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Abstract

Zamia multidentata is described and illustrated here as a new species from the Amazon basin, state of Acre, Brazil. The 
new species shares morphological similarities with the Amazonian species Z. hymenophyllidia, and Z. urep, to which it is 
compared. The combination of slender (to 6.2 cm) caulescent stems, strongly serrulate elliptic leaflets with long acuminate 
tips and a pronounced adaxially raised longitudinal crease, as well as seed strobili with long peduncles (15 cm +) and flat 
megasporophylls distinguish the new species Zamia multidentata from all other known species in the genus. 
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Introduction

The genus Zamia, with eighty-four currently accepted species (Calonje et al. 2023), is the most widespread and 
speciose cycad genus in the New World. The genus was described over 250 years ago by Carl Linnaeus (1763), yet 
the majority of species have been described since the early 1980’s. The remarkable amount of taxonomic interest in 
the genus evidenced in recent years continues unabated, with new species still being described almost every year. 
Currently the least understood assemblage of species of Zamia are those occurring in the Amazon basin. The region 
hosts ten currently accepted species (i.e. Z. amazonum Stevenson (2001: 33), Z. boliviana de Candolle (1868: 540), Z. 
brasiliensis Calonje & Segalla in Segalla & Calonje (2019: 4), Z. hymenophyllidia Stevenson (2001: 43), Z. lecointei 
Ducke (1915: 9), Z. lindosensis Stevenson et al. (2018: 364), Z. macrochiera Stevenson (2004: 185), Z. poeppigiana 
Mart. & Eichler in Eichler (1863: 414), Z. ulei Dammer (1907: 117), and Z. urep B.Walln. (1996: 1056), the majority 
of which have been phylogenetically evaluated and form a monophyletic assemblage (Calonje et al. 2019). However, 
perhaps partially due to the complex logistics of working in the Amazon, the taxa occurring here remain understudied 
and in need of taxonomic revision. 
	 A survey conducted in 2015 in Mâncio Lima (Acre, Brazil) by Ricardo Soares Pimenta, Juliano Borin, and José 
Fernando Tribst identified a thin-stemmed arborescent species reported by local resident Francisco Assis F. Silva as a 
potentially undescribed species that would require further study to verify. The opportunity to formally document the 
species arose in September 2020, when the species was detected in the Serra do Divisor National Park (Acre, Brazil; 
SDNP) during the course of ongoing research on Amazonian Zamia systematics. A preliminary herbarium specimen 
survey suggested that the taxon had never been collected before, and a close examination of its reproductive and 
vegetative morphology in the field provided confirmation that the species is novel and readily distinguishable from all 
currently described species. Here we describe and illustrate this new species and compare it to Z. hymenophyllidia and 
Z. urep, the two species with which it shares the closest morphological resemblance.
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Materials and methods 

Field expeditions focusing on studying the putative new species of Zamia were conducted in September 2020 and June 
2021 within SDNP in the Municipality Mâncio Lima, Acre, Brazil. The national park, located to the northeast of the 
state of Acre, is at the border of Brazil and Peru, in the Upper Rio Juruá region in the Cruzeiro do Sul microregion 
(Associação SOS Amazônia 1998). In addition, field research in the Municipalities of Leticia and Puerto Nariño, 
Amazonas, Colombia focusing on Z. hymenophyllidia was conducted in November 2017 and January 2022. Fieldwork 
at both locations included morphometric data collection, photographic documentation, and herbarium specimen 
collection. Living plants of Z. hymenophyllidia (Accessions 16022A & 16027A) and Z. urep (Accession 15233A) 
were also studied in cultivation at Nong Nooch Tropical Botanic Garden (NNTBG, Chonburi, Thailand). Herbarium 
specimens and specimen photographs of Zamia hymenophyllidia and Z. urep deposited at the following herbaria 
were consulted: AMAZ, COAH, COL, F, FMB, FTG, GH, HUA, K, LZ, MO, NY, UDBC, USM, W (acronyms 
according to Thiers 2022, continuously updated), and are listed in Appendix I.  Specimens and field observations were 
georeferenced, and mapped in ArcGIS (Version 10.8.2; ESRI, 2021) and relevant morphological measurements were 
recorded from specimen images with the software ImageJ (Schneider et al. 2012). In order to reduce the subjectivity 
inherent in describing colors, for the species description we identified colors based on the RHS Colour Chart (Royal 
Horticultural Society [Great Britain], 2015) numbers (e.g. RHS 173C), and color names from “Color Names for the 
RHS Colour Chart” (UPOV 2019) as implemented in the R Statistical Software (v4.2.2; R Core Team 2022) package 
ColorNameR (Sánchez Beeckman 2021). Color values were obtained from photographs by using the eyedropper 
tool in Adobe Photoshop (v24.0; Adobe inc., 2022) to sample the average CIELAB color values for an area of 31x31 
pixels. These values were input into ColorNameR to obtain the closest RHS colors and color names to be used in this 
paper. Estimates for annual temperature ranges within the area of occupancy of the species were obtained by extracting 
values at occurrence points using CHELSA bioclimatic variables (v1.2; Karger et al. 2017, 2018).  Specific locality 
information associated with the visited locations and herbarium specimens is purposefully withheld in this paper and 
provided only at the municipality level to minimize the risk of illegal harvesting of the species discussed herein.

Taxonomic treatment 

Zamia multidentata Calonje, Segalla & R.S.Pimenta sp. nov. (Figs. 1–3)
Diagnosis:—The combination of slender (to 6.2 cm) caulescent stems, strongly serrulate elliptic leaflets with long acuminate tips and a 

pronounced adaxially raised longitudinal crease, as well as seed strobili with long peduncles (15 cm +) and flat megasporophylls 
distinguish the new species Zamia multidentata from all other known species in the genus. 

Type:—BRAZIL. Acre: Mâncio Lima: 220m, 26 Sep 2020, R. Segalla & L.V. Lima SDMR 01 (holotype RB!, isotypes UFMT!, INPA!, 
UFACPZ!). 

Description:—Stem epigeous, cylindrical, typically solitary, 16–45 × 4.0–6.2 cm. Cataphylls caducous, triangular to 
narrowly triangular, 3.7–7.02 cm long and 1.8–2.5 cm wide at base, abaxial surface densely covered with light yellow 
orange (RHS 158D) felted indumentum. Ptyxis slightly reflexed. Leaves 8–14 per crown, held relatively upright, 
slightly spreading, 114–152 cm long and 35.1–44.9 cm wide. Petiole 35–83 cm long and 10.7–21.7 mm thick, with 
abruptly swollen base to 35.79 mm wide, moderately to strongly armed with prickles 1.7–5.0 mm long., petiole and 
rachis densely covered with grey (RHS N189D) pubescent indumentum on new leaves, gradually shedding it to reveal 
medium yellow green (RHS 159D) to dark brown (RHS N200A) epidermis on older leaves. Rachis 43.0–78.5 cm 
long, lightly armed with prickles mostly in the proximal fourth, with occasional solitary prickles occurring beyond. 
Leaflets 10–26, papyraceous to chartaceous, oppositely to sub-oppositely arranged, articulate insertion on rachis 2.9–
4.4 mm wide, spaced to 2.0 to 5.5 cm apart at leaf center, ovate to elliptic with long acuminate apex, distinctly raised 
longitudinal crease, margins strongly serrulate beyond proximal fourth with 30–49 teeth, median section traversed by 
36–47 parallel veins, light green (RHS 138D) on new leaf flushes, at maturity turning medium brown green (RHS 
136C) to light green (RHS 145B) adaxially, light green abaxially (RHS 135D), basal leaflets 10.0–21.0 cm × 3.0–7.0 
cm, median leaflets 18.2–21.7 cm × 4.3–9.3 cm, apical leaflets 13.5–20.0 cm × 5.0–8.3 cm. Eophylls 13–17 cm long, 
petiole 12–16 cm long, rachis 0.6–1.0 cm long bearing 4 leaflets. Eophyll leaflets oval to ovate with long acuminate 
apices, margins strongly serrulate in the distal half, the basal leaflets 7.2–8.0 × 3.5–3.6 cm, the apical leaflets 7.0–7.8 
× 2.6–2.7 cm. Pollen strobili 1–5 per stem apex, fertile portion conical-cylindrical, at pollen shedding stage 8.2–8.3 
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× 1.4–1.5 cm, covered with medium brown (RHS 173C) to grey brown (RHS N199C) felted indumentum, strobilus 
apex acute 3.0–6.0 mm long and 4.7–5.3 mm wide at base, peduncle 8.8–9.1 × 0.7–0.8 cm, densely covered with 
light yellow (RHS 163D) tomentose indumentum, strobilar axis glabrous. Microsporophylls spirally arranged in 7–8 
orthostichies of 14–16 fertile sporophylls each, median sporophylls 4.9–5.2 × 5.0–5.2 mm. Microsporophyll shield 
a distinctly extruded hexagonal prism covered with dark yellow orange (RHS 173C) to grey brown (RHS N199C) 
felted indumentum, 2.1–2.5 mm tall and encompassing 2/5 to 1/2 of sporophyll length, 3.6–4.6 × 2.2–2.5 mm at the 
base, the distal face distinctly indented and slightly reduced to approximately ¾ the size of the base. Fertile portion of 
microsporophyll with adaxial surface glabrous, abaxial side lightly covered with grey-brown (RHS 199B) pubescent 
indumentum and patches of strong orange red (RHS 169A) pubescent indumentum restricted to the areas immediately 
surrounding individual microsporangia. Microsporangia present only on the abaxial side of the microsporophyll, 
slightly ovate, 1.1–1.2 × 0.9–1.0 mm, typically aggregated into a single group of 13–17 sporangia, but occasionally 
separated into two distinct marginal groups of 6–8 sporangia each.  Ovulate strobili one per stem apex, fertile portion 
cylindrical, at maturity 16.2–18.0 × 4.7–5.6 cm, with acute apex 12–13 mm long and 84–99 mm wide at base, covered 
with dark brown purple (RHS N186C) felted indumentum on newly emerging strobili turning orange brown (RHS 
172C) to medium brown (RHS 172A) at maturity; peduncle 15–19 × 1.2–1.4 cm, covered with purple grey (RHS 
201C) indumentum when newly emerging, at maturity indumentum persisting in medium yellow brown (RHS 164B) 
patches or shedding to reveal grey brown glabrous epidermis (RHS 199A). Megasporophylls spirally arranged in 
6–9 orthostichies of 6–10 sporophylls each, 20 × 10 mm, megasporophyll shield not extruded but relatively flat, 
1.8–3.0 mm thick, 20–21 mm wide, and 14–17 mm tall, the distal facet shallowly indented, narrow and elongated and 
encompassing approximately 1/13th to 1/16th of the area of the base. Seeds ovoid-pyramidal, sarcotesta medium red 
(RHS 44A) to orange red (RHS 32A) at maturity, 17.4–18.6 × 9.0–11.0 mm, sclerotesta ovoid, glabrous, light yellow-
brown (RHS 161C), 13.0–16.4 × 8.6–9.8 mm. 
	 Etymology: From the Latin multi (‘many’) and dentatus (‘toothed’), referring to the numerous teeth found along 
the margins of the leaflets of this species. 
	 Habitat, geology and soils:—Zamia multidentata occurs in the upper Juruá River basin (Daly et al. 2016) within 
the “Southwest Amazon Moist forests Ecoregion”, a region of high endemism and species richness in vascular plants 
(Olson et al. 2001). To date it has been only been observed within a vegetation type officially classified in Brazil as 
“Open Alluvial Ombrophilous Forest with Palms” (IBGE 2012), where it occurs on the alluvial soils of the Moa river 
floodplain adjacent to the Serra do Divisor, an isolated mountain range in the southwestern Amazon characterized by 
fiercely dissected peaks and ridges rising out of the surrounding lowland rainforest (Salisbury et al. 2013). The soils 
originated from Holocene sediments and have a high content of fine sands resulting from the erosion of Cretaceous 
sandstone from the Serra do Divisor (Mendonça et al. 2020). The soils are lower in organic carbon but richer in 
nutrients than those from the Serra do Divisor, are high in Al3+ and have a mixed mineralogy with 2:1 clays, hydroxyl-
Al interlayered smectite, and kaolinite (Mendonça et al., 2020).
	 Climate:—The region of the Serra do Divisor mountainous complex is inserted in a transitional climatic band 
between the Humid and the Super-humid (relative humidity index close to 100) with rainfall (2,500 to 2,750 mm per 
year) frequent throughout the year, since even during the driest months (June to September) the totals are usually 
greater than 60 mm (Associação SOS Amazônia 1998). In the other months of the year, totals greater than 180 mm 
predominate, and over 300 mm in the months of November to April (Associação SOS Amazônia 1998). The mean 
annual air temperature is 25.0° C, with a mean minimum daily temperature of 20.8° C in the coldest month, and a mean 
maximum daily temperature of 28.6° C in the warmest month. 
	 Ecology:—The species was rare in the surveyed area, with scattered individuals occurring in the forest understory, 
usually on flat to gentle slopes. Accordingly, very few seedlings or juvenile plants were observed. As this species to our 
knowledge has not been studied or collected before, little is known its population dynamics, reproductive phenology, or 
the plant-animal interactions affecting it. Although most South American species of Zamia are pollinated by beetles in 
the genus Pharaxonotha Reitter (Coleoptera: Erotylidae) (Segalla et al. 2021, Tang et al. 2018), the pollination agents 
for this species remain unknown. Similarly, the seed dispersal agents are not known, and no evidence of herbivory by 
caterpillars of the genus Eumaeus (Segalla & Morellato 2019) was observed in habitat. Strobili emerge from April to 
June, with the reproductive period when the seed strobili become receptive and the pollen strobili become dehiscent 
occurring from May through June. Pollinated ovulate strobili mature for approximately one year after pollination, 
with seed dehiscence occurring from May to July the year following cone emergence. New leaves are produced from 
October through December.
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FIGURE 1. Vegetative characteristics of Zamia multidentata. A. Median leaflet attached to rachis, B. Top view of eophyll, C. Habit of 
adult individual with ovulate strobilus. D. Newly emerging leaf showing slightly reflexed ptyxis and indumentum covering rachis, E. 
Middle section of petiole showing some patches of indumentum and prickles, F. Leaf. All photographs used for the preparation of the 
illustration were taken at the type locality.

	 Distribution and conservation status:—The Sierra do Divisor’s ridge divides Brazil’s Jurua river basin from 
Peru’s Ucayali basin and serves as the international boundary between the two countries (Salisbury et al., 2013). On the 
Brazilian side of the boundary lies the Serra do Divisor National Park, and on the Peruvian side its transboundary sister 
reserve, the Sierra del Divisor National Park. The adjacent transnational parks are part one of the largest contiguous 
blocks of protected areas in the Amazon, but despite their protected status, the region is threatened by anthropogenic 
activities including agriculture, hunting and subsistence fishing, tourism, and plant extraction for timber, charcoal, 
firewood, and horticulture (Associação SOS Amazônia 1998; Daly et al. 2016; Esteves & Luz 2019). The location 
surveyed in this study, selected as the type locality, is protected within the Serra do Divisor National Park (SDNP), 
whereas the other known locality occurs outside of the park boundaries in an area that has been actively deforested in 
the last 40 years and where habitat transformation and deforestation continue unabated. The two known locations of 
Zamia multidentata are approximately 30 km away from each other within the Moa river floodplain at an elevational 
range of 200–220 m. The species was infrequent within the SDNP location visited, and local field guides reported 
being aware of past extraction of wild plants in the region for horticultural purposes. Although no Peruvian collections 
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are currently known, the species occurs approximately 20 km from the Peruvian border, so its distribution range may 
possibly extend into this country as well. Based on the two known locations for this species, the continuing decline in 
habitat quantity/quality in at least one of these locations, the reported threat to the species from commercial extraction 
for horticulture, and the small Extent of Occurrence (25 sq. km) and Area of Occupancy (8 sq. km), we recommend 
a listing of this species by the IUCN as Endangered based on criteria B1ab(i,ii,iii,iv,v)+2ab(i,ii,iii,iv,v); C2(i) (sensu 
IUCN Standards and Petitions Committee 2022).

FIGURE 2. Reproductive characteristics of Zamia multidentata. A. Near mature ovulate strobilus, B. Mature ovulate strobilus with ripe 
seeds, C. Immature ovulate strobilus. D. Megasporophyll shield, E. Megasporophyll with two mature seeds with sarcotesta intact, F. Seed 
sclerotesta, G. Pollen strobilus at pollen dehiscence stage, H. Microsporophyll abaxial view, I. Microsporophyll adaxial view, J. Pollen 
strobilus cross section showing microsporophyll arrangement, abaxial side, K. Close up of distal half of pollen strobilus. All photographs 
used for the preparation of the illustration were taken at the type locality.

	 Morphological affinities:—Zamia multidentata shares some morphological similarities with the Amazonian 
species Z. urep and Z. hymenophyllidia, including elliptic leaflets with long acuminate tips as well as ovulate strobili 
with  long peduncles. Z. multidentata most closely resembles Z. hymenophyllidia, with which it shares the presence of 
a pronounced adaxially raised longitudinal crease on the leaflets, and slender (less than 7 cm wide) caulescent stems. 
Whether these morphological affinities correspond to a close phylogenetic relationship is currently unknown. While 
all species of Zamia from the Amazon basin phylogenetically evaluated to date appear to belong to the same clade, the 
fine-scale relationships between the constituent species in this clade remain unresolved and their resolution will require 
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the use of new high-throughput sequencing technologies (Calonje et al., 2019). Nevertheless, as within the Amazon 
basin these three species are the most likely to be confused morphologically, we hereafter discuss the morphological 
differences and similarities between them in order to aid in their identification. 

FIGURE 3. Zamia multidentata in habitat. A. Adult plant in habitat with post-receptive ovulate strobilus, B. Abaxial side of leaf, with 
Márcio Sombra, C. Adult plant with Rosane Segalla for scale, D. Adult plant growing near river. The nutrient poor sandy soils of the region 
evident on the opposing riverbank. All photographs taken at type locality. 

	 The three species can be readily distinguished by their leaflet morphology alone (Fig. 4), as they vary in their 
dentation, number and prominence of leaflet veins, and the presence or absence of an adaxially raised longitudinal 
crease (Table 1). Zamia multidentata leaflets have a larger number of veins and teeth than the other two species. The 
presence of an adaxially raised longitudinal crease is present in both Z. multidentata and Z. hymenophyllidia, but absent 
in Z. urep which has relatively flat leaflets. The veins are extremely prominent on the adaxial leaflet surface of Z. urep, 
less so in Z. hymenophyllidia (though highly prominent in dried specimens), and not prominent in Z. multidentata. The 
color of newly emerging and expanding leaflets is green in both Z. multidentata and Z. hymenophyllidia, and medium 
yellow brown (RHS 163A) in Z. urep. 
	 Zamia multidentata and Z. hymenophyllidia have caulescent trunks whereas Z. urep is acaulescent. In addition 
to differences in vegetative characters, Z. multidentata has microsporophylls typically bearing more microsporangia 
(12–17) than either Z. hymenophyllidia (10–12) or Z. urep (9–10) (Table 1). Finally, although the three species are 
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endemic to the Amazon basin, their geographic ranges do not overlap and are separated by hundreds of kilometers from 
each other (Fig. 5).  

FIGURE 4. Comparison of microsporophylls and leaflets of Zamia multidentata, Z. hymenophyllidia, and Z. urep. A. Microsporophyll of 
Z. multidentata, abaxial side, B. Median leaflet of Z. multidentata, adaxial side, C. Microsporophyll of Z. hymenophyllidia, Nong Nooch 
Tropical Botanical Garden (NNTBG) accession 16022A, originally collected from Loreto, Perú.  D. Median leaflet of Z. hymenophyllidia, 
adaxial side, photographed in Leticia, Amazonas, Colombia, E. Microsporophyll of Z. urep, abaxial side, F. Median leaflet of Z. urep, 
adaxial side. Photographs of Z. multidentata from material collected at type locality, photographs of Z. urep from NNTBG accession 
15233A. 

FIGURE 5. Disjunct geographic distribution of Zamia multidentata (triangles), Z. hymenophyllidia (circles), and Z. urep (crosses).  
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	 Most Amazonian Zamia species have subterranean stems, and prior to this description, the massive species Z. 
poeppigiana, with its stems reaching 3 m tall and 30 cm in diameter (Calonje et al., 2011), was considered the only truly 
arborescent species. Our field surveys documented that an arborescent habit is also widespread in Zamia multidentata, 
albeit it produces much shorter and more slender stems reaching up to 45 cm tall and 6.2 cm in diameter. Furthermore, 
we report that Zamia hymenophyllidia, previously considered a subterranean-stemmed species (Stevenson, 2001), is an 
arborescent species producing similarly slender stems to Z. multidentata. Although most plants observed in our survey 
for this species in Leticia (Amazonas, Colombia) were acaulescent, we did observe a small number of plants in habitat 
with short slender stems up to 12 cm tall and 4 cm wide, and specimens report stems for this species up to 40 cm tall 
(Barona 5044 [COAH!]) and 7 cm in diameter (Bernal et al. 2545 [COL!]). The slender (7 cm or less) caulescent 
stems produced by Z. multidentata and Z. hymenophyllidia are unusual in the genus, as most arborescent species have 
considerably thicker stems typically exceeding 8 cm at maturity.  The extremely slender stems of these two species are 
perhaps only comparable to those of younger plants of Z. obliqua Braun (1875: 376) which at maturity can have stems 
from 6.5 to 15 cm in diameter. 

Discussion

The combination of slender (to 6.2 cm) caulescent stems, strongly serrulate (30–49 teeth) elliptic leaflets with long 
acuminate tips and a prominently raised adaxial longitudinal crease, and seed strobili with long peduncles (15 cm +) 
and flat megasporophylls, distinguish Zamia multidentata from all other species in the genus. With this contribution 
we add to the body of knowledge of the poorly studied and understood zamias of the Amazon basin and build upon 
previous contributions by members of the authorship team to the taxonomy and biology of this group, including: the 
recircumscription of Z. poeppigiana (Calonje et al. 2011), the description of Z. brasiliensis (Segalla & Calonje 2019), 
and an increased understanding of the reproductive biology (Segalla et al., 2021) and ecological interactions (Segalla 
& Morellato 2019) of Z. boliviana.

Table 1. Quantitative and qualitative distinctions between Z. multidentata, Z. hymenophyllidia, and Z. urep.
Z. multidentata Z. hymenophyllidia Z. urep

Stem habit Caulescent Caulescent Acaulescent
Median leaflet length (cm) 18.2–21.7 16–24 11–20
Median leaflet width (cm) 4.3–9.3 4.5–7.2 3–6
Median leaflet teeth number 30–49 0–11 18–29
Leaflet adaxially raised longitudinal crease Present Present Absent
Median leaflet veins at center 36–47 21–28 19–24
Adaxial leaflet vein prominence Low Moderate High
New leaf color Green Green Brown
Microsporangia per microsporophyll 12–17 10–12 9–10

Acknowledgements

Funding for fieldwork in Brazil and Colombia was generously provided by Lin Lougheed through the Montgomery 
Botanical Center Plant Exploration Fund. We thank the Instituto Federal de Educação, Ciência e Tecnologia de Mato 
Grosso for supporting the development of the associated research of the first author. In accordance with the environmental 
legislation of Brazil, we received authorization for the collection of biological material (SISBio N° 65017-2) from the 
Brazilian Federal Environmental Agency (Instituto Chico Mendes de Conservação da Biodiversidade – ICMBio). 
Fernando Zagury Vaz-de-Mello of the Laboratório de Scarabaeoidologia at Universidade Federal de Mato Grosso 
(Cuiabá, Mato Grosso, Brazil) provided access to the laboratory facilities and equipment obtained through subproject 
EECBio of UFMT/Finep (agreement FINEP # 01.12.0359.00). Lafaete V. Lima provided some of the photographs 
used for developing the illustrations. Argemiro Oliveira Magalhães and Márcio Rosa Sombra assisted with fieldwork 
at SDNP. We are grateful to Juliano Borin (Jardim Botânico Inhotim) and José Fernando Tribst for participating in the 



a new species of Zamia multidentata Phytotaxa 598 (1) © 2023 Magnolia Press   •   29

first preliminary survey of this species, and to local resident Francisco Assis F. Silva, for first locating and bringing 
this species to RP’s attention. We thank the Sociedad Colombiana de Cycadas, the Grupo de investigación Ecología 
Evolutiva y Conservación (EECO), and the Universidad Nacional de Colombia for supporting field research in Leticia 
(Amazonas, Colombia) focusing on Zamia hymenophyllidia. We thank Anders Lindstrom and Nong Nooch Tropical 
Botanic Garden (Chonburi, Thailand) for providing access to MC to the garden’s ex situ cycad living collection for 
study. We thank Miguel Ángel Pérez-Farrera and an anonymous reviewer for taking the necessary time and effort 
to critically review the manuscript, and Mario Coiro and Simon Lavaud for providing valuable feedback on a draft 
version of the manuscript.   

References

Adobe, Inc. (2022) Adobe Photoshop. Available from: https://www.adobe.com/products/photoshop.html (accessed 18 May 2023)
Associação SOS Amazônia (1998) Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais Renováveis; The Nature Conservancy. 

Plano de manejo do Parque Nacional da Serra do Divisor, Acre – Brasil. Rio Branco, Acre: SOS Amazônia.
Braun, A. (1875) Die Frage nach der Gymnospermie der Cycadeen. In: Monatsberichte der Königlichen Preussischen Akademie der 

Wissenschaften. Berlin. pp. 241–267, 289–377.
Calonje, M., Esquivel, H.E., Stevenson, D.W., Calonje, C. & Pava, D. (2011) A new arborescent species of Zamia from the Central 

Cordillera of Tolima, Colombia (Cycadales, Zamiaceae), with comments on the Z. poeppigiana species complex. Brittonia 63: 
442–451.

	 https://doi.org/10.1007/s12228-011-9190-4
Calonje, M., Meerow, A.W., Griffith, M.P., Salas-Leiva, D.E., Vovides, A.P., Coiro, M. & Ortega, F. (2019) A Time-Calibrated Species 

Tree Phylogeny of the New World Cycad Genus Zamia L. (Zamiaceae, Cycadales). International Journal of Plant Sciences 180: 
286–314.

Calonje, M., Stevenson, D.W. & Osborne, R. (2023) The World List of Cycads, online edition. Available from: http://cycadlist.org 
(accessed: 5 May 2023).

	 https://doi.org/10.1086/702642
de Candolle, A.P. (1868) Cycadaceae. Prodromus 16 (2): 522–548.
Daly, D.C., Silveira, M., Medeiros, H., Castro, W. & Obermüller, F.A. (2016) The White-sand Vegetation of Acre, Brazil. Biotropica 48 

(1): 81–89.
	 https://doi.org/10.1111/btp.12307
Dammer, U. (1907) Cycadaceae. Beiträge zur Flora der Hylaea nach den Sammlungen von Ule’s Amazonas-Expedition. Verhandlungen 

des Botanischen Vereins der Provinz Brandenburg 48: 117–118.
Ducke, A. (1915) Plantes nouvelles ou peu connues de la region Amazonienne 2. Archives of the Botanical Garden of Rio de Janeiro 1: 

5–59.
Eichler, A.W. (1863) Cycadeae et Coniferae. Flora Brasiliensis (Martius) 4 (1): 414–416.
ESRI. (2021) ArcGIS Desktop: Release 10.8.2. Redlands, CA: Environmental Systems Research Institute.
Esteves, R. de C.B. & Luz, V.S. (2019) O Parque Nacional da Serra do Divisor/Acre: instrumentação preliminar em defesa da implantação 

de um instituto socioambiental como fortalecimento da Unidade Conservação. In: Fabiane dos Santos. (Org.) Geografia no Século 
XXI - Volume 5. 1 ed. Belo Horizonte: Editora Poisson, 2019, pp. 89–102. 

	 https://doi.org/10.36229/978-85-7042-159-3.CAP.09
IBGE (2012) Manual Técnico da Vegetação Brasileira. Série Manuais Técnicos em Geociências 1, 2ª edição revista e ampliada. Rio de 

Janeiro: IBGE.
IUCN Standards and Petitions Committee (2022) Guidelines for Using the IUCN Red List Categories and Criteria. Version 15.1. Prepared 

by the Standards and Petitions Committee. [https://www.iucnredlist.org/documents/RedListGuidelines.pdf]
Karger, D.N., Conrad, O., Böhner, J., Kawohl, T., Kreft, H., Soria-Auza, R.W., Zimmermann, N.E., Linder, H.P. & Kessler, M. (2018) Data 

from: Climatologies at high resolution for the earth’s land surface areas, Dryad, Dataset.
	 https://doi.org/10.5061/dryad.kd1d4
Karger, D.N., Conrad, O., Bohner, J., Kawohl, T., Kreft, H., Soria-Auza, R.W., Zimmermann, N.E., Linder, H.P. & Kessler, M. (2017) 

Climatologies at high resolution for the earth’s land surface areas. Sci Data 4: 170122.
	 https://doi.org/10.1038/sdata.2017.122
Linnaeus, C. (1763) Zamia pumila. In: Species Plantarum 2. pp. 1659.
Mendonça, B.A.F.d., Schaefer, C.E.G.R., Fernandes-Filho, E.I., Simas, F.N.B. & Amaral, E.F.d. (2020) Genesis and micropedology of 



SEGALLA et al.30   •   Phytotaxa 598 (1) © 2023 Magnolia Press

soils at Serra do Divisor and Moa river floodplain, northwestern Acre, Brazilian Amazonia. Revista Brasileira de Ciência do Solo 
44: e0200038.

	 https://doi.org/10.36783/18069657rbcs20200038
Olson, D.M., Dinerstein, E., Wikramanayake, E.D., Burgess, N.D., Powell, G.V.N., Underwood, E.C., D’Amico, J.A., Itoua, I., Strand, 

H.E., Morrison, J.C., Loucks, C.J., Allnutt, T.F., Ricketts, T.H., Kura, Y., Lamoreux, J.F., Wettengel, W.W., Hedao, P. & Kassem, 
K.R. (2001) Terrestrial ecoregions of the world: a new map of life on Earth. Bioscience 51: 933–938. 

	 https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
R Core Team (2022) R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 

Available from: https://www.R-project.org/ (accessed 18 May 2023)
Royal Horticultural Society (Great Britain). (2015) R.H.S. Colour Chart. Sixth ed. RHS Media Royal Horticultural Society.
Salisbury, D.S., Sánchez Moreno, M.C., Dávalos Torres, L., Guimaraes Vásquez, R., Saito Diaz, J., Tipula Tipula, P., Treneman Young, A., 

Arana Courrejolles, C., Arana Cardó, M. & Grupo de Monitoreo de Megaproyectos Región Ucayali (2013) Border integrations: The 
fusion of political ecology and land change science to inform and contest transboundary integration in Amazonia. In: Brannstrom, C. 
& Vadjunec, J.M. (eds.) Land Change Science, Political Ecology, and Sustainability: Synergies and Divergences. Routledge, New 
York, pp. 129–149.

Sánchez Beeckman, M. (2021) ColorNameR: Give Colors a Name. R package version 0.1.0, Available from: https://CRAN.R-project.
org/package=ColorNameR (accessed: 16 Dec. 2022).

Schneider, C., Rasband, W. & Eliceiri, K. (2012) NIH Image to ImageJ: 25 years of image analysis. Nature Methods 9: 671–675 (2012). 
	 https://doi.org/10.1038/nmeth.2089
Segalla, R. & Morellato, L.P.C. (2019) New report of Eumaeus (Lepidoptera: Lycaenidae) associated with Zamia boliviana, a cycad from 

Brazil and Bolivia. Cycads 4 (1): 5–6.
Segalla, R. & Calonje, M. (2019) Zamia brasiliensis, a new species of Zamia (Zamiaceae, Cycadales) from Mato Grosso and Rondônia, 

Brazil. Phytotaxa 404: 1–11.
	 https://doi.org/10.11646/phytotaxa.404.1.1
Segalla, R., Pinheiro, F. & Morellato, L.P.C. (2021) Reproductive biology of the South American cycad Zamia boliviana, involving 

broodsite pollination. Plant Species Biology 36 (2): 348–360.
	 https://doi.org/10.1111/1442-1984.12322
Stevenson, D.W. (2001) Orden Cycadales. In: Flora de Colombia, vol. 21. pp. 1–91.
Stevenson, D.W. (2004) Zamiaceae of Bolivia, Ecuador and Peru. In: Walters, T. & Osborne, R. (Eds.) Cycad classification: Concepts and 

recommendations. CABI, Oxfordshire, UK, pp. 173–194.
Stevenson, D.W., Cárdenas López, D. & Castaño Arboleda, N. (2018) A new Zamia (Zamiaceae) from Colombia. Brittonia 70 (3): 

364–368.
	 http://dx.doi.org/10.1007/s12228-018-9535-3
Tang, W., Xu, G., O’Brien, C.W., Calonje, M., Franz, N.M., Johnston, M.A., Taylor, A., Vovides, A.P., Pérez-Farrera, M.A., Salas-Morales, 

S.H., Lazcano-Lara, J.C., Skelley, P., Lopez-Gallego, C., Lindström, A. & Rich, S. (2018) Molecular and morphological phylogenetic 
analyses of New World cycad beetles: What they reveal about cycad evolution in the New World. Diversity 10: 38.

Thiers, B. (2022) Index Herbariorum. Part I: The herbaria of the world., New York Botanical Garden. Available from: https://www.
sweetgum.nybg.org/ih (accessed: 1 November 2022).

UPOV. (2019) Color Names for the RHS Colour Chart. (International Union for the Protection of New Varieties of Plants). Available from: 
https://www.upov.int/edocs/mdocs/upov/en/tc_55/tc_55_14.pdf (accessed 16 Dec. 2022).

Wallnöfer, B. (1996) New or noteworthy species of Aegiphila, Stryax and Zamia from Peru. Linzer Biologische Beiträge 28 (2): 1056–
1058.

https://doi.org/10.1641/0006-3568(2001)051[0933:TEOTWA]2.0.CO;2
https://CRAN.R-project.org/package=ColorNameR
https://CRAN.R-project.org/package=ColorNameR
https://www.sweetgum.nybg.org/ih
https://www.sweetgum.nybg.org/ih


a new species of Zamia multidentata Phytotaxa 598 (1) © 2023 Magnolia Press   •   31

Appendix 1. Specimens examined of Z. hymenophyllidia and Z. urep:—

Z. hymenophyllidia. Type: COLOMBIA. Amazonas: Tarapacá, 200 m, 9 Mar 1999, D. Cárdenas et al. 10089 (holo-: 
COAH! No. 50000!, iso-: NY);

COLOMBIA. Amazonas: La Chorrera, 29 Sep 2017, A. Barona & S. Dutcha 4683 (COAH No. 100431!); La Pedrera, 
94 m, 15 Apr 2018, A. Barona 5044 (COAH No. 100379!); 198 m, 31 Jul 1997, D. Cárdenas López et al. 8473 (COAH 
no. 30073!), 8477 (COAH 30065!); Leticia, 16 Aug 2000, J. Arias et al. 858 (HUA No. 136517!); 17 Aug 2000, J. 
Arias et al. 883 (HUA No. 136414!); 104 m, 25 May 2018, A. Barona 5164 (COAH Nos. 104155!, 104157!); 150 m, 
4 Mar 2001, R. Bernal et al. 2545 (COL Nos. 462223!, 462047!); 150 m, 3 Mar 2001, R. Bernal et al. 2528 (COL No. 
462332!); 100 m, 11 Jun 2013, D. Cárdenas et al. 43554 (COAH No. 29347!); 100 m, 12 Jun 2013, D. Cárdenas et al. 
43555 (COAH No. 29324!); 100 m, 16 Jun 2013, D. Cárdenas et al. 43559 (COAH No. 43015!); 100 m, 20 Jan 1988, 
A. Gentry & J.A. Villa-Lopera 60827 (MO No. 4626404!); 100–120 m, 25 Nov 2017, C. López-Gallego et al. 78, 80, 
87 (HUA!); 100 m, 12 Apr 1991, J.J. Pipoly III et al. 15203 (MO No. 5670169!), 15233 (COL No. 405452!, FMB No. 
53344!, MO No. 5670168!); 110–120 m 28 Oct 1991, J.J. Pipoly III 15619 (FMB No. 23733!, MO No. 4224377!), 
15629 (FMB No. 23732!, MO Nos. 5310319!, 5310320!); 200–220 m 15 Nov 1991, J.J. Pipoly III 16228 (FMB No. 
23736!, MO 4228243!); Puerto Nariño, 118 m, 26 Aug 2001, R. Bernal & M. Grussmacher 2927 (COL Nos. 470292!, 
470293!, HUA No. 163972!); 12 Apr 1975, I. Cabrera 3351 (COL No. 184567!); 100 m, Sep 1946, R.E. Schultes & 
G.A. Black 8366 (F Nos. 1372847!, 1372848!, 1372876!); 250 m, 11 Mar 1999, R. López et al. 5268 (COAH Nos. 
51532!, 51533!), 5275 (COAH No. 51534!), 5279 (COAH Nos. 51527!, 52377!); 100 m, 26 Aug 2004, R. López et 
al. 8499 (UDBC 19272!); 90 m, 17 Nov 2004, R. López et al. 9946 (COAH No. 59169!, COL No. 556824 / barcode 
COL000375115!), 9958 (FMB No. 92535!); 89 m, 4 Nov 2005, R. López et al. 10693 (COAH No. 62017!); 250 m, 11 
Dec 1998, C. Marín et al. 827 (COAH No. 51512!); 250 m, 17 Apr 1999, C. Marín et al. 1678 (COAH No. 51513!); 
Tarapacá, 102 m, 30 Jul 2016, A. Barona 3775 (COAH 96298!); 2 Jul 2017, Rodríguez Castañeda et al. 2997 (COAH 
No. 96836!); 10 Jul 2017, Rodríguez Castañeda et al. 3034 (COAH No. 96717!); 11 Jul 2017, Rodríguez Castañeda 
et al. 3042 (COAH No. 96858!); PERU. Loreto: Maynas, 115 m, 28 Oct 2010, I. Huamantupa et al. 14717 (USM 
Nos. 254419!, 254420!, 254421!); 12 Apr 1977, T. Plowman et al. 6773 (F No. 1825020!, GH!, K!); 27 Apr 1977, 
T. Plowman et al. 7065 (GH!); 4 May 1977, T. Plowman et al. 7255 (GH!, USM No. 140396!), 7256 (GH!, USM 
No. 140397!); 150–190 m, 28 Oct 2012, M. Ríos et al. 2848 (AMAZ!); 90–145 m, 4 Feb 2016, M. Ríos et al. 5184 
(AMAZ!); 90–145 m, 6 Feb 2016, M. Ríos et al. 5301 (AMAZ!); 20 Aug 2001, J. Ruiz 5003 (AMAZ No. 27674!, USM 
Nos. 215148!, 241760!); 140 m, 21 Dec 1990, R. Vásquez 15836 (MO No. 4398435!); Mariscal Ramón Castilla, 93 
m, 3 Mar 2002, A.J. Lindstrom et al. 955 (AMAZ 37415!). USA. Illinois: Cultivated ex Leticia, Amazonas, Colombia, 
T.C. Plowman 11800 (NY Barcode 278468!).

Note: There appears to be no record of the isotype cited in the protologue description being deposited at NY. 

Z. urep Type: PERU. Huánuco: Pachitea, 660 m, 15 Jul 1988, B. Wallnöfer 112-15788 (holo-: W No. 1997-0004271 / 
barcode W0215386!, iso-: LZ, USM)

PERU: Huánuco: Pachitea, 275 m, 25 Feb 2002, A.J. Lindstrom AL-930 (USM No. 215150!); 335 m, 25 Feb 2002, A.J. 
Lindstrom AL-934 (AMAZ No. 27677!); 24 Feb 2002, A.J. Lindstrom AL-936 (FTG!, W Nos. 2012-0010011 / barcode 
W0215388!, 2012-0010012 / barcode W0215389!), 

Note: There are no records of the following specimens cited in the protologue description as being deposited at USM,W, 
or LZ: PERU: Huánuco: Pachitea, 260 m, 11 May 1989, C. Listabarth 11-11589 (USM, W), 12-11589 (USM, W), 12-
15789 (W No. 1997-0004270! / barcode W0215387!); 260 m, 1 Feb 1993, C. Listabarth 14-1293 (USM, W); 15 July 
1988, B. Wallnöfer 15-241188 (LZ, USM, W), 660 m, 15 Jul 1988, B. Wallnöfer 112-15788 (iso-: LZ, USM).


