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RESEARCH ARTICLE
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ABSTRACT
In this report, we propose, describe and illustrate a new Catasetum 
nothospecies from north of Manaus in the state of Amazonas, Brazil. 
Several factors indicate that this natural hybrid is undoubtedly the 
result of a crossing of C. longifolium and C. roseoalbum, including 
the fact that its morphological traits are intermediate between 
those of these species and it occurs only a few metres away from 
them. Therefore, it is morphologically compared to these species. 
Information relating to its habitat, ecology and geographical 
distribution are also given, as well as a key to the species and 
nothospecies of the subgenus Pseudocatasetum (antennae 
missing or underdeveloped). Additionally, we recognise 
C. pusillum as a natural hybrid and propose to change its 
taxonomic status.
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Introduction

Catasetum Rich. ex Kunth has an exclusively Neotropical distribution, extending from 
Mexico to southern Brazil and northern Argentina (Romero and Jenny 1993; Romero 
and Carnevali 2009; Chase et al. 2015). Most members of this genus are indistinguishable 
with respect to their vegetative morphology (Holst 1999), with rare exceptions such as 
C. longifolium Lindl. (Pessoa et al. 2015; Cantuária et al. 2021a). The pistillate flowers 
also exhibit only minor morphological variations and, consequently, only the staminate 
flowers are used to differentiate the species (Walker-Larsen and Harder 2000). In the 
staminate flowers, structures known as staminodes (or antennae) are of great taxonomic 
importance, as the current subgeneric classification is based on their presence/absence 
and morphology (e.g. Cogniaux 1904; Mansfeld 1932; Pabst and Dungs 1977; Bicalho 
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and Barros 1988; Senghas 1990, 1991). However, the current phylogeny of the genus as 
presented by Mauad et al. (2022) does not support this classification and shows that the 
different groups are polyphyletic, with the evolution of the genus being better explained 
by biogeography.

Based on the staminodes, the genus is typically divided into two subgenera: Pseudoca
tasetum (Rolfe) Senghas, which is characterised by the absence of staminodes or the pres
ence of underdeveloped staminodes, and Catasetum, which is characterised by the 
presence of distinctly developed staminodes. The subgenus Catasetum is further 
divided into two sections: (I) Catasetum (previously named Anisoceras (Mansf.) 
Senghas), which is distinguished by asymmetrical and crossed staminodes; and (II) Iso
ceras (Mansf.) Senghas, which is characterised by symmetrical staminodes. Section Iso
ceras is then further organised into three subsections: Isoceras, which has parallel 
staminodes; Divaricatae Bicalho & F.Barros, which has staminodes that stand apart 
from each other; and Convergentes Bicalho & F.Barros, which has staminodes that con
verge and touch each other (Bicalho and Barros 1988; Senghas 1990, 1991).

The genus Catasetum is comprised of 193 species, which is a particularly high richness 
compared with the other genera in the subtribe Catasetinae Lindl. (Krahl et al. 2022a, 
2022b, 2023a, 2023b, 2023c, 2023d, 2023e, 2024a, 2024b; Álvarez and Morales 2023; 
POWO 2024). Its centre of diversity is the Amazonian biome (Romero and Carnevali 
2009; Valsko et al. 2019; Damián et al. 2021), within which the Brazilian Amazon has par
ticularly high diversity, providing habitat for 80 species (Silva and Silva 1998; Petini- 
Benelli and Chiron 2020; Barbarena 2021; Krahl et al. 2021a, 2021b, 2022a, 2022b, 
2023a, 2023b, 2023c, 2023d, 2023e, 2024a, 2024b; Petini-Benelli 2024). Amazonas, the 
largest state in Brazil, is located in the North Region and entirely within the Amazonian 
biome, and 47.5% (38) of the 80 Catasetum species in Brazil have been documented here 
(Barbarena 2021; Krahl et al. 2021a, 2023b, 2023c, 2024a, 2024b; Petini-Benelli 2024), 
including rare species in this genus (Valsko et al. 2019; Krahl et al. 2023f).

Catasetum also holds the record for the highest number of natural hybrids recorded 
(POWO 2024). A total of 42 nothospecies have been documented (Krahl et al. 2020, 
2023a, 2024c, 2024d; Ferreira and Malaspina 2023a, 2023b; Assis and Ferreira 2024; 
POWO 2024; Romero-González and Carnevali 2024), of which about 73.8% (31 hybrids) 
are found in Brazil and 52.4% (22 hybrids) are found in the Brazilian Amazon (Barbarena 
2021; Cantuária et al. 2021b; Ferreira and Malaspina 2023a, 2023b; Krahl et al. 2023a, 2024c, 
2024d; Petini-Benelli 2024). The state of Amazonas is in joint third place with the state of 
Pará in terms of the incidence of natural hybrids (four nothospecies each) in Brazilian ter
ritory, sitting behind Rondônia (10 nothospecies) and Mato Grosso (11 nothospecies) 
(Krahl et al. 2020, 2023a; Barbarena 2021; Cantuária et al. 2021b; Petini-Benelli 2024).

This large number of recorded hybrids (POWO 2024) indicates that the barriers that 
prevent gene flow between different taxa, such as geographical barriers, differences in 
perfume composition and the morphological incompatibility of pollinators, are weak 
in Catasetum (van der Pijl and Dodson 1966). The occurrence of gene flow between pre
viously separated populations can also lead to the formation of individuals that exhibit 
new combinations of potentially adaptive characters, which in turn can lead to future 
speciation (Seehausen 2004; Arnold 2006). This also explains the lack of a phylogenetic 
pattern for the genus Catasetum, which has a relatively recent origin and a long history of 
hybridisation events (Mauad et al. 2022).
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During field work carried out to survey the Orchidaceae species in the municipality of 
Manaus and the state of Amazonas, we found a Catasetum of unknown identity. Based 
on a comparison of its morphology with the other congeneric species in the locality, we 
concluded that it was a hybrid that had resulted from the natural crossing of two species 
of the subgenus Pseudocatasetum: C. longifolium and C. roseoalbum (Hook.) Lindl. In 
this report, we describe this new natural hybrid and compare it with its parental 
species. We also provide information relating to its habitat, ecology and geographical dis
tribution, as well as an identification key for species and nothospecies in the subgenus 
Pseudocatasetum. Additionally, we propose to change the taxonomic status of 
C. pusillum C. Schweinf. from a species to a natural hybrid.

Materials and methods

The new nothospecies was collected from just north of Manaus in Amazonas, Brazil, 
while carrying out field work for the project ‘Orchidaceae da região de Manaus, Amazo
nas, Brasil: sinopse e taxonomia’. The voucher has been herborised according to the usual 
process described by Mori et al. (1989) and incorporated into the collection of the her
barium HUAM (acronym according to Thiers 2024) of the Federal University of Ama
zonas (Universidade Federal do Amazonas [UFAM]). Digital images were obtained 
using a Canon EOS Rebel T5 camera equipped with a Canon EFS 18–55 mm lens, and 
photographic plates were prepared from these images using the Adobe Photoshop® 
2020 software. Information on the habitat, ecology and phenology were recorded in 
situ. The taxonomic description and photographs were based on living material, and 
the terminology used in this report follows Dressler (1993) and Harris and Harris 
(2001). The geographical distribution map was plotted using the QGIS 3.28.0-Firenze 
software (QGIS 2021). Other specimens of Catasetum that have been preserved in the 
herbaria EAFM, INPA, HUAM, K, MG, MO, NY and RB (acronyms according to 
Thiers 2024), main regional herbaria, and/or institutions that are most representative 
of northern Brazil were also analysed, but no additional material corresponding with 
the new taxon was found. Additionally, we searched the speciesLink (Canhos et al. 
2024) and JABOT (Silva et al. 2017) databases and the virtual herbaria of Reflora 
(BFG 2015, 2018, 2021; Reflora 2024) and the Global Biodiversity Information Facility 
(GBIF) (Robertson et al. 2019; Barve 2023), but with no success.

The new nothospecies was compared to its parents (C. longifolium and C. roseoalbum) 
based on living material, material collected at the type locality (see ‘Additional material 
examined’ section in the Results) and the available literature (Afonso et al. 2015; Pessoa 
et al. 2015; Klein and Piedade 2019; Oliveira et al. 2021; Cantuária et al. 2021a; Ferreira- 
Filho and Barberena 2022), including both original descriptions (Lindley 1839; Hooker 
1840; Barbosa-Rodrigues 1877 [as C. ciliatum Barb. Rodr.]). The proposal to change 
the taxonomic status of C. pusillum was based on a comparison of this taxon as it 
appeared through an analysis of the protologue (Schweinfurth 1943), the literature 
(Schweinfurth 1960) and examination of the type specimen deposited in AMES 
(acronym according to Thiers 2024) with its parents (considered here as 
C. longifolium and C. discolor (Lindl.) Lindl.) based on their original descriptions 
(Lindley 1835, 1839). Materials of C. longifolium and C. discolor that had been collected 
from Iquitos in the Loreto region of Peru, which is the same type locality as C. pusillum, 

NEW ZEALAND JOURNAL OF BOTANY 3



and deposited in FLAS and NY (acronyms according to Thiers 2024) were also analysed 
(see ‘Additional material examined’ for evidence of their sympatry). The phenological 
and pollination characteristics of both species are also discussed based on observations 
reported by Romero and Carnevali (1989) and Milet-Pinheiro and Gerlach (2017) to 
demonstrate their capacity for cross-pollination.

When delimiting C. roseoalbum (=C. ciliatum) as a distinct species (according to Barbar
ena 2021) and determining its precise geographical distribution in Brazil, we disregarded 
the herbarium material because (1) most taxa belonging to the subgenus Pseudocatasetum 
have high morphological similarity and (2) many diagnostic characters can be lost during 
the drying process, both of which can lead to numerous identification errors, as occurs in 
various other orchid groups (e.g. Pansarin 2024). Moreover, a large amount of the herbar
ium material has been misidentified because many Pseudocatasetum species were treated as 
synonyms in the past (e.g. Braga 1977). Therefore, we used only reliable data from relevant 
literature (e.g. Hooker 1840; Barbosa-Rodrigues 1877; Afonso et al. 2015; Barbarena et al. 
2019; Klein and Piedade 2019; Oliveira et al. 2021; Ferreira-Filho and Barberena 2022; 
Filardi-Barbosa et al. 2023; Luz et al. 2024; Petini-Benelli 2024; POWO 2024).

Results

Taxonomic treatment

Catasetum ×angelae Krahl, D.R.P.Krahl, M.S.Oliveira & Cantuária, nothosp. nov. 
(Figures 1 and 2).
Type: BRAZIL: Amazonas: Manaus, Ramal (Road) Cláudio Mesquita, old km 02 of BR 
174, epiphyte in Inajá (Attalea maripa), 2°56′33.43′′S, 60°3′6.75′′’W, 27 March 2023, 
flowers ♂, A.H. Krahl & D.R.P. Krahl 1702 (holotype: HUAM012562!).
Diagnosis: Hoc taxon hybrida naturalis inter Catasetum roseoalbum (Hook.) Lindl. and 
Catasetum longifolium Lindl. est, cum characteribus intermediis: pseudobulbo erecto vel 
inclinato, foliis lineare-lanceolatis cum lamina foliari pendente, inflorescencia subpendente 
cum floribus cupreo-luteis, labello galeiforme ambito triangulare apice acuto cum margin
ibus longe ciliatis.

Epiphytic caespitose plant. Rhizome short and inconspicuous. Pseudobulb 6.3–13.1 ×  
1.5–2.4 cm, fusiform, erect or inclined, grouped, 6–7-leaved, covered by leaf sheaths. 
Leaves 18.4–42.2 × 1.6–2.3 cm, linear-lanceolate, plicate, with 3 prominent nerves on 
the adaxial face, distichous, deciduous, margin entire, apex acute. Staminate inflores
cence ca. 21.8 cm long, lateral, racemose, ca. 6-flowered, subpendent; rachis ca. 
12.6 cm long, cylindrical, light green; peduncle ca. 9.2 cm long, cylindrical, light green; 
peduncle bract 0.9–1 × 0.4–0.5 cm, ovate, amplexicaul, light green, margin entire, apex 
acute; floral bract ca. 0.8–0.9 × 0.4–0.5 cm, oblong-lanceolate, greenish, margin entire, 
apex acute. Staminate flowers copper-yellow, pedicellate, lip usually facing downwards; 
pedicel 1.8–2.1 cm long, cylindrical, erect, copper-yellow; dorsal sepal 1.5–1.7 × 0.6– 
0.7 cm, elliptic-lanceolate, symmetrical, margin entire, apex acute; lateral sepals 1.7– 
1.9 × 0.6–0.7 cm, oblong, symmetrical, concave, slightly curved, margin entire, apex 
acute; petals 1.7–1.9 × 1–1.1 cm, oblong-rounded, slightly asymmetrical near the base, 
margin entire, apex rounded; lip 1.8–1.9 × 2–2.1 cm (fimbriae excluded), helmet- 
shaped, triangular in outline, strongly yellowish with light transverse copper stains 
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inside, internally pubescent, margin long fimbriate, apex acute and reddish; fimbriae 0.6– 
1.1 cm long, thread-like, simple or partly fused near the base, copper-coloured; lip 
bottom 1.1–1.2 cm deep, bottom rounded; column 1–1.2 × 0.8–0.9 cm, rounded in 

Figure 1. Illustration of Catasetum ×angelae Krahl, D.R.P.Krahl, M.S.Oliveira & Cantuária. A, Habit. B, 
Inflorescence. C, Floral bract. D–F, Flower. G, Floral segments. H–J, Lip. K–M, Column. N, Pollinarium 
and anther cap. Drawn by M.F. Negrão based on the plant that served as the type.
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ventral or dorsal view, copper-yellow on the back, light yellow on the ventral face, apex 
apiculate; antennae missing/underdeveloped; anther cap 0.3–0.4 × 0.2–0.3 cm, oblong, 
unilocular, light yellow, apex rounded; viscidium 0.1–0.2 × 0.1–0.2 cm, whitish, sticky; 
stipe 0.4–0.5 cm long, laminar, whitish, rolled up; pollinia 2, 0.2–0.3 × 0.1–0.2 cm, 
obovate, hard, compressed, sulcate, yellow. Pistillate and staminate + pistillate inflores
cence not observed. Fruit unknown.

Figure 2. Composite colour plate of Catasetum ×angelae angelae Krahl, D.R.P.Krahl, M.S.Oliveira & 
Cantuária. A, Habit. B, Inflorescence. C, Floral bract. D–F, Flower. G, Floral segments. H–J, Lip. 
K–M, Column. N, Pollinarium and anther cap. Photos by A.H. Krahl based on the plant that served 
as the type.
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Etymology: The specific epithet is given in tribute to Ângela Maria Krahl, an orchid 
enthusiast and the mother of one of the authors responsible for collecting the type speci
men (A.H. Krahl).

Distribution, habitat and ecology: The new nothospecies was found in bloom in May 
2023, a few kilometres to the north of Manaus (Amazonas, Brazil) in a rural area on the 
side of the Ramal (Road) Cláudio Mesquita and a left tributary of the Tarumã-Açu River 
(Figure 3). The environment is sandy/clayish soil and quite degraded due to real estate 
speculation. We observed a predominance of Inajá palm trees (Attalea maripa (Aubl.) 
Mart.), which were being used as a phorophyte by the new taxon described here. We 
also observed a large presence of C. roseoalbum on this palm species, as well as the pres
ence of C. longifolium on Buriti palm trees (Mauritia flexuosa L.f.) ca. 300 m away 
(Figure 3). No other Catasetum species were found nearby. Both putative parents were 
observed flowering on the same day (see ‘Additional material examined’ below), indicat
ing an overlap in the flowering period that would allow cross-pollination. Additionally, 
both parents share the same group of pollinators – male bees of the genus Eulaema 
(Milet-Pinheiro and Gerlach 2017; personal observations). Consequently, we have no 
doubt that the hybrid C. ×angelae has resulted from the natural crossing of 
C. longifolium and C. roseoalbum.

Figure 3. Geographical location of Catasetum ×angelae and its parents (Catasetum roseoalbum and 
Catasetum longifolium) at the type locality in the municipality of Manaus, Amazonas (AM), Brazilian 
Amazon. Map by A.H. Krahl.
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Nomenclatural status of C. pusillum: A new taxonomic circumscription for 
C. pusillum is proposed below. The reasons for this proposal will be discussed later in 
the report but were based on a comparison of the morphology and occurrence of 
C. discolor and C. longifolium (considered here as parent species of C. pusillum) in the 
city of Iquitos, the capital of the Department of Loreto in Peru (see ‘Additional material 
examined’ below).

Catasetum ×pusillum C. Schweinf., Amer. Orchid Soc. Bull. 12: 100, t. 4, 1943 (pro. sp.), 
nothosp. et stat. nov.
Type: PERU: Loreto: Vicinity of Iquitos, 100 m, dense forest, on living tree, November- 
December 1936, flowers ♂, G. Klug 10015 (holotype: AMES00217929!).

Additional material examined (C. discolor): PERU: No plant collection information, 
cultivated in greenhouse at University of Florida, HH8609-001, 29 September 1986, 
flowers ♂, H.G. Hills 86075 (FLAS!); collection location unknown, ex hort. Tropical 
World Orchids, living accession of H.G. Hills, HH860910, 01 November 1987, flowers 
♂, H.G. Hills 87008 (FLAS!); Loreto: Manas, Iquitos, no additional collection infor
mation, 15 December 1985, flowers ♂, H.G. Hills 1007 (FLAS!); idem. no additional col
lection information, 03 January 1987, flowers ♂, H.G. Hills 87009 (FLAS!).

Additional material examined (C. longifolium): BRAZIL: Amazonas: Manaus, 
Ramal (Road) Cláudio Mesquita, old Km 02 of BR 174, epiphyte in Buriti (Mauritia 
flexuosa), 2°56′23.5′′S, 60°3′10.0′′W, 16 February 2024, flowers ♂, A.H. Krahl & D.R.P. 
Krahl 1727 (HUAM!); PERU: Loreto: Iquitos, 100 m, epiphytic on palm, 26 October 
1929, apparently sterile material, E.P. Killip & A.C. Smith 29833 (NY!).

Additional material examined (C. roseoalbum): BRAZIL: Amazonas: Manaus. 
Ramal (Road) Cláudio Mesquita, old Km 02 of BR 174, epiphyte on Inajá (Attalea 
maripa), 2°56′33.4′′S, 60°3′6.7′′W, 16 February 2024, flowers ♂, A.H. Krahl & D.R.P. 
Krahl 1728 (HUAM!); idem, 10 March 2024, flowers ♂, A.H. Krahl 1730 (HUAM!).

Discussion

Under the biological species concept, a species can be defined as a group of individuals 
that reproduce among themselves and are reproductively isolated from other similar 
groups. However, for this understanding, Mallet (2001) noted that different species 
may often lack a unitary biological reality in their geographical areas and over geological 
time. Furthermore, in most cases, independent species have a wide geographical distri
bution and stability in their morphological characters. On the other hand, the concept 
of nothospecies is associated with distinct populations, previously isolated by pre- or 
post-zygotic barriers, that eventually have come into contact and interbred to produce 
offspring with mixed characters, i.e. with characteristics that are intermediate to those 
of their parents (e.g. Azevedo et al. 2006; Krahl et al. 2020, 2021c, 2024c; Cantuária 
et al. 2021b). This interpretation is evidenced by the recognition of the parents and 
their presence in areas close to the collection site of the nothospecies (Barton and 
Hewitt 1989; Arnold 1992).

An understanding and application of these two concepts is important for Catasetum, 
as it is one of the few examples in the world of a plant genus in which species formation 
has occurred as a result of a long history of hybridisation, making biogeography an 
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important consideration (Mauad et al. 2022). Thus, the current recognition of species 
(e.g. Petini-Benelli and Chiron 2020; Damián et al. 2021; Krahl et al. 2021a, 2021b, 
2022a, 2022b, 2023b, 2023c, 2023d, 2023e, 2024a, 2024b; Álvarez and Morales 2023) 
and nothospecies (e.g. Krahl et al. 2020, 2023a; Cantuária et al. 2021b; Ferreira and Mala
spina 2023a, 2023b; Assis and Ferreira 2024; Romero-González and Carnevali 2024) is 
extremely important to understanding the current evolutionary course that Catasetum 
is following, since hybridisation is still an apparently common event in this genus. The 
impact of human activities on the landscape and vegetation may be one explanation 
for the high number of nothospecies of Catasetum. Indeed, according to Krahl et al. 
(2023a), the removal of the natural vegetation barrier between species and subsequent 
emergence of pastures would favour gene flow between different species of this genus 
that would otherwise never have come into contact (e.g. Krahl et al. 2020).

Of the two Catasetum subgenera, Pseudocatasetum is of particular interest because it 
has few representatives (Romero and Jenny 1993; POWO 2024) and most of these are 
found in the Brazilian territory (Petini-Benelli 2024; POWO 2024). Members of Pseudo
catasetum either lack staminodes or present only rudimentary staminodes. They also 
usually produce non-resupinate and helmet-shaped flowers (Mauad et al. 2022). Only 
five species are currently known: C. discolor, C. gardneri Schltr., C. longifolium, 
C. pusillum and C. roseoalbum (Romero and Jenny 1993; Barbarena 2021; Petini- 
Benelli 2024; POWO 2024). In the checklist published by POWO (2024), C. cassideum 
Linden & Rchb.f. also appears as a valid species, but this is treated as a synonym of 
C. discolor by Romero and Jenny (1993) due to it having been described on the basis 
of a pistillate flower of C. discolor. Among these members, C. pusillum is without 
doubt the least-known taxon and is often overlooked in discussions of the subgenus. 
This species is described and known from only one specimen collected by G. Klug (col
lection number 10015) in the Department of Loreto, Peru (Schweinfurth 1943), and 
deposited in AMES (barcode AMES00217929!). After analysing this specimen, we con
cluded that C. pusillum is actually a natural hybrid between C. discolor and 
C. longifolium, so from here, we will adopt the name C. ×pusillum.

A hybrid status was mistakenly applied by Romero and Carnevali (1989) to 
C. roseoalbum, which was partially clarified by Barbarena (2021) who, after analysing 
the protologues, illustrations and herborised material, concluded that C. roseoalbum is 
a true species and C. ciliatum is one of its synonyms. At first, we also mistakenly believed 
that C. roseoalbum was a hybrid between C. discolor and C. longifolium (disregarding 
C. ciliatum as a synonym) (see Krahl et al. 2023a). However, after improved analysis 
of the information presented by Barbarena (2021), we agreed that C. roseoalbum and 
C. ciliatum are the same taxon. The illustrations (Figure 4) and protologues of Hooker 
(1840) and Barbosa-Rodrigues (1877) are consistent with a single morphological circum
scription, and the type material for each comes from the same broad locality (state of 
Pará, northern Brazil) (Barbarena 2021). Therefore C. ciliatum should be considered a 
synonym of C. roseoalbum, since the latter name is the oldest. However, while Barbarena 
(2021) demonstrated this, he did not clarify the real question around C. roseoalbum: is 
C. roseoalbum, in fact, a nothospecies (a natural hybrid between C. discolor and 
C. longifolium)?

Here, we argue that C. roseoalbum should be treated as an independent species, as 
have many authors before us (e.g. Bastos and van den Berg 2012; Romero-González 
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2012, 2018; Cárdenas et al. 2017; Barbarena 2021; Ferreira-Filho and Barberena 2022; 
Álvarez and Morales 2023; Luz et al. 2024; POWO 2024). This is because it has a wide 
geographical distribution that, at least in Brazil, extends from the Amazon (Hooker 
1840; Barbosa-Rodrigues 1877; Afonso et al. 2015; Klein and Piedade 2019; Oliveira 
et al. 2021; Ferreira-Filho and Barberena 2022; Luz et al. 2024; Petini-Benelli 2024; 
POWO 2024) to at least the state of Bahia (northeastern Brazil) (Barbarena et al. 2019; 
Filardi-Barbosa et al. 2023), whereas nothospecies typically tend to have more sporadic 
distributions (e.g. Krahl et al. 2020, 2024c, p. 2024d; Cantuária et al. 2021b; Romero- 
González and Carnevali 2024). Additionally, C. roseoalbum occurs in localities where 
one or both of the putative parents do not occur, including Maranhão (Oliveira et al. 
2021; Petini-Benelli 2024) and Bahia (Barbarena et al. 2019; Filardi-Barbosa et al. 
2023; Petini-Benelli 2024).

The frequency of occurrence also supports the idea that C. roseoalbum is an indepen
dent species, as C. roseoalbum has a much higher frequency of occurrence than either 
C. discolor or C. longifolium. In Manaus (state of Amazonas, Brazil), C. roseoalbum 
occurs in every stretch of native vegetation, whereas no C. discolor plants have been 
observed in the municipality and very few occurrences of C. longifolium have been 
recorded (Braga 1977 [C. roseoalbum treated as C. discolor]; personal observations). 

Figure 4. Illustrations of A, Catasetum roseoalbum and B, Catasetum ciliatum (=C. roseoalbum). A, 
Illustration contained in the protologue of Hooker (1840), reproduced with the consent of the pub
lisher Biodiversity Heritage Library, Contributed by Missouri Botanical Garden, Peter H. Raven 
Library. B, Illustration by Barbosa Rodrigues published by Sprunger et al. (1996), reproduced with 
the consent of the publisher Friedrich Reinhardt Verlag; this illustration also represents the lectotype 
of C. ciliatum (=C. roseoalbum) as designated by Romero and Jenny (1993).
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Similar observations have been made in the municipalities of Itapiranga (Amazonas), São 
Sebastião do Uatumã (Amazonas) (Klein and Piedade 2019), Maués (Amazonas) (per
sonal observations), Abatetuba (Pará) (Afonso et al. 2015), Igarapé-Miri (Ferreira- 
Filho and Barberena 2022) and Codó (Maranhão) (Oliveira et al. 2021). We also empha
sise that certain records of occurrence of C. discolor for the Brazilian Amazon are likely to 
be erroneous since C. discolor, C. roseoalbum and C. ciliatum were previously considered 
synonyms, as can be seen in the work of Braga (1977).

Catasetum roseoalbum forms huge populations in the Amazon, mainly in Brazil, in 
which individuals interbreed to produce fertile descendants within their populations, 
thus maintaining their own identity. However, the possibility of C. roseoalbum maintain
ing gene flow with other species is not ruled out, as this is notoriously common within 
Catatasetum, with many natural hybrids having been described to date (e.g. Romero and 
Carnevali 1990; Petini-Benelli 2010, 2012, 2014, 2016; Krahl et al. 2020, 2023a; Ferreira 
and Malaspina 2023a, 2023b; Assis and Ferreira 2024; POWO 2024; Romero-González 
and Carnevali 2024). It should be noted that we do not disregard the observations of 
Romero and Carnevali (1989), which were based on biological data, including pollinator 
and habitat data, and were strongly supported by the observations of Dodson (1978). We 
simply argue that such observations should be applied to C. ×pusillum and not 
C. roseoalbum, which has too wide a geographical distribution to be considered a 
hybrid, occurs in places where C. discolor and C. longifolium are absent, and has a 
very high frequency of occurrence compared with the putative parents.

Catasetum ×pusillum has only been collected once and shows characters that are clearly 
intermediate between C. discolor and C. longifolium. Romero and Carnevali (1989) empha
sised that gene flow between these two taxa is possible since they are sympatric, show 
overlap in the blooming period and share the same pollinator group. Milet-Pinheiro and 
Gerlach (2017) further showed that C. discolor and C. longifolium share as pollinators 
the males of Eulaema bombiformis  (Williams and Dodson 1972; Dodson 1978), 
E. cingulata  (Hills et al. 1972; Dodson 1978) and E. meriana  (Hills et al. 1972; Dodson 
1978), possibly because flowers of both taxa have a perfume with similar composition 
(see Hills et al. 1968; Hills et al. 1972).

Catasetum ×pusillum presents rather long and narrow leaves, which are similar to but 
not as long as those of C. longifolium. The leaf shape is linear-oblanceolate, which is inter
mediate between what is observed in C. discolor (leaves oblong-lanceolate) and 
C. longifolium (leaves linear-lanceolate). The inflorescence is arched and also intermedi
ate between that of C. discolor (erect) and C. longifolium (pendulous). The lip is hemi
spheric with a serrate margin, whereas the margin is minutely serrate to short- 
fimbriate in C. discolor and short-ciliate in C. longifolium (Schweinfurth 1943; Petini- 
Benelli 2024). From the material deposited in FLAS and NY, we also observed that 
C. discolor and C. longifolium are sympatric in the city of Iquitos (type locality of 
C. pusillum). We believe that C. ×pusillum could occur over a wide geographical 
range, as both putative parents have wide geographical distributions (Brazil, Colombia, 
French Guiana, Peru, Suriname and Venezuela) (POWO 2024). However, a thorough 
revision of the various specimens of Pseudocatasetum deposited in the different herbaria 
around the world is necessary to precisely determine its actual occurrence.

To date, no natural hybrids have been recorded between species belonging exclusively to 
the subgenus Pseudocatasetum, although there are hybrids for which one of the parents is 
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in Pseudocatasetum (e.g. Romero and Carnevali 1989; Romero and Jenny 1992; Bicalho 
1996; Petini-Benelli and Grade 2012; Ferreira 2013; Petini-Benelli 2016; Krahl et al. 
2020). Thus C. ×pusillum (designated here as a natural hybrid) and C. ×angelae (described 
here) are the sole hybrids currently known that exclusively belong to this subgenus.

Catasetum ×angelae is the result of natural hybridisation between C. longifolium and 
C. roseoalbum and presents intermediate characters. Its pseudobulbs are erect or bent 
down, as observed in C. roseoalbum, whereas the pseudobulbs are pendent in 
C. longifolium. The leaves have the same shape as those of C. longifolium (linear-lanceo
late) but are a similar length to those of C. roseoalbum (18.4–42.2 cm), being shorter than 
in C. longifolium (41–135 cm). The subpendulous inflorescence is intermediate between 
the erect to arched inflorescence of C. roseoalbum and the fully pendent inflorescence of 
C. longifolium. The flower colour is coppery on the outside and yellowish inside, as in 
C. longifolium (vs. the yellowish green or pale yellow flowers with a margin and 
reddish fimbriae in C. roseoalbum), but there are transverse spots inside the lip, as 
observed in C. roseoalbum. The petals have a slight asymmetry at the base, as in 
C. roseoalbum (vs. the symmetrical petals of C. longifolium). The lip is generally facing 
downwards, as in C. longifolium (vs. facing upwards in C. roseoalbum), and helmet- 
shaped with a triangular-rounded contour (vs. triangular in C. roseoalbum and 
rounded in C. longifolium), and has a long-ciliate/fimbriate margin, as in 
C. roseoalbum (vs. exclusively ciliate in C. longifolium), and an acute apex, as in 
C. roseoalbum (vs. obtuse to truncate in C. longifolium). Catasetum ×angelae also has a 
pubescence inside the lip, as in C. roseoalbum (vs. the glabrous lip of C. longifolium) 
(Figure 5) (see Lindley 1839; Hooker 1840; Barbosa-Rodrigues 1877; Afonso et al. 
2015; Pessoa et al. 2015; Klein and Piedade 2019; Oliveira et al. 2021; Cantuária et al. 
2021a; Ferreira-Filho and Barberena 2022). Further comparisons of these taxa are pro
vided in Table 1.

Because they share a common parent (C. longifolium), C. ×angelae and C. ×pusillum 
present some morphological similarities, mainly in their vegetative characteristics. Both 
taxa have fusiform pseudobulbs and narrow and rather long leaves with pendent laminae 
(features that are close to those of C. longifolium). The inflorescence structure and flowers 
are also somewhat similar, even if some distinctive characters can be observed, mainly in 
the lip structure. In both taxa, the lip is helmet-shaped, but in C. ×angelae, it has a more 
triangular contour with a long-fimbriate/ciliate margin, whereas in C. ×pusillum, it is 
more rounded with a serrate margin. Additionally, the inflorescence is subpendent in 
C. ×angelae and arched in C. ×pusillum (see Schweinfurth 1943). Such differences poss
ibly result from characters inherited from the other parent (C. roseoalbum for 
C. ×angelae and C. discolor for C. ×pusillum).

The discovery of C. ×angelae and the elucidation of C. ×pusillum as natural hybrids is 
of great importance for natural selection because both will be able to breed or backbreed 
with their parents, producing offspring with genetic and phenotypic variation that will be 
of significant relevance to their adaptation in a given environment (Arnold 1997). Fur
thermore, both also have significant evolutionary importance, as combinations of 
mixed characteristics (genetic and morphological) inherited from parental species can 
also be potentially adaptive, which in turn can lead to future speciation (Seehausen 
2004; Arnold 2006). These findings corroborate the phylogeny presented by Mauad 
et al. (2022), which demonstrates that the genus Catasetum is still in the process of 
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speciation and adaptation. The ongoing speciation process in Catasetum is also demon
strated by the recent emergence of several nothospecies (e.g. Krahl et al. 2020, 2023a; 
Cantuária et al. 2021a; Álvarez and Morales 2023; Assis and Ferreira 2024), with 
C. ×angelae providing another example.

Just over 40 natural hybrids have been proposed within the genus Catasetum (Krahl 
et al. 2020, 2023a, 2024c, 2024d; Ferreira and Malaspina 2023a, 2023b; Assis and Ferreira 
2024; POWO 2024; Romero-González and Carnevali 2024), so some may think that it is 
not useful to enlarge the list of nothospecies. However, it is necessary to have a well- 
defined name to scientifically talk about a specimen and to easily find the herbarium 
type specimen and search for its original description, even if the corresponding taxon 
is rare in the wild. Additionally, the discovery of a large number of natural hybrids 
within a genus is not insignificant – it says something about the genus’ characters, par
ticularly its evolutionary and reproductive processes (together with its pollinators). And 
to evaluate the number of natural hybrids, it is essential that each is named, even if this 
does require a precise morphological description.

We also emphasise that the application of morphological analysis for the genus Cat
asetum, as demonstrated in this work, is of great relevance, mainly because the current 
phylogeny (as demonstrated by Mauad et al. 2022) is not very useful due to the 
absence of a phylogenetic pattern for the sampled species. When combined with other 
tools (e.g. artificial crossing between different taxa and subsequent in vitro germination; 

Figure 5. Colour plate showing a comparison between A–C, Catasetum ×angelae, D–F, Catasetum 
roseoalbum and G–I, Catasetum longifolium. Photos by A.H. Krahl.
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see Krahl et al. 2023a), morphological analysis can elucidate the answers to several taxo
nomic questions similar to those presented here. Additionally, the constant collection of 
representatives of Catasetum in the Brazilian Amazon, mainly by J.B.F. Silva for more 
than 50 years, allows us to recognise stable populations and carry out the necessary taxo
nomic interpretations, as botanical names are constructed and organised based on a sys
tematisation that reflects stability.

Finally, this work presents an adequate and consistent taxonomic reorganisation of 
the subgenus Pseudocatasetum, which, despite being represented by only a few species, 
raises taxonomic questions. However, this is just a small portion of what must be reor
ganised and revealed within the genus Catasetum given its wealth of species.

Key to the species and nothospecies of Catasetum subgenus Pseudocatasetum (absent or 
underdeveloped antennae) (Figure 6) 

1. Completely pendent plants................................................ .... C. longifolium (Figure 6D)
1’. Erect or bent down plants ............................................................................................. .... 2
2. Slender plant; leaf linear-oblanceolate; leaf blade with 3 prominent veins; arched 

inflorescence........................................................................................................ .................. 3
2’. Robust plant; leaf oblong-lanceolate; leaf blade with 5–7 prominent veins; erect 

inflorescence.... ..................................................................................................................... 4
3. Inflorescence arched; margin of the lip  

crenate-serrate; lip rounded........ .................................................................. C. ×pusillum

Figure 6. Colour plate with some of the Catasetum representatives of the subgenus Pseudocatasetum. 
A, Catasetum ×angelae. B, Catasetum discolor. C, Catasetum gardneri. D, Catasetum longifolium. 
E, Catasetum roseoalbum. Photos by A.H. Krahl.
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3’. Inflorescence subpendent; margin of the lip long-fimbriate; lip rounded-triangu
lar.... .............................................................................................. C. ×angelae (Figure 6A)

4. Apex of the lip truncate to obtuse and occasionally ciliate........ C. gardneri (Figure 6C)
4’. Apex of the lip acute and slightly pubescent or glabrous......................................... ... 5
5. Plants generally terrestrial; lip rounded; margin of the lip serrate or short- 

fimbriate........................................................................................... C. discolor (Figure 6B)
5’. Plants generally epiphyte; lip triangular; margin of the lip long ciliate... ..................... 

......................................................................................................C. roseoalbum (Figure 6E)
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