtribe Melinaeina organised in two clades, the first composed by Olyras + Paititia
and the second by Eutresis + (Athyrtis + Melinaea). Melinaea mnasias thera was recovered as a sister to M.
mnasias lucifer. A total of only 17 specimens of M. mnasias thera from four Brazilian localities were found
in all revised collections. However, well-preserved forests are present only at one of these localities, in the
southern Bahia state, from where a recent specimen has been collected, suggesting that the last populations of
M. mnasias thera are restricted to this region. If this is true, the real conservation status of this species could

be much more critical than the estimated.
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Introduction

The tribe Ithomiini (Lepidoptera: Nymphali-
dae: Danainae) includes about 400 butterfly spe-
cies distributed from Mexico to Northern Argen-
tina (Dor¢ et al., 2023). Adults of all species are
aposematic and considered the main models in
many Neotropical mimicry rings (Brown & Ben-
son, 1974; Beccaloni, 1997). In a study combin-
ing morphological and molecular data, Brower et
al. (2014) recovered the tribe Ithomiini divided
in ten subtribes, nine of which are well supported
by both types of characters, a result congruent
with subsequent molecular studies (Garzon-Or-
dufia et al., 2015; Chazot et al., 2019). The sub-
tribe Melinaeina is composed of five genera of
large ithomiines and was recovered as a sister
group of all remaining ithomiines in the listed
above studies. With 14 recognised species, the
genus Melinaea Hiibner, 1816 is the most spe-
cies rich, and also the most widespread within

the Melinacina (Brown, 1979; McClure et al.,
2018). From those 14 species, only three taxa oc-
cur in the Atlantic Forest, namely the endemic
Melinaea ethra (Godart, 1819) and two subspe-
cies of two widely distributed species, namely
Melinaea ludovica paraiya Reakirt, 1866 and
Melinaea mnasias thera C. Felder & R. Felder,
1865 (Brown, 1979).

Melinaea mnasias (Hewitson, [1856]) is di-
vided into 11 described subspecies, and it is con-
sidered very rare and little known (Brown, 1977).
Except for M. mnasias comma W. Forbes, 1927
and M. mnasias lucifer H. Bates, 1862, which are
locally common, all other subspecies are scarce in
collections. This is also true for the Atlantic For-
est subspecies Melinaea mnasias thera, known
from only 17 specimens so far (Brown & Freitas,
2008; Freitas et al., 2018; Rosa et al., 2023).

Melinaea mnasias thera occurs in a narrow
region of the coastal Atlantic Forest in the Brazil-
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ian state of Bahia, at only two localities. Accord-
ingly, this taxon was included in the Brazilian
Red List, being assessed as «Critically Endan-
gered» (CR) (MMA, 2003, 2014, 2022; Freitas
et al., 2018). The compiling of all available in-
formation on any threatened butterflies is an im-
portant task, especially for the species which are
scarce in museum collections (Freitas & Marini-
Filho, 2011). In this specific case, M. mnasias
thera occurs in a critical portion of the Atlantic
Forest, a global biodiversity hotspot for conser-
vation (Myers et al., 2000). Thus, the aim of this
study was to investigate the systematic position
of M. mnasias thera, its conservation aspects,
and compile all available information about this
rare butterfly. Studies combining systematics,
ecology, biogeography and natural history are
priority in tropical areas, especially when focus-
ing on threatened species. Moreover, the infor-
mation obtained for a given group of herbivores
can be useful in studies of diversity and health of
a given plant assemblage (Gilbert, 1980; Freitas,
1996). Finally, studies like this one are important
for providing information to future management
plans focusing on the conservation of threatened
butterflies and their habitats.

Material and Methods

Specimens of M. mnasias thera (Fig. la)
were found in the following nine public collec-
tions: Cole¢ao Entomologica do Instituto Oswaldo
Cruz, Instituto Oswaldo Cruz, Rio de Janeiro,
Rio de Janeiro, Brazil (CEIOC); Departamento
de Zoologia, Universidade Federal do Parana,
Curitiba, Parand, Brazil (DZUP); Muséum
National d’Histoire Naturelle, Paris, Franga
(MNHN); Museo de Historia Natural, Universidad
Nacional Mayor de San Marcos, Lima, Peru
(MUSM); Museu de Zoologia, Universidade de
Sao Paulo, Sao Paulo, Sao Paulo, Brazil (MZUSP);
Natural History Museum, London, England,
United Kingdom (NHMUK); Museu Nacional,
Universidade Federal do Rio de Janeiro, Rio de
Janeiro, Brazil (MNRJ) (these specimens were lost
by the fire that destroyed the Museum in 2018);
Museum fiir Naturkunde, Berlin, Germany (ZMB);
Zoological Collection, Museu de Diversidade
Biolodgica da Universidade Estadual de Campinas,
Campinas, Sdo Paulo, Brazil (ZUEC). The search
for data on M. mnasias thera followed the same
databases and methods described in Rosa et al.
(2023). Data labels of all specimens were com-
piled; they are available in Table S1.

Fig. 1. Adult specimen and the habitat of Melinaea mnasias
thera. Designations: A — Melinaea mnasias thera (left — dor-
sal view, right — ventral view); B — general view of forest
habitats in Serra Bonita, Camacan, Bahia state, Brazil.

DNA sampling and analysis

All sequences used were downloaded from
Genbank, except for the museum samples EB19-
049 (MNHN, Muséum National d’Histoire Na-
turelle, Paris, France) and AHBR119 (ZUEC,
Zoological Collection, Museu de Diversidade
Bioldgica da Universidade Estadual de Campi-
nas, Campinas, Brazil), which had their ge-
nomic DNA extracted from two legs using the
QIAamp DNA MicroKit (QIAGEN®, USA)
protocol, adapted with columns from MinElute
PCR Purification Kit (QIAGEN®, Diisseldorf,
Germany). The whole genome shotgun sequenc-
ing was performed on the two DNA extractions
of museum specimens, following protocols de-
scribed in Twort et al. (2021), which were modi-
fied from protocols in Meyer & Kircher (2010).
Briefly, DNA was first blunt-end repaired, after
which custom-made indexed Illumina adapt-
ers were ligated. The library was then pooled
with 59 other Lepidoptera specimens and run
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on the Illumina NovaSeq platform. Raw reads
were checked with FASTQC v. 0.11.8 (An-
drews, 2010), and reads were cleaned with
Prinseq v. 0.20.4 (Schmieder & Edwards, 2011)
and Trimmomatic v. 0.38 (Bolger et al., 2014).
The genome was then de novo assembled with
spAdes v. 3.13.0 (Bankevich et al., 2012) with
a kmer value of 21. Orthologs of the five stan-
dard genes for Lepidoptera (COI, EF1-a, CAD,
wingless and GAPDH) were identified from
the fragmented genome assembly using MES-
PA v. 1.3 (Neethiraj et al., 2017). See Twort
et al. (2021) for more detailed descriptions of
the bioinformatic pipelines. For AHBR119, we
were able to identify all five genes (COI, EF1-a,
CAD, wingless and GAPDH). For EB19-049 we
were only able to find COI. All sequences were
aligned on CIPRES Science Gateway portal
v. 3.1 (Miller et al., 2010) using MAFFT v. 7
(Katoh & Standley, 2013).

The final concatenated matrix comprised 37
specimens, representing most of Melinaea spe-
cies and more close related genera, with a total
of 4698 base pairs and five genes. The type spe-
cies of all genera are represented in the final
matrix. Tellervo zoilus (Fabricius, 1775) was
used to root the tree (see Table S3 for voucher
numbers). Analyses to find the best-fit substitu-
tion models and partition subsets for the dataset
(see Table S2 for best model selected for each
partition), using «merge» option, were done
using ModelFinder (Kalyaanamoorthy et al.,
2017) with edge-linked partition model + Fre-
eRate heterogeneity in IQ-TREE v. 1.6.12
(Nguyen et al., 2015).

The maximum likelihood tree was inferred
using ten likelthood searches in IQ-TREE
v. 1.6.12. The support was calculated using the
ultrafast bootstrap (UFBoot) (Hoang et al., 2018),
with 2000 replications, in addition to assessing
node support through 1000 replications of Shi-
modaira Hasegawa approximate Likelihood Ra-
tio Test (SH-aLRT) (-alrt 1000) (Guindon et al.,
2010; Hoang et al., 2018) and approximate Bayes
branch test (aBayes; Anisimova et al., 2011).

Results
Systematic position
In the obtained phylogeny, the subtribe
Melinaeina was organised in two clades, the first
composed by Olyras + Paititia (type species:
Olyras crathis E. Doubleday, 1847 and Pai-
titia neglecta Lamas, 1979) and the second by

Eutresis + (Athyrtis + Melinaea) (type species:
Eutresis hypereia E. Doubleday, 1847, Athyr-
tis mechanitis C. Felder & R. Felder, 1862 and
Melinaea ludovica (Cramer, 1780)). The genus
Melinaea was recovered as monophyletic and
divided in two major clades, the first composed
by Melinaea mnasias + Melinaea ludovica and
the second formed by Melinaea ethra as the sis-
ter taxon to a large clade composed by nine spe-
cies of Melinaea. The two individuals of Meli-
naea mnasias thera clustered together forming
a clade with strong support, sister to M. mnasias
lucifer (Fig. 2).

General information and conservation aspects

A total of only 17 specimens of M. mnasias
thera were found in nine public collections (Ta-
ble S1). These specimens represent geographical
records of four localities in the Brazilian states
of Rio de Janeiro, Espirito Santo, and Bahia (re-
cords from the state of Sdo Paulo, Paraguay and
Colombia are mistakes, see Rosa et al., 2023)
(see Table S1, Fig. 3). Most individuals of M.
mnasias thera are either very old or without any
information on collecting dates, and a single in-
dividual has been collected in the XXI century
(in 2016, Table S1). Morphology (mostly wing
pattern) was presented and discussed by Fox
(1960), and Brown (1977) presented additional
data on taxonomy and distribution, anticipating
by a decade the presence of M. mnasias in coast-
al Bahia state.

Based on the trustworthy geographical data,
M. mnasias thera occurs in lowland coastal for-
ests (Fig. 1b), at altitudes of 100—400 m a.s.l.
(Fig. 3). At both localities, where M. mnasias
thera was reported in the Bahia state, at least
half of the area is covered by cocoa plantations
locally known as «cabruca», where the cocoa
trees are planted in the shade of larger trees.

The known distribution of M. mnasias
thera is disjunct. The two localities in Bahia
state (Camacan and Itapebi) are relatively close
to each other (about 60 km of distance), as well
as the two localities in the Espirito Santo state
(Alegre) and Rio de Janeiro state (Bom Jesus do
Itabapoana) are about 50 km of distance to each
other. These two pairs, however, have a large
gap of about 700 km between them. Based on
these data, the extent of occurrence (EOO) of
M. mnasias thera was estimated as at 7264.35
km? and its area of occupancy (AOQO) as 16 km?
(Rosa et al., 2023).
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Fig. 2. Phylogenetic relationships of Melinaea species based on COI, EF1-a, CAD, wingless, and GAPDH genes and obtained
by a maximum likelihood analysis. Numbers near the nodes are SH-aLLRT/aBayes/Ultrafast bootstrap support values.
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Fig. 3. Map showing the four known localities of Melinaea mna-
sias thera. Designations: 1 — Itapebi, Bahia state; 2 — Reserva
Serra Bonita, Camacan, Bahia state; 3 — Alegre, Espirito Santo
state; 4 — Bom Jesus de Itabapoana, Rio de Janeiro state.

Discussion

Phylogeny of subtribe Melinaeina and posi-
tion of M. mnasias thera

Although composed of only five genera, the
internal relationships of the subtribe Melinaeina
has not reached a consensus based on previous
studies. Common points include the monophyly
of Melinaea and the clade formed by Olyras + Pa-
ititia (Brower et al., 2006, 2014; Willmott & Frei-
tas, 2006; Garzon-Orduna et al., 2015; Chazot et
al., 2019: Fig. S2.1, Fig. S2.2). The position of
the genus Athyrtis is not congruent with previ-
ous studies. Although recent molecular studies
recovered it as a sister group of all remaining
Melinaeina (Garzén-Orduia et al., 2015; Chazot
etal., 2019), the present study recovered Athyrtis
as a sister group of Melinaea. This result is simi-
lar to that obtained in the morphological study by
Willmott & Freitas (2006), in combined analyses
by Brower et al. (2014), and in an early molecu-
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lar study by Brower et al. (2006). In addition, to-
gether with Melinaea, Athyrtis is the only other
genus of Melinaeina that presents a tiger wing
pattern; Olyras, Paititia and Eutresis have trans-
lucent wing patterns. A second divergence is the
position of Eutresis: in the present study it was
the sister group of Athyrtis + Melinaea, while it
is the sister to Olyras + Paititia in previous mor-
phological and molecular studies (Willmott &
Freitas, 2006; Chazot et al., 2019).

The systematic position of Melinaea mna-
sias thera confirms the placement of this taxon
as a subspecies of M. mnasias, as proposed by
Fox (1965) based on wing patterns. In addition,
the present results show that M. mnasias is sister
to M. ludovica (Cramer, 1780), contrasting with
the results of Chazot et al. (2019: Fig. S2.1, Fig.
S2.2), where M. mnasias was recovered as the
sister group to other Melinaea species. The lack
of resolution among the large clade composed
by nine species of Melinaea confirm the results
found by McClure & Elias (2017), and is a result
of the absence of mitochondrial divergence, sug-
gesting a recent radiation for these nine species.

Only three species of Melinaea are present in
the Atlantic Forest. There are no discernible rea-
sons why none of the remaining nine taxa have
reached the Atlantic Forest, as many of them are
extremely common, locally abundant and present
in several forested habitats (Brown, 1977; Frei-
tas, 1996). McClure & Elias (2017) suggested
that these nine taxa could have originated from a
recent and rapid radiation. In fact, the dating pro-
vided by Chazot et al. (2019: Fig. S2.2) showed
that this clade originated about one million year
ago, and most species are much younger than
that. In this case, it is possible that these species
just have not had enough time to reach and colo-
nise the Atlantic Forest domain yet.

Geographical distribution and conservation

Based on the reliable data, M. mnasias thera
has been reported from four localities from south
Babhia to north Rio de Janeiro states (Fig. 3). How-
ever, it is important to call attention to two im-
portant factors. First, most of the forests in the
northern Rio de Janeiro state and southern Es-
pirito Santo state have been destroyed and persists
as small remnants (MMA, 2000), and it is hard to
believe that populations of M. mnasias thera are
still present in this region. Second, not a single in-
dividual of M. mnasias thera has been collected
or sighted in the last large forest remnants in the

central and northern Espirito Santo state, includ-
ing the low mountains near the municipality of
Santa Teresa and the large tableland forests near
the municipality of Linhares, both intensively cen-
sused in the last three decades (Brown & Freitas,
2000; Freitas et al., 2016). Accordingly, it is not
impossible that the last populations of M. mna-
sias thera are restricted to the wet forests in south
Bahia state. If this is true, the actual EOO should
be much smaller than that presented in Rosa et al.
(2023), and the estimate of EOO, which is now
on the threshold to Vulnerable (VU) category, is
much more optimistic than the reality. However,
the fact that M. mnasias thera may persist in areas
with cocoa plantation opens several possibilities
for conservation, since there are still several areas
where cocoa is cultivated in the «cabruca» system
(Cocoa plantation shaded by native trees). The
reasons for this can be explained in its biology.
So, although the host plant and immature stages of
M. mnasias thera are unknown, it likely uses Dys-
sochroma spp. (Solanaceae); the same host plants
are used by the other two Melinaea in the Atlantic
Forest (Brown, 1987; Drummond & Brown, 1987,
Brown & Freitas, 1994). These plants are epiphyt-
ic, growing in tall trees near the canopy, exactly
the trees that are preserved to provide the shade
for the cocoa plantations in south Bahia state.

Based on this scenario, it is very important
that potentially additional localities of popula-
tions of this rare butterfly should be surveyed.
Suggested areas in the South Bahia state include
the Serra das Lontras National Park and the re-
gion of Una Biological Reserve. In addition, the
large areas of cocoa plantations in the Ilhéus-
Itabuna region could harbour populations of M.
mnasias thera. It should not be difficult to obtain
eggs from wild caught females, as for other spe-
cies of Melinaea (McClure & Elias, 2017; A.V.L.
Freitas, unpublished). Details of its life cycle
could provide clues to a better understanding of
its rarity, as well as important information for
conservation actions for this taxon.

Conclusions

The present study is the most complete con-
cerning the threatened Brazilian butterfly Meli-
naea mnasias thera. This is one of the rarest and
the most threatened Melinaea taxa, so far known
from only 17 specimens deposited in nine museum
collections. Most of the potential historical range
of this species is now deforested. The species is
presently restricted to the large forest remnants in
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the southern part of the Bahia state, in northeast-
ern Brazil. In fact, given this scenario, only two
localities are possibly maintaining populations of
M. mnasias thera, meaning that the current [IUCN
status of Vulnerable could be much more optimis-
tic than the reality. Additional populations should
be located, as these would provide more opportu-
nities for conservation of this rare butterfly.
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CUCTEMATHYECKOE INIOJIOXKXEHHUE
N ITPUPOAOOXPAHHBIE ACIIEKTBI MELINAEA MNASIAS THERA
(LEPIDOPTERA: NYMPHALIDAE: DANAINAE)

A. D. B. Po3za""=, D, 1. Bap6oca''*, H. Baxadepr?'~, A. B. JI. ®peiiTac’

"Vuusepcumem Kamnunaca, Bpasunus
*e-mail: augustohbrosa@hotmail.com
lynockuil ynusepcumem, Illseyus

Tpuoa Ithomiini (Nymphalidae: Danainae) Bkimouaet okono 400 BHIOB YeIIyeKpPBIIBIX, PACIIPOCTPAHEHHBIX
ot Mexkcuku 10 CeBepHOit ApreHTHHBI. [Ipr 3TOM B3pociibie 0COOH BCeX BUIOB SIBISIFOTCS all0CEMaTHIeCKIMHA
1 BBICTYIIAIOT OCHOBHBIMHU MOJICJISIMU B HECKOJIBKHX KOJIbIIAX HEOTPONMYecKoi MUMHUKpuH. Hebonpias noa-
Tpuba Melinaeina, cocTosimas U3 MATH POIOB KPYITHBIX YEIIYEKPBUIBIX, SIBISETCS CECTPUHCKOM IPYIION Bcex
ocTanbHBIX Tpynn TpuOs! Ithomiini. Pox Melinaea, nacuureiBaromuii 14 BUi0B, SBISIETCS CAMBIM KPYITHBIM, a
TaK)Ke CaMbIM PacIpOCTPAaHEHHBIM B Ipesenax noatpuosr Melinaeina. 13 Bcex BunoB pona Melinaea mnasias
CYNTAETCS OUYCHb PEJKUM U MAJIOM3Y4YEeHHBIM. DTO CpaBeInBo U 1t Melinaea mnasias thera, noasuna u3
ATtnaHTHYecKoro jeca, MeHee 20 3K3eMIUIIPOB KOTOPOTO U3BECTHO BO BCEX My3esx Mupa. MccienoBanus, co-
YeTaoUINe CHCTEMATHKY, SKOJIOTHIO, OMOoreorpadrio n eCTeCTBEHHYIO HCTOPHIO, SBISIOTCS IPHOPUTETHBIMA
B TPOIIMUYECKUX PETHOHAX, 0COOCHHO KOT/Ia OCHOBHOE BHUMAaHHE yAEIseTCs BUAAM, HAXOISIIINMCS T10]] YIPO-
3011 MCUe3HOBEHHS. B CBSI3M C 3THM LIENBIO 3TOTO HCCIIEAOBaHMS OBLIO cOOpaTh BCe IOCTYIHbIE JaHHBIE 0 M.
mnasias thera, HaXoIAIEMCS 110]1 YTPO30i HCUE3HOBEHHMS, IIPEOCTaBUB MHPOPMAIIHIO [UIsl OyTyIINX IJIAHOB
YIpaBJIeHUs, HAllPaBJICHHBIX Ha COXpaHEHHE 3Toi 0a00ukH U ee cpeabl oouTanus. Mupopmanus Ob1a codpa-
Ha Ha OCHOBE Hay4YHBIX KOJUICKLUI M JTMYHBIX HAOIIOJCHNH, a CHCTeMaTHKa BUJOB Melinaea onieHeHa ImyTeM
orbopa u ananuza JJHK. [TonydeHnHsle nanHble 0 HIOTeHNN BOCCTaHOBHIM onTpudy Melinaeina, opranu-
30BaHHYIO B JIB€ KJIAJBL: NIepBYI0 coctaBistior Olyras + Paititia, a Bropylo — Eutresis + (Athyrtis + Melinaea).
Melinaea mnasias thera 611 0OOHapYKEH Kak CECTPUHCKHUN MOABUI K M. mnasias lucifer. Bcero Bo Bcex u3-
YUEHHBIX KOJUICKIMSIX OOHapyskeHO 17 ax3eMmisipoB M. mnasias thera n3 4eTbIpex MeCTOHaXOXIeHu B bpa-
3unun. OHAKO XOPOIIO COXPAaHMBIIMECS Jieca IPUCYTCTBYIOT TOJBKO B OZHOM M3 3THX MECT, Ha [Oore IITara
Bansi, oTkyna HeaBHO OBUT COOpaH 3K3eMITISIP. DTO TMO3BOJSET IMPEAIOIOKNTE, YTO TTOCIIEIHNAE MOIYIISIINN
M. mnasias thera orpaHHYeHbI STUM PETHOHOM. Eciy 3T0O IeHCTBUTENBHO TaK, TO pealbHBIA IPUPOIOOXPaH-
HBII CTATyC 3TOTO TAKCOHA MOXET OBITH TOpaszo Oosiee KPUTHYHBIM, YEM ITPEII0Iarajoch.

KuaroueBsie caoBa: [thomiini, antanTudeckuii tec, 6abouka, bpa3uis, ncue3aromuii BU
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