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Abstract: Species of Cymatosiraceae (diatoms) studied from Santa Catarina and Rio Grande do Sul
littorals: Campylosira cymbelliformis, Cymatosira belgica, Cymatosirella minutissima, Plagiogrammopsis
minima and Plagiogrammopsis vanheurckii) are presented with a morphological description, dimension
data, distribution in the studied area and are illustrated in light microscope, and scanning and
transmission electron microscopes. Superficial sand samples from the swash zone and plankton were
collected from over 30 marine sandy beaches. Cymatosirella minutissima and Plagiogrammopsis minima
are new recordings in Brazil widening their distribution to South America, previously being restricted to
Europe. Campylosira cymbelliformis was the species most often observed in plankton samples and
Plagiogrammopsis minima in sediment samples. Cymatosira belgica and Plagiogrammopsis minima were
recorded as abundant species in Mariscal, Quatro Ilhas and Zimbros reaching a relative frequency of
9.6%. The study adds new morphological data to some taxa as the presence of rimoportula on
C. minutissima and one row of poroids on copulae of P. minima, these features being in agreement with
Cymatosiraceae diagnosis.
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Resumo: As espécies de Cymatosiraceae (diatomacea) encontradas no litoral de Santa Catarina e Rio
Grande do Sul: Cymatosira belgica, Campylosira cymbelliformis, Cymatosirella minutissima, Plagio-
grammopsis minima e Plagiogrammopsis vanheurckii sao apresentadas com descrigdes morfologicas
acompanhadas de dados referentes a dimensdes, distribui¢io na area de estudo e ilustragdes em
microscopia optica, e eletronica de varredura e de transmissdo. As amostras da areia superficial foram
coletadas na regido de varrido das ondas e de plancton em mais de 30 praias arenosas. Cymatosirella
minutissima and Plagiogrammopsis minima sao registros novos para o Brasil ampliando sua distribuigdo
para a América do Sul antes restritas a Europe. Campylosira cymbelliformis foi a espécies mais
frequentemente observada nas amostras de plancton and Plagiogramma minima in the sediment samples.
Cymatosira belgica e Plagiogrammopsis minima sdo registradas como espécies abundantes em Mariscal,
Quatro Ilhas e Zimbros alcangando a freqiiéncia relativa maxima de 9,6%. Este estudo adiciona novos
dados morfoldgicos para alguns taxons com a presenga de uma rimoportula em C. minutissima ¢ uma
fileira de porodides nas copulas de P. minima, estando estas caracteristicas de acordo com a diagnose da
Cymatosiraceae.

Palavras-chave: Biodiversidade, diatomdaceas psamicas, Oceano Atlantico Sul, praias arenosas.
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Introduction

The Cymatosiraceae family belongs to class Mediophyceae
and according to Hasle et al. (1983) it presents eight genera
mainly from the Northern Hemisphere: Cymatosira Grunow,
Campylosira Grunow ex Van Heurck, Plagiogrammopsis Hasle,
von Stosch & Syvertsen, Brockmaniella Hasle, von Stosch &
Syvertsen, Minutocellus Hasle, von Stosch & Syvertsen,
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Leyanella Hasle, von Stosch & Syvertsen, Arcocellulus Hasle,
von Stosch & Syvertsen and Papiliocellulus Hasle, von Stosch
& Syvertsen. Recently, Sabbe et al. (2010) e Dabek et al. (2013)
described a new genus Cymatosirella Dabek, Witkowski &
Sabbe with a known distribution to Europe and South Africa
and Pierrecomperia Sabbe, Vyverman & Ribeiro which was
confined to Europe until now.
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The most important features in this family are the bipolar
symmetry, heterovalvy (present in several genera as in
Campylosira and Cymatosira), open girdle bands in a number
of 4 or more, areolae occluded by an external cribrum, the
chains organizational pattern, presence of fascia on the centre
of the valve face reaching the valve margin, one rimoportula
per valve located on the central position, ocelluli (a type of
small ocello), pseduoseptum and the simple or complex spines
that are ultra-structural details useful for their correct
identification.

In Brazil, the family is represented by Cymatosira atlantica
Frenguelli, Cymatosira lorenziana Grunow, Cymatosira belgica
Grunow, Campylosira cymbelliformis (A. Schimdt) Grunow ex
Van Heurck and Plagiogramma vanheurcki Grunow which
were registered by Procopiak et al. 2006 to Parana State
(Brazil).

Regarding its presence in the Rio Grande do Sul State
littoral, there are three taxonomic studies reporting Cymato-
siraceae: one carried out with plankton samples from
Tramandai beach by Rosa (1982), another executed with
associated diatoms on Hypnea musciformis (Wulfen) Lamour-
oux from rocks of Torres beach by Busellato-Toniolli (1986)
and a third studied conducted on exposed sand sediments of
the sandy beach of Praia Azul by Garcia-Baptista (1993). All
authors have found only Campylosira cymbelliformis and
Garcia-Baptista (1993) records the species as frequent in sand
samples (present in 105 of the 189 samples studied) with in
average number varying from 500 to 3,100 frustules/cm® while
other studies have no data on its abundance or frequency.

More recently, Garcia (2013) described Extubocellulus
brasiliensis M.Garcia as a new species for Science with a
known distribution to a few sandy beaches of Santa Catarina
State.

Cymatosiraceae genera are widespread in benthic
habitats and particularly common on sediments, but they
can occur occasionally in plankton samples. Some species
present a higher abundance in sandy sediments such as

Plagiogrammopsis minima (Salah) Sabbe & Witkowski and
Cymatosirella minutissima Sabbe et al. (2010) and others such
as Cymatosira belgica are common in exposed mud samples of
river deltas according to Manoylov & Dominy (2013) and
(Hassan et al. 2009), silty sediments and in plankton samples
Muylaert & Sabbe (1999). Hassan et al. (2009) showed their use
for Paleosalinity reconstructions whereas C. belgica was related
to marine or marine brackish environments in Argentina.
This paper aims at describing species of Cymatosiraceae
showing the diversity of it from samples collected in Santa
Catarina and Rio Grande do Sul State littorals with data on
morphology, dimension, distribution in the studied area and
illustrations in LM (Light Microscope), TEM (Transmission
Electron Microscope) and SEM (Scanning Electron Microscope).

Materials and Methods

The first centimeter of sediment was scraped from
exposed portions (next to the sea water and at a midway
point between the dunes and the sea water) of sandy beaches
located in Santa Catarina and Rio Grande do Sul State
littorals (Table 1). Almost all beaches have a general arc shape
and samples were collected at their extremities and at their
middle totaling at least 6 samples per beach studied. Two set
of samples were studied: the first set of samples (121) was
collected in December 1995 and in January 1996, and the
second set of samples (182) was collected from September 2001
to July 2002.

The sediment was collected by using a 3.7 cm diameter
polyvinyl chloride tube, which was pressed down vertically into
the sediment to a one centimeter depth. The sample was kept in
flasks with 20 ml of 3% Lugol solution; later 4% formaldehyde
was added.

Plankton samples net (20 pm opening) were collected from
Cassino beach (located in the Rio Grande do Sul littoral) on
three dates: in March 2001, in October and in December 2005.
These samples were fixed with formaldehyde 4%.

Table 1. Presence of Cymatosiraceae species in the studied beaches (x) and relative frequency of species observed in abundance.

Beaches C. cymbelifformis

C. belgica

C. minima P. minima P. vanheurckii

Aracga X
Bombas

Canto Grande _ _
Cassino X X
Gamboa
Garopaba

Guarda do Embau
Iro

Itapiruba

Mar Grosso
Mariscal
Navegantes

Penha

Perequé X X
Quatro Ilhas X
Sao Miguel
Sirit
Tramandai X

Zimbros X
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In order to separate diatoms from sediment, about 2 gr of
sediment and 2 mL from the fixative solution were taken from
each flask, and to study plankton, a subsample of 2 mL were
taken from each flask. The Simonsen (1974) technique was
followed to clean all samples. Part of the material was mounted in
Naphrax® (Brunel Microscopes Ltd., Chippenham, Wilt-shire,
UK) and examined with a light microscope (BX40, Olympus,
Tokyo) equipped with an digital camera (OPT14000, Plustek,
Taipei).

For scanning electron microscopy, cleaned specimens were
dried onto a stub, and coated with platinum at 40 mA for
100 seconds using a sputter coater (Bal-tec SCD 050, Balzers,
FL) Stubs were observed using a JEOL (JSM-6060, JEOL,
Tokyo) scanning electronic microscope at an accelerating voltage
of 15 - 20kV with a working distance of 10 mm.

In two permanent slides for each sample, 400 valves were
counted in order to calculate the relative frequency of each
species (Schoeman, 1973). Species that achieve a higher count
than the mean value were considered abundant.

The samples have been deposited in ICN and PEL herbaria
of the Federal University of Rio Grande do Sul (UFRGS) and
the Federal University of Pelotas (UFPel), respectivelly.

Beach classification follows Brown & McLachan (1990)
and diatom morphology terminology follows Hasle et al.
(1983).

Results And Discussion

The distribution, general morphology and valve ultrastructure
details of five Cymatosiraceae species are presented below:

Campylosiva cymbelliformis (A. Schimdt) Grunow ex Van
Heurck, Synopsis des Diatomées de Belgique, 158, 1885.

Synedra cymbelliformis A. Schmidt, Atlas der Diatomac-
een-kunde. pl. 3, fig. 13. 1874.

Figures 1-2, 11-16

Observations: Cells cymbelliform, 16 — 28 pm long and
4.5 - 5.5 um wide (n = 20), were observed as isolated (Figure 1) or
in short colonies from 2 to 4 frustules (Figure 2). It was observed 3
of the 4 valve types as described by Hasle et al. (1983): two internal
valves both with linking spines in a Tshape (Figure 13), one with
rimoportula and another valve without rimoportula (Figure 12),
and an end valve with simple non-linking spines and no
rimoportula (Figure 11). The interior valves can present a
rimoportula (Figures 12, 16) or not (Figure 12). The striaec on
the valve face are formed by round areolae 10 — 12 in 10 um more
or less organized in rows leaving a semi-circular central area on
the dorsal (curved) side (Figure 11). Between the valve face and
the mantle there is a row of simple non-linking spines on the end
valves (Figure 11) or bifurcate linking spines (Figure 13) on the
internal valva. One ocelluli formed by several porelli is present on
each valve apex, turned towards the straight margin of the valve
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Figures 1-10. LM images. 1-2. Campylosira cymbelliformis. Fig. 1. Valva in valve view. Fig. 2. Chain with 2 frustules in girdle view. Figs 3-4.
Cymatosira belgica. Valve views. Figs 5-6. Cymatosirella minutissima. Valve views. Figs 7-9. Plagiogrammopsis minima. Figs 7-8 Valve views. Fig. 9.
Girdle view. Fig. 10. Plagiogrammopsis vanheurckii. Rimportula position is indicated by arrows. Scales: 5 pm.
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Figures 11-16. SEM images of Campylosira cymbelliformis. Fig. 11. External view of an end valve without rimportula and several simple non-linking
spines (arrowed). Scale: Sum. Fig. 12. Colony with three frustules in girdle view showing valves with (*) and without (**) rimportula. Note also
bands ornamented by a row of poroids ‘p’ with margin finges ‘f”* and external rimportula aperture arrowed. Scale: 1pm. Fig. 13. External view of a
concave valve without rimoportula showing bifurcate linking spines between valve face and mantle. Scale: 5 pm. Fig. 14. Spore or resting valve?
with bifurcate linking spines (arrowed) on the valve face. Scale: 2 um. Fig. 15. Apex detail showing ocelluli in external view. Scale: 2 um. Fig. 16.
Internal view of an interior valve with rimportula indicated by an arrow. Scale: 5 pm.

(Figures 11, 15) and cigulum with bands ornamented by rows of
porelli and fringes at its margin (Figure 12). The cell illustrated in
Figure 14 may represent spores or a resting stage with bifurcated
linking spines on the valve face.

Distribution in the studied area: Brazil, Santa Catarina State:
Garopaba (28°01°S; 48°37°'W), sediment 13.V.2002 (PEL 23329);
Itapiruba (28°25'S; 48°44'W), sediment 23.V1.2002 (PEL 22557);
Mar Grosso (28°28'S; 48° 46'W), sediment 08.XII1.2001 (PEL
22564); Mariscal (27°11°S; 48°29°W), sediment 07.1.2001 (PEL
22574); Navegantes (26°53'S; 48°38'W) sediment 19.X11.2001 (PEL

http://www.scielo.br/bn

23333); Praia do Iro (28°28’S; 48°45°'W), sediment 08.XI1.2001
(PEL 22848); Perequé (27°09°S; 48°33'W), plankton 15.XI1.1995
(ICN 91431), sediment 15.XI1.1995 (ICN 91392), 22.1.1996 (ICN
91447). Rio Grande do Sul State: Cassino (32°12’S; 52°10°'W),
plankton XII.2005, Tramandai (30°15'S; 50°30'W), plankton 29.
XI.1995 (ICN 91430), 22.1.1996 sediment (ICN 91509).

Dimension and morphological data are in agreement with
Hustedt (1939) and Hasle et al. (1983).

All beaches listed above can be classified as dissipative, with
the exception of Perequé beach, which is a beach located in a bay.
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Abstract: This study describes the composition and distribution of the Arctiinae species (Lepidoptera:
Erebidae) in Rio de Janeiro, generating the first list of Arctiinae species in the state. We assessed the
variations in species composition and the different vegetation types in the municipalities of Rio de
Janeiro. Data were collected primarily through surveys of museums and publication lists of species. We
also conducted field sampling in March and September 2010. Of the 2,077 records covering 28
municipalities, 679 Arctiinae species were found in Rio de Janeiro state and were divided into two tribes
and 220 genera. The location with the highest number of species recorded was Itatiaia, with 362 species,
followed by Petropolis and Angra dos Reis, with 320 and 306 species, respectively. Thirty-four percent
(n = 230) of the species recorded were exclusive, i.e., occurred in only one location. The lowest
dissimilarity values were observed between neighboring municipalities with the same type of plant
formation, such as Petropolis and Teresopolis (19%) or Itatiaia and Resende (24%). Some municipalities
slightly further apart geographically, but with the same type of plant formation, also showed low levels
of dissimilarity, for example, Petropolis and Resende (29%). However, most locations showed
intermediate dissimilarity values of 40-60%, and in some cases, this figure rose to 96%. In the state of
Rio de Janeiro, irrespective of its small geographical size and the predominance of a unique ecosystem,
the Atlantic Forest shows a wide variation in relief, which may explain the high beta diversity values.
Despite the large number of Arctiinae species recorded in Rio de Janeiro, few species were identified in
areas with important forest remnants, such as Guapimirim, Nova Iguagu, and Campos dos Goitacazes.
Some regions of the northwestern part of the state were also subsampled. It is likely that new records of
Arctiinae still exist in these locations, further increasing the list of Arctiinae species in Rio de Janeiro.
Keywords: Beta diversity of moths, List of species, Atlantic Forest.

NASCIMENTO, M.S., FERRO, V.G., MONTEIRO, R.F. Arctiinae (Lepidoptera: Erebidae) no estado do
Rio de Janeiro, Brasil. Biota Neotropica. 16(2): €20150112. http://dx.doi.org/10.1590/1676-0611-BN-2015-0112

Resumo: Arctiinae (Lepidoptera: Erebidae) no estado do Rio de Janeiro, Brasil. O presente trabalho teve
como objetivo descrever a composigao e distribuicdo de espécies de Arctiinae (Lepidoptera: Erebidae)
no estado do Rio de Janeiro, gerando a primeira lista de espécies de Arctiinae para o estado. Avaliou-se
também a variagdo na composi¢do de espécies nos municipios e nas diferentes formagdes vegetais
do estado. Os dados foram obtidos através de levantamentos em museus e de publicacdes de listas de
espécies. Foram também realizadas coletas de campo nos meses de margo e setembro de 2010. De um
total de 2.077 registros, abrangendo 28 municipios, encontrou-se 679 espécies de Arctiinae para o estado
do Rio de Janeiro, distribuidas em duas tribos e 220 géneros. O municipio com o maior nimero de
espécies foi tatiaia, com 362 espécies, seguido de Petropolis e Angra dos Reis, com 320 e 306 espécies,
respectivamente. Trinta e quatro por cento (n = 230) das espécies de Arctiinae registradas tiveram
distribuicdo exclusiva, ou seja, ocorreram em apenas uma localidade. Os menores valores de
dissimilaridade foram observados entre municipios préximos e localizados sob o mesmo tipo de
formagao vegetal, como Petropolis e Teresopolis (19%) ou Itatiaia e Resende (24%). Alguns municipios
mais afastados geograficamente, mas ainda localizados sob o mesmo tipo de formagdo vegetal,
apresentaram também baixos valores de dissimilaridade, como Petrépolis e Resende (29%), por exemplo.
Entretanto, a maior parte dos municipios apresentou valores intermediarios de dissimilaridade, entre 40
e 60%, e em alguns casos esse valor chegou até a 96%. O estado do Rio de Janeiro, mesmo com sua
pequena dimensao geografica e predominio de um Unico ecossistema, a Mata Atlantica, apresenta uma
grande variagdo no seu relevo, o que pode explicar alguns valores altos de diversidade beta. Apesar da
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grande quantidade de espécies de Arctiinae registrada para o estado do Rio de Janeiro, foram
identificadas algumas localidades com remanescentes florestais importantes, como Guapimirim,
Nova Iguagu e Campos dos Goitacazes, e também algumas regides do noroeste do estado ainda
subamostradas. E bem provavel que nessas localidades sejam encontrados novos registros de Arctiinae,
aumentando ainda mais a lista de espécies de Arctiinae do estado do Rio de Janeiro.

Palavras-chave: Diversidade Beta de mariposas, Lista de espécies, Mata Atlantica.

Introduction

The Atlantic Forest biome is the second most biodiverse
forest complex in Brazil, behind only the Amazon Forest
(Ab’Saber 2005). Originally, the Atlantic Forest covered more
than 1 million km? (SOS Mata Atlintica & INPE 2015).
Today, the biome covers only about 8% of its original area,
representing approximately 1% of the national territory (SOS
Mata Atlantica & INPE 2015). Due to the extensive habitat
loss and the high degree of endemism, the Atlantic Forest is
considered a hotspot of biodiversity (Myers et al. 2000,
Galindo-Leal & Camara 2005) and is one of the most
threatened forests in the world (Oliveira-Filho & Fontes
2000). The state of Rio de Janeiro, which had 100% of its
area inside the Atlantic Forest, has only about 20% of its area
covered by remnants of this biome today (SOS Mata Atlantica
& INPE 2015). The Atlantic Forest in the state of Rio de
Janeiro includes different vegetation types and can be divided
into major floristic blocks, such as dense rainforest (lowland,
hillside, and altitude forests), semi-deciduous forest (forests
inland plateaus), and associated ecosystems (salt marshes and
mangroves) (SOS Mata Atlantica & INPE 2015).

The Atlantic Forest is considered one of the most studied
forests among Brazilian biomes, probably because of its proximity
to major research centers. However, many gaps still exist,
particularly in very diverse groups, such as insects (Lewinsohn &
Prado 2004). The order Lepidoptera is among the major groups of
invertebrates in terms of published inventories, but much of the
work has focused on butterflies (Lewinsohn & Prado 2004). In the
state of Rio de Janeiro, even with a high concentration of research
centers and a large area of preserved Atlantic Forest, relatively few
studies have been conducted on Lepidoptera fauna, except for the
publications by Zikan & Zikan (1968), Monteiro et al. (2004) and
the lists of Pieridac species in Monteiro et al. (2009) and of
Lycaenidae in Duarte et al. (2009).

The Arctiinae subfamily, as well as other moth and butterfly
families, has been the subject of many studies, as they are suitable
for studies on environmental impact and change models, are easy to
collect and identify, and have a short lifecycle (Lewinsohn et al.
2005). About 11,000 Arctiinae species exist in the world (Jacobson
& Weller 2002), of which approximately 6,000 species occur in the
Neotropics and 1,400 in Brazil (Ferro & Diniz 2010). In a recent
study, Vincent & Laguerre (2014) published a catalog of the
Neotropical Arctiini (except Ctenuchina and Euchromiina) in
which presents an updated list of neotropical tiger moths, with
2,404 species of Arctiini. In Brazil, there are several studies about
tiger moths, in different biomas like Savanas (Ferro & Diniz 2007,
Ferro& Diniz 2010, Moreno et al. 2015), the Amazon Forest
(Teston & Delfina 2010, Delfina & Teston 2013, Teston & Correa,
2015) and even in the Atlantic Forest (Ferro & Teston 2009, Ferro
& Melo 2011, Ferro & Romanowski, 2012, Zenker et al. 2015). In
general, these works address the richness, diversity and species
composition of Arctiinae in certain areas, but there are few studies
that compile lists of species for Brazilian states. Therefore, there
have been no reviews that have summarized the existing knowledge
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about this family in the state of Rio de Janeiro. Thus, we generated
a list of Arctiinae species for the state of Rio de Janeiro and
investigated the richness, composition, and species similarity in the
different plant formations of the state.

Materials and Methods

Arctiinae records for the state of Rio de Janeiro (i.e., the
presence of a species in a given locality/municipality) were
obtained predominantly from specimens deposited in the
following Brazilian collections: (1) Entomological Collection of
Instituto Oswaldo Cruz; (2) Museu Nacional, Universidade
Federal do Rio de Janeiro; (3) Entomological Collection of
Laboratoério de Ecologia de Insetos, Universidade Federal do
Rio de Janeiro; (4) Entomological Collection Padre Jesus
Santiago Moure, Universidade Federal do Parana; (5) Museu
de Zoologia, Universidade de Sao Paulo; (6) Museu Paraense
Emilio Goeldi; and (7) Vitor Becker’s collection. Specimens with
dubious provenance and identification were not considered. The
collection labels of many specimens did not have the geographic
coordinates and altitudes of the localities. In such cases, we
obtained this information through the “Splink” information
system, developed by the Reference Center on Environmental
Information (http://splink.cria.org.br/geoloc?criaLANG = pt).

We also used data from published lists of Arctiinae species
(Zikan & Zikan 1968, Monteiro et al. 2004) and samplings. The
moths were sampled in protected areas in the municipalities of
Casimiro de Abreu (Reserva Bioldgica Unido), Nova Iguagu
(Reserva Biologica Tingua), and Teresopolis (Parque Nacional
da Serra dos Orgiios). Samplings were conducted during the
end of the rainy season (March 2010) and the late dry season
(September 2010). These samplings were made during new-
moon nights, using a 2-m-wide x 1.5-m-high white sheet and a
250 W mixed light lamp. The lamp was lit one hour after sunset
and was connected to a power generator for two hours. The
moths were identified through the literature (Watson &
Goodger 1986, Pinas Rubio et al. 2000, Pinas Rubio &
Manzano 2003) and by a comparison with the digital images of
deposited species in the Becker’s collection, whose identifica-
tions were confirmed by a comparison of the types.

The second order Jackknife and Chao 2 non-parametric
estimators were used for estimating Arctiinae richness in the state
of Rio de Janeiro. Moreover, the variation in species composition
of these moths between different vegetation types was assessed
using the Simpson’s beta diversity index. This index was selected
because it is less influenced by differences in species richness
between samples (Koleff et al. 2003). Municipalities with
Arctiinae records were categorized according to their predomi-
nant vegetation type, following the classification of SOS Mata
Atlantica & INPE (2015). The vegetation types considered were:
(1) altitude forests: formations of dense rainforests located at
elevations above 200 m; (2) lowland forests: formations of dense
rainforests located at low altitudes (up to 200 m), including salt
marshes and floodplain forests, which are predominantly coastal
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vegetation on sandy soil; and (3) mixed formations: municipalities
that have both lowland forests and altitude forests. Statistical
analyses were performed using R software (R Development Core
Team 2009).

Results

We obtained 2,077 Arctiinae records for the state of Rio de
Janeiro, including 28 (30%) municipalities in the state. In total,
679 Arctiinae species were recorded for the state of Rio de
Janeiro, which were divided into two tribes and 220 genera.
The list of Arctiinae species in each municipality of the state of
Rio de Janeiro is presented in Appendix 1. The estimations of
second order Jackknife richness and Chao 2 show the existence
of 916 and 1,037 Arctiinae species in the state, respectively.
Therefore, according to the Chao 2 estimate, which is the most
conservative index, our species list represented 74% of the
expected Arctiinae fauna.

The location with the highest number of recorded species
was Itatiaia, with 362 species (Table 1). The municipalities of
Petropolis, Angra dos Reis, Rio de Janeiro, and Teresopolis
also showed high species richness of Arctiinae (320, 306, 239,
and 207, respectively) (Table 1). The distribution of Arctiinae

species in the municipalities of Rio de Janeiro was quite
heterogeneous, as the three richest municipalities accounted for
86% of all Arctiinae species in the state. Of the 28
municipalities in the state with Arctiinae records, 46% (n =
13) had less than 15 species and only 21% (n = 6) had more
than 100 species (Figure 1).

Aclytia heber (Cramer 1780) had the highest number of
records throughout the study, occurring in 14 municipalities.
Ilipa tengyra (Walker 1854) (12 municipalities), Pionia lycoides
(Walker 1854) (11 municipalities), and Dycladia lucetius
(Cramer 1782) (11 municipalities) were also very common in
the state. Thirty-four percent (n = 230) of the Arctiinae species
occurred in only one location. Itatiaia had the highest number
of exclusive species (n = 96 or 26.5%).

Comparing the species composition of Arctiinae in different
vegetation types in the state of Rio de Janeiro, the largest number
of recorded species was observed in the altitude forests
formations (574 species), followed by mixed formations (418
species), whereas lowland forests formations only presented 139
species. The dissimilarity of species was low within the three types
of plant formations evaluated (Table 3). The smallest difference
between the Arctiinae compositions was observed between the
altitude forests and the mixed formations (Table 2).

Table 1. Arctiinae species richness in the municipalities of the state of Rio de Janeiro which had records of these moths and the percentage of
exclusive species for each locality. Coordinates (in decimal degrees; datum SADG69), altitudes and vegetation types of each locality are also

presented.
Municipality Coordinates Altitude (m) Vegetation type Richness Exclusive species (%)
LAT LONG
Angra dos Reis -23,0067 -44,3181 6 Mixed formation 306 9.8
Armagao dos Buzios -22,7469  -41,8817 3 Lowland forest 4 0
Arraial do Cabo -22,9661 -42,0278 8 Lowland forest 11 0
Barra Mansa -22,5442 -44,1714 381 Altitude forest 1 0
Cachoeiras de Macacu -22,4625 -42,6531 60 Mixed formation 91 9.9
Campos dos Goytacazes -21,7542 -41,3244 13 Lowland forest 1 0
Carapebus -22,1872 -41,6611 15 Lowland forest 32 0
Casimiro de Abreu -22.4806 -42.2042 17 Lowland forest 8 12.5
Duque de Caxias -22.7856 -43,3117 19 Lowland forest 1 0
Guapimirim -22,5372 -42.9819 48 Altitude forest 5 0
Itatiaia -22,4961 -44,5633 600 Altitude forest 362 26.5
Macaé -22,3708 -41,7869 2 Lowland forest 32 0
Magé -22,6528 -43,0406 5 Lowland forest 33 6.1
Mangaratiba -22,9597 -44,0406 18 Mixed formation 47 4.3
Marica -22,9194 -42.8186 5 Lowland forest 41 7.3
Niteroi -22,8833 -43,1036 5 Lowland forest 3 0
Nova Friburgo -22,2819 -42,5311 846 Altitude forest 171 8.2
Nova Iguagu -22.7592 -43.4511 25 Lowland forest 5 40.0
Petrépolis -22,5050 -43,1786 809 Altitude forest 320 9.1
Resende -22,4689 -44,4467 407 Altitude forest 55 5.5
Rio de Janeiro -22,9028 -43,2075 2 Mixed formation 239 9.6
Santo Antonio de Padua -21,5394 -42,1803 86 Mixed formation 3 333
Sao Joao do Meriti -22,4814 -43,222 19 Lowland forest 2 0
Silva Jardim -22.6508 -42.3917 35 Lowland forest 51 21.6
Tangua -22,7303 -42.7142 20 Lowland forest 3 0
Teresopolis -22,4122 -42,9656 871 Altitude forest 207 2.0
Trés Rios -22,1167 -43,2092 269 Altitude forest 41 0
Vassouras -22,4039 -43,6625 434 Altitude forest 2 0
Total 679 33.9
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Figure 1. Map of the state of Rio de Janeiro, indicating the number of records of Arctiinae species in each municipality. AR: Angra dos Reis;
AB: Armagao dos Buzios; AC: Arraial do Cabo; BM: Barra Mansa; CM: Cachoeiras de Macacu; CG: Campos dos Goytacazes; CA: Carapebus;
CB: Casimiro de Abreu; DC: Duque de Caxias; GU: Guapimirim; IT: Itatiaia; MA: Macaé; MG: Magé; MN: Mangaratiba; MR: Marica;
NI: Niter6i; NF: Nova Friburgo; NG: Nova Iguagu; PE: Petrépolis; RE: Resende; RJ: Rio de Janeiro; SA: Santo Anténio de Padua; SM: Sao Joao
de Meriti; SJ: Silva Jardim; TA: Tangua; TE: Teresopolis; TR: Trés Rios; VA: Vassouras. Cities without records of Arctiinae species are not

indicated by abbreviations on the map.

Table 2. Matrix of dissimilarity between vegetation types in the state
of Rio de Janeiro using Simpson’s beta diversity index.

Altitude forest Mixed formation

0.22
0.30

Mixed formation

Lowland forest 0.36

Discussion

The Arctiinae fauna of the state of Rio de Janeiro compiled
in this study represents 11% of the Arctiinae registered for the
Neotropics (Jacobson & Weller 2002) and about 50% of the
recorded fauna for Brazil (Ferro & Diniz 2010). There are few
lists of Arctiinae species for Brazilian states (e.g., Ferro &
Teston 2009), but the richness of these moths in the state of Rio
de Janeiro is the largest ever recorded for a Brazilian state, with
more than twice that observed in the state of Rio Grande do
Sul (Ferro & Teston 2009) and 1.4 times greater than that of

http://www.scielo.br/bn

Santa Catarina (Ferro et al. 2012). The richness of the
Arctiinae species in the state of Rio de Janeiro presented here
is quite close to that for the state of Sdo Paulo’s estimated
richness (Brown Jr. & Freitas 1999), although the latter has
approximately six times the area of the Rio de Janeiro (IBGE
2013). Indeed, the state of Rio de Janeiro has still areas well
preserved from the Atlantic Forest and also has several
research centers, these two facts can support this great diversity
of Acrtiinae found in the state.

The three municipalities with the highest level of Arctiinae
species richness in this study (Itatiaia, Petropolis, and Angra
dos Reis) showed the highest richness values for Arctiinae ever
recorded at a single site collection from Brazil (Ferro & Diniz
2007). According the Atlas of Forest Remnants of the Atlantic
Forest (SOS Mata Atlantica & INPE 2015), these three
municipalities are located in areas that have the largest
remaining forest in this biome; thus, they are municipalities
with large areas of preserved Atlantic Forest. Besides being
well preserved, these locations are very well sampled, which
probably explains the richness of Arctiinae in these locations,

http://dx.doi.org/10.1590/1676-0611-BN-2015-0112
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especially Itatiaia, because of the insects that Zikan & Zikan
(1968) collected for 36 years in the Parque Nacional do Itatiaia
area and its surroundings. Previous surveys of butterfly
families, such as Lycaenidae (Duarte et al. 2009) and Pieridae
(Monteiro et al. 2009), also highlight Itatiaia as a municipality
with the highest number of recorded species of these insects.
The small number of records in Nova Iguagu and Guapimirim
can be explained by the lack of Lepidoptera surveys in these
regions, as there are still well-preserved forest remnants in
these municipalities, such as Reserva Biologica Tingua and the
lowest part of the of Parque Nacional da Serra dos Orgios,
respectively. Municipalities without Arctiinae records match
those where no survey of Lepidoptera has been conducted,
and most have little or no forested areas, as in several
municipalities north and west of the state (SOS Mata
Atlantica & INPE 2015).

In a study conducted with Arctiinae in the Atlantic Forest
of southern Brazil, Ferro & Teston (2009) found that 33% of
the species occurred in only one municipality, almost identical
to the percentage observed in this study. The large number of
species recorded exclusively in Itatiaia (26.5%) may reflect the
extensive survey of Lepidoptera species (Zikan & Zikan 1968)
or the high degree of endemism in the region.

The altitude forest had the highest number of Arctiinae
records because it encompassed nine municipalities, includ-
ing the best-sampled ones (Itatiaia and Petrépolis). More-
over, we must also consider the conservation status of these
formations within the state, as the altitude forests represent
the best preserved formation in the state of Rio de Janeiro,
where the largest conservation areas in the state are
concentrated (Itatiaia National Park and Serra dos Orgdos
National Park). The mixed formation also encompassed
municipalities that were well sampled, such as Angra dos
Reis and Rio de Janeiro, which have areas in good condition
within the state, such as Serra da Bocaina National Park and
Tijuca National Park, respectively, which are protected.
Moreover, lowland forests, including the sandbank forma-
tions, is one of the most degraded vegetation formations in
the state, as it occurs in regions of high population density,
high real estate value, accelerated deforestation, and forest
fragmentation. In general, the remnants of sandbank forma-
tions in the state of Rio de Janeiro are located in patches of
vegetation surrounded by urban or rural areas. The one large
remaining sandbank conservation area in the state is the
Restinga de Jurubatiba National Park.

After compiling existing records for Arctiinae moths in the
State of Rio de Janeciro from Brazilian museum collections,
data from the literature, and samplings, we obtained a list of
679 species. This species number was larger than any previously
published list of Arctiinae in a Brazilian state. Although,
several subsampled locations in the state lack surveys, such as
Guapimirim, Nova Iguagu, and Campos dos Goytacazes,
which still have representative areas of Atlantic Forest
vegetation. Our results indicate a wide variation in the
Arctiinae dissimilarity values among the municipalities of the
state of Rio de Janeiro. This pattern may reflect the low host
specificity of the caterpillars and the small geographical
size, although there is a large variation existing in relief
of the state. If the results for the Arctiinae species represent a
standard for other groups of Lepidoptera, or for insects as a
whole, it is clear that host specificity is an issue that remains
to be investigated.
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Appendix I. List of Arctiinae species in the state of Rio de Janeiro. AR: Angra dos Reis; AB: Armagao dos Buzios; AC: Arraial do Cabo; BM: Barra Mansa; CM: Cachoeiras de Macacu; CG: Campos

Aclytia gynamorpha Hampson, 1898
Aclytia heber (Cramer, 1780)

Aclytia reducta Rothschild, 1912
Aclytia taeniata Draudt, 1915
Aethria andromacha (Fabricius, 1775)
Aethria gracilis (M6schler, 1877)
Aethria haemorrhoidalis (Stoll, 1790)
Aethria melanobasis (Druce, 1897)
Aethria paula Schaus, 1894

Aclytia flavigutta (Walker, 1854)
Aclytia terra Schaus, 1896
Aemilia pagana (Schaus, 1894)

Aclytia jonesi Rothschild, 1912
Aethria analis Schaus, 1901

Aclytia punctata Butler 1876

Species
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Abstract: Arctiinae are a species-rich subfamily of moth, with approximately 1,400 species in Brazil and
723 recorded in the Cerrado biome. A list of species of these moths was compiled during three years of
sampling in four vegetation types within the Emas National Park. A total of 5,644 individuals belonging
to 149 species were collected. About 67% of these species are new records for the Emas National Park,
31% for the State of Goias and 9% for the Cerrado biome. Cerrado sensu stricto and semideciduous
forests have higher species richness, followed by campo cerrado and campo sujo. The vegetation type with
the highest number of exclusive species was the semideciduous forest, followed by cerrado sensu stricto,
campo cerrado and campo sujo. The high species richness and the high proportion of new species records
for Goias and Cerrado reinforce the importance of the Emas National Park region as a center of
diversity for this group of moths. The conservation of areas not yet cleared around the Park, including
the creation of new protected areas, and the establishment of ecological corridors between these areas
and the Park would be strategies to preserve the fauna of these moths.

Keywords: light trap, Lithosiini, Arctiini.

MORENQO, C., FERRO, V.G. Mariposas Arctiinae (Lepidoptera, Erebidae) do Parque Nacional das Emas,
Goias, Brasil. Biota Neotropica. 16(2): €20150037. http://dx.doi.org/10.1590/1676-0611-BN-2015-0037

Resumo: Arctiinae é uma das subfamilias de mariposas mais ricas em espécies. Ja foram registradas cerca de
1400 espécies no Brasil e 723 no bioma Cerrado. Uma lista de espécies destas mariposas foi compilada de
trés anos de amostragens realizadas em quatro fitofisionomias do Parque Nacional das Emas. Um total de
5.644 individuos, pertencentes a 149 espécies foram coletados. Cerca de 67% das espécies representam novos
registros para o Parque Nacional das Emas, 31% para o Estado de Goias e 9% para o bioma Cerrado.
Cerrado sensu stricto e mata estacional semidecidua apresentaram maior riqueza de espécies, seguidas por
campo cerrado e campo sujo. A fitofisionomia que apresentou maior nimero de espécies exclusivas foi a
mata estacional semidecidua, seguida por cerrado sensu stricto, campo cerrado e campo sujo. A grande
riqueza de espécies e a alta propor¢ao de novos registros de espécies para Goias e para o Cerrado reforgcam
a importancia da regiao do Parque Nacional das Emas como um centro de diversidade para esse grupo de
mariposas. A conservagdo das areas ainda ndo desmatadas no entorno do Parque, incluindo a criagio de
novas unidades de conservagao, e o estabelecimento de corredores ecoldgicos entre essas areas € o Parque
seriam estratégias para preservar a fauna dessas mariposas.

Palavras-chave: armadilha luminosa, Lithosiini, Arctiini.

Introduction

The biodiversity knowledge is still insuficient due the
Linnean and Wallacean shortfalls (Bini et al., 2006). The first is
related to the lack of taxonomists, since a significant
proportion of species have not been described for many taxa,
mainly the rich tropical invertebrate groups. The second is
related to the limited knowledge of species occurrences, since,
for the majority of taxa, geographical distributions are poorly
understood and contain many gaps. The best way to reduce the

http://dx.doi.org/10.1590/1676-0611-BN-2015-0037

Wallacean shortfall is to invest in biodiversity inventories and
publish lists of species. The results of these inventories, i.e. the
species lists, provide support for actions on conservation
and management, which are especially important in areas
undergoing rapid environmental degradation (Lewinsohn et al.
2005). They are also important in macroecological and
evolutionary studies.

Arctiinae moths are a species-rich subfamily of Lepidoptera
(Heppner 1991). There are approximately 11,000 species world-
wide, with 6,000 in the Neotropics (Watson & Goodger 1986)
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and 1,400 in Brazil (Ferro & Diniz 2010). According to
Ferro et al. (2010), 723 Arctiinae species have been recorded in
the Brazilian Cerrado. However, the number of species occurring
in this biome should be much higher, because less than 60% of
the one degree latitude/longitude cells that cover the area of the
Cerrado have sampling records of Arctiinae, and only one of
these cells was adequately sampled (Ferro et al. 2010).

According to the new classification of Zahiri et al. (2012),
Arctiinae moths consist of the tribes Arctiini, Lithosiini,
Amerilini and Syntomini, with the two latter not occurring in
the Neotropics (Heppner 1991, Hauser & Boppré 1997).
The vast majority of Lithosiini species have a small body size
(Weller et al. 2009). The moths of this tribe mainly feed on
mosses, lichens and algae (Weller et al. 2009) and are generally
more associated with vegetation types in early stages of
succession (Hilt & Fiedler 2006). The Arctiini tribe are
composed of small to medium sized moths whose larvae feed
on a wide variety of plants, including grasses, herbs, shrubs and
trees (Weller et al. 2009). Furthermore, Arctiini moths can
explore different vegetation types because they are polypha-
gous (Singer & Bernays 2009) and can therefore inhabit a wide
variety of terrestrial habitats.

The Cerrado is a biodiversity hotspot for conservation
priorities (Myers et al. 2000). Only 2% of its area is legally
protected (Klink & Machado 2005) and the Arctiinae fauna is
not known properly, even in this area. The Cerrado biome is
composed by a wide variety of vegetation types ranging from
open areas with no shrub element to areas with a high density
of tall trees (Oliveira-Filho & Ratter 2002). The vegetation
types that comprise the cerrado sensu lato are campo limpo,
campo sujo, campo cerrado, cerrado sensu stricto and cerraddo.
These five vegetation types represent a gradient of vegetation
increasing in woody plant density and decreasing in herbaceous
density (Oliveira-Filho & Ratter 2002). The Cerrado
also contains forest formations, which are not considered to
belong to the cerrado sensu lato (Oliveira-Filho & Ratter 2002).
The Arctiinae moths respond to these differences in
vegetation, and the fauna of the forest formations differs
from the savanna formations (Ferro & Diniz 2007, Moreno
et al. 2014).

We present a list of Arctiinae moth species of the Emas
National Park, one of the largest conservation units of the
Cerrado biome. The park includes the Brazilian Long Term
Ecological Research Network. We have performed sampling in
different vegetation types of the park and measured the
observed and extrapolated richness of species across the study
area and in each vegetation type. We have also measured the
exclusive species of each vegetation type and the number of
species that are new records for the Park, the State of Goias
and for the Cerrado biome.

Material and Methods

Specimens of Arctiinae were sampled in the Emas National
Park (ENP), located between the cities of Mineiros and
Chapadao do Céu, in the State of Goias, Central West of
Brazil (17°49’-18°28'S and 52°39'-53°10'W) (Figure 1). The
ENP covers 132,941 ha and approximately 80% of this area
consists of grasslands (campos limpos and campos sujos).
Approximately 15% of the ENP area is composed of campo
cerrado and cerrado sensu stricto and 5% of the remaining area
consists of campos umidos, veredas and forests (Franga et al.
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2007). The climate is Aw in Koppen classification, i.e. the
climate is tropical humid with three to six months of dry winter
and rainy summer, which imposes a strong seasonality in
the vegetation (Ramos-Neto & Pivello 2000). The annual
precipitation ranges from 1,200 to 2,000 mm, concentrated
between September and March, with an average annual
temperature of 24.6°C (Ramos-Neto & Pivello 2000).

Sampling units consisted of 40 plots of 10x10 m, distributed
in four vegetation types: semideciduous forest (n = 10 plots);
cerrado sensu stricto (n = 10 plots); campo cerrado (n = 14
plots); campo sujo (n = six plots) (Figure 1). In each plot, the
moths were collected from dusk until dawn through a Luiz de
Queiroz light trap (Silveira-Neto & Silveira 1969) equipped
with a 15 W black lamp. The traps were suspended 1.5 m above
the ground in the center of each plot. The minimum distance
between plots was 100 m to minimize the capture of species
from surrounding vegetation types. This distance corresponds
to the radius of attraction of a 125 W lamp (Muirhead-
Thompson 1991), a power eight times greater than that we used
in this study. Sampling was restricted to periods of new and
waning lunar phases due to the radius of attraction of the traps
being greater (Yela & Holyoak 1997). Sampling was conducted
for three years during both the dry (June to July 2010,
July 2011 and July 2012) and rainy seasons (December 2010
to February 2011, November 2011 and December 2012). The
moths were collected in all plots over two non-consecutive
nights in order to increase the representativeness of the fauna,
totaling 12 nights of sampling in each plot (2 in each dry season
and 2 in each rainy season) and 84 nights of sampling in total.
On each sampling night, we set eight light traps, two in each
vegetation type. Plots sampled in the same night were the most
distant possible to avoid pseudoreplication. Each plot was
sampled once at the new moon and once during the waning
moon.

Arctiinae individuals were identified by comparison
with digital images of the identified species of the V.O. Becker
Collection (where the identification was confirmed by compar-
ison with types) and through the literature (Hampson, 1898,
1900, 1901, 1914, Watson & Goodger 1986, Pifias-Rubio et al.
2000, Pinas-Rubio & Manzano 2003). All individuals were
deposited in the Zoological Collection of the Federal
University of Goias (Goiania, Brazil).

We used three non-parametric species richness estimators
(first and second order Jackknife and second order Chao) to
better estimate the total richness of Arctiinae in the study area
and in each vegetation type. These three estimators are based
on incidence (presence/ausence) of species in assemblages
(Melo 2004).

Results

We recorded 5,644 Arctiinae individuals during our sam-
pling; belonging to 149 species, 73 genera, two tribes (Arctiini
and Lithosiini) and nine subtribes (Arctiina, Callimorphina,
Cisthenina, Ctenuchina, Euchromiina, Eudesmiina, Lithosiina,
Pericopina and Phaegopterina). Of the 149 species sampled, 117
were identified to the species level (78%), 16 at the genus level
(10%) and 16 at the tribal level (10%) (Appendix 1). The subtribe
with the highest number of species was Phaegopterina (46 species,
30% of the total), followed by Euchromiina (30, 20%), Ctenu-
china (26, 17%), Cisthenina (13, 8%), Lithosina (7, 4%), Arctiina
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Figure 1. Map of Brazil showing Goias State in black (a); map of Goias State showing the Emas National Park (ENP) in black (b); area of the ENP
showing the sample plots (black points, ¢); smaller scale of ¢ (d); smaller scale of the squares indicated in d (e, f, g). The symbols indicate the
vegetation type: semideciduous forest (m), cerrado sensu stricto (), campo cerrado (A) and campo sujo (+). The numbers represent the code of
sample plots.

Table 1. Observed (Obs. rich.) and extrapolated richness (first order Jackknife, second order Jackknife and second order Chao) and percentage of
extrapolated richness sampled in each phytophysiognomy (Phyto) and also in the total study area (ENP). In the first column, CS means campo sujo,
CC campo cerrado, CSS cerrado sensu stricto, SF semideciduous forest and ENP, Emas National Park.

Phyto Obs. rich. Jackk 1 Jackkl Jackk 2 Jackk2 Chao 2 Chao 2

+ DP rich. sampled + DP rich. sampled + DP rich. sampled
CS 51 75.8 £ 10.28 68% 86.6 £ 16.3 63% 834 + 15.1 65%
CC 86 114.8 £ 9.82 75% 128.7 + 18.5 67% 117 + 14.4 74%
CSS 98 132.2 + 12.08 74% 150.5 = 20.1 65% 1404 + 18.3 69%
SF 98 132.2 + 12.08 74% 141 + 18.5 70% 123 + 10.4 80%
ENP 149 190.9 + 9.46 78% 214.1 = 22.1 69% 197.6 + 19.8 75%

(5, 3%), Pericopina (4, 2%), Callimorphina and Eudesmiina  richness of approximately 190, 214 and 197 species respectively
(both with 1 species, 0.6%) (Appendix 1). (Table 1). Fourteen species (9%) were new records for the

It was estimated by first order Jackknife, second order  Cerrado, 47 (31%) were new records for the State of Goias and
Jackknife and second order Chao, that the sample region hasa 101 (67%) were new records for the ENP (Appendix 1). Cerrado
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Figure 2. Venn diagram indicating the number of species that were
sampled only in a vegetation type (numbers within the ellipses) and the
number of shared species between vegetation types (numbers next to
the lines). Campo sujo (CS), campo cerrado (CC), cerrado sensu stricto
(CSS) and semideciduous forest (SF).

sensu stricto and semideciduous forest vegetation types had the
highest species richness (98), followed by campo cerrado with
86 and campo sujo with 51 (Appendix 1).

About 41% of the sampled species (n = 62) occurred in
only one vegetation type, 16% (25 species) occurred in two
vegetation types, 18% (27 species) in three and 23% (35 species)
occurred in all vegetation types (Appendix 1). The semi-
deciduous forest had the highest number of exclusive species
(27), followed by cerrado sensu stricto (17), campo cerrado (10)
and campo sujo (eight) (Figure 2, Appendix 1). Campo cerrado
and cerrado sensu stricto had more shared species and campo
sujo and semideciduous forest had the least shared species
(Figure 2, Appendix 1). Most species that occurred in three
vegetation types (88.8%) were shared between campo cerrado,
cerrado sensu stricto, and semideciduous forest.

Some species ocurred in only one season (58 species ocurred
only in the dry and 30 species only in the rainy season) and the
others species in both seasons (N = 61). The dry showed more
species (N = 119) than the rainy season (N = 91) (Appendix 1).

Discussion

The ENP Arctiinae fauna represents approximately 20% of
the species recorded for the Cerrado (Ferro et al. 2010) and
10% of species recorded from Brazil (Ferro & Diniz 2010). The
previous Cerrado Arctiinae richness (Ferro & Diniz 2010) is
replaced by 737 species, with the addition of 14 new records for
the biome. The fauna of the ENP is the second richest locality
in the Cerrado, after Brasilia (222 species, Ferro & Diniz 2010).
The richness observed in the ENP (149 species) was similar to
the other intensively sampled areas in the Cerrado, such as
Vilhena (136) and Chapada dos Guimaraes (129) (Ferro &
Diniz 2010), and Rain Forest sites, such as Sdo José dos
Ausentes (121) (Ferro & Romanowski 2012), La Selva
Biological Station (148) (Brehm 2007), and Sdo Bento do Sul
(162) (Ferro et al. 2012). However, Hilt & Fiedler (2005)
observed a significantly greater tiger moth richness in Ecuador
(287 species).

This high richness, the large number of new distribution
records (including 14 for the Cerrado), and the existence of at
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least another 40 species in the study area (according to the first
order Jackknife estimator), reinforces the importance of
conserving the ENP and its surroundings. Despite being well
preserved, the ENP is a large fragment surrounded by extensive
monocultures of soybean, corn, cotton and sugarcane matrix.
These monocultures can act as a barrier to the dispersal of
individuals and hence cause problems associated with small,
isolated populations, such as inbreeding, genetic drift and
increased susceptibility to future stochastic events. Further-
more, the use of insecticides on these crops can cause increased
mortality of insects at the edges of the park, affecting, for
example, pollination of entomophilous plants. Moreover, the
invasion of alien species such as Brachiaria can reduce
the natural vegetation due to competition among species
(Almeida-Neto et al. 2010), for example, which results in a
lower availability of host plants. All of these factors can affect
the assemblages of insect herbivores and pollinators. Thus,
among the priority actions for the conservation of the ENP
(and its surroundings) Arctiinae fauna are the creation of new
protected areas in their surroundings and the creation of
ecological corridors between protected areas for the fauna of
the region (Rodrigues et al. 2002).

The semideciduous forest had the highest number of
exclusive species in relation to other vegetation types.
This result can be explained by the fact that this vegetation
type has a different microclimate, plant species and soil types
than cerrado sensu lato (Oliveira-Filho & Ratter 2002,
Ruggiero et al. 2002).

Both seasons presented exclusive species, but this was more
evident in the dry season. The dry presented more Arctiinae
species than the rainy season, as found for other Lepidoptera
species (Morais et al. 1999, Pinheiro et al. 2002). In Cerrado
biome, the dry winter season is marked by adverse conditions,
like low humidity and cold temperature (Ramos-Neto &
Pivello 2000). Also, the vegetation faces a water deficit and a
reduction in nutritional quality in this season (Ramos-Neto &
Pivello 2000, Pinheiro et al. 2002) and it can affect the Arctiinae
moths, as they depend on the plants, both in larval
(herbivorous) and in adult (pollinator) phases. Thus, we believe
that the more Arctiinae species found in the winter dry season
must be due to a temporarily enemy-free space (Jeffries &
Lawton 1984, Morais et al. 1999). In this period, the predators
and parasitoids should be less abundant than in the rainy
season (Morais et al. 1999) and it should enable more Arctiinae
species to coexist in the severe dry season.

The Cerrado biome has diminished in recent decades
mainly due to agricultural expansion (Klink & Machado
2005). Many species may have been lost in this process,
including species not yet known to science. According to Ferro
et al. (2010), much of the biome has not yet been inventoried.
Thus, studies that generate lists of species, especially in places
rarely or never sampled regarding the fauna, are urgent and
very important to understand the biodiversity. Furthermore,
these data improve our estimation of the geographical
distribution and the status (e.g. rare, endemic, threatened) of
species. These data, therefore, can be analyzed by niche
modeling and guide future conservation strategies, such as
the location of new conservation units. However, these
estimates will be much more accurate if natural history data
are included and if the species identification is correct.
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Appendix 1. List of Actiinae moth species sampled in four phytophysiognomies of the Emas National Park (ENP), in the dry and rainy seasons. CS
means campo sujo, CC campo cerrado, CSS cerrado sensu stricto and SF semideciduous forest. Species with symbols #***are new records for
Cerrado, #® for Goias State and * for ENP.

Phytophysiognomy Season

Species CS CcC CSS SF Dry Rainy
Arctiinae
Arctiini

Arctiinii sp.1 X X X X

Arctiinii sp.2 X X

Arctiinii sp.3 X X X

Arctiinii sp.4 X X

Ctenuchiini sp.1 X X X
Arctiina

Hypercompe mus (Oberthiir, 1881)%® X X

Paracles phaeocera (Hampson, 1905)% X X X X

Paracles sp.1 X X X X X X

Paracles sp.2 X X

Pseudalus limona Schaus, 1896* X X X X X
Callimorphina

Utetheisa ornatrix (Linnaeus, 1758) X X X X X X
Ctenuchina

Aclytia flavigutta (Walker, 1854)7 X X X X X X

Aclytia heber (Cramer, 1780)% X X X X X X

Aclytia sp.1 X X X X

Argyroeides braco (Herrich-Schaffer, [1855]% X X

Cercopimorpha postflavia Rothschild, 1912%% X X

Correbidia calopteridia (Butler, 1878)" X X

Correbidia sp.1 X X

Delphyre discalis (Druce, 1905)% X X X X X X

Delphyre dizona (Druce, 1898)" X X X X X X

Episcepsis klagesi Rothschild, 19117 X X

Episcepsis lenaeus (Cramer, 1780)% X X

Episcepsis thetis (Linnaeus, 1771)*® X X X

Eucereon albidia Rothschild, 1912%%" X X X

Eucereon arenosun Butler, 187773 X X

Eucereon dorsipuncta Hampson, 1905% X X X

Eucereon pseudarchias Hampson, 1898%% X X

Eucereon setosum (Sepp, [1830])*® X X X X X
FEucereon sp.1 X X X X X
Heliura rhodophila (Walker, 1856)* X X
Heliura tetragramma (Walker, 1854)% X X X X X X
Napata leucotela Butler, 1876% X X

Philoros rubriceps (Walker, 1854)* X X X X X
Pseudohyaleucerea vulnerata (Butler, 1875)%% X X
Pseudosphex discoplaga (Schaus, 1905)* X
Pseudosphex fulvisphex (Druce, 1898)*% X X X X
Pseudosphex nivaca (Jones, 1914) X X X X X X

Euchromiina

Autochloris enagrus (Cramer, 1780)*" X X X X
Cosmosoma achemon (Fabricius, 1781)* X X X X X X
Cosmosoma auge (Linnaeus, 1767)%* X X
Cosmosoma nigriscens Rothschild, 191 1% X X
Cosmosoma rasera Jones, 1914% X X X X X
Cosmosoma theuthras restrictum Butler, 1876" X X X X
Cosmosoma sp.1 X X X X X
Cosmosoma sp.2 X X
Cosmosoma sp.3 X X X X
Dycladia lucetius (Stoll, 1781) X X X X X X
Erruca hanga (Herrich-Schiiffer, [1854])" X X
Eurota histrio (Guérin, 1843)* X X
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Appendix 1. Continued.

Phytophysiognomy Season
Species CS CC CSS SF Dry Rainy
Eurota nigricincta Hampson, 19077 X X
Hyda basilutea (Walker, 1854)* X X X X
Lepidoneiva erubescens (Butler, 1876) X X X X X
Macrocneme aurifera Hampson, 1914%%" X X X X X X
Nyridela acroxantha (Perty, 1833)% X X X X
Nyridela chalciope (Hiibner, [1827])" X X
Pheia albisigna (Walker, 1854) X X X X X X
Pheia gaudens (Walker, 1856)* X X
Pheia haematosticta Jones, 1908 X X X X X X
Pheia haemopera Schaus, 1898 X X X X X X
Pheia seraphina (Herrich-Schiffer, 1854) X X X X X X
Pheia sp.1 X X X
Phoenicoprocta baeri Rothschild, 1911 X X X X X
Phoenicoprocta sp.1 X X X X
Poliopastea plumbea Hampson, 1898%% X X X X X
Poliopastea sp.1 X X
Saurita attenuata Hampson, 1905%%" X X X
Sphecosoma aenetus (Schaus, 1896)"S" X X
Pericopina
Dysschema boisduvalli (van der Hoeven & de Vriese, 1840)% X X
Dysschema sacrifica (Hiibner, [1831])* X X X X
Hyalurga fenestra (Linnaeus, 1758)% X X
Hyalurga partita (Walker, 1854)%%" X X
Phaegopterina
Agaraea semivitrea Rothschild, 1909% X X
Amaxia dyuna Schaus, 189678 X X X X X X
Amaxia kennedyi (Rothschild, 1909)*S X X
Bertholdia detracta Seitz, 1921% X X
Biturix diversipes (Walker, 1855)"%" X X
Carales astur (Cramer, 1777)% X X
Cresera affinis (Rothschild, 1909)% X X
Cresera ilioides (Schaus, 1905)%" X X
Cresera optima (Butler, 1877)"S X X X
Echeta juno (Schaus, 1892)"%" X X
Elysius hermia (Cramer, 1777)% X X
Elysius joiceyi Talbot, 1928% X X X X
Eupseudosoma grandis Rothschild, 1909% X X X X X
Eupseudosoma involuta (Sepp, [1855])* X X X
Halysidota sannionis (Rothschild, 1909)7 X X X X X
Hyperandra appendiculata (Herrich-Schiffer, [1856])% X X
Hyperthaema sp.1 X X X X X
Hyperthaema sp.2 X X X X
Hyponerita lavinia (Druce, 1890)"® X X
Idalus agricus Dyar, 191075 X X X X
Idalus carinosa (Schaus, 1905) X X X X X
Idalus citrina Druce, 1890%S X X X X X X
Idalus dares Druce, 1894 X X
Idalus lineosus Walker, 1869% X X X X
Lepidokirbyia vittipes (Walker, 1855)% X X X X X
Leucanopsis rosetta (Schaus, 1896)% X X X X X
Leucanopsis squalida (Herrich-Schiffer, [1855])%® X X X
Leucanopsis strigulosa (Walker, 1855)%% X X X X X X
Lophocampa annulosa (Walker, 1855)% X X
Lophocampa atrimaculata (Hampson, 1901)" X X
Lophocampa citrina (Sepp, [1852])* X X X X X
Mazaeras francki Schaus, 1896* X X
Melese incertus (Walker, 1855)% X X X

http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2015-0037


http://www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2015-0037

Biota Neotrop., 16(2): €20150037, 2016 7
Arctiinae moths of the Emas National Park, Brazil
Appendix 1. Continued.
Phytophysiognomy Season
Species CS CC CSS SF Dry Rainy
Melese paranensis Dognin, 1911%% X X X
Neritos atta Schaus, 1920%% X X X X
Neritos flavimargo Joicey & Talbot, 1916 X X X
Neritos hampsoni Rothschild, 190973 X X X X
Neritos sanguipuncta Schaus, 1901% X X
Pareuchaetes aurata (Butler, 1875)# X X X X X X
Pelochyta arontes (Stoll, 1782)* X X
Psychophasma erosa (Herrich-Schiffer, [1858])" X X X
Rhipha pulcherrima (Rothschild, 1935)% X X X X X
Rhipha strigosa (Walker, 1854)%% X X X
Robinsonia dewitzi Gundlach, 1881%% X X
Scaptius submarginalis (Rothschild, 1909)"" X X
Viviennea salma (Druce, 1896)™® X X X X
Lithosiini
Lithosiinii sp. 1 X X X
Lithosiinii sp. 2 X X X X X
Lithosiinii sp. 3 X X X X
Lithosiinii sp. 4 X X X
Lithosiinii sp. 5 X X
Lithosiinii sp. 6 X X
Lithosiinii sp. 7 X X
Lithosiinii sp. 8 X X X X X
Lithosiinii sp. 9 X X
Lithosiinii sp. 12 X X
Lithosiinii sp. 14 X X X X X X
Cisthenina
Barsinella mirabilis Butler, 1878 X X X X
Cisthene dives (Schaus, 1896)* X X X X
Cisthene ruficollis (Schaus, 1896)" X X
Cisthene subruba (Schaus, 1905)% X X X X X X
Cisthene triplaga (Hampson, 1905)* X X X X X X
Cisthene sp.1 X X X X X
Cisthene sp.2 X X X X
Cisthene sp.3 X X X
Illice croesus Hampson, 19147 X X
Illice griseola (Rothschild, 1913)%" X X
Odozana domina (Schaus, 1896) X X X X X
Odozana obscura (Schaus, 1896) X X X X X X
Talara grisea Schaus, 1896™ X X X X X
Eudesmiina
Antona fallax (Butler, 1877)% X X
Lithosina
Agylla argentea (Walker, 1863)*" X X X X X X
Agylla marcata (Schaus, 1894)"S X X X X
Agylla sp.1 X X X X X X
Apistosia judas Hiibner, [1819]% X X
Metalobosia diaxantha Hampson, 1914% X X X
Nodozana jucunda Jones, 1914 X X X X X X
Parablavia sadima (Schaus, 1896) X X X X X X
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Abstract: The collapse of the Fundao tailings dam at Mariana (State of Minas Gerais, Brazil) started
a huge human tragedy and likely the most serious environmental disaster in recent Brazilian history.
The dam had contained waste from processing iron ore from mines owned by Samarco, a joint venture
company of the Brazilian Vale S.A. and the Anglo-Australian BHP Billiton Ltd. Following ineffective
attempts to contain the disaster, after 16 days the mud flood reached the sea, where its impact is
expected to affect thousands of marine fauna and flora species. Here, we provide an example of one of
these species, the cnidarian Kishinouyea corbini Larson 1980 (Staurozoa), emblematic because it is
extremely rare, poorly studied, and its known distribution overlaps the threatened area on the Brazilian
coast. Based on this case, we discuss the need for efforts to monitor and minimize the possible impacts
of this socio-environmental crime, as well as to identify and punish all responsible players in this
tragedy, including negligent licensing and supervisory state agencies, in order to prevent future similar
tragedies.

Keywords: Espirito Santo, Rio Doce, mud, Staurozoa, Kishinouyea corbini.

MIRANDA, L.S., MARQUES, A.C. Impactos ocultos do colapso da barragem de residuos da mineradora
Samarco para a fauna marinha brasileira — um exemplo em estaurozoarios (Cnidaria). Biota Neotropica.
16(2): €20160169. http://dx.doi.org/10.1590/1676-0611-BN-2016-0169

Resumo: O colapso da barragem de rejeitos de Fundao, em Mariana (Minas Gerais, Brasil) iniciou uma
enorme tragédia humana e, provavelmente, o mais grave desastre ambiental da historia recente do Brasil.
A barragem continha rejeitos do processamento de minério de ferro de minas de propriedade da
Samarco, uma empresa controlada pela brasileira Vale S.A. e pela anglo-australiana BHP Billiton Ltda.
Apesar de tentativas ineficazes para conter o desastre, apos 16 dias a lama atingiu o mar, onde
provavelmente afetara milhares de espécies da fauna e flora marinhas. Este ponto de vista fornece um
exemplo de uma dessas espécies, o cnidario Kishinouyea corbini Larson 1980 (Staurozoa), emblematica
pois é extremamente rara, insuficientemente estudada e sua distribuigdo conhecida para a costa
brasileira sobrepde a area ameagada pelo desastre. Com base neste caso, discutimos a necessidade de
esforgos para monitorar ¢ minimizar os possiveis impactos desse crime socioambiental, bem como para
identificar e punir todos os responsaveis por esta tragédia, incluindo agéncias estatais de fiscalizagdo e
licenciamento negligentes, a fim de evitar futuras tragédias semelhantes.

Palavras-chave: Espirito Santo, Rio Doce, lama, Staurozoa, Kishinouyea corbini.

On November 5, 2015, the collapse of the Fundao tailings dam
near the Rio Doce at Mariana (State of Minas Gerais, Brazil)
started a huge human tragedy and likely the most serious
environmental disaster in recent Brazilian history. The Fundao
retention pond had contained waste from processing iron ore from
mines owned by Samarco, a joint venture company of the
Brazilian Vale S.A. and the Anglo-Australian BHP Billiton Ltd.
Although the consequences of this release of some 50 million cubic
meters of mud and toxic sludge are still unfolding, the spill has
caused 19 fatalities, buried the subdistrict of Bento Rodrigues, and

http://dx.doi.org/10.1590/1676-0611-BN-2016-0169

dislodged numerous families, and its passage downstream has
erased the riverine fishery and compromised access to clean water
and food for hundreds of thousands of residents in riverside
communities.

The environmental damage is also catastrophic. The mud
traveled about 650km along the Rio Doce Basin, among the most
important South-American river basins, causing a massive
mortality of its biota, mostly buried and suffocated by the mud.
Riverside areas were also affected, and may be exposed to heavy
metals and other toxic substances in the muddy waste (according
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to the United Nations Office of the High Commissioner for
Human Rights, http://www.ohchr.org/), which are often bioaccu-
mulated in the food chain (Wang 2002), triggering manifold
damage to organisms (Bryan 1971).

Following ineffective attempts to contain the disaster, after
16 days the mud flood reached the sea, where its impact is
expected to be equally devastating and long-lasting. The regime
of ocean currents, winds, and rains is driving the mud tailings
southward and northward from the mouth of the Rio Doce, in
the State of Espirito Santo (ES), reaching a total area of about
7,000km? (January, 2016; including areas with higher and
lower concentration of the mud plume, http://www.ibama.gov.
br/publicadas, IBAMA — NUGEO/SP). Beaches at Linhares
(ES), one of the most affected municipalities, have been closed.
According to the Brazilian Institute of Environment and
Renewable Natural Resources (IBAMA) and the Chico
Mendes Institute for Biodiversity Conservation (ICMBio),
the denser mud has already affected the marine protected area
of Comboios Biological Reserve, in Regéncia (ES), and the
mud plume has reached two other federal conservation units,
the Environmental Protection Area of Costa das Algas and the
Wildlife Refuge of Santa Cruz, located in the municipalities of
Aracruz, Funddo, and Serra (ES) (http://www.icmbio.gov.br/
portal/). In early January 2016, IBAMA and ICMBio voiced
suspicions that the mud could have reached the Marine
National Park of Abrolhos, in the Abrolhos Archipelago,
State of Bahia (BA), a coral reef region that is among the most
biodiverse areas in the South Atlantic Ocean (Werner et al.
2010). ICMBIo is concerned by the potential decrease of light

incidence over Abrolhos’ coral reefs caused by water turbidity,
in addition to mud sedimentation over the biota.

It is evident that the marine fauna has already been affected
by the tragedy, including critically endangered species in Brazil,
such as the Leatherback turtle (Dermochelys coriacea; see
http://www.iucnredlist.org/). However, thousands of unknown
and poorly studied species are also threatened by the disaster.
Indeed, recent estimates indicated that 91% of species in the
ocean still await description (Mora et al. 2011), which
dramatically worsens the consequences of marine impacts. In
addition, rare species are likely to play critical roles even in
diverse ecosystems, being important under future unfavorable
conditions, such as habitat degradation and climate change
(Mouillot et al. 2013). Here, we provide an example of one of
these species, emblematic because it is extremely rare, poorly
studied, and its known occurrence overlaps the impacted area
on the Brazilian coast.

The cnidarian Kishinouyea corbini Larson 1980 (Figure la-c)
was the first species of the class Staurozoa recorded for Brazil,
exactly from the coast of Espirito Santo (Grohmann et al. 1999).
Although these tiny benthic stalked jellyfish live in the intertidal
zone, they are cryptic and hard to find, often camouflaged on
Sargassum sp. (Figure 1b, Grohmann et al. 1999). The diet of
stalked jellyfishes consists basically of small crustaceans, such as
copepods and amphipods (Zagal, 2004), but there are no
information concerning the trophic relationships (prey and
predators) for K. corbini from Brazil. Specimens from the
Espirito Santo coast are deposited in the zoological collections of
Museum of Zoology of the University of Sdo Paulo (MZUSP
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Figure 1. (a) Lateral view of Kishinouyea corbini in the field; (b) Lateral view of K. corbini, attached and camouflaged on Sargassum sp.; (c) Oral
view of K. corbini on the forefinger of the researcher; (d) Collection site of K. corbini, on Praia dos Padres, Aracruz (ES), during low tide; (¢) Area
threatened by the mud tailings overlaps the known distribution of K. corbini (in red): darker arrows indicate higher concentration of mud and
lighter arrows indicate lower concentration of mud plume (Source: IBAMA — NUGEO/SP; January, 2016); (f) Global distribution of K. corbini (in
red) and Lucernariopsis capensis (in blue), staurozoan species recorded in Brazil. Photos: A.C. Morandini. Scale: 5.0 mm.

Figura 1. (a) Vista lateral de Kishinouyea corbini no ambiente; (b) Vista lateral de K. corbini, fixa e camuflada no Sargassum sp.; (c) Vista oral K
corbini no dedo indicador do pesquisador; (d) Local de coleta de K. corbini, na Praia dos Padres, Aracruz (ES), durante a maré baixa; (¢) Area
ameagada pela lama de rejeitos sobrepde a area de distribui¢do conhecida de K. corbini (em vermelho): setas escuras indicam maior concentragao de
lama e setas claras indicam menor concentragao da pluma (Fonte: IBAMA — NUGEO/SP; Janeiro, 2016); (f) Distribui¢do mundial de K. corbini
(em vermelho) e Lucernariopsis capensis (em azul), espécies de Staurozoa registradas para o Brasil. Fotos: A.C. Morandini. Escala: 5,0 mm.
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CNID 1563-1565) and Federal University of Rio de Janeiro
(UFRJ-DZ-IB 1-50 to 1-53). There is only one other record of
K. corbini for the Brazilian coast, in Recife de Vigosa, Abrolhos
(BA), whose specimens are deposited in the National Museum of
Rio de Janeiro (MNRJ 2472-2473; see Oliveira et al. 2016).
However, in fact, the only known established population of the
species was located in Praia dos Padres, Aracruz (ES) (Figure 1d,
e), an area impacted by the mud plume (Figure le). Even though
there may be other populations not yet recorded for the species,
since K. corbini has been also recorded from Puerto Rico
(Capriles & Martinez 1970, Larson 1980) and Mexico (Lechuga
& Alamo 2005) (Figure 1f), the molecular identity of all these
materials has never been investigated and the possibility of
cryptic species cannot be discarded. We also do not know if these
populations are isolated or interdependent, making it difficult to
estimate the effect of an impact of this magnitude.

The only other staurozoan known on our coast, Lucernariopsis
capensis Carlgren 1938, was recorded only once, at Itanhaém, State
of Sao Paulo (SP) (Figure 1f), in 1985 (Miranda et al. 2012). This
fact could be related to the increasing pollution of the southern
coast of SP (Miranda et al. 2012), since staurozoan populations
seem to be vulnerable to anthropic impacts. For instance, once
locally abundant populations of Haliclystus auricula Clark 1863
have now disappeared, probably due to contamination and pollu-
tion of their habitat (Mayer 1910, Berrill 1962). This vulnerability is
intensified by the relatively low genetic diversity found in
populations of Staurozoa (Miranda et al. 2010), in the small
number of species that have been intraspecifically investigated.

Staurozoa is a small group of animals, with about 50
species, whose individuals usually live camouflaged on seaweed
(Larson 1980, Daly et al. 2007). Most species occur in
temperate and polar waters (Mills & Hirano 2007), and there
are only two tropical species, one of them K. corbini (Capriles
& Martinez 1970, Larson 1980, Grohmann et al. 1999, Lechuga
& Alamo 2005). Consequently, the impact on the only known
population of the species on the Brazilian coast will hamper
researches on the group, such as physiological and evolu-
tionary studies about staurozoan adaptations associated with
the diversification of the group in warmer waters.

The competent authorities have made only timid efforts to
monitor and minimize the possible impacts of this socio-environ-
mental crime, as well as to identify and punish all responsible
players in this tragedy, including negligent licensing and supervisory
state agencies. Descriptions of the consequences of the disaster will
inevitably underestimate the devastating biological reality, since
numerous species that are barely studied (including endemic species
from the Espirito Santo coast, e.g. the cnidarian Hydrocoryne
iemanja Morandini et al. 2009) or even completely unknown occur
in the region, such as the example provided above. It is essential to
organize and intensify, immediately and effectively, studies of the
environmental impacts, and to investigate the responsibilities
associated with the environmental licensing process, the lack of a
contingency plan, the supervisory failures, and the negligence and
even possible deceptive practices of those responsible for authoriz-
ing and operating the Fundao dam. The immediate result of a
diligent investigation will, at least, increase our ability to prevent
future similar tragedies. Most important, the Samarco tragedy
should not be seen as an isolated case: it is one of the consequences
of the abandonment of environmental values by Brazilian society,
with economic development disconnected from conservation/
sustainability and social responsibilities. Sufficiently serious in itself,
the microcosm of the Mariana dam is, unfortunately, one small
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facet of the ingoing environmental catastrophe that is unfolding in
the most mega-diverse country in the world.
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Abstract: Aspidosperma Mart. is one of the most important genera from Apocynaceae Juss. occurring
in Brazil. It is present in many plant formations and has species with both medicinal and economic
value. From a taxonomic point of view, many of its species are difficult to identify, especially those
occurring in the Amazonian region. In order to complement the information already available with
regard to the taxonomy and distribution of the genus, the goal of this work was to provide a taxonomic
study of the Aspidosperma species occurring in the state of Para, northern Brazil. This study was based
on the analysis of vouchers from the BHCB, HBRA, IAC, TIAN, INPA, MG, R, RB and UEC
herbaria, as well as scanned images of vouchers from Brazilian and foreign herbaria, and specimens
collected in the field. Species identification was confirmed by analysis of protologues and types
(or images). We present taxonomic descriptions, illustrations and one identification key for the
20 species of Aspidosperma found in Pard, with the Baixo Amazonas Mesoregion presenting the largest
number of species (17), and the Metropolitana de Belém Mesoregion presenting the smallest number of
species (3). Aspidosperma eteanum, A. oblongum, A. salgadense (endemic of Para) and A. sandwithianum
are accepted as species here. Aspidosperma cuspa is a new record for Para. The fruits of Aspidosperma
eteanum and A. salgadense, and the seeds of 4. eteanum, have been described and illustrated for the
first time.

Keywords: Aspidospermeae, diversity, Eastern Amazon, floristic, morphology.

PEREIRA, AS.S., SIM(~)ES, A.O., SANTOS, J.U.M. Taxonomia de Aspidosperma Mart. (Apocynaceae,
Rauvolfioideae) no Estado do Para, Brasil. Biota Neotropica. 16(2): €20150080. http://dx.doi.org/10.1590/
1676-0611-BN-2015-0080

Resumo: Dentre os géneros de Apocynaceae Juss. ocorrentes no Brasil, Aspidosperma Mart. ¢ um dos
mais importantes. Esta presente em varias formagoes vegetais e apresenta espécies com valor medicinal
e economico. Do ponto de vista taxonOmico, varias de suas espécies sdo de dificil identificagdo,
principalmente as que ocorrem na Amazonia. Com o intuito de complementar as informagdes
disponiveis sobre a taxonomia e a distribuigdo do género, este trabalho teve por objetivo realizar estudos
taxonomicos com as espécies de Aspidosperma ocorrentes no estado do Para, Brasil. Este estudo foi
baseado na analise de exsicatas dos herbarios BHCB, HBRA, IAC, IAN, INPA, MG, R, RB e UEC,
assim como de imagens digitalizadas de exsicatas de herbarios nacionais e estrangeiros, e de materiais
coletados. A identificagdo das espécies foi confirmada por meio de consulta aos protdlogos e tipos
(ou imagens). Sdo apresentadas descri¢des, ilustragdes e uma chave de identificagdo para as 20 espécies
de Aspidosperma encontradas no Para, com a Mesorregido do Baixo Amazonas apresentando um maior
numero de espécies (17), e a Mesorregiao Metropolitana de Belém apresentando um menor numero
de espécies (3). As espécies Aspidosperma eteanum, A. oblongum, A. salgadense (endémica do Para)
e A. sandwithianum sdo aqui aceitas. Aspidosperma cuspa ¢ uma nova ocorréncia para o Para. Os frutos
de Aspidosperma eteanum e A. salgadense, e as sementes de A. eteanum, estao sendo descritos e ilustrados
pela primeira vez.

Palavras-chave: Aspidospermeae, diversidade, Amazénia Oriental, floristica, morfologia.
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Introduction

Apocynaceae Juss. is one of the five families of the order
Gentianales, and is one of the ten largest Angiosperm families
in the world (APG III 2009, Rapini 2012, Morokawa et al.
2013). According to the most recent classifications, the family
is divided into five subfamilies: Rauvolfioideae, Apocynoideae,
Periplocoideae, Secamonoideae and Asclepiadoideae (Endress
& Bruyns 2000, Endress et al. 2007, 2014). Apocynaceae has a
cosmopolitan distribution, comprising of 366 genera and ca.
5100 species (Matozinhos & Konno 2011, Nazar et al. 2013,
Endress et al. 2014). In Brazil, Apocynaceae is the tenth largest
Angiosperm family, with members belonging to subfamilies
Rauvolfioideae, Apocynoideae and Asclepiadoideae (Kinoshita &
Simdes 2005, Rapini et al. 2010).

Among the Brazilian genera of Apocynaceae, Aspidosperma
Mart. (Rauvolfioideae) is one of the most important, being
present in many plant formations and is comprised of species with
medicinal and economic value (Duarte 1970, Marcondes-Ferreira
1988). Aspidosperma has a Neotropical distribution, occurring
from Mexico to Argentina (except for Chile) (Marcondes-
Ferreira & Kinoshita 1996, Marcondes-Ferreira 1999). According
to Marcondes-Ferreira (1999), about 44 species are currently
recognized in the genus. Thirty-nine of these are reported to occur
in Brazil (10 endemic), with the greatest concentration found in
the Amazon (25 species) (Marcondes-Ferreira 1999, Koch et al.
2015).

Aspidosperma was created by Martius (1824a) with five
species. The genus is characterized by an arboreal or shrubby
habit, latex whitish to reddish, leaves alternate, rarely opposite or
whorled, flowers with the style-head fusiform to globose, anthers
free from the style-head, follicles woody and seeds winged
(Woodson 1951, Marcondes-Ferreira 1988, Simdes & Kinoshita
2002, Kinoshita & Simdes 2005, Morokawa et al. 2013). In the
Brazilian Amazon region, most species of Aspidosperma are
popularly known as “carapanauba” or “araracanga”, whereas in
other regions of the country they are mainly known as “peroba”,
“guatambu” or “pereiro” (Koch et al. 2015).

Some species of the genus have medicinal value, such as
Aspidosperma ramiflorum Mill.Arg., which has antileishmanial
properties, and A. excelsum Benth., which has antimalarial
properties (Pereira et al. 2007, Oliveira et al. 2009). Other
species have economic importance in industry and timber
production, and are used as ornamental plants (Lorenzi 2008,
2009, Silva 2013). For example, the wood of the “perobas”,
Aspidosperma cylindrocarpon Miill.Arg. and A. polyneuron
Miill.Arg., are widely used in construction and in landscaping
(Lorenzi 2008, 2009).

Regarding to group’s taxonomy, some of the most relevant
work was done by de Candolle (1844), Miiller-Argoviensis (1860),
Schumann (1895), Pichon (1947), Woodson (1951), Marcondes-
Ferreira (1988) and Marcondes-Ferreira & Kinoshita (1996).
The latter proposed the infrageneric division that is currently
accepted for Aspidosperma, dividing the genus in two subgenera —
A. subgenus Aspidosperma (comprising nine sections) and
A. subgenus Coutinia (Vell.) Marc.-Ferr. (without further sub-
divisions) (Marcondes-Ferreira & Kinoshita 1996). Although
Aspidosperma has been a widely studied genus, many of its species
are difficult to identify, especially those occurring in the Amazo-
nian region, because some of them are very similar to each other
and have overlapping morphological features (Woodson 1951,
Marcondes-Ferreira 1988).

http://www.scielo.br/bn

These issues justify the importance of taxonomic studies on
Aspidosperma to better understand the genus, particularly
the Amazonian species. The Brazilian Amazon in the state
of Para is an important area to study Aspidosperma, as it
is the second largest state in this region, and according to
“Lista de Espécies da Flora do Brasil” (Koch et al. 2015), it
is where many of the Amazonian species from this genus
occur (17) (Souza et al. 2002, IBGE 2008, Para 2007, 2010).
Furthermore, Aspidosperma is the most represented genus of
Apocynaceae family in Para (Koch et al. 2015). In this
context, the goal of this study was to provide a taxonomic
study of the Aspidosperma species occurring in the state of
Para, Northern Brazil.

Material and Methods
1. Study area

The study area was located in the state of Para, Brazil,
which has 1,248042 km?, and is the second largest state in the
country (Para 2010). It is located in the North Region of Brazil
and in the Amazon Biome (IBGE 2004). The dominant climate
is equatorial, with an average temperature of 25 °C and annual
rainfall ranging from 1000 to 4500 mm (Brasil 1999, IBGE
2004). According to IBGE (1990), the state of Para is
geographically divided into six Mesoregions: Baixo Amazonas,
Marajo, Metropolitana de Belém, Nordeste Paraense, Sudeste
Paraense and Sudoeste Paraense (Figure 1).

In Par4, there is a predominance of the forest physiognomy,
with the Dense Ombrophilous Forest phytoecological region
covering most of the region (Baixo Amazonas, Marajo,
Metropolitana de Belém, Nordeste Paraense, Sudeste Paraense
and Sudoeste Paraense) (IBGE 1990, 2008). There are also
areas of Open Ombrophilous Forest (Sudeste Paraense and
Sudoeste Paraense), and to a lesser extent, Semideciduous
Forest (Sudoeste Paraense), Deciduous Forest (Sudoeste
Paraense), regions of Campinarana (Marajo, Sudeste Paraense
and Sudoeste Paraense) and Savannah (Baixo Amazonas and
Sudeste Paraense) (IBGE 1990, 2008).

2. Taxonomic treatment

Herbarium vouchers, scanned images of vouchers from
Brazilian and foreign herbaria and specimens collected in the
field were analysed in this study. Collections from the BHCB,
HBRA, IAC, IAN, INPA, MG, R, RB and UEC herbaria
(acronyms according to Thiers (continuously updated)), which
hold relevant collections of Amazonian plants, were examined.
Online collections from COL, F, INCT - Herbario Virtual da
Flora e dos Fungos (speciesLink Network (UFRN, USP)), K, NY
and P herbaria were also examined. The botanical material used
was derived from specimens collected in Para (material examined)
and, in general, from specimens collected in the rest of the
Amazon, especially in the Brazilian Amazon (additional material).

Plant specimens were collected throughout the year of 2014,
from February to September, in Marajo, Metropolitana de Belém
and Nordeste Paraense Mesoregions. Specimens were collected
and herborized following the usual techniques described by
Fidalgo & Bononi (1984), and vouchers are deposited in the
Herbarium of the Museu Paraense Emilio Goeldi (MG).

Species identification was confirmed through the analysis of
protologues and types, or through images of types available in
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Figure 1. The State of Para and its Mesoregions, Northern Brazil. Source: MPEG-UAS.
Figura 1. O Estado do Para e suas Mesorregides, Brasil. Fonte: MPEG-UAS.

the database “JSTOR Global Plants” (Ithaka 2015), or using
the online collections from C, F, G, K, NY, P, U, US and
W herbaria. Spelling of scientific names and information on
protologues were checked in the original publications, in the
guide “Taxonomic Literature” (Stafleu & Cowan 1981) and in
the databases “Lista de Espécies da Flora do Brasil” (JBRJ
2015), “Tropicos” (Missouri Botanical Garden 2015) and
“World Checklist of Selected Plant Families” (WCSP 2015).
Author names are abbreviated according to Brummitt &
Powell (1992).

Vegetative structures and follicles were measured with a
digital caliper and a ruler, and described with the help of a
stereomicroscope. Flowers were rehydrated (when obtained
from herbarium specimens), stored in bottles containing 70%
ethanol, dissected, measured with graph paper and described
with the help of a stereomicroscope. The terminology used to
characterize the vegetative and reproductive structures was based
on the works of Woodson (1951), Lawrence (1973), Radford
et al. (1974), Rizzini (1977), Marcondes-Ferreira (1988), Ribeiro
et al. (1999), Gomes e Cavalcanti (2001), Gomes (2008) and
Morokawa et al. (2013). Genus and species descriptions were
prepared with the data obtained from analyses on examined
material and additional material. Information with regard to
geographic distribution, phytoecological regions, phenology and
common names was obtained from herbarium specimens, data
from field notes and literature.
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Results and Discussion

Aspidosperma Mart., Flora 7(1): 135. 1824. nom. cons.
Type: Aspidosperma tomentosum Mart.

Tree, 2-48 m high; trunk straight or tortuous. Branches
cylindrical or angular, suberous or not, sparsely to densely
lenticellate, velutinous to glabrous, with or without cataphylls
covering the buds; latex whitish, orange or reddish. Leaves
simple, alternate or, more rarely, subopposite, congested at
apex or arranged along the branches; petiole velutinous to glabrous;
blade membranaceous to coriaceous, flat or bullate, margin straight
or revolute, concolorous or discolorous, venation craspedodromous,
brochidodromous, eucamptodromous or reticulodromous, adaxial
surface dull or lustrous, greenish, brownish or blackish, velutinous to
glabrous, primary vein flat, prominulous or prominent, secondary
veins impressed, prominulous or prominent, abaxial surface dull,
whitish, yellowish, greenish or brownish, velutinous to glabrous,
primary vein flat or prominent, secondary veins impressed,
prominulous or prominent. Inflorescences leaf-opposed, axillary,
supra-axillary or terminal, corymbiform dichasia, fascicles or
panicles, velutinous to tomentose. Flower buds with corolla lobes
twisted or not. Flowers subsessile or pedicellate. Calyx gamosepa-
lous, campanulate, without colleters; lobes 5 or, more rarely, 6-7,
subequal, lanceolate or ovate, apex acuminate, acute or obtuse.
Corolla gamopetalous, tubular or salverform, white, yellow or
orange; lobes erect, patent or deflexed, oblong, filiform, lanceolate,

http://www.scielo.br/bn


http://dx.doi.org/10.1590/1676-0611-BN-2015-0080
http://www.scielo.br/bn

4 Biota Neotrop., 16(2): €20150080, 2016

Pereira, A.S.S. et al.

ovate or obovate, apex acute or obtuse. Stamens included; anthers 2.Branches with cataphylls covering the buds; leaves
free, positioned above the style-head, lanceolate or ovate, apex congested at apex of branches ...........ccccceevvviiiicieeennns 3
acuminate, apiculate or acute, base cordate. Ovary superior, hemi- 3.Leaves discolorous; flower buds with corolla lobes
syncarpous, 2-carpellate, ovoid or globoid, tomentose to glabrous; not twisted; corolla tubular; ovary tomentose.........
style cylindrical; style-head main body oblong or globose, with . 20. A. subincanum
2 apical appendages oblong, filiform, ovate or inconspicuous. 3’.Leaves concolorous; flower buds with corolla lobes
Follicles 2 or 1 by abortion, flat, falciform, dolabriform, pyriform or twisted; corolla salverform; ovary glabrous ............. 4
suborbicular, smooth, sulcate, verrucose or spinescent, sessile or 4.Leaves membranaceous; flowers 6-6.5 mm long; calyx
stipitate, mucronate or not, lenticels conspicuous or inconspicuous, glabrous externally; corolla lobes filiform.....................
woody, yellow, brown or black, velutinous to glabrous. Seeds = e 12. A. multiflorum
oblong, ovate or orbicular, winged, yellow, glabrous; seminal 4’ Leaves chartaceous; flowers 14-23 mm long; calyx

nucleus basal, central, lateral or apical, with or without radial lines.
The information about the protologues of Aspidosperma

tomentose externally; corolla lobes oblong..............
....................................................... 14. A. pyrifolium

were checked in their original publications. In the databases 2’.Branches without cataphylls covering the buds; leaves
“Tropicos” (Missouri Botanical Garden 2015) and “World Check- arranged along the branches ..............cccccoiiiiniiiinies
list of Selected Plant Families” (WCSP 2015), this information 5.Branches sparsely lenticellate

is conflicting. The diagnosis of Aspidosperma (A. bicolor Mart. (now 6.Calyx with 6-7 lobes ................

a synonym of A. pyrifolium), A. macrocarpon Mart., A. pyrifolium
Mart., A. refractum Mart. (now a synonym of A. pyrifolium) and
A. tomentosum Mart. (type)), was first published by Martius
(1824a) in “Flora”, and published again by the same author in 7’.Venation craspedodromous, brochidodromous
“Nova Genera et Species Plantarum” (Martius 1824b, Stafleu & or eucamptodromous; inflorescences in corym-
Cowan 1981, Marcondes-Ferreira 1988). Stafleu & Cowan (1981) biform dichasia or fascicles ............ccccoeveuenenne.
highlighted that Zuccarini should not be cited as co-author of 8.Venation craspedodromous
Aspidosperma, since he helped Martius (1824b) only with the 9.Corolla pubescent externally, lobes lanceo-
organization of the work and did not participate on the original late; ovary tomentose; seminal nucleus with
publication (Martius 1824a). This interpretation was later followed radial lines ..........ccoceeveueuenene 18. A. schultesii
by Marcondes-Ferreira (1988) in his study of Aspidosperma and is 9’.Corolla glabrous externally, lobes filiform;
the interpretation accepted in the present study. ovary glabrous; seminal nucleus without
Based on the infrageneric division of Aspidosperma established radial lines .......cccooeevveieeeiniieeeieee 10
by Marcondes-Ferreira & Kinoshita (1996), only species from 10.Corolla tubular, lobes 1-1.5 mm long
Aspidosperma subgenus Aspidosperma occur in the state of Para. 8. A. eteanum
Of the nine sections of Aspidosperma subgenus Aspidosperma, 10’.Corolla salverform, lobes 2.5-6.5 mm

6’.Calyx with 5 10bes .......cceeeuviieiiiieiiiiieieee
7.Venation reticulodromous; inflorescences in
PANIClES ..vvviieiiieiiiee e 4. A. cuspa

seven occur in Para: Aspidosperma (A. macrocarpon, A. multi-
florum A.DC., A. pyrifolium and A. subincanum Mart.), Nobilia
(Woodson) Marc.-Ferr. (4. album (Vahl) Benoist ex Pichon,
A. araracanga Marc.-Ferr., A. desmanthum Benth. ex Mill.Arg.,
A. eteanum Markgr., A. sandwithianum Markgr. and A. sprucea-
num Benth. ex Miill. Arg.), Polyneura (Woodson) Marc.-Ferr.
(A. cuspa (Kunth) S.F.Blake ex Pittier and A. darienense Woodson
ex Dwyer), Inundata Marc.-Ferr. (A. inundatum Ducke), Schultesia
Marc.-Ferr. (4. schultesii Woodson), Rigida (Woodson) Marc.-
Ferr. (A. rigidum Rusby) and Excelsa Marc.-Ferr. (A. carapa-
nauba Pichon, A. discolor A.DC., A. excelsum Benth., A. oblongum
A.DC. and A. salgadense Markgr.) (Marcondes-Ferreira &
Kinoshita 1996).

In Para, 20 species of Aspidosperma were found, with the
Baixo Amazonas Mesoregion presenting the largest number of
species (17), and the Metropolitana de Belém Mesoregion
presenting the smallest number of species (3) (IBGE 1990).
Aspidosperma araracanga and A. excelsum are the only species
of the genus occurring in all the Mesoregions of Para (IBGE 1990).
We accept Aspidosperma eteanum, A. oblongum, A. salgadense
(endemic of Para) and A. sandwithianum as species in this study.
Aspidosperma cuspa is a new record for Para. Furthermore,
the fruits of Aspidosperma eteanum and A. salgadense, and the
seeds of A. eteanum, have been described and illustrated for the
first time.

Key to species of Aspidosperma Mart. (Apocynaceae,
Rauvolfioideae) in the State of Para, Northern Brazil.

1.Branches angular ............ccccoeeeenveeenee. 16. A. salgadense

I’.Branches cylindrical .............ccccceeiviiiiinniiiieiieeeieeeens 2
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1ONE oo 11

11.Leaves with 39-41 pairs of secondary

veins, prominent on both surfaces
................................ 2. A. araracanga

11°.Leaves with 21-34 pairs of seconda-

ry veins, not prominent on both
SUIfaces .....occcovoeevvenieiieeiieee 12
12.Leaves bullate, adaxial surface
dull, with primary vein tomentose
................... 17. A. sandwithianum
12’.Leaves flat, adaxial surface lus-
trous, with primary vein glabrous
................................................ 13
13.Leaves dark green on adaxial sur-
face, with secondary veins promi-
nent; calyx glabrescent to glabrous
internally ................... 1. A. album
13’.Leaves olive green or brown on
adaxial surface, with secondary
veins impressed or prominulous;
calyx pubescent at apex internally
.................................................. 14
14.Leaves with secondary veins
impressed on both surfaces .....
................... 6. A. desmanthum
14’.Leaves with secondary veins
prominulous on both surfaces
................. 19. 4. spruceanum

8’.Venation brochidodromous or eucamptodromous ...... 15
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15.Leaves bullate; inflorescences in fascicles; calyx
pubescent at base internally .... 3. A. carapanauba
15".Leaves flat; inflorescences in corymbiform
dichasia; calyx pubescent at apex to glabrous
internally ......ccoooevviiiiiiiiiiiee e 16
16.Leaves concolorous; corolla glabrous exter-
nally; follicles not mucronate......................
............................................... 15. A. rigidum
16’.Leaves discolorous; corolla tomentose exter-
nally; follicles mucronate ..............ccccceueeen. 17
17.Venation eucamptodromous, with 10-13 pairs

of secondary veins .......... 11. A. macrocarpon
17’.Venation brochidodromous, with 22-25
pairs of secondary veins ...................... 18
18.Leaves with marginal vein; corolla salver-

form; anthers lanceolate; ovary tomentose
....................................... 10. A. inundatum
18’.Leaves without marginal vein; corolla
tubular; anthers ovate; ovary glabrous
...................................... 9. A. excelsum
5’.Branches densely lenticellate ............ccccceevvuieennnn.. 19
19.Leaves elliptic or ovate, base cuneate

or oblique; anthers lanceolate; follicles

SPINESCENt....ccvveveeneeeeanenenen. 7. A. discolor

19’.Leaves oblong, base revolute; anthers
ovate; follicles verrucose ............ 13. A.
oblongum

1. Aspidosperma album (Vahl) Benoist ex Pichon, Bull.
Mus. Natl. Hist. Nat. sér. 2 19(4): 367. 1947. (Figure 2a-¢).

Trees 15-30 m high; trunk straight. Branches cylindrical,
suberous, sparsely lenticellate, pubescent to glabrous, without
cataphylls; latex reddish. Leaves alternate, arranged along the
branches; petioles 1.2-1.9 cm long, tomentose; blade 7-8.9 x
2.5-3.4 cm, coriaceous, flat, obovate, apex acute, obtuse or
retuse, base cuneate or oblique, margin revolute, discolorous,
venation craspedodromous, adaxial surface lustrous, dark
green, glabrous, primary vein flat, secondary veins prominent,
tertiary veins conspicuous, abaxial surface dull, white, tomen-
tose along the primary vein, primary vein prominent,
secondary veins prominulous, 22-24 pairs, tertiary veins
conspicuous. Inflorescences 5.7-6.5 cm long, terminal, corymbi-
form dichasia, tomentose. Flower buds with corolla lobes
twisted. Flowers 5.2-6.5 mm long; pedicellate, pedicel 0.9-1 x
0.5-1 mm, tomentose. Calyx 2-2.5 x 1.5-1.8 mm, tomentose
externally, glabrescent to glabrous internally; lobes 5, 1.5 x 1-
1.3 mm, ovate, apex acute. Corolla 3.5-5.8 x 1-1.2 mm,
salverform, yellow, glabrous externally, pubescent to glabres-
cent below the anthers internally; lobes 2.5 x 0.5 mm, erect,
filiform, apex acute. Stamens 1-1.5 mm long; filaments 0.5-1
mm long, pubescent to glabrescent; anthers 0.5 mm long, ovate,
apex apiculate. Carpels 1-1.2 mm long; ovary 0.5 x 0.5 mm,
globoid, glabrous; style 0.3-0.5 mm long; style-head 0.2 mm
long, main body globose, with 2 oblong apical appendages.
Follicles 11.7-13 x 7.1-7.3 cm, suborbicular, sulcate, stipitate,
mucronate, lenticels inconspicuous, brown, pubescent. Seeds
7.3-9 cm diam., orbicular; seminal nucleus lateral, without
radial lines, nucleus 1.8-2 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, Cova da Onga, 28.VIII.1979, fl., N.T. Silva 5157
(INPA, MQG); Almeirim, regido do Jari, Planalto A, km 11, 2.
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VIIL.1969, fl., N.T. Silva 2569 (IAN, NY-scanned image);
Breves, perto do Igarapé Arapijo, transecto para inventario
florestal, Q 4-70, 7-30.VIL.1956, st., J.M. Pires et al. 5059
(IAN); Breves, transecto para inventario florestal, 20-6 (sp. n°
3), 7-30.VIL.1956, fr., J.M. Pires et al. 5290 (IAN); Breves,
transecto para inventario florestal, 70-80 (sp. n° 7a), 7-30.VIIL.
1956, fr., J.M. Pires et al. 5454 (IAN); Sao Sebastido da Boa
Vista, Sitio Campina on River Pracuubamirim, 18.X.1984, st.,
G.L. Sobel et al. 4669A (NY-scanned image).

Additional material: BRAZIL, AMAPA: Oiapoque, beira
do caminho, 5.X.1949, fl., G.A. Black 49-8406 (IAN); Rio
Araguari, on forested island in river, downriver from Porto
Platon, 21.1X.1961, fr., J.M. Pires et al. 51149 (IAN, MG); Rio
Araguari, upland plant between camps 6 and 7, 12.1X.1961, f1.,
J.M. Pires et al. 50882 (IAN, RB).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest). Flowers and fruits collected from
August to January.

Common names: araracanga, araracanga-vermelha.

Aspidosperma album occurs in Bolivia, Brazil, Colombia,
French Guiana, Guyana, Suriname and Venezuela (Missouri
Botanical Garden 2015). In the state of Para, this species was
found in Baixo Amazonas and Marajo Mesoregions (IBGE
1990). In “Livro Vermelho da Flora do Brasil” (Rapini et al.
2013), Aspidosperma album was assigned to the Data Deficient
category (DD), but in “Lista de Espécies da Flora e da Fauna
Ameacadas no Estado do Para” (Para 2007), it was listed as a
Vulnerable species (VU). According to Marcondes-Ferreira &
Kinoshita (1996), Aspidosperma album belongs to section
Nobilia. Among the studied species, Aspidosperma album shares
morphological features with both A. desmanthum and
A. spruceanum, especially relating to the flower, but differs
from these other two species by the dark green color of the leaf
blade and prominent secondary veins on the adaxial surface,
and the suborbicular follicles.

2. Aspidosperma araracanga Marc.-Ferr., Revista Brasil.
Bot. 14(2): 127. 1991. (Figure 2f-j).

Trees 2.5-44 m high; trunk straight. Branches cylindrical,
not suberous, sparsely lenticellate, pubescent to glabrous,
without cataphylls; latex orange to reddish. Leaves alternate,
arranged along the branches; petioles 1.8-3.5 cm long,
tomentose to glabrous; blade 9.7-10.8 x 3.9-4.8 cm, charta-
ceous, flat, oblong, elliptic or obovate, apex acuminate, acute
or obtuse, base acute, cuneate or oblique, margin revolute,
discolorous, venation craspedodromous, adaxial surface
lustrous, olive green, glabrous, primary vein prominulous,
secondary veins prominent, tertiary veins conspicuous, abaxial
surface dull, light green, glabrous, primary vein prominent,
secondary veins prominent, 39-41 pairs, tertiary veins conspi-
cuous. Inflorescences 7.7-10.5 cm long, terminal, corymbiform
dichasia, tomentose. Flower buds with corolla lobes twisted.
Flowers 8-10.5 mm long; pedicellate, pedicel 1 x 1 mm,
tomentose. Calyx 2-2.5 x 1.5 mm, tomentose externally,
glabrescent internally; lobes 5, 1-1.5 x 1 mm, ovate, apex
acute. Corolla 7-10 x 2 mm, salverform, yellow, glabrous
externally, tomentose below the anthers internally; lobes
5.4-6.5 x 0.5 mm, erect, filiform, apex acute. Stamens 2-2.5 mm
long; filaments 1.5-2 mm long, tomentose; anthers 0.5 mm long,
ovate, apex acute. Carpels 2-2.5 mm long; ovary 0.5 x 0.5 mm,
globoid, glabrous; style 1-1.5 mm long; style-head 0.5 mm long,
main body oblong or globose, with 2 oblong apical appendages.
Follicles 10.2 x 8 cm, suborbicular, sulcate, stipitate, mucronate,

http://www.scielo.br/bn


http://dx.doi.org/10.1590/1676-0611-BN-2015-0080
http://www.scielo.br/bn

6 Biota Neotrop., 16(2): €20150080, 2016

Pereira, A.S.S. et al.

Figure 2. a-e. Aspidosperma album. {-j. A. araracanga. k-n. A. carapanauba. o-s. A. cuspa: a, f, k, o. flowering branch; b, g, 1, p. flower bud; c, h, m, q.
flower; d, i, n, 1. follicle; e, j, s. seed. a-e. J.M. Pires et al. 50882; J.M. Pires et al. 51149. f-j. J. Huber 3848; J.M. Pires 11911; R. Romero-Castaiieda
1131. k-n. M.G. Silva & A. Pinheiro 4300; M.G. Silva & C. Rosario 4847. o-s. G.S. Pinheiro & J.F.V. Carvalho 674; P.O. Rosa et al. 249.
Figura 2. a-e. Aspidosperma album. f-j. A. araracanga. k-n. A. carapanauba. o-s. A. cuspa: a, f, k, o. ramo florido; b, g, 1, p. botao floral; ¢, h, m, q.
flor; d, 1, n, r. foliculo; e, j, s. semente. a-e. J.M. Pires et al. 50882; J.M. Pires et al. 51149. f-j. J. Huber 3848; J.M. Pires 11911; R. Romero-
Castaneda 1131. k-n. M.G. Silva & A. Pinheiro 4300; M.G. Silva & C. Rosario 4847. o-s. G.S. Pinheiro & J.F.V. Carvalho 674; P.O. Rosa
et al. 249.
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lenticels inconspicuous, yellow or brown, pubescent. Seeds
7-8 cm diam., orbicular; seminal nucleus lateral, without radial
lines, nucleus 2 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, Perimetral, 23.1.1980, st., N.T. Silva 5420 (MG);
Belém, 1.IX.1903, fl., J. Huber 3848 (RB); Belém, IPEAN,
Area de Pesquisas Ecoldgicas do Guama (APEG), 8.VIII.1968,
fl., J.M. Pires 11911 (RB); Belém, IPEAN, Reserva Mocambo,
L-12-17, arvore n° 18, 8.VII1.1968, fl., J.M. Pires & N.T. Silva
11909 (IAN); Braganca, terreno baldio na Rua Edgar Cordeiro
de Souza, frente ao portdo do Instituto Federal do Para, 2001-
2002, fl., U. Mehlig 1398 (HBRA); Breves, perto do Igarapé
Arapijo, transecto para inventario florestal, Q 1-76, 7-30.
VIIL.1976, st., J.M. Pires et al. 5083 (IAN); Cachoeira do Arari,
Rio Camara, Fazenda Gurupatuba, 8.VIII.1950, fl., G.A.
Black 50-9924 (NY-scanned image); Colares, 18.VIII.1913, fl.,
A. Ducke s.n. (RB 13333); Maracana, area do centro de
treinamento, 4.VII.1977, fl., E. Oliveira 6650 (MG, NY-
scanned image); Melgago, Caxiuana, Rio Caxiuana, pt. 02,
9.1X.1983, st., B. Pena 1027 (INPA); Oriximina, Baixo
Trombetas, 14.1X.1910, fl., A. Ducke s.n. (RB 13332);
Oriximina, Lago Salgado (Rio Trombetas), 25.1V.1917, fr.,
A. Ducke s.n. (RB 22441); Santarém, Reserva Curud-Una,
Parque Fenoldgico, arvore n° 152, 19.IV.1999, st., M.R.
Cordeiro 3811 (IAN); Sao Sebastido da Boa Vista, Sitio
Campina on River Pracuubamirim, 17.X.1984, st., G.L. Sobel
et al. 4638 (NY-scanned image); Tucurui, Transgoiania, area
nuclear n° 4, TI1.1981, st., P. Lisboa et al. 3017 (MG); Vitoria
do Xingu, Usina Hidrelétrica Belo Monte, 29.V.2012, fl., L.C.
Antdnio PSACF 276 (MG).

Additional material: BRAZIL, AMAZONAS: Parintins,
Lago José-Assu, 18.1X.1932, fl., A. Ducke s.n. (RB 24572);
MATO GROSSO: Gaucha do Norte, Fazenda Pontal,
propriedade de Silvino Perotto, 16.VIII.2000, fl., N.M.
Ivanauskas 4354 (UEC); RONDONIA: Vicinity of Santa
Barbara, 15 km east of km 117, Porto Velho to Cuiaba highway,
16.VII1.1968, fl., G.T. Prance & J.F. Ramos 7016 (MG).
COLOMBIA, BOLIVAR: Palotal, 4.VIL.1948, fr., R. Romero-
Castafieda 1131 (COL-scanned image).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest). Flowers and fruits collected from
June to April.

Common names: araracanga, aracandeua.

Aspidosperma araracanga occurs in Brazil, Colombia, Peru
and Venezuela (Marcondes-Ferreira 1991, Missouri Botanical
Garden 2015). In the state of Para, this species was found in all
Mesoregions (IBGE 1990). According to Marcondes-Ferreira
& Kinoshita (1996), Aspidosperma araracanga belongs to section
Nobilia. Aspidosperma araracanga resembles A. desmanthum,
especially flower features, but is distinguished from
A. desmanthum, and from the other species in section Nobilia
occurring in Para, by the number of secondary veins (39-41
pairs), with the veins being prominent on both leaf surfaces.

3. Aspidosperma carapanauba Pichon, Bull. Mus. Natl. Hist.
Nat. sér. 2 19(4): 365. 1947. (Figure 2k-n).

Trees 20-38 m high; trunk tortuous. Branches cylindrical,
suberous, sparsely lenticellate, tomentose to pubescent, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 2.4-2.9 cm long, tomentose to pubescent; blade
9.4-17.1 x 4.1-7.8 cm, subcoriaceous to coriaceous, bullate, oblong,
elliptic or ovate, apex acuminate or acute, base cuneate or oblique,
margin revolute, discolorous, venation brochidodromous, with
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marginal vein 2-4 mm from the margin, adaxial surface dull or
lustrous, brown or black, pubescent along the primary vein,
primary vein flat, secondary veins impressed, tertiary veins
conspicuous, abaxial surface dull, yellow, velutinous, primary vein
prominent, secondary veins prominent, 13-22 pairs, tertiary veins
inconspicuous. Inflorescences 2.4-4.8 cm long, axillary or supra-
axillary, fascicled, tomentose. Flower buds with corolla lobes not
twisted. Flowers 12.5-13.5 mm long; pedicellate, pedicel 3.5-4 x
1.5-2 mm, tomentose. Calyx 3-3.5 x 3.5 mm, tomentose externally,
pubescent at base internally; lobes 5, 2-3 x 1.2-2 mm, ovate,
apex acute. Corolla 6-7.5 x 2.5-3 mm, tubular, white, tomentose
externally, pubescent to glabrescent along the tube internally; lobes
1.5-2.5 x 1 mm, erect, ovate, apex acute. Stamens 2.5-4 mm long;
filaments 1.7-3 mm long, pubescent to glabrescent; anthers 0.8-1
mm long, ovate, apex acute. Carpels 2 mm long; ovary
1 x 1.5 mm, globoid, tomentose; style 0.8 mm long; style-head
0.2 mm long, main body oblong, with 2 inconspicuous apical
appendages. Follicles 5.5-6.5 x 4.6-5 cm, dolabriform, spinescent,
sessile or stipitate, mucronate, lenticels inconspicuous, brown,
pubescent. Seeds not observed.

Material examined: BRAZIL, PARA: Almeirim, regido do
Jari, estrada do Munguba, km 12, 11.VII1.1969, fl., N.T. Silva
2642 (IAN); Almeirim, regiao do Jari, Monte Dourado, serra de
1,40 m de altura, a 3 km da margem, 3.XI1.1967, fl., E. Oliveira
3799 (IAN); Almeirim, regiao do Rio Jari, Monte Dourado,
Planalto A, 9.IX.1968, fl., N.T. Silva 912 (IAN); Almeirim, regiao
do Jari, Planalto Monte Dourado, 22.1.1968, fl., E. Oliveira 3945
(IAN); Almeirim, regido do Rio Jari, Monte Dourado, Planalto,
2.11.1968, fr., E. Oliveira 4076 (IAN).

Additional material: BRAZIL, AMAPA: Mazagio, area do
Felipe 03, 0°40'S, 52°18'W, 3.VI.1983, fl., N.T. Silva 5296
(MG); MATO GROSSO: Aripuani, km 238 da BR-174,
nacleo Juina, area urbana, 17.1.1979, fr., M.G. Silva & A.
Pinheiro 4300 (MG, RB, UEC); Guaranta, adjacéncias do Hotel
Floresta Amazénica, 7.VL.1997, fl., G.F. Arbocz et al. 4000
(UEC); km 330 da rod. BR-174, margem da Fazenda Vale do
Tucana, 10.V1.1979, fl., M.G. Silva & C. Rosario 4847 (MG,
RB).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest). Flowers and fruits collected from
August to February.

Common names: carapanautba, carapanauba-preta.

According to Koch et al. (2015), Aspidosperma carapanauba
is a species endemic to Brazil, and occurs in the states of
Amapa, Amazonas, Mato Grosso, Para and Rondoénia. In the
state of Para, this species was found only in Baixo Amazonas
Mesoregion (IBGE 1990). As stated by the classification from
Marcondes-Ferreira & Kinoshita (1996), it belongs to section
Excelsa. Although seeds were not observed here, Marcondes-
Ferreira (1988) described them as nearly orbicular (ca. 4.5 cm
diam.) with a lateral seminal nucleus (ca. 2.5 cm diam.).
Aspidosperma carapanauba was one of the most easily recognized
species, and is distinguished from the other species in section
Excelsa occurring in Para by the larger petioles (2.4-2.9 cm long)
and leaf blades (9.4-17.1 x 4.1-7.8 cm), bullate leaves, fasciculate
inflorescences and larger flowers (12.5-13.5 mm long).

4. Aspidosperma cuspa (Kunth) S.F.Blake ex Pittier, Man.
Pl. Usual. Venez.: 110. 1926. (Figure 20-s).

Trees 4-27 m high; trunk straight. Branches cylindrical, not
suberous, sparsely lenticellate, glabrescent to glabrous, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 0.4-0.6 cm long, pubescent to glabrescent;
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blade 2.7-6 x 1.4-2.6 cm, chartaceous, flat, oblong or obovate,
apex acute or obtuse, base cuneate, attenuate or oblique,
margin revolute, discolorous, venation reticulodromous, adaxi-
al surface dull, olive green, glabrous, primary vein prominu-
lous, secondary veins prominent, tertiary veins conspicuous,
abaxial surface dull, light green, pubescent, primary vein
prominent, secondary veins prominulous, 9-12 pairs, tertiary
veins inconspicuous. Inflorescences 1.5-11.3 cm long, leaf-
opposed or axillary, panicled, tomentose. Flower buds with
corolla lobes not twisted. Flowers 4.5-5 mm long; subsessile
or pedicellate, pedicel 1 x 0.5 mm, glabrous. Calyx 1.3-1.5 x
1.2 mm, glabrous on both surfaces, except at margin; lobes 5, 1 x
0.5-0.7 mm, ovate, apex acute. Corolla 3-3.5 x 1.2 mm, tubular,
yellow, glabrous externally, tomentose below the anthers inter-
nally; lobes 1-1.3 x 0.6 mm, erect, oblong, apex obtuse. Stamens
2.2-2.7 mm long; filaments 1.5-2 mm long, tomentose; anthers 0.7
mm long, lanceolate, apex acute. Carpels 1.6 mm long; ovary 0.7 x
0.5 mm, ovoid, glabrous; style 0.5 mm long; style-head 0.4 mm
long, main body globose, with 2 oblong apical appendages.
Follicles 2.5-3 x 1.3-1.5 cm, dolabriform, smooth, stipitate,
mucronate, lenticels conspicuous, yellow, pubescent. Seeds 2.2-
2.4 x 0.9-1 cm, oblong or ovate; seminal nucleus basal or apical,
without radial lines, nucleus 1.1 x 0.8 cm.

Material examined: BRAZIL, PARA: Maraba, Estreito-
Maraba, km 2, 9.1V.1974, fr., G.S. Pinheiro & J.F.V. Carvalho
674 (IAN).

Additional material: BRAZIL, GOIAS: 12°15'S, 46°45'W,
21.VL.1979, fr., L.C.O. Filho 29 (RB); MARANHAO: Sio
Francisco do Maranhao, 21.V.2009, fr., L. Rodrigues et al. s.n.
(UFRN 9480-scanned image); MATO GROSSO: Barra do
Gargas, Fazenda Taquaral, Cabeceira do Rio Pindaiba, 25.
X.2003, fl., C. Fernandes-Bulhao et al. 358CFB (UEC); Barra do
Gargas, Serra do Taquaral, mata em grotao, 25.X1.1997, fl., L.C.
Bernacci & G.F. Arbocz 2616 (IAC, UEC); Santo Antonio de
Leverger, 25.111.1982, fr., A.L. Prado et al. 327 (UEC); MINAS
GERAIS: Araguari, Funil I, Capim Branco I, 15.XI1.2006, fl1., P.
O. Rosa et al. 249 (UECQ).

Phytoecological region and phenology: Savannah. Flowers
and fruits collected from April to September.

Common names: guatambuzinho (Koch et al. 2015).

According to Marcondes-Ferreira (1988), Aspidosperma
cuspa has the widest distribution of the genus, occurring from
Haiti to Paraguay, in many plant formations. Aspidosperma
cuspa is a new record for the state of Para, being found only in
Sudeste Paraense Mesoregion (IBGE 1990). In the classifica-
tion from Marcondes-Ferreira & Kinoshita (1996), Aspidos-
perma cuspa belongs to section Polyneura. It can be easily
differentiated from the other species that occur in Para by the
reticulodromous venation, paniculate inflorescence and smaller
seeds (2.2-2.4 cm long) with basal or apical seminal nucleus.

5. Aspidosperma darienense Woodson ex Dwyer, Ann.
Missouri Bot. Gard. 53(1): 104. 1966. (Figure 3a-d).

Trees 10-38 m high; trunk tortuous. Branches cylindrical,
not suberous, sparsely lenticellate, pubescent, without cataphylls;
latex whitish. Leaves alternate, arranged along the branches;
petioles 0.7-1.1 cm long, tomentose to pubescent; blade 8.9-21 x
3.5-7.8 cm, coriaceous, flat, oblong or obovate, apex acuminate,
acute or obtuse, base cuneate, margin revolute, discolorous,
venation brochidodromous, with marginal vein 1 mm from the
margin, adaxial surface lustrous, dark brown, glabrous, primary
vein prominulous, secondary veins impressed, tertiary veins
conspicuous, abaxial surface dull, light brown, pubescent,
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primary vein prominent, secondary veins impressed, 30-38 pairs,
tertiary veins inconspicuous. Inflorescences 3.2-4 cm long, supra-
axillary, corymbiform dichasia, tomentose. Flower buds with
corolla lobes not twisted. Flowers 6.5-8.5 mm long; subsessile
or pedicellate, pedicel 1-2.5 x 1 mm, tomentose. Calyx 2.3-2.5 x
2-2.5 mm, tomentose to pubescent externally, glabrous inter-
nally; lobes 6-7, 1.5-2 x 1.5-2 mm, ovate, apex obtuse. Corolla
4.5-6 x 1.5 mm, salverform, white, tomentose externally,
tomentose along the corolla internally; lobes 2.5-3 x 1 mm,
erect, lanceolate, apex acute or obtuse. Stamens 1.5-2 mm long;
filaments 0.5-1 mm long, tomentose; anthers 1 mm long,
lanceolate, apex acuminate. Carpels 1.7 mm long; ovary 0.7 x
0.8 mm, globoid, pubescent at apex; style 0.8 mm long; style-
head 0.2 mm long, main body oblong, with 2 inconspicuous
apical appendages. Follicles 7.4-10.2 x 4.4-4.6 cm, falciform or
dolabriform, smooth, sessile, mucronate, lenticels conspicuous,
brown, glabrous. Seeds 6.7-7 x 4.3-5.2 cm, ovate; seminal nucleus
central, without radial lines, nucleus 2.9 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, préximo a marina da SION em Munguba, 26.1X.
1986, fr., M.J. Pires & N.T. Silva 1390 (INPA, MG); Almeirim,
Monte Dourado, Bom Futuro, 10.111.1981, fr., N.T. Silva 5273
(INPA, MG); Almeirim, regido do Rio Jari, Monte Dourado,
Planalto B, entre Pilao e Repartimento, 28.X.1968, fl., N.T.
Silva 1325 (IAN, NY-scanned image).

Additional material: BRAZIL, AMAPA: Rio Araguari,
upriver, 20 minutes from camp 5 toward camp 4, 8.1X.1961, fr.,
J.M. Pires et al. 50756 (BHCB, IAN, MGQG); Rio Araguari, vic.
camp 12, 28.IX.1961, fl., .M. Pires et al. 51291 (IAN, MG); Rio
Oiapoque, about 0.5 km south of mouth of Rio Mutura, 21.
IX.1960, fl., H.S. Irwin et al. 48412 (BHCB, MG). COLOMBIA,
NORTE DE SANTANDER: San José de Cucuta, Aguaclara,
Hacienda San Roque, 26.V.1970, fr., R.J. Mejia 4913 (COL-
scanned image). ECUADOR, PASTAZA: Pozo petrolero Villano
2 de ARCO, 1-18.X11.1991, fl., F. Hurtado 2868 (UEC).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme and varzea forests). Flowers and fruits
collected from September to March.

Common names: araracanga-da-varzea, araracanga, garlipo.

Aspidosperma darienense occurs in Brazil, Colombia, Ecua-
dor, French Guiana, Panama and Suriname (Missouri Botanical
Garden 2015). In the state of Para, this species was found only in
Baixo Amazonas Mesoregion (IBGE 1990). In “The IUCN Red
List of Threatened Species 2015.2” (IUCN 2015), Aspidosperma
darienense was assigned to the Endangered category (EN).
According to Marcondes-Ferreira & Kinoshita (1996), Aspidos-
perma darienense belongs to section Polyneura. This species is
easily distinguished from the other species analysed by the calyx,
which has 6-7 lobes. In fact, according to Marcondes-Ferreira
(1988) this feature distinguishes Aspidosperma dariense from all
other species in the genus, as well as almost all other species from
Apocynaceae.

6. Aspidosperma desmanthum Benth. ex Miill.Arg. in C.F.P.
von Martius & auct. suc. (eds.), F1. Bras. 6(1): 51. 1860. (Figure
3e-i).

Trees 6-35 m high; trunk straight. Branches cylindrical,
suberous, sparsely lenticellate, pubescent to glabrescent, without
cataphylls; latex reddish. Leaves alternate, arranged along the
branches; petioles 0.6-2.1 cm long, pubescent to glabrescent;
blade 7.2-11.5 x 2.7-5.5 cm, coriaceous, flat, elliptic or obovate,
apex acute, retuse or emarginate, base cuneate or oblique, margin
straight or revolute, discolorous, venation craspedodromous,
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Figure 3. a-d. Aspidosperma darienense. e-i. A. desmanthum. j-n. A. discolor. 0-s. A. eteanum: a, e, j, o. flowering branch; b, f, k, p. flower bud; g, 1, q.
flower; c, h, m, r. follicle; d, i, n, s. seed. a-d. N.T. Silva 1325; M.J. Pires & N.T. Silva 1390; R.J. Mejia 4913. e-i. M. Pacheco et al. 164; R. Souza
10348. j-n. A.P. Duarte 8179; H.S. Irwin et al. 17160; R.L. Froes 33480. o-s. A. Ducke s.n. (RB 22445); E. Oliveira 4033.
Figura 3. a-d. Aspidosperma darienense. e-i. A. desmanthum. j-n. A. discolor. o-s. A. eteanum: a, ¢, j, o. ramo florido; b, f, k, p. botdo floral; g, 1, q.
flor; ¢, h, m, r. foliculo; d, i, n, s. semente. a-d. N.T. Silva 1325; M.J. Pires & N.T. Silva 1390; R.J. Mejia 4913. e-i. M. Pacheco et al. 164; R. Souza
10348. j-n. A.P. Duarte 8179; H.S. Irwin et al. 17160; R.L. Froes 33480. o-s. A. Ducke s.n. (RB 22445); E. Oliveira 4033.
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adaxial surface lustrous, olive green or brown, glabrous, primary
vein flat, secondary veins impressed, tertiary veins inconspicuous,
abaxial surface dull, light green, glabrous, primary vein
prominent, secondary veins impressed, 21-26 pairs, tertiary veins
inconspicuous. Inflorescences 6.1-10.3 cm long, terminal, cor-
ymbiform dichasia, tomentose. Flower buds with corolla lobes
twisted. Flowers 5-11 mm long; pedicellate, pedicel 0.2-2.3 x 0.5-
1 mm, tomentose. Calyx 2-3.5 x 2-3 mm, tomentose externally,
pubescent at apex internally; lobes 5, 2-2.5 x 1-1.2 mm, lanceolate
or ovate, apex acute. Corolla 3.5-8 x 1.5-2 mm, salverform, yellow,
glabrous externally, tomentose below the anthers internally; lobes
2.5-5 x 0.3 mm, erect, filiform, apex acute. Stamens 1.5-2.5 mm
long; filaments 1-2 mm long, tomentose; anthers 0.5 mm long,
ovate, apex acute. Carpels 1.5 mm long; ovary 0.5 x 0.7 mm,
globoid, glabrous; style 0.7 mm long; style-head 0.3 mm long,
main body oblong, with 2 oblong apical appendages. Follicles
10.4-10.6 x 6.8-7.2 cm, dolabriform, sulcate, stipitate, mucronate,
lenticels inconspicuous, yellow, pubescent to glabrescent. Seeds
6.9-7.3 cm diam., orbicular; seminal nucleus central, without
radial lines, nucleus 1.5-2 cm diam.

Material examined: BRAZIL, PARA: Itaituba, Rio Tapa-
jos, 1.IX.1916, fl., A. Ducke s.n. (RB 22439); Itaituba, Rio
Tapajos, Pimental, 5.11.1917, st., A. Ducke s.n. (RB 22442);
Itaituba, Rio Tapajos préoximo a boca do Rio Rato, margem
direita do Rio Tapajos, s.d., fr., I.LL. do Amaral et al. 3738
(INPA); Jacareacanga, Parque Nacional do Tapajés, Ilha do
Pacu no Tapajos, 30.X1.1978, fr., M.G. Silva & C. Rosario 4031
(MG, NY-scanned image).

Additional material: BRAZIL, ACRE: Cruzeiro do Sul,
nos arredores do acampamento do projeto RADAM, proximo
do aeroporto novo, 11.11.1976, st., D.P. Monteiro & C.
Damido 321 (MG); AMAZONAS: Manaus, XI1.1942, fr., A.
Ducke 1156 (MG); Manaus, Distrito Agropecuario, Fazenda
Porto Alegre, reserva 3402 (Cabo Frio) of the WWEF/INPA
MCS project, 02°2525”S, 59°54’38”W, 28.1.1989, fl., M.
Pacheco et al. 164 (NY-scanned image); Manaus, Reserva
Florestal Ducke, Manaus-Itacoatiara, km 26, 23.1V.1995, fl., P.
A.C.L. Assungio & E.C. Pereira 190 (MG, RB); MATO
GROSSO: Aripuani, Rio Juruena, Fontanilha, arredores do
aeroporto, 18.VII.1977, fl., M.G. Silva 3375 (MG); Expedition
base camp, 12°49’S, 51°46’W, just north of base camp, 29.
IX.1968, fr., R. Souza 10348 (RB); RONDONIA: Basin of Rio
Madeira, Rio Laje on road Guajara-Mirim to Ribeirdao, 3.
VIIL. 1968, fl., G.T. Prance et al. 6741 (MG).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest). Flowers and fruits collected from
September to November.

Common names: araracanga, piquia-marfim-do-roxo, quina-
da-mata.

Aspidosperma desmanthum occurs in Belize, Bolivia, Brazil,
Costa Rica, Guatemala, Mexico, Nicaragua and Panama (Mis-
souri Botanical Garden 2015). In the state of Para, this species was
found only in Sudoeste Paraense Mesoregion (IBGE 1990). In
“Lista de Espécies da Flora e da Fauna Ameagadas no Estado do
Para” (Para 2007), Aspidosperma desmanthum was listed as a
Vulnerable species (VU). According to Marcondes-Ferreira &
Kinoshita (1996), it belongs to section Nobilia. Among the studied
species, Aspidosperma desmanthum was one of the most difficult to
distinguish. This species shares morphological features with both
Aspidosperma album and A. araracanga, mainly flower structures,
but differs from them by the impressed secondary veins on both
leaf surfaces and dolabriform follicle. Aspidosperma desmanthum
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also shares morphological features with A. eteanum, especially leaf
traits, but differs from A. eteanum by the impressed secondary
veins on the abaxial surface, salverform corolla, length of corolla
lobes (2.5-5 mm long) and orbicular seeds. Aspidosperma
desmanthum is most often confused with A. spruceanum, which
was highlighted by Marcondes-Ferreira (1988), but can be
distinguished from A. spruceanum by the impressed secondary
veins on both leaf surfaces.

7. Aspidosperma discolor A.DC. in A.P.de Candolle, Prodr. 8:
398. 1844. (Figure 3j-n).

Trees 6-28 m high; trunk tortuous. Branches cylindrical, not
suberous, densely lenticellate, pubescent to glabrescent, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 1-1.2 cm long, pubescent; blade 6.6-8.3 x 2-3.5
cm, chartaceous to subcoriaceous, flat, elliptic or ovate, apex
acuminate or acute, base cuneate or oblique, margin revolute,
discolorous, venation brochidodromous, with marginal vein 1 mm
from the margin, adaxial surface lustrous, olive green, glabrous,
primary vein flat, secondary veins prominent, tertiary veins
inconspicuous, abaxial surface dull, light green, pubescent,
primary vein prominent, secondary veins prominent, 16-22 pairs,
tertiary veins inconspicuous. Inflorescences 3.5-4.5 cm long,
terminal, corymbiform dichasia, tomentose. Flower buds with
corolla lobes not twisted. Flowers 6.5-8.5 mm long; pedicellate,
pedicel 1.7-3 x 0.7 mm, tomentose. Calyx 2-2.5 x 1-2 mm,
tomentose externally, pubescent to glabrous at apex internally;
lobes 5, 1-1.5 x 1-2 mm, ovate, apex acute or obtuse. Corolla 6.5-7
x 1.5-2 mm, tubular, white, tomentose externally, pubescent below
the anthers internally; lobes 2-3.5 x 0.3 mm, patent, ovate, apex
acute. Stamens 3-5 mm long; filaments 2-4 mm long, pubescent;
anthers 1 mm long, lanceolate, apex acute. Carpels 1.3-2.8 mm
long; ovary 0.7-1 x 1-1.2 mm, globoid, tomentose; style 0.3-1.5
mm long; style-head 0.3 mm long, main body oblong, with
2 oblong apical appendages. Follicles 4-4.5 x 3.5-3.7 cm, dolabri-
form or suborbicular, spinescent, stipitate, mucronate, lenticels
inconspicuous, brown, pubescent. Seeds 3-3.5 cm diam., orbicular;
seminal nucleus central, without radial lines, nucleus 1.7 cm
diam.

Material examined: BRAZIL, PARA: Canai dos Carajas,
area da Mina do Sossego, 25.X1.2009, fl., R.D. Ribeiro et al.
1387 (MG, RB).

Additional material: BRAZIL, GOIAS: Goiania, Alexania,
13.VIL.1964, fr., A.P. Duarte 8179 (RB); Luziania, Fazenda
Suindara do Alagado, ponto 14, 08.X1.2002, fl., G. Pereira-
Silva et al. 6967 (UEC); MARANHAO: Santa Quitéria,
Fazenda Marflora, 7.1X.1993, fr., B.A.S. Pereira 2519 (UEC);
MATO GROSSO: Barra do Gargas, Serra do Taquaral, mata
em grotdo, 24.X1.1997, fl., L.C. Bernacci & G.F. Arbocz
2593 (IAC, UEC); Drainage of the upper Rio Araguaia, lower
slopes, Serra Azul, ca. 85 km S of Xavantina, 15.VI.1966,
fr., H.S. Irwin et al. 17160 (NY-scanned image, RB); MINAS
GERAIS: Presidente Olegario, regido do Vale do Rio
Paranaiba, proximo das Cabeceiras do Rio Sdo Francisco,
7.1X.1957, fl., R.L. Froes 33480 (IAN).

Phytoecological region and phenology: Savannah. Flowers
and fruits collected from November to June.

Common names: carapanauba, peroba, peroba de gomo.

Aspidosperma discolor occurs in Brazil, Suriname and
Venezuela (Missouri Botanical Garden 2015). In the state of
Para, this species was found only in Sudeste Paraense
Mesoregion (IBGE 1990). According to Marcondes-Ferreira
& Kinoshita (1996), Aspidosperma discolor belongs to section
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Excelsa. It shares morphological features with both Aspidos-
perma oblongum and A. salgadense, mainly flower structures,
but differs from the former by the elliptic or ovate leaf blades
with cuneate or oblique base, lanceolate anthers and spinescent
follicles, and from the latter by the cylindrical branches and
tomentose ovary.

8. Aspidosperma eteanum Markgr., Notizbl. Bot. Gart.
Berlin-Dahlem 12: 297. 1935. (Figure 30-s).

Trees 12-38 m high; trunk straight. Branches cylindrical,
suberous or not, sparsely lenticellate, pubescent, without
cataphylls; latex orange to reddish. Leaves alternate, arranged
along the branches; petioles 1-2 cm long, pubescent; blade
7.5-12.2 x 2.9-5 cm, coriaceous, flat, oblong or ovate, apex
acuminate or acute, base cuneate or oblique, margin straight
or revolute, discolorous, venation craspedodromous, adaxial
surface lustrous, dark brown, glabrous, primary vein flat,
secondary veins impressed, tertiary veins inconspicuous, abaxial
surface dull, light brown, glabrous, primary vein prominent,
secondary veins prominulous, 24-26 pairs, tertiary veins incons-
picuous. Inflorescences 6.2-7.8 cm long, axillary or terminal,
corymbiform dichasia, tomentose. Flower buds with corolla
lobes twisted. Flowers 8-9 mm long; pedicellate, pedicel 1.5-3 x
0.7-1 mm, tomentose. Calyx 2.5-3 x 2.5-3 mm, tomentose
externally, pubescent at apex internally; lobes 5, 1.5-2.5 x 1.7-2
mm, ovate, apex acute. Corolla 5-6 x 2 mm, tubular, yellow,
glabrous externally, tomentose below the anthers internally;
lobes 1-1.5 x 0.3 mm, erect, filiform, apex acute. Stamens 2-3 mm
long; filaments 1-2 mm long, tomentose; anthers 1 mm long,
ovate, apex acuminate or acute. Carpels 1.5 mm long; ovary 0.6 x
0.7 mm, globoid, glabrous; style 0.6 mm long; style-head 0.3 mm
long, main body oblong, with 2 oblong apical appendages.
Follicles 8-9.5 x 6.5 cm, dolabriform, sulcate, stipitate, mucro-
nate, lenticels inconspicuous, yellow or brown, pubescent. Seeds
6.5 x 6 cm, ovate; seminal nucleus lateral, without radial lines,
nucleus 2.5 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, 28.1.1968, fr., E. Oliveira 4033 (IAN); Almeirim,
Serra de Almeirim, 24.VII1.1918, fl., A. Ducke s.n. (RB 22445);
Altamira, margem direita do Rio Ariri (serraria Banach), 28.
VIII.1986, fl., A.T.G. Dias et al. 103 (MG); Aveiro, regiao do
Tapajos, Boa Vista, 12.1X.1932, fl., P. Capucho 432 (F-scanned
image); Conceigdo do Araguaia, range of low hills ca. 20 km
west of Redengao, near Corrego Sao Joao and Troncamento
Santa Teresa, 11.I1.1980, fr., T. Plowman et al. 8703 (F-
scanned image, IAN, INPA, MG); Concoérdia do Para, Cristo
Rei, 15.1.2002, fr., M.R. Cordeiro MC-19-10 (100.471) (IAN);
Maraba, Rio Itacaiunas, afl. do Rio Tocantins, Serra
Buritirama (B 5), regido com minério de manganés, arvore 5-
26-13, VIII.1970, st., J.M. Pires & R.P. Belem 12736 (IAN);
Melgago, Estacao Cientifica Ferreina Penna, trilha central, 24.
VI.2004, fl., J. Oliveira et al. 868 (MG); Oriximina, Lago
Salgado (Baixo Trombetas), 22.1V.1917, st., A. Ducke s.n. (RB
22444); Pau D’Arco, Santana do Araguaia, 21.VIII.1998, st.,
J. Grogan 605 (IAN); Porto de Moz, Rio Peri, afl. do Xingu,
regiao onde foi feito um levantamento estatistico florestal pelo
TAN, SPVEA e FAO, 29.X1.1955, fl., R.L. Froées 32430 (IAN);
Sdo Jodo do Araguaia, Parque da Serra dos Martirios
(Andorinhas), 18.1X.2002, st., M.R. Cordeiro MC-29-18
(100.587) (IAN); Tucurui, estrada para Repartimento, km 25,
4.V1.1980, fr., M.G. Silva & C. Rosario 5364 (INPA, MG);
Vitéria do Xingu, Usina Hidrelétrica Belo Monte, 23.X.2012,
fl., C. Faveri PSACF 756 (MG).

http://dx.doi.org/10.1590/1676-0611-BN-2015-0080

Additional material: BRAZIL, AMAPA: Mazagio, area
do Felipe, 3.VIL.1984, fl., N.T. Silva 5381 (MG); AMAZO-
NAS: Manaus, Reserva Florestal Ducke, Manaus-Itacoatiara,
km 26, 29.V.1995, fl., P.A.C.L. Assungdao & E.C. Pereira 201
(MG); RORAIMA: Alto Alegre, Estagdo Ecoldgica de
Maraca, Grade do PPBio, trilha NO1, segmento 1000-1100,
18.V.2012, fr., R.O. Perdiz et al. 1361 (INPA).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from June to February.

Common names: araracanga, araracanga-preta, jararacanga,
muirapyranga.

According to Woodson (1951), Aspidosperma eteanum is a
species endemic to Brazil, and occurs in the states of Amapa,
Amazonas, Maranhao, Para and Roraima (Missouri Botanical
Garden 2015). In the state of Para, this species was found in
Baixo Amazonas, Marajo, Nordeste Paraense, Sudeste Paraense
and Sudoeste Paraense Mesoregions (IBGE 1990). Marcondes-
Ferreira (1988) reduced Aspidosperma eteanum to be synony-
mous with A. desmanthum (section Nobilia), but we decided to
keep it as an accepted species due to observed differences
between the specimens of the two species. Aspidosperma eteanum
resembles A. desmanthum, especially leaf traits, but differs from
A. desmanthum by the prominulous secondary veins on the
abaxial surface, tubular corolla, length of corolla lobes (1-1.5
mm long) and ovate seeds.

9. Aspidosperma excelsum Benth., J. Bot. (Hooker) 3: 245.
1841. (Figure 4a-e).

Trees 18-48 m high; trunk tortuous. Branches cylindrical, not
suberous, sparsely lenticellate, pubescent to glabrous, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 1.2-1.9 cm long, tomentose; blade 7-8.9 x 2.5-
3.4 cm, coriaceous, flat, elliptic or obovate, apex acute, obtuse or
retuse, base cuneate or oblique, margin revolute, discolorous,
venation brochidodromous, without marginal vein, adaxial
surface lustrous, dark brown, glabrous, primary vein flat,
secondary veins impressed, tertiary veins inconspicuous, abaxial
surface dull, light brown, tomentose along the primary vein,
primary vein prominent, secondary veins impressed, 22-24 pairs,
tertiary veins inconspicuous. Inflorescences 5.7-6.5 cm long,
supra-axillary or terminal, corymbiform dichasia, tomentose.
Flower buds with corolla lobes not twisted. Flowers 6.2-7.5 mm
long; pedicellate, pedicel 1.5-2 x 1 mm, tomentose. Calyx 2.5-3 x
2.5 mm, tomentose externally, pubescent at apex internally; lobes
5, 1.5-3 x 1-1.5 mm, ovate, apex acute or obtuse. Corolla 5.5-6.2
x 1.5 mm, tubular, white, tomentose externally, tomentose below
the anthers internally; lobes 1-1.5 x 0.3 mm, patent, ovate, apex
acute. Stamens 3-4 mm long; filaments 2.5-3.2 mm long,
tomentose; anthers 0.5-0.8 mm long, ovate, apex acute. Carpels
2.9-39 mm long; ovary 0.5-1 x 0.5 mm, ovoid, glabrous;
style 2-2.5 mm long; style-head 0.4 mm long, main body oblong,
with 2 oblong apical appendages. Follicles 4.5-6 x 4-5 cm,
dolabriform, spinescent, stipitate, mucronate, lenticels inconspic-
uous, brown, pubescent. Seeds 4-5 cm diam., orbicular; seminal
nucleus central, without radial lines, nucleus 1.2 cm diam.

Material examined: BRAZIL, PARA: Almeirim, regido do
Rio Jari, Planalto de Monte Alegre, 5.1X.1968, fl., E. Oliveira
4841 (IAN, NY-scanned image); Altamira, Xingu River,
Assurini indians, 13.VI.1986, st., W. Balée 2491 (NY-scanned
image); Belém, Jardim Botanico da Amazonia Bosque Rodrigues
Alves, canteiro 75, arvore n° 2270, 24.1X.2014, fr., A.S. de S.
Pereira 97 (MG); Breves, local onde foi feito um inventario
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florestal, X-XI.1957, fr., J.M. Pires & N.T. Silva 6645 (IAN);
Concérdia do Para, Sitio Sao José, 13.11.2002, st., M.R. Cordeiro
MC-24-02 (100.510) (IAN); Gurupa, 19.VIIL.1918, st., A. Ducke
san. (MG 17224); Ipixuna, 7.VIL.1966, st., A.P. Duarte 9804
(RB); Itaituba, 27.V1.1972, st., J.B. Rodrigues 53 (R); Jacarea-
canga, Rio Tapajos, estrada das cachoeiras, lugar Periquito, 7.
XII.1915, st., A. Ducke s.n. (MG 15860); Mae do Rio, Vila Mae
do Rio, 26.111.1998, st., N.A. Rosa 5744 (MG); Marituba, mata
da Cia. Pirelli, Fazenda Uriboca, 12.1X.1958, fl., J.M. Pires 7141
(IAN); Moju, campo experimental da Embrapa Amazonia
Oriental no km 30 da rodovia PA-150, margem do ramal atras
do 3° patio da exploragao, 13.11.1998, st., G.C. Ferreira & J.C.
Freitas 422 (IAN); Monte Alegre, Macau airstrip, 1 1/2 hrs.
upstream from Lageira airstrip, on Rio Maicurt, 28.VII.1981,
st., J.J. Strudwick et al. 3632 (MG); Oriximina, 3.II1.1915, fr., A.
Ducke s.n. (MG 15703); Pau D’Arco, Marajoara, s.d., st., J.
Grogan 22 (IAN); Santa Barbara, entrada do Genipauba, 9.
V.2013, fr., R.C.S. Trindade & M.R.C. Ferreira 1 (MG, UEC);
Santana do Araguaia, 100 km south of Redencdo on road (PA-
150) to Barreiras dos Campos, Fazenda Inajapora between Rio
Inajazinho and Rio Inaja, 19.11.1980, fr., T. Plowman et al. 8943
(INPA, MGQG); Santarém, Reserva Curua-Una, Parque Fenolo-
gico, arvore n° 173, 14.VI.1999, st., M.R. Cordeiro & N.J.
Moraes 3900 (IAN); Tucurui, Transgoiania, area nuclear n° 4,
I11.1981, st., P. Lisboa et al. 2451 (MG).

Additional material: BRAZIL, AMAZONAS: Manaus,
Cachoeira Baixa do Tarumi, margem inundada ao pé da
cachoeira, 9.1X.1940, fl., A. Ducke 624 (MG); Manaus, 24.
X11.1942, fr., A. Ducke 1163 (NY-scanned image); Manaus,
estrada da Reserva Florestal Ducke, 7.111.1958, fr., Pessoal do
C.P.F. s.n. (RB 125179).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from September to May.

Common names: carapanauba, carapanauba-amarela, cara-
panauba-do-baixio, carapanauba-da-terra-firme, kina, pepem-
byra.

Aspidosperma excelsum is a widely distributed species,
occurring in Bolivia, Brazil, Colombia, Costa Rica, French
Guiana, Guyana, Panama, Peru, Suriname and Venezuela
(Missouri Botanical Garden 2015). In the state of Para, this
species was found in all Mesoregions (IBGE 1990). According to
Marcondes-Ferreira & Kinoshita (1996), Aspidosperma excelsum
belongs to section Excelsa. It shares morphological features with
Aspidosperma oblongum, especially flower structures, but can be
differentiated from A4. oblongum by the glabrous ovary,
spinescent follicles and leaves without a marginal vein.

10. Aspidosperma inundatum Ducke, Arch. Jard. Bot. Rio de
Janeiro 3: 245. 1922. (Figure 4f-)).

Trees 10-18 m high; trunk straight. Branches cylindrical, not
suberous, sparsely lenticellate, pubescent to glabrescent, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 1-1.5 cm long, pubescent; blade 7.2-8.5 x 3-5
cm, chartaceous to subcoriaceous, flat, oblong or elliptic, apex
acuminate or acute, base cuneate or oblique, margin revolute,
discolorous, venation brochidodromous, with marginal vein
1.2 mm from the margin, adaxial surface lustrous, dark brown,
glabrous, primary vein flat, secondary veins impressed, tertiary
veins inconspicuous, abaxial surface dull, light brown, pubescent to
glabrescent, primary vein prominent, secondary veins prominulous,
23-25 pairs, tertiary veins inconspicuous. Inflorescences 6.1-7 cm
long, axillary or supra-axillary, corymbiform dichasia, tomentose.
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Flower buds with corolla lobes not twisted. Flowers 17.5-18.5 mm
long; pedicellate, pedicel 2-3 x 1 mm, tomentose. Calyx 3-3.5 x
2.1-2.5 mm, tomentose externally, pubescent at apex internally;
lobes 5, 2-2.1 x 2 mm, ovate, apex acute. Corolla 15-15.7 x 2 mm,
salverform, white, tomentose externally, pubescent along the
corolla internally; lobes 9.7-10 x 2 mm, erect or deflexed,
oblong or lanceolate, apex acute or obtuse. Stamens 5.5-6 mm
long; filaments 3.5-4 mm long, tomentose; anthers 2 mm long,
lanceolate, apex apiculate or acute. Carpels 3.5-3.8 mm long;
ovary 2-2.3 x 1-1.5 mm, ovoid, tomentose; style | mm long; style-
head 0.5 mm long, main body oblong, with 2 filiform apical
appendages. Follicles 8-8.5 x 6 cm, dolabriform, smooth, sessile,
mucronate, lenticels conspicuous, black, glabrous. Seeds 7.1-7.5
x 6.1-5.7 cm, oblong; seminal nucleus central, without radial
lines, nucleus 3.6 cm diam.

Material examined: BRAZIL, PARA: Breves, Antonio
Lemos, Rio Amazonas, Igarapé Pixuna, beira do Rio
Tajapurt, 19.VIL.1948, fl., G.A. Black 48-2946 (IAC, IAN);
Gurupa, silva ab Amazonum fluvio inundata, 13.VIII.1918, fl.,
A. Ducke s.n. (NY 297971-scanned image, RB 15814);
Oriximina, Lago Salgado, Rio Trombetas, 9.1X.1927, fl., A.
Ducke s.n. (RB 21808). )

Additional material: BRAZIL, AMAPA: Macapa, Rio
Carapana Branca, 6.1.1977, fr., E. Oliveira 6530 (MG).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (varzea forest). Flowers and fruits collected from
July to January.

Common names: araracanga, jacamiramane, maparana.

According to Koch et al. (2015), Aspidosperma inundatum is
a species endemic to Brazil, and occurs in the states of Amapa,
Amazonas, Mato Grosso and Para. In the state of Para, this
species was found in Baixo Amazonas and Marajé Mesoregions
(IBGE 1990). In Marcondes-Ferreira & Kinoshita (1996),
Aspidosperma inundatum is placed in the monospecific section
Inundata. Aspidosperma inundatum was one of the most easily
recognized species, and can be differentiated by the larger flowers
(17.5-18.5 mm long) and the sessile black follicles with conspi-
cuous lenticels.

11. Aspidosperma macrocarpon Mart., Flora 7(1): 136. 1824.
(Figure 4k-0).

Trees 3-35 m high; trunk straight. Branches cylindrical, not
suberous, sparsely lenticellate, velutinous to tomentose, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 1-4.5 cm long, velutinous to tomentose; blade
9-20.1 x 7-15 cm, chartaceous, flat, oblong or ovate, apex acute
or obtuse, base cuneate or oblique, margin straight or revolute,
discolorous, venation eucamptodromous, adaxial surface dull
or lustrous, dark brown, velutinous, tomentose or pubescent,
primary vein prominulous or prominent, secondary veins
prominulous, tertiary veins conspicuous, abaxial surface dull,
light brown, velutinous to tomentose, primary vein prominent,
secondary veins prominent, 10-13 pairs, tertiary veins conspi-
cuous. Inflorescences 5-7 cm long, axillary or terminal, corymbi-
form dichasia, velutinous to tomentose. Flower buds with corolla
lobes not twisted. Flowers 15-20 mm long; pedicellate, pedicel 2-
2.5 x 1 mm, tomentose. Calyx 2.5-3 x 3-3.5 mm, tomentose
externally, pubescent at apex internally; lobes 5, 1.5 x 1 mm,
ovate, apex acute. Corolla 15-16 x 2 mm, salverform, white,
tomentose externally, pubescent to glabrescent along the corolla
internally; lobes 10-12 x 4 mm, erect or deflexed, oblong or
obovate, apex obtuse. Stamens 5-6 mm long; filaments 3.5-4.5
mm long, pubescent to glabrescent; anthers 1.5 mm long, ovate,
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Figure 4. a-e. Aspidosperma excelsum. f-j. A. inundatum. k-o. A. macrocarpon. p-t. A. multiflorum: a, f, k, p. flowering branch; b, g, 1, q. flower bud;
¢, h, m, r. flower; d, i, n, s. follicle; e, j, o, t. seed. a-e. A. Ducke 624; A. Ducke 1163; Pessoal do C.P.F. s.n. (RB 125179). f-j. A. Ducke s.n. (NY
297971, RB 15814); G.A. Black 48-2946. k-o. C.A. Cid et al. 1378; C.R. Sperling et al. 6248; U.N. Maciel & M.R. Cordeiro 120. p-t. A.M. Miranda
et al. 5310; G.A. Black 47-1740.

Figura 4. a-e. Aspidosperma excelsum. {-j. A. inundatum. k-o. A. macrocarpon. p-t. A. multiflorum: a, f, k, p. ramo florido; b, g, 1, q. botdo floral; c, h,
m, r. flor; d, i, n, s. foliculo; e, j, 0, t. semente. a-e. A. Ducke 624; A. Ducke 1163; Pessoal do C.P.F. s.n. (RB 125179). fj. A. Ducke s.n. (NY 297971,
RB 15814); G.A. Black 48-2946. k-o. C.A. Cid et al. 1378; C.R. Sperling et al. 6248; U.N. Maciel & M.R. Cordeiro 120. p-t. A.M. Miranda et al.

5310; G.A. Black 47-1740.

http://dx.doi.org/10.1590/1676-0611-BN-2015-0080 http://www.scielo.br/bn


http://dx.doi.org/10.1590/1676-0611-BN-2015-0080
http://www.scielo.br/bn

Biota Neotrop., 16(2): €20150080, 2016

Pereira, A.S.S. et al.

apex apiculate. Carpels 3.7 mm long; ovary 1 x 1 mm, globoid,
glabrous; style 2 mm long; style-head 0.7 mm long, main body
oblong, with 2 oblong apical appendages. Follicles 8.2-12 x
7-10.4 cm, dolabriform, smooth, stipitate, mucronate, lenticels
inconspicuous, brown, velutinous to pubescent. Seeds 8.2-10 cm
diam., orbicular; seminal nucleus central, without radial lines,
nucleus 4 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, area do Ideal, 14.X.1980, fl., N.T. Silva 5448 (INPA,
MGQG); Altamira, regido Garotire, 8.VII1.1962, fl., N.T. Silva
786 (IAN); Belterra, beira do Rio Tapajos, Pindobal, 27.
X.1947, fr., G.A. Black 47-1827 (IAC, IAN); Belterra, margem
da estrada Pindobal-Porto Novo, 9.XI1.1978, fl., R. Vilhena et
al. 182 (MG, NY-scanned image); Faro, Terra Santa, 4.
VIIL.1975, st., S. Assunpgao & D. Coelho 35 (INPA); Monte
Alegre, Rio Maicurt, mata entre Caa-ussu e localidade de
Balanga, 16.IX.1953, fl., R.L. Frées 30242 (IAN); Obidos, 20.
X.1919, fl., A. Ducke s.n. (RB 11402); Oriximina, Rio
Trombetas, margem da estrada, mineragdo Santa Patricia, 8.
VIIL.1980, fr., C.A. Cid et al. 1378 (INPA, MG); Parauapebas,
Serra dos Carajas, 10 km east of AMZA camp N-1 and 5-10
km along the entrance road to Azul, an abandoned manganese
exploration camp, 19.VI.1982, fl., C.R. Sperling et al. 6248
(MG); Santarém, beira da estrada que liga Belterra a Porto
Novo, 4.XI11.1978, fr., M.G.A. Lobo et al. 108 (MG, NY-
scanned image); Santarém, estrada de Belterra, 6.X.1962, fl., A.
P. Duarte 7016 (RB); Santarém, Porto Novo-Aramanai, 2.
XII.1978, fr., U.N. Maciel & M.R. Cordeiro 120 (MG); Sdo
Geraldo do Araguaia, morro 3, 15.VI.1995, fr., M.N. Bastos &
M.R. Cordeiro 2015 (IAN, MG).

Additional material: BRAZIL, MATO GROSSO: Cuiaba,
X.1914, st., J.G. Kuhlmann 1227 (R); Entroncamento das
rodovias, Cuiaba-Santarém e Porto Velho, arredores do
aeroporto, 4.11.1979, fr., M.G. Silva & A. Pinheiro 4432
(MG); Sacaré, campo base do RADAMBRAZIL, folha SD 21-
YC, rodovia BR-416 entre Pontes de Lacerda e Mato Grosso
(ex Vila Bela), 2.VIII.1978, fr., J.M. Pires & M.R. Santos 16347
(MG); RONDONIA: Basin of Rio Madeira, Serra dos
Murales, 14 km NNW of junction of Rios Madeira and
Abuna, 14.VII.1968, fl., G.T. Prance et al. 6030 (MG).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest) and Savannah. Flowers and fruits
collected from June to December.

Common names: marajussara, muirajugara, muirajussara,
peroba, peroba-branca, peroba-mico.

The information about the protologue of Aspidosperma
macrocarpon was checked in its original publication. The guide
“Taxonomic Literature” (Stafleu & Cowan 1981), also states
that Aspidosperma macrocarpon was first described in “Flora”
by Martius (1824a) and not in “Nova Genera et Species
Plantarum” by the same author (Martius 1824b). In the
databases “Tropicos” (Missouri Botanical Garden 2015) and
“World Checklist of Selected Plant Families” (WCSP 2015),
this information is conflicting. Aspidosperma macrocarpon
occurs in Bolivia, Brazil, Peru and Venezuela (Missouri
Botanical Garden 2015). In the state of Para, this species was
found in Baixo Amazonas, Sudeste Paraense and Sudoeste
Paraense Mesoregions (IBGE 1990). According to Marcondes-
Ferreira & Kinoshita (1996), Aspidosperma macrocarpon
belongs to section Aspidosperma. This species can be easily
differentiated from the other species in section Aspidosperma
occurring in Para by the larger follicles (8.2-12 x 7-10.4 cm)
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with inconspicuous lenticels and branches without cataphylls
covering the buds.

12. Aspidosperma multiflorum A.DC. in A.P.de Candolle,
Prodr. 8: 397. 1844. (Figure 4p-t).

Trees 2-22 m high; trunk straight. Branches cylindrical, not
suberous, densely lenticellate, pubescent to glabrescent, with
cataphylls; latex whitish. Leaves alternate, congested at apex
of branches; petioles 2-3 cm long, pubescent to glabrous;
blade 5.5-6.3 x 3.5-4.5 cm, membranaceous, flat, elliptic, apex
acuminate or acute, base attenuate or oblique, margin straight,
concolorous, venation eucamptodromous, adaxial surface dull,
light brown, pubescent to glabrous along the primary vein,
primary vein flat, secondary veins prominulous, tertiary veins
inconspicuous, abaxial surface dull, light brown, pubescent
to glabrous along the primary vein, primary vein flat or
prominent, secondary veins prominulous, 14-18 pairs, tertiary
veins conspicuous. Inflorescences 4-5.3 cm long, terminal,
corymbiform dichasia, tomentose. Flower buds with corolla
lobes twisted. Flowers 6-6.5 mm long; pedicellate, pedicel 1-1.3
x 0.2 mm, glabrous. Calyx 0.5-1 x 1 mm, glabrous externally,
pubescent at apex internally; lobes 5, 0.5-0.8 x 0.3-0.5 mm,
ovate, apex acute. Corolla 5 x 0.5 mm, salverform, orange,
glabrous externally, pubescent along the corolla internally;
lobes 3.5-4 x 0.2 mm, erect or deflexed, filiform, apex acute.
Stamens 1.8-2 mm long; filaments 1.3-1.5 mm long, pubescent;
anthers 0.5 mm long, ovate, apex acute. Carpels 1.6 mm long;
ovary 0.5 x 0.5 mm, globoid, glabrous; style 0.8 mm long; style-
head 0.3 mm long, main body oblong, with 2 ovate apical
appendages. Follicles 3-4 x 2-3 cm, pyriform or suborbicular,
smooth, stipitate, mucronate or not, lenticels conspicuous,
brown, glabrous. Seeds 3-3.5 x 2.2-2.5 cm, ovate; seminal
nucleus central, without radial lines, nucleus 1.5-2 cm diam.

Material examined: BRAZIL, PARA: Belterra, beira do
Rio Tapajos, 24.X.1947, fr., G.A. Black 47-1740 (IAC, IAN);
Belterra, estrada Porto Novo-Pindobal, 7.XI11.1978, fl., M.G.
A. Lobo et al. 204 (IAN, MQG); Canaa dos Carajas, 27.
XI1.2000-6.1.2001, fr., L.C.B. Lobato et al. 2618 (MG); Faro,
Campina do Jupiry (Lago de Faro), 25.1.1927, st., A. Ducke s.
n. (RB 148804); Monte Alegre, 11.I111.1923, st., A. Ducke s.n.
(RB 22436); Santarém, regidao Rio do Tapajos, 1X.1957, fl., R.
L. Froes 33564 (IAN); Santarém, regido do Planalto de
Santarém, onde foi feito um levantamento estatistico florestal
pelo TAN, SPVEA e FAO, 28.X.1954, fl., R.L. Froes 31179
(IAN, RB); Santarém, Taperinha, Parana do Ituqui, regido do
Planalto de Santarém, 3.X11.1954, fl., R.L. Froes 31205 (IAN,
R); Santarém, Vila de Alter do Chao, praia arenosa do Rio
Tapajos, depois do Lago Jacunda, em dire¢io ao Lago do
Pindobal, 4.1.1992, fr., L.V. Ferreira & A.L.K.M Albernaz 73
(INPA); Tucurui, approx. 30-35 km from Tucurui, 25 km on
old BR-422, then 5-10 km E on old railroad bed., 31.X.1981,
fl., D.C. Daly et al. 1114 (INPA, MG).

Additional material: BRAZIL, MARANHAO: Approx. 40
km E of Barra do Corda toward Presidente Dutra, 10.X.1980, fl.,
D.C. Daly et al. D568 (MG); MATO GROSSO: Nobres, BR-163
Cuiaba-Sinop a 145 km ao S de Sinop, proximo a Lucas do Rio
Verde, 17.IX.1985, fl., C.A.C. Ferreira et al. 6074 (MG); PIAUI:
Guadalupe, margem da barragem de Boa Esperanca, 22.X1.2005,
fl, A.M. Miranda et al. 5310 (RB); RONDONIA: Vicinity of
Santa Barbara, 15 km east of km 117, Porto Velho to Cuiaba
highway, 12.VII1.1968, fl., G.T. Prance & J.F. Ramos 6882 (MG).

Phytoecological region and phenology: Savannah. Flowers
and fruits collected from August to April.
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Aspidosperma Mart. (Apocynaceae) in Para

Common names: muirajussara-hy.

According to Koch et al. (2015), Aspidosperma multiflorum
is a species endemic to Brazil, and occurs in more than half of
the states. In the state of Para, this species was found in Baixo
Amazonas and Sudeste Paraense Mesoregions (IBGE 1990). In
Marcondes-Ferreira & Kinoshita (1996), Aspidosperma multi-
florum is placed in section Aspidosperma. This species resembles
Aspidosperma  pyrifolium especially fruit morphology, but
differs from A. pyrifolium by the membranaceous leaves,
smaller flowers (6-6.5 mm long), filiform corolla lobes and
externally glabrous calyx.

13. Aspidosperma oblongum A .DC. in A.P.de Candolle,
Prodr. 8: 399. 1844. (Figure Sa-e).

Trees 13-42 m high; trunk tortuous. Branches cylindrical,
not suberous, densely lenticellate, pubescent to glabrescent,
without cataphylls; latex whitish. Leaves alternate, arranged
along the branches; petioles 0.7-2.1 cm long, glabrous; blade
5-8.1 x 2.3-3 cm, chartaceous, flat, oblong, apex acuminate or
acute, base revolute, margin straight or revolute, discolorous,
venation brochidodromous, with marginal vein 1 mm from the
margin, adaxial surface lustrous, black, glabrous, primary vein
flat, secondary veins prominent, tertiary veins inconspicuous,
abaxial surface dull, light brown, pubescent, primary vein
prominent, secondary veins prominent, 24-26 pairs, tertiary
veins inconspicuous. Inflorescences 6.1-14 cm long, terminal,
corymbiform dichasia, tomentose. Flower buds with corolla
lobes not twisted. Flowers 7-8.1 mm long; pedicellate, pedicel
2.7-3.5 x 0.5-0.7 mm, tomentose. Calyx 1.8-2 x 1.5-2 mm,
tomentose externally, pubescent at apex internally; lobes 5, 0.8-
1 x 0.5-0.7 mm, ovate, apex acute or obtuse. Corolla 4.5-4.7 x
1.5 mm, tubular, white, tomentose externally, pubescent to
glabrescent along the corolla internally; lobes 1-1.5 x 0.5 mm,
patent, ovate, apex acute. Stamens 2.5-3 mm long; filaments
2-2.2 mm long, pubescent to glabrescent; anthers 0.5-0.8 mm
long, ovate, apex apiculate. Carpels 1.4-2.1 mm long; ovary
0.5-0.7 x 0.7 mm, ovoid, tomentose; style 0.5-1 mm long; style-
head 0.4 mm long, main body oblong or globose, with 2 oblong
apical appendages. Follicles 4.4-6 x 3.2-4 cm, suborbicular,
verrucose, stipitate, not mucronate, lenticels inconspicuous,
brown, pubescent. Seeds 4 cm diam., orbicular; seminal nucleus
central, without radial lines, nucleus 2 cm diam.

Material examined: BRAZIL, PARA: Almeirim, regido do
Rio Jari, estrada entre Planalto B e Brago, 12.1V.1969, fr., N.T.
Silva 1855 (IAN); Almeirim, regido do Rio Jari, Monte
Dourado, Planalto B, 21.X.1968, fl., N.T. Silva 1285 (IAN);
Belterra, 25.VII.1947, st., G. Black 47-1075 F25 (IAC, IAN,
UECQC); Itaituba-Santarém, arvore n° 29-3-13, XII.1972, fr., J.
M. Pires 13820 (IAN); Melgago, Floresta Nacional de
Caxiuand, local onde sera construida a Estacdo Cientifica
“Ferreira Penna”, 2-15.11.1991, st., A.S.L. da Silva et al. 2313
(MG); Melgago, Floresta Nacional de Caxiuana, trilha que da
acesso a area do projeto ESECAFLOR, 2.1X.2014, fl., A.S. de
S. Pereira et al. 96 (MQG); Santarém, Lago Cugari, regido do
Planalto de Santarém, onde foi feito o levantamento estatistico
florestal pelo IAN, SPVEA e FAO, 13.V.1955, st., R.L. Froes
31817 (IAN); Tucurui, A.N.5, prox. Rio Macoari, margem
direita do Rio Tocantins, 10.IV.1981-29.V.1981, st., U.N.
Maciel et al. 649 (MG); Vitéria do Xingu, Sitio Pimental, 26.
1v.2013, fl., F.A. Raul PSACF 1077 (MMG).

Additional material: BRAZIL, AMAPA: Rio Araguari,
camp 13, 5.X.1961, fl., J.M. Pires et al. 51510 (RB);
AMAZONAS: Manaus, Reserva Florestal Ducke, Q III, arv.
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352, 30.VIL.1964, fr., W. Rodrigues & Osmarino 5980 (RB);
Manaus-Itacoatiara km 31, 17.1X.1962, fl., A.P. Duarte &
Gilbert 6924 (RB). FRENCH GUIANA: s.d., fr., R. Benoist
963 (P-scanned image); Caiena, s.d., fl., Martin s.n. (P 4205125-
scanned image).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from September to April.

Common names: carapanauba, carapanauba-branca, cara-
panauba-legitima.

Aspidosperma oblongum occurs in Brazil, French Guiana,
Guyana, Suriname and Venezuela (Missouri Botanical Garden
2015). In the state of Para, this species was found in Baixo
Amazonas, Marajo, Sudeste Paraense and Sudoeste Paraense
Mesoregions (IBGE 1990). Marcondes-Ferreira (1988) reduced
Aspidosperma oblongum to be synonymous with A. discolor
(section Excelsa), but based on observed differences between
the specimens of the two species, we decided to recognize
A. oblongum as an accepted species. Aspidosperma oblongum
shares morphological features with both A. discolor and
A. excelsum, mainly flower structures, but differs from the
former by the oblong leaf blades with revolute base, ovate
anthers and verrucose follicles, and from the latter by leaves
with a marginal vein, tomentose ovary and verrucose follicles.

14. Aspidosperma pyrifolium Mart., Flora 7(1): 136. 1824.
(Figure 5f-j).

Trees 3-12 m high; trunk straight. Branches cylindrical, not
suberous, densely lenticellate, glabrescent to glabrous, with
cataphylls; latex whitish. Leaves alternate, congested at apex of
branches; petioles 0.7-2 cm long, tomentose, pubescent or
glabrescent; blade 6-9.7 x 2.5-4 cm, chartaceous, flat, oblong,
elliptic or ovate, apex acuminate, acute or obtuse, base
attenuate or oblique, margin revolute, concolorous, venation
eucamptodromous, adaxial surface dull or lustrous, dark
brown, pubescent to glabrescent, primary vein flat, secondary
veins prominent, tertiary veins inconspicuous, abaxial surface
dull, dark brown, velutinous to glabrescent, primary vein
prominent, secondary veins prominent, 12-17 pairs, tertiary
veins conspicuous. Inflorescences 3.4-6.5 cm long, terminal,
corymbiform dichasia, tomentose. Flower buds with corolla
lobes twisted. Flowers 14-23 mm long; pedicellate, pedicel
1-5 x 0.5-1 mm, pubescent. Calyx 0.5-1 x 1.8 mm, tomentose
externally, glabrous internally; lobes 5, 2-3 x 0.5-0.7 mm,
lanceolate, apex acuminate. Corolla 12-15 x 1.2 mm, salver-
form, white, pubescent externally, pubescent at base internally;
lobes 10-13 x 3 mm, deflexed, oblong, apex acute. Stamens
2-2.5 mm long; filaments 1-1.5 mm long, pubescent; anthers
1 mm long, ovate, apex acute. Carpels 2 mm long; ovary 0.7 x
0.5 mm, globoid, glabrous; style 1 mm long; style-head 0.3 mm
long, main body globose, with 2 oblong apical appendages.
Follicles 4.3-5 x 2-2.5 cm, pyriform or suborbicular, smooth,
stipitate, mucronate or not, lenticels conspicuous, brown,
glabrous. Seeds 3.5-6 x 2.2-4.7 cm, ovate; seminal nucleus
central, without radial lines, nucleus 1.5-2.2 cm diam.

Material examined: BRAZIL, PARA: Belterra, Pindobal, 23.
X11.1956, fr., J.M. Pires et al. 6512 (IAN); Faro, Campina do
Jupiry, 17.V1.1926, st., A. Ducke s.n. (RB 21801); Monte Alegre,
Parque Estadual, base da Serra do Ereré, 18.1V.2006, fr., A.E.S.
Rocha 470 (MG); Santarém, centro de treinamento da FAO, 5.
X.1962, fr., A.P. Duarte 7015 (INPA, RB); Santarém, Lago
Cugari, regiao do Planalto de Santarém, onde foi feito o
levantamento estatistico florestal pelo TAN, SPVEA e FAO,
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V.1955, fr., R.L. Froées 31825 (IAN, RB); Santarém, Rio Curua-
Una, regido do Planalto de Santarém, onde foi feito o
levantamento estatistico florestal pelo IAN, SPVEA e FAO, 14.
XI1.1954, fr., R.L. Froes 31394 (IAN).

Additional material: BRAZIL, BAHIA: Canudos, estrada
em diregdo a Jeremoabo, ca. 17,8 km de Canudos, 9°53'18"S,
38°51'54"W, 28.V1.2002, fr., L.P. Queiroz et al. 7261 (RB);
Jeremoabo, ca. 23 km E de Canudos na estrada para Jeremoabo
(BR-235), 26.VII1.1996, fr., L.P. Queiroz & N.S. Nascimento 4647
(INPA); Rui Barbosa, trilha para o Patio das Orquideas, 12°
18'77S, 40°29'16"W, 12.X1.2004, fl., A. Rapini & L.P. Queiroz
1156 (INPA); MATO GROSSO: Rio Juruena, beira do rio, 15.
VIL.1977, fr., M.G. Silva & J. Maria 3357 (MG); Xavantina-
Cachimbo road, cerradao c¢. 0.5 km W of km 264, expedition base
camp, 20.I11.1968, fr., D. Philcox & A. Ferreira 4594 (RB);
RONDONIA: Vilhena, estrada que vai para Aripuand, local
Fazenda Flor da Serra, a 15 km de Vilhena, 22.V.1984, fr., C.S.
Rosario et al. 475 (MG); Médici, Picaddo que confina a 7% ¢ a 8*
linha, margem esquerda da BR-429, 24.111.1986, fr., N.A. Rosa
et al. 4985 (MG).

Phytoecological region and phenology: Savannah. Flowers
and fruits collectted from March to December.

Common names: mirajussara, perobinha.

The information about the protologue of Aspidosperma
pyrifolium was checked in its original publication. The guide
“Taxonomic Literature” (Stafleu & Cowan 1981), also states
that Aspidosperma pyrifolium was first described in “Flora”
by Martius (1824a) and not in “Nova Genera et Species
Plantarum” by the same author (Martius 1824b). In the
databases “Tropicos” (Missouri Botanical Garden 2015) and
“World Checklist of Selected Plant Families” (WCSP 2015),
this information is conflicting. Aspidosperma pyrifolium occurs
in Bolivia, Brazil and Paraguay (Missouri Botanical Garden
2015). In the state of Para, this species was found only in Baixo
Amazonas Mesoregion (IBGE 1990). According to Mar-
condes-Ferreira & Kinoshita (1996), Aspidosperma pyrifolium
belongs to section Aspidosperma. This species shares morpho-
logical features with Aspidosperma multiflorum, mainly fruit
morphology, but differs from A. multiflorum by the charta-
ceous leaves, larger flowers (14-23 mm long), ovate corolla
lobes and externally tomentose calyx.

15. Aspidosperma rigidum Rusby, Mem. New York Bot.
Gard. 7: 323. 1927. (Figure 5k-0).

Trees 15-20 m high; trunk tortuous. Branches cylindrical, not
suberous, sparsely lenticellate, glabrescent to glabrous, without
cataphylls; latex whitish. Leaves alternate, arranged along the
branches; petioles 1.7-2 cm long, glabrous; blade 6.1-9 x 3.7-5.5
cm, chartaceous to coriaceous, flat, elliptic, apex acuminate, base
attenuate or oblique, margin straight or revolute, concolorous,
venation eucamptodromous, adaxial surface dull or lustrous, dark
brown, glabrous, primary vein flat, secondary veins impressed,
tertiary veins inconspicuous, abaxial surface dull, dark brown,
glabrous, primary vein prominent, secondary veins prominulous,
12-15 pairs, tertiary veins inconspicuous. Inflorescences 4-5 cm
long, axillary or terminal, corymbiform dichasia, tomentose.
Flower buds with corolla lobes not twisted. Flowers 10-13 mm
long; pedicellate, pedicel 2.7-4.2 x 0.2-0.5 mm, tomentose. Calyx
1.2-1.5 x 1.5 mm, tomentose externally, glabrous internally; lobes
5, 1-1.2 x 0.5-1 mm, ovate, apex acute. Corolla 4-8 x 1-1.2 mm,
salverform, yellow, glabrous externally, pubescent along the tube
internally; lobes 2-5 x 1 mm, erect or deflexed, lanceolate, apex
acute. Stamens 1.6-3 mm long; filaments 1-2.2 mm long,
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pubescent; anthers 0.6-0.8 mm long, ovate, apex acute. Carpels
1.5 mm long; ovary 0.5 x 0.5 mm, globoid, glabrous; style 0.7 mm
long; style-head 0.3 mm long, main body globose, with 2 oblong
apical appendages. Follicles 5-7.5 x 3.9-7.8 cm, suborbicular,
smooth, sessile or stipitate, not mucronate, lenticels inconspi-
cuous, black, glabrous. Seeds 6-7 cm diam. orbicular; seminal
nucleus central, without radial lines, nucleus 1.5 cm diam.

Material examined: BRAZIL, PARA: Alenquer, mata de
Bom Futuro, 25.11.1953, fr., R.L. Froes 29400 (IAN); Alenquer,
Rio Curua, estrada Urapurl’l—Agua Branca, area de castanheira, 4.
II1.1953, fr., R.L. Froes 29472 (IAN); Breu Branco, Rio Tocantins
near Igarapé Cajazeirinha, approx. 30 km N of Itupiranga, 29.
XI.1981, fl., D.C. Daly et al. 1610 (INPA, MG); Itaituba, arvore
n° 76-2-6, X11.1972, fl., J.M. Pires 13822 (IAN); Monte Alegre,
Colonia Japonesa Assaizal, 22.IX.1953, fl., R.L. Froes 30320
(IAN); Monte Alegre, Colonia Japonesa Assaizal, 22.1X.1953, fr.,
R.L. Froes 30306 (IAN); Oriximina, Comunidade Jauari, casa
Irineu, 21.11.2010, fl., D.R. Oliveira et al. 216 (UEC); Paraua-
pebas, Serra dos Carajas, Rio Parauapebas, control point at
entrance to Serra Norte, ca. 39 km east of AMZA camp N-5, 23.
VI.1982, fr., C.R. Sperling et al. 6318 (MG); Vitoria do Xingu,
CBVL, 21.11.2013, fl., T.C.S. Silva PSACF 960 (MG); Xinguara,
Rio Vermelho, regidao do Tocantins, ao longo da margem do rio,
23.1V.1951, fr., R.L. Froes 26988 (IAN, USP-scanned image).

Additional material: BRAZIL, AMAZONAS: Boca do
Solimdes, Parana do Careiro, 7.VI.1948-2.VIII1.1948, fl., A. Ducke
2132 (IAC, IAN, R); RONDONIA: Rio Jaru, BR-29, 21.I1X.1962,
fl., A.P. Duarte 7017 (INPA). PERU, HUANUCO: Pachitea, Codo
de Pozuzo, trail S of settlement toward main river, 9°40’S, 7°25°'W,
18.X.1982, fl., R.B. Foster 9274 (F-scanned image).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from June to April.

Common names: carapanauiba, carapanaiba-do-baixio.

Aspidosperma rigidum occurs in Bolivia, Brazil, Colombia,
Costa Rica, Ecuador, Peru and Venezuela (Missouri Botanical
Garden 2015). In the state of Para, this species was found in
Baixo Amazonas, Sudeste Paraense and Sudoeste Paraense
Mesoregions (IBGE 1990). According to Marcondes-Ferreira
& Kinoshita (1996), Aspidosperma rigidum belongs to mono-
specific section Rigida. Aspidosperma rigidum can be distin-
guished from the other species occurring in Para by the elliptic
leaves with acuminate apex and the non-mucronate black
follicles with inconspicuous lenticels.

16. Aspidosperma salgadense Markgr., Notizbl. Bot. Gart.
Berlin-Dahlem 12(115): 554. 1935. (Figure 5p-s).

Trees 8-25 m high; trunk tortuous. Branches angular, not
suberous, sparsely lenticellate, pubescent to glabrous, without
cataphylls; latex whitish. Leaves subopposite or alternate,
arranged along the branches; petioles 1-2 cm long, tomentose;
blade 5.5-12.5 x 3.5-4.8 cm, chartaceous, flat, oblong or ovate,
apex acute, base revolute, margin revolute, discolorous,
venation brochidodromous, with marginal vein 1 mm from
the margin, adaxial surface dull or lustrous, dark brown,
glabrous, primary vein flat, secondary veins prominent, tertiary
veins inconspicuous, abaxial surface dull, light brown, tomentose
along the primary vein, primary vein prominent, secondary veins
prominent, 20-22 pairs, tertiary veins inconspicuous. Inflores-
cences 5.6-6 cm long, terminal, corymbiform dichasia, tomen-
tose. Flower buds with corolla lobes not twisted. Flowers 6.5-7.5
mm long; pedicellate, pedicel 1.7-2.2 x 1 mm, tomentose. Calyx
2.5-2.7 x 2-2.5 mm, tomentose externally, pubescent at base and/
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Figure 5. a-e. Aspidosperma oblongum. {-j. A. pyrifolium. k-o. A. rigidum. p-s. A. salgadense: a, f, k, p. flowering branch; b, g, 1, q. flower bud; ¢, h, m,
r. flower; d, i, n, s. follicle; e, j, 0. seed. a-e. Martin s.n. (P 4205125); N.T. Silva 1285; N.T. Silva 1855; R. Benoist 963. f-j. A. Rapini & L.P. Queiroz
1156; L.P. Queiroz et al. 7261; M.G. Silva & J. Maria 3357. k-o. A. Ducke 2132; R.B. Foster 9274; R.L. Froes 26988. p-s. L.C. Anténio PSACF
266; R.L. Froes 30286.

Figura 5. a-e. Aspidosperma oblongum. f-j. A. pyrifolium. k-o. A. rigidum. p-s. A. salgadense: a, f, k, p. ramo florido; b, g, 1, q. botdo floral; ¢, h, m, r.
flor; d, i, n, s. foliculo; e, j, 0. semente. a-e. Martin s.n. (P 4205125); N.T. Silva 1285; N.T. Silva 1855; R. Benoist 963. f-j. A. Rapini & L.P. Queiroz
1156; L.P. Queiroz et al. 7261; M.G. Silva & J. Maria 3357. k-o. A. Ducke 2132; R.B. Foster 9274; R.L. Froes 26988. p-s. L.C. Antonio PSACF
266; R.L. Froes 30286.
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or at apex internally; lobes 5, 1.5-2 x 1 mm, ovate, apex acuminate
or acute. Corolla 3.5-5.5 x 1.5 mm, tubular, white, tomentose
externally, tomentose along the tube internally; lobes 1.5-2 x 0.3
mm, patent, ovate, apex acute. Stamens 2-2.8 mm long; filaments
1-1.8 mm long, tomentose; anthers 1 mm long, lanceolate, apex
acute. Carpels 1 mm long; ovary 0.5 x 0.7 mm, globoid, glabrous;
style 0.2 mm long; style-head 0.3 mm long, main body oblong,
with 2 oblong apical appendages. Follicles 4.3-6 x 3.2-5 cm,
dolabriform, spinescent, stipitate, not mucronate, lenticels
inconspicuous, brown, pubescent. Seeds not observed.

Material examined: BRAZIL, PARA: Aveiro, regido do
Tapajos, Boa Vista, 24.1X.1932, fl., Capucho 457 (IAN);
Ttaituba, arvore n° 38-4-25, XII.1972, st., J.M. Pires 13821
(IAN); Maraba, 1X.1970, fl., J.M. Pires & R.P. Belem 12644
(IAN); Monte Alegre, Rio Maicuru, 3:30 hrs por canoa de
motor de poupa mais 1:30 hrs de caminhada acima da pista de
pouso do Lageiro, 30.VIL.1981, st., J. Jangoux & B.G.S.
Ribeiro 1575 (MG); Monte Alegre, Rio Maicurt, caminho de
Caa-ussu a localidade Balanga, 16.1X.1953, fl., R.L. Froes
30286 (IAN); Monte Alegre, Rio Maicurt, entre Caa-ussu e
localidade Balanga, 15.1X.1953, fl., R.L. Froes 30271 (IAN, NY-
scanned image, R); Santarém, Rio Curua-Una, regido do Planalto
de Santarém, onde foi feito o levantamento estatistico florestal
pelo TAN, SPVEA e FAO, 14.1X.1954, fl., R.L. Froes 31382
(IAN); Vitoria do Xingu, Travessiao 55, 26.V.2012, fr., L.C.
Antonio PSACF 266 (MG); Vitéria do Xingu, Balanga-km 9,5, 1.
11.2013, fl., E. Takanohashi PSACF 919 (MG).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from May to September.

Common names: carapanauba.

According to Woodson (1951), Aspidosperma salgadense is
a species endemic to Brazil, and occurs only in the state of Para
in Baixo Amazonas, Sudeste Paraense and Sudoeste Paraense
Mesoregions (IBGE 1990, Missouri Botanical Garden 2015).
Marcondes-Ferreira (1988) reduced Aspidosperma salgadense
to be synonymous with A. discolor (section Excelsa), but we
recognize A. salgadense as an accepted species due to observed
differences between the specimens of the two species. Aspidos-
perma salgadense resembles A. discolor, especially flower
structures, but differs from A. discolor by the angular branches
and, mainly by the glabrous ovary, a feature that has already
been highlighted by Markgraf (1935) in the protologue of
A. salgadense.

17. Aspidosperma sandwithianum Markgr., Notizbl. Bot.
Gart. Berlin-Dahlem 12(115): 561. 1935. (Figure 6a-¢).

Trees 12-40 m high; trunk straight. Branches cylindrical,
suberous, sparsely lenticellate, velutinous to glabrous, without
cataphylls; latex orange to reddish. Leaves alternate, arranged
along the branches; petioles 1-3 cm long, tomentose; blade
10.1-37.5 x 3-9.8 cm, coriaceous, bullate, oblong or obovate,
apex acute, obtuse or retuse, base cuneate or oblique, margin
revolute, discolorous, venation craspedodromous, adaxial sur-
face dull, olive green or brown, tomentose along the primary
vein, primary vein flat, secondary veins impressed, tertiary veins
inconspicuous, abaxial surface dull, white or yellow, tomentose,
primary vein prominent, secondary veins prominent, 26-34 pairs,
tertiary veins inconspicuous. Inflorescences 6.5-15 c¢cm long,
axillary or terminal, corymbiform dichasia, tomentose. Flower
buds with corolla lobes twisted. Flowers 6-8§ mm long;
pedicellate, pedicel 1-1.5 x 1 mm, tomentose. Calyx 2-2.5 x 2-
2.2 mm, tomentose externally, pubescent at apex internally; lobes
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5, 1.6-2 x 1 mm, ovate, apex acute or obtuse. Corolla 4.5-6.2 x 1.2
mm, salverform, yellow, glabrous externally, tomentose below
the anthers internally; lobes 2.5-3.2 x 0.3 mm, erect, filiform,
apex acute. Stamens 2 mm long; filaments 1.5 mm long,
tomentose; anthers 0.5 mm long, ovate, apex apiculate or acute.
Carpels 1.3 mm long; ovary 0.3 x 0.3 mm, globoid, glabrous;
style 0.8 mm long; style-head 0.2 mm long, main body globose,
with 2 oblong apical appendages. Follicles 10-12 x 8.5-10 cm,
suborbicular, sulcate, stipitate, mucronate, lenticels inconspi-
cuous, brown, velutinous. Seeds 6-7 cm diam., orbicular; seminal
nucleus lateral, without radial lines, nucleus 2-2.5 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, Cova da Onga, 0°45'S, 52°45'W, 15.VIIL.1979, fl., N.
T. Silva 5259 (MG); Almeirim, regido do Jari, estrada entre
Tinguelim e Brago, 29.V.1970, fl., N.T. Silva 3172 (IAN);
Almeirim, regidao do Jari, estrada entre Planalto A e Tinguelin,
km 21, 24.X1.1969, st., N.T. Silva 2855 (IAN); Belém, IPEAN,
Reserva Mocambo, L-8-14, arvore n° 95, 5.VIII.1968, fl., J.M.
Pires & N.T. Silva 11907 (IAN); Belém, IPEAN, Reserva
Mocambo, L-8-14, arvore n° 95, 17.VII.1968, fl., J.M. Pires & N.
T. Silva 11892 (IAN); Belém, Mocambo, Embrapa Forest
Reserve, ca. 10 km from Belém, transect 2, 1°30'S, 47°59'W,
13.X1.1984, st., A. Gentry 48924 (IAN); Belém, Reserva
Mocambo (EMBRAPA), arvore 18-16-8, 11.1.1983, st., R. Lima
& R.P. Bahia 7 (MG); Belterra, 6.VIII.1947, st., G.A. Black
47-1150 (IAC); Breves, perto do Igarapé Arapijo, transecto para
inventario florestal, Q 4-53, 7-30.VIIL.1956, st., J.M. Pires et al.
5060 (IAN); Maraba, Rio Itacaiunas, afl. do Rio Tocantins,
Serra Buritirama (B 4), regidao com minério de manganés, arvore
7.9.3, VII1.1970, st., J.M. Pires & R.P. Belem 12699 (IAN);
Melgago, Floresta Nacional de Caxiuand, local onde sera
construida a Esta¢do Cientifica “Ferreira Penna”, 2-15.11.1991,
st., A.S.L. da Silva et al. 2350 (MG); Moju, 25.VIII.1975, st., N.
T. Silva 3961 (IAN).

Additional material: BRAZIL, RORAIMA: Paracaima,
as proximidades da divisa com a Venezuela, km 11-2 do
marco BV-9, Cordilheira do Paracaima, 19.1X.1979, fr., N.A.
Rosa & O.C. Nascimento 3503 (MG). FRENCH GUIANA,
REMIRE-MONTIJOLY: Haut Oyapock, Mt. St. Marcel,
layon camp Couleuvre-Mt. St. Marcel, 27.111.1976, fr., C.
Sastre 4564 (P-scanned image).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from May to September.

Common names: araracanga, araracanga-branca, cabega-de-
arara, canoinha.

Aspidosperma sandwithianum occurs in Brazil, French Gui-
ana, Guyana and Suriname (Missouri Botanical Garden 2015).
In the state of Para, this species was found in Baixo Amazonas,
Marajo, Metropolitana de Belém, Nordeste Paraense and
Sudeste Paraense Mesoregions (IBGE 1990). In “Livro Ver-
melho da Flora do Brasil” (Rapini et al. 2013), Aspidosperma
sandwithianum was assigned to the Data Deficient category
(DD), but in “Lista de Espécies da Flora e da Fauna Ameagadas
no Estado do Para” (Para 2007), it was listed as a Vulnerable
species (VU). Marcondes-Ferreira (1988) reduced Aspidosperma
sandwithianum to be synonymous with A. spruceanum (section
Nobilia), but we found both taxa to have differences significant
enough to be recognized as distinct species. Therefore, Aspidos-
perma sandwithianum is accepted here at the species level.
Aspidosperma sandwithianum resembles A. spruceanum, mainly
flower features, but differs from A. spruceanum by the bullate
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leaves, tomentose primary vein and impressed secondary veins
on the adaxial surface, and suborbicular follicles.

18. Aspidosperma schultesii Woodson, Ann. Missouri Bot.
Gard. 38(2): 168. 1951. (Figure 6f-)).

Trees 12-30 m high; trunk tortuous. Branches cylindrical,
suberous, sparsely lenticellate, glabrescent to glabrous, without
cataphylls; latex whitish. Leaves alternate, arranged along
the branches; petioles 2.5-4.3 cm long, glabrescent to glabrous;
blade 7.6-15 x 3.1-7 cm, chartaceous, flat, elliptic or obovate, apex
acute, obtuse or retuse, base cuneate, attenuate or oblique, margin
revolute, discolorous, venation craspedodromous, adaxial surface
dull, dark brown, glabrous, primary vein prominulous, secondary
veins impressed, tertiary veins inconspicuous, abaxial surface dull,
light brown, pubescent to glabrous, primary vein prominent,
secondary veins impressed, 18-20 pairs, tertiary veins inconspic-
uous. Inflorescences 9-11 cm long, terminal, corymbiform dichasia,
tomentose. Flower buds with corolla lobes twisted. Flowers 11-20
mm long; pedicellate, pedicel 1.5-4 x 0.5 mm, tomentose. Calyx 1.5-
2 x 1.5-2 mm, tomentose externally, glabrous internally; lobes 5, 1-
1.5 x 1 mm, ovate, apex acute. Corolla 13-15 x 1.5-2 mm,
salverform, yellow, pubescent externally, pubescent along the
corolla internally; lobes 6-10 x 1.5-3 mm, patent, lanceolate, apex
acute. Stamens 1.7-3 mm long; filaments 1-2 mm long, tomentose;
anthers 0.7-1 mm long, ovate, apex acute. Carpels 1.5 mm long;
ovary 0.7 x 0.8 mm, globoid, tomentose; style 0.5 mm long; style-
head 0.3 mm long, main body globose, with 2 oblong apical appen-
dages. Follicles 8-12.3 x 6-9.4 cm, suborbicular, smooth or sulcate,
stipitate, mucronate, lenticels inconspicuous, black, glabrous.
Seeds 6-7.8 cm diam. orbicular; seminal nucleus central, with
radial lines, nucleus 2.5 cm diam.

Material examined: BRAZIL, PARA: Almeirim, Monte
Dourado, estrada Perimetral (COMARA), 19.V1.1984, fl., N.T.
Silva 5375 (INPA, MG); Jacareacanga, Rio Sao Manoel, posto
do indios Caiabi, 7.1.1952, fr., J.M. Pires 3860 (IAN); Novo
Progresso, Serra do Cachimbo, BR-163, Cuiaba-Santarém high-
way, km 872, 6.X1.1977, st., G.T. Prance et al. P24968 (MG, NY-
scanned image).

Additional material: BRAZIL, AMAZONAS: Apui, flores-
ta na beira do Rio Sucunduri acampamento, 26.VI.2006, fl., C.
E. Zartman et al. 5562 (INPA); Carauari, Jurua I, VII.1980, st.,
AS.L. Silva et al. 908 (MG); Manaus, Reserva Florestal
Ducke, Manaus-Itacoatiara, km 26, 9.111.1994, f1., A. Vicentini
& C.F. Silva 404 (MG); Manaus, Reserva Florestal Ducke,
Manaus-Itacoatiara, km 26, 1.VII1.1995, st., A.A. Oliveira & P.
A.C.L. Assungio 2807 (IAN); Tefé, estrada do Luc 3, Porto
Urucu, 16.VIL.1991, fl., A.S. Tavares et al. 414 (INPA); MATO
GROSSO: Aripuana, km 245 da BR-174, projeto Juina, linha
4, 19.1.1979, fr., M.G. Silva & A. Pinheiro 4323 (MG); Vila
Bela da Santissima Trindade, 58 km S of Rondoénia state line
on BR-364 from Vilhena to Caceres, 2.X1.1985, fr., W. Thomas
et al. 4775 (INPA); RONDONIA: Road Vilhena to Colorado,
28 km from Vilhena (20 km from BR-364), forest at Rio
Vermelho, 28.X.1979, fr., J.L. Zarucchi et al. 2814 (INPA).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from January to November.

Common names: araracanga-rana.

Aspidosperma schultesii occurs in Brazil, French Guiana,
Peru and Venezuela (Missouri Botanical Garden 2015). In the
state of Para, this species was found in Baixo Amazonas and
Sudoeste Paraense Mesoregions (IBGE 1990). According
to Marcondes-Ferreira & Kinoshita (1996), Aspidosperma
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schultesii belongs to monospecific section Schultesia. Aspidosperma
schultesii was one of the most easily recognized species, and can be
differentiated from the other species occurring in Para by the
larger flowers (11-20 mm long), mucronate black follicles with
inconspicuous lenticels and seminal nucleus with radial lines.
Aspidosperma schultesii is the only species from the state with this
last feature.

19. Aspidosperma spruceanum Benth. ex Miill. Arg. in C.F.P.
von Martius & auct. suc. (eds.), F1. Bras. 6(1): 52. 1860. (Figure
6k-0).

Trees 6-38 m high; trunk straight. Branches cylindrical,
suberous, sparsely lenticellate, tomentose to glabrescent, without
cataphylls; latex reddish. Leaves alternate, arranged along the
branches; petioles 1-2.9 cm long, tomentose to glabrescent; blade
7.2-16.2 x 3.1-6.1 cm, coriaceous, flat, oblong or obovate, apex
acute or obtuse, base cuneate or oblique, margin revolute,
discolorous, venation craspedodromous, adaxial surface lustrous,
olive green or brown, glabrous, primary vein flat or prominulous,
secondary veins prominulous, tertiary veins conspicuous, abaxial
surface dull, white, tomentose to glabrous, primary vein
prominent, secondary veins prominulous, 25-28 pairs, tertiary
veins conspicuous or inconspicuous. Inflorescences 8.5-10 cm
long, terminal, corymbiform dichasia, tomentose. Flower buds
with corolla lobes twisted. Flowers 8.5-9 mm long; pedicellate,
pedicel 1.7-2 x 0.5-0.7 mm, tomentose. Calyx 2-2.5 x 2-3 mm,
tomentose externally, pubescent at apex internally; lobes 5, 1.5-1.7
x 1 mm, ovate, apex acute. Corolla 6.5-7 x 1.5 mm, salverform,
yellow, glabrous externally, tomentose below the anthers inter-
nally; lobes 3.5-4 x 0.3 mm, erect, filiform, apex acute. Stamens
2.5-3 mm long; filaments 2-2.5 mm long, tomentose; anthers 0.5
mm long, ovate, apex acute. Carpels 1.4-2.4 mm long; ovary 0.3 x
0.5 mm, globoid, glabrous; style 0.7-1.7 mm long; style-head 0.4
mm long, main body globose, with 2 oblong apical appendages.
Follicles 10.1-14 x 6-10.1 cm, dolabriform, sulcate, stipitate,
mucronate or not, lenticels inconspicuous, brown, velutinous to
glabrescent. Seeds 5.8-6.6 cm diam., orbicular; seminal nucleus
lateral, without radial lines, nucleus 1.6-3.2 cm diam.

Material examined: BRAZIL, PARA: Almeirim, regido do
Rio Jari, Monte Dourado, Planalto A, 9.1X.1968, fl., N.T.
Silva 918 (IAN, NY-scanned image); Oriximind, Porto
Trombetas, proximo a area industrial, 9.X.1986, fl., E. Soares
221 (INPA); Porto de Moz, R. Xingu, margem esquerda do rio,
regiao onde foi feito um levantamento estatistico florestal pelo
TIAN, SPVEA ¢ FAO, 18.1X.1955, fr., R.L. Froées 32377 (IAN);
Santarém, Reserva Florestal de Curua-Una, Planalto Alto II a
1,5 km do Flanco, 7.X.1963, fr., Tressel 22 (INPA); Santarém,
regido do Rio Curua-Una, Baixo Amazonas, VI.1957, fl., R.L.
Froées 33893 (IAN); Tucurui, estrada de ferro Santa Rosa, 1.
VI.1981, fr., L.Coélho, 1843 (INPA).

Additional material: BRAZIL, AMAZONAS: Barcelos,
ilha periodicamente inundavel, 8.1X.1962, st., A.P. Duarte
7007 (RB); Manaus, Reserva Florestal Ducke, proximo ao
Igarapé Sempre Viva, 26.1X.1957, fr., E. Ferreira 109-57 (INPA);
Manaus, Rio Taruma-mirim, 19.X.1943, fr., A. Ducke 1419 (R);
Maués, along Rio Apoquitaua, just above mouth of Rio Pacoval,
27.VIL.1983, fr., J.L. Zarucchi 3210 (INPA); Rio Negro, boca
do Rio Branco, 2.VII.1976, fl., L.F. Coélho 538 (MG); Santa
Isabel do Rio Negro, margem inundada do rio, 9.VI.1937, st.,
A. Ducke 511 (R); Santa Isabel do Rio Negro, Tapurucuara,
Rio Negro, beira do rio, 7.11.1959, fr., P. Cavalcante 547 (MG);
MARANHAO: Sio Luiz, Sitio Tambat, transectum 2-2-11,
1.VIIL.1980, st., M.G. Silva 5594 (MG); RIO DE JANEIRO:
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Figure 6. a-e. Aspidosperma sandwithianum. f-j. A. schultesii. k-o0. A. spruceanum. p-t. A. subincanum: a, f, k, p. flowering branch; b, g, 1, q. flower
bud; ¢, h, m, r. flower; d, i, n, s. follicle; e, j, o, t. seed. a-e. C. Sastre 4564; J.M. Pires & N.T. Silva 11907. f-j. J.L. Zarucchi et al. 2814; N.T. Silva
5375; W. Thomas et al. 4775. k-o. E. Ferreira 109-57; J.G. Kuhlmann s.n. (P 4204499); L.F. Coélho 538. p-t. A.T.G. Dias 398; C.F.P. von Martius
262; G.T. Prance et al. 9494.

Figura 6. a-e. Aspidosperma sandwithianum. {-j. A. schultesii. k-o. A. spruceanum. p-t. A. subincanum: a, f, k, p. ramo florido; b, g, 1, q. botdo floral; c,
h, m, r. flor; d, i, n, s. foliculo; e, j, 0, t. semente. a-¢. C. Sastre 4564; J.M. Pires & N.T. Silva 11907. fj. J.L. Zarucchi et al. 2814; N.T. Silva 5375; W.
Thomas et al. 4775. k-o. E. Ferreira 109-57; J.G. Kuhlmann s.n. (P 4204499); L.F. Coélho 538. p-t. A.T.G. Dias 398; C.F.P. von Martius 262; G.T.

Prance et al. 9494.
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Sumaré, 6.VII1.1926, fr., J.G. Kuhlmann s.n. (P 4204499-scanned
image).

Phytoecological region and phenology: Dense Ombrophi-
lous Forest (terra firme forest). Flowers and fruits collected
from February to October.

Common names: araracanga, araracanga-amarela, pau-amar-
elo, piquia-marfim, piquiad-marfim-do-branco.

Aspidosperma  spruceanum is a widely distributed species,
occurring in Bolivia, Brazil, Colombia, Costa Rica, Ecuador,
French Guiana, Guatemala, Guyana, Honduras, Mexico, Nicara-
gua, Panama and Suriname (Missouri Botanical Garden 2015). In
the state of Para, this species was found in Baixo Amazonas and
Sudeste Paraense Mesoregions (IBGE 1990). According to
Marcondes-Ferreira & Kinoshita (1996), Aspidosperma sprucea-
num belongs to section Nobilia. Among the species studied,
Aspidosperma  spruceanum was one of the most difficult to
recognize, as it shares morphological features with both 4. album
and A. sandwithianum, especially flower morphology. However,
Aspidosperma spruceanum differs from the former by the olive
green or brown color of the leaf blade on the adaxial surface and
from the latter by the flat leaves and glabrous primary vein on the
adaxial surface. Additionally, Aspidosperma spruceanum is differen-
tiated from both species by the prominulous secondary veins
on the adaxial surface and dolabriform follicles. Aspidosperma
spruceanum is most often confused with A. desmanthum, which
was mentioned by Miiller-Argoviensis (1860) in the protologue of
A. spruceanum, and by Marcondes-Ferreira (1988), but can be
distinguished from A. desmanthum by the prominulous secondary
veins on both leaf surfaces.

20. Aspidosperma subincanum Mart., Flora 21(2): 82. 1838.
(Figure 6p-t).

Trees 6-20 m high; trunk straight. Branches cylindrical, not
suberous, densely lenticellate, glabrescent to glabrous, with
cataphylls; latex whitish. Leaves alternate, congested at apex of
branches; petioles 0.9-2 cm long, tomentose to glabrescent; blade
5.3-19.5 x 2.8-10.2 cm, chartaceous, flat, elliptic, apex acuminate or
acute, base attenuate or oblique, margin straight, discolorous,
venation eucamptodromous, adaxial surface dull, olive green,
pubescent to glabrescent, primary vein flat, secondary veins
prominent, tertiary veins inconspicuous, abaxial surface dull, light
green, tomentose, primary vein prominent, secondary veins
prominent, 17-22 pairs, tertiary veins conspicuous. Inflorescences
4-6 cm long, terminal, corymbiform dichasia, tomentose. Flower
buds with corolla lobes not twisted. Flowers 5-7 mm long;
pedicellate, pedicel 1.3-1.5 x 0.5 mm, tomentose. Calyx 1-1.2 x 1-1.5
mm, tomentose externally, glabrous internally; lobes 5, 1 x 0.5 mm,
ovate, apex acute. Corolla 4-5.2 x 1 mm, tubular, white, pubescent
at apex externally, pubescent along the tube internally; lobes 1-1.5
x 0.7 mm, patent, ovate, apex acute. Stamens 2-2.5 mm long;
filaments 1.5-2 mm long, pubescent; anthers 0.5 mm long, ovate,
apex apiculate or acute. Carpels 1.8 mm long; ovary 0.5 x 0.5 mm,
ovoid, tomentose; style 1 mm long; style-head 0.3 mm long, main
body oblong, with 2 filiform apical appendages. Follicles 4-7.5 x
2-3.8 cm, pyriform or suborbicular, smooth, stipitate, mucronate
or not, lenticels conspicuous, brown, pubescent. Seeds 3 x 5 cm,
ovate; seminal nucleus central, without radial lines, nucleus 2 cm
diam.

Material examined: BRAZIL, PARA: Alenquer, Sete
Varas airstrip on Rio Curua, 0°95'S, 54°92'W, 4.VIII.1981,
fr., J.J. Strudwick et al. 4045 (MQG); Altamira, Rio Xingu,
morro atras do Lago do Muruci, 20.X.1986, fl., A.T.G. Dias
398 (MG); Canaa dos Carajas, 27.X11.2000-6.1.2001, fr., L.C.
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B. Lobato et al. 2587 (MG); Monte Alegre, estrada de Caissu
para a localidade Balanga, 15.1X.1953, st., R.L. Frdes 30238
(IAN, INPA, R); Monte Alegre, Serra do Ereré, parte do
Mirante, 1°55’S, 54°15°W, 6.X1.1987, fl., C.A.C. Ferreira 9503
(INPA, MG, RB); Monte Alegre, regido do Igarapé da
Formosa, 30.IX.1953, fr., R.L. Frées 30450 (IAN); Obidos,
Flota de Trombetas, 0°58°10”’S, 55°31°03”W, 1V.2008, fr., L.C.
B. Lobato & C.A.S. Silva 3397 (MG); Pau D’Arco, Marajoara,
10.X.1997, fl., J. Grogan 24 (IAN, INPA, MG); Sao Geraldo
do Araguaia, morro 3, 15.VI.1995, fr., M.N. Bastos & M.R.
Cordeiro 2173 (IAN, MQG).

Additional material: BRAZIL, MARANHAO: Presidente
Dutra, roadside & capoeira approx. 10 km E of Barra do
Corda, 10.X.1980, fl., D.C. Daly et al. D541 (MG); MATO
GROSSO: Cuiaba, s.d., fr.,, C.F.P. von Martius 262 (K-
scanned image); Chapada dos Guimarées, behind Refeitorio,
about 1 km from Buriti, 26.X.1973, fl., G.T. Prance et al. 19422
(INPA); Drainage of the upper Rio Araguaia, Serra Azul, ca.
85 km S of Xavantina, 17.V1.1966, fr., H.S. Irwin et al. 17354
(RB); RORAIMA: Dormida, foothills of Serra da Lua, 25.
1.1969, fr., G.T. Prance et al. 9494 (NY-scanned image).

Phytoecological region and phenology: Dense Ombrophilous
Forest (terra firme forest) and Savannah. Flowers and fruits
collected from April to November.

Common names: guatambu, pau-pereira, pereiro.

The information about the protologue of Aspidosperma
subincanum was checked in its original publication. The guide
“Taxonomic Literature” (Stafleu & Cowan 1981), also states
that Aspidosperma subincanum was first described in “Flora” by
Martius (1838) and not in “Herbarium florae brasilienses” by
the same author (Martius 1837-1841). In the database
“Tropicos” (Missouri Botanical Garden 2015) this information
is conflicting. Aspidosperma subincanum occurs in Bolivia and
Brazil (Missouri Botanical Garden 2015). In the state of Para,
this species was found in Baixo Amazonas, Sudeste Paraense
and Sudoeste Paraense Mesoregions (IBGE 1990). According
to Marcondes-Ferreira & Kinoshita (1996), Aspidosperma
subincanum belongs to section Aspidosperma. Aspidosperma
subincanum can be differentiated from the other species in
section Aspidosperma occurring in Para by the tubular corolla,
tomentose ovary and non-twisted corolla lobes.
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Abstract: Isotopic variation within food sources adds uncertainty to models intended to reconstruct
trophic pathways. Understanding this variation is pivotal for planning sampling protocols for food-web
research. This study investigates natural variation in C and N stable isotopes among plant species in two
western Amazon flooded forests with contrasting watershed biogeochemistry (white-water varzea-forest
and black-water igap6-forest). Our objectives were to compare 5'°C and 3'°N of leaves and fruits
between sites; assess the magnitude of within-site variation in 8'*C and 8'°N of leaves (varzea: 28 spp.,
igapo: 10 spp.) and fruits (varzea: 22 spp., igapo: 22 spp.); determine within-plant variation in 8'*C and
89N of leaf, wood and fruit tissues; and test whether inter-specific variation in 813C and 8'°N influence
the results of a mixing model predicting the contribution of terrestrial C sources to an aquatic consumer.
Mean 8'*C values of leaves and fruits were not statistically different between the two sites despite
regional differences in biogeochemistry and floristic composition. In contrast, mean 8'°N of leaves and
fruits were significantly lower at the varzea than at the igap6 site. The high floristic diversity of both
forests was reflected in large within-site interspecific variation in both §8'°C and 3'°N. Paired
comparisons revealed that 8'>C of wood and fruits and 3'°N of fruits were generally greater than values
obtained for leaves from the same plant. The predicted contribution of different carbon sources to the
consumer biomass changed between models as a function of source variability. We discuss implications
of source variation for designing sampling protocols, interpreting isotopic signatures, and establishing
trophic links between plants and consumers. Our findings highlight the importance of in situ sampling to
establish reliable primary production baselines for local food webs.

Keywords: Stable isotopes, Igapo, Varzea, Fruits, Food web, Mixing model.

CORREA, S.B., WINEMILLER, K., CARDENAS, D. Variacion isotopica entre plantas lefiosas de
planicies de inundacion del Amazonas e implicaciones para la investigacion de red tréficas. Biota
Neotropica. 16(2): €20150078. http://dx.doi.org/10.1590/1676-0611-BN-2015-0078

Resumo: La variacion isotdpica dentro de fuentes alimenticias afiade incertidumbre a los modelos
destinados a reconstruir redes tréficas. La comprension de esta variacion es fundamental para la
planificaciéon de protocolos de muestreo para la investigacion de redes alimentarias. Este estudio
investiga la variacion natural en is6topos estables de C y N entre especies de plantas en dos bosques
inundables de la Amazonia noroccidental con biogeoquimica de cuenca contrastantes (varzea-bosques
de aguas blanca e igapo-bosques de aguas negras). Nuestros objetivos fueron comparar las sefiales
isotopicas de 8'*C y 3'°N de hojas y frutos entre bosques; evaluar la magnitud de la variacién en la
composicion isotopica de hojas (varzea: 28 spp., Igapd: 10 spp.) y frutas (varzea:. 22 spp, igapo: 22 spp.)
a nivel local; determinar la variacion en la composicion isotopica de madera, hojas y frutas dentro de una
planta; y evaluar si la variacion inter-especifica en los valores de 8'*C y 8'°N ejerce influencia sobre los
resultados de modelos que predicen la contribucion de fuentes de alimentos terrestres a un consumidor
acuatico. Los valores promedio de 8'*C en hojas y frutos no fueron estadisticamente diferentes entre los
dos tipos de bosque a pesar de las diferencias regionales en biogeoquimica y composicion floristica. Por
el contrario, los valores promedio de 8'°N en hojas y frutos fueron significativamente mas bajos en la
varzea que en el igapd. La alta diversidad floristica de los dos bosques se reflejé en una gran variacion
inter-especifica a nivel local en 3'*C y 8'°N. Comparaciones pareadas revelaron que los valores de §'°C
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de madera y frutas y 8'°N de frutas fueron generalmente mayores que los valores obtenidos para las
hojas de la misma planta. Los resultados sobre la contribucion de diferentes fuentes de carbono a la
biomasa del consumidor cambié de un modelo a otro en funcién a la variabilidad isotopica en las fuentes
alimenticias. Discutimos las implicaciones de la variacion en las fuentes alimenticias para el diseflo de los
protocolos de muestreo, la interpretacion de las sefales isotopicas, y el establecimiento de relaciones
troficas entre plantas y consumidores. Nuestros resultados destacan la importancia de la toma de
muestras in situ para establecer lineas de base fiables de produccion primaria para las redes troficas

locales.

Palabras clave: Isotopos estables, Igapo, Varzea, Frutas, Red trofica, Modelos de mezcla.

Introduction

The use of stable isotopes in ecology has increased steadily
during the past three decades, and ecological applications are
diverse in scope and scale (Dawson et al. 2002, Fry 2006, West
et al. 2006). Stable isotope analysis has become a primary tool
in food-web studies to depict production sources supporting
consumers and to analyze food-web structure (Boecklen et al.
2011, Layman et al. 2012). Use of stable isotopes in food-web
research relies on natural variation in the abundance of stable
isotopes within components of the ecosystem (Peterson & Fry
1987, Fry 2006).

Variation in the ratio of carbon stable isotopes ('*C/'*C
and indicated by 5'*C) in plants is commonly used to trace the
origin of food assimilated by animals. Differential assimilation
of the lighter '>C isotope during photosynthesis, results in
plants having 8'C-depleted tissues relative to atmospheric
CO,. Local abiotic factors (e.g., irradiance, elevation, atmo-
spheric humidity, soil moisture, salinity, and N availability), as
well as plant morphological traits, physiological processes, and
genotype, influence '*C discrimination to varying degrees
(reviewed by Dawson et al. 2002, and Bowling et al. 2008).
As a result, plants have distinctive 3'>C signatures that can be
traced as they are transferred to herbivores and other
consumers at higher levels in the food web (DeNiro & Epstein
1978, Fry & Sherr 1984, McCutchan et al. 2003).

Nitrogen isotopic ratios (*>N/"N as indicated by §'°N) are
commonly used to estimate trophic position of consumers in
food webs because 8'°N accumulates incrementally from the
base to the top of a food chain (Post 2002). 8'°N signatures of
plants are largely influenced by the 3'°N of N sources (Handley
& Raven 1992). Plants are generally '°N depleted relative
to the soils in which they grow (Amundson et al. 2003), as
most plants absorb inorganic forms of N from the soil. Spatial
and temporal variation in N sources, as well as symbiotic
associations and physiological mechanisms of N assimilation
and allocation, cause variation in plant 3'°N isotopic
signatures (reviewed by Evans 2001, Dawson et al. 2002).
Differences among co-occurring species usually range from 0 to
10%o (Evans 2001), with differences of ~ 1%o being considered
biologically significant (Handley & Raven 1992).

Lowland floodplains of the Amazon Basin support large
expanses of highly diverse forests that flood up to 10 m and as
long as 8 months each year (Junk & Piedade 2010). Fruiting
phenology of most trees and liana species in flooded forests is
synchronized with the annual flood (Parolin et al. 2004). This
resource pulse attracts a diverse suite of frugivores, from birds,
bats and monkeys to turtles and fishes (Goulding 1980,
Barnett et al. 2005, Haugaasen & Peres 2007, 2008,
Correa & Winemiller 2014). The high predictability of the flood
pulse in the Amazon favors consumers capable of exploiting
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floodplain resources, therefore riparian terrestrial and aquatic
food webs are subsidized by energy inputs from the flooded
forest (Junk et al. 1997, Oliveira et al. 2006a, Junk & Piedade
2010). Amazonian floodplain forests cover an extensive area,
have high floristic diversity and provide important resources
for diverse consumer taxa. Nonetheless, natural variation in
8'*C and 8'°N in flooded forest plants has seldom been
investigated, especially among samples from the same locality
(e.g., Martinelli et al. 1991, 1992, 1994). Given that local
abiotic factors as well as plant traits cause isotopic variation,
how much variation in isotopic ratios is expected among
species within a local plant community? What is the range of
variation of tissues within an individual plant? How does this
variation influence our ability to link basal producers and
consumers in local food webs?

Stable isotope analysis of relative contributions of flood-
plain carbon sources to Amazon fishes rarely have accounted
for natural variability in local plant communities (e.g., Oliveira
et al. 2006a,b). Moreover, isotopic ratios of Cj; terrestrial plants
usually are assessed from very limited samples of leaves or
composite sample of tree parts without consideration
of variation within and among species or tissue types within
a single plant (e.g., Araujo-Lima et al. 1986, Forsberg et al.
1993). Very little is known on isotopic variation between
vegetative and reproductive tissues, despite the importance of
fruit as food for large suites of invertebrates and vertebrates in
both temperate and tropical ecosystems (Jordano 2000).

Here we assessed between-site, within-site and within-plant
variation in C and N stable isotopes of woody plants in
Amazonian flooded forests and investigated how such varia-
tion affects interpretations of trophic links between primary
producers and aquatic consumers that feed heavily on foods
derived from the flooded forest. Our objectives were to:
1) compare 8'*C and 3'°N of woody plants from forests with
contrasting watershed biogeochemistry and floristic composi-
tion (i.e., neutral, nutrient-rich white water varzea forest and
acidic, nutrient-poor black water igapo forest; Worbes 1997);
2) assess the magnitude of within-site variation in 8'°C and
8"°N of leaves and fruits; 3) determine within-plant variation in
8'3C and 8'°N of leaf and fruit tissues; and 4) test the influence
of isotopic variation on a mixing model predicting the relative
contribution of C sources to the biomass of a fruit-eating fish
species. We hypothesized that 1) woody plants of white-water
and black-water flooded forests have different §!°C and §'°N
signatures; 2) within-site variation in 8'>C in single floodplain
forest sites is smaller than the variation previously reported at a
regional scale in the central Amazonia (Martinelli et al. 1991);
3) non-photosynthetic tissues, particularly fruits, have different
isotopic signatures than leaves from the same plant; and
4) isotopic variation changes the predicted contribution of
different C sources to the consumer biomass.
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Materials and Methods
1. Study sites

We sampled floodplain forests in two areas of the western
Amazon (southern Colombia) with distinct biogeochemistry
but similar climate. The first forest (varzea, which refers to a
forest inundated by sediment-laden white water (Sioli 1984)) is
located on the floodplain between the Amazon and Loreto-
Yacu rivers. Sampling was conducted during the middle of the
rising-water season (February to March, 2007) in the evergreen
flooded forest surrounding three interconnected lakes within
the floodplain (hereafter these will be referred to as the
“Tarapoto Lakes complex”). Sampled lakes included Lago
Shaman (3°47" S, 70°24'W), Lago Tarapoto (sampled at Poza
de Soraida, 3° 49'S, 70° 28'W), and Cocha Larga (3° 49'S, 70°
28'W). Rainfall is estimated at 3325 mm year-1, average
monthly precipitation ranges from 180 + 80 mm to 370 £ 100
mm, and average monthly temperature ranges from 23-28 °C
(1973-2004; Duque et al. 1997). The annual flooding regime
imposes changes in water level of up to 12 m (Duque et al.
1997). Water in these lakes, although dark in color, have
physicochemical properties similar to those of other upper white-
water Amazonian floodplain lakes (pH ranges from 6.2-6.9,
conductivity ranges from 78.1-95.2 uS cm-1, and Secchi disk
transparency ranges from 0.4-0.8 m; Sioli 1984). Soil in the
floodplain is composed of fine sand over sedimentary rocks
formed from a sandy base (Botero 1999). Vegetation corresponds
to a seasonally flooded, medium-height forest over alluvial
deposits of Andean origin (Botero 1999). Plant species richness
in this forest has not been estimated.

The second forest (igapd, which refers to a forest inundated
by acidic water, darkly stained with dissolved humic com-
pounds and containing negligible amounts of dissolved salts
(Sioli 1984)) is located in the lower Apaporis River, a large
black-water river that drains the southwestern portion of the
ancient Guyana Shield. Sampling was conducted during the
high-and falling-water seasons (from late May to early October
2009) in the evergreen flooded forest along the river and in an
adjacent oxbow lake (Lago Taraira, 1°09’S, 69° 29'W). Rainfall
is estimated at 3836 + 486.3 mm year-1, average monthly
precipitation ranges from 258 * 92.3 mm to 370 = 100 mm,
and average monthly temperature ranges from 22.5-27.3 °C
(Correa 2003). The annual flooding regime causes a 9-m
fluctuation in water level, flooding the forest for up to 7-8
months of each year (Correa 2008). Water in the Apaporis has
physicochemical properties similar to those of other black-water
rivers in the Amazon Basin (pH ranges from 5.2-6.5, conductivity
ranges from 5.9-7.4 uS cm-1, and Secchi disk transparency ranges
from 0.6-1.3 m; Sioli 1984). Soil in the floodplain is characterized
as infertile white clay (Defler & Defler 1996). The vegetation
corresponds to a seasonally flooded, medium-height forest
growing on sand deposits and a Precambrian rock basement
(Hoorn 2006). Plant species richness in the flooded forest is
estimated at 215 species, 65% of which are not shared with other
forest types in the area (Clavijo et al. 2009).

2. Sample collection

We collected samples for analysis of '°C and 8'°N stable
isotope ratios from 20 to 30 species of woody plants, at each
site. Species included trees, shrubs, vines, and hemi-epiphytes
that were common at each site, most of which were bearing
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fruits at the time when sampling was conducted. We conducted
sampling inside the flooded forest and along the forest edge
using a canoe; samples from the canopy were obtained by
climbing. In the varzea site, samples of fruits, leaves, and trunk
wood (which included bark and sapwood) were collected from
individual plants in order to assess within-plant and inter-
specific variation. We included wood samples in our within-
plant comparisons to use it as a reference since wood is
reported to be *C-enriched relative to leaves (Badeck et al.
2005). We also collected samples of fruits and leaves in the
igap¢ site. Except for one shrub species (Symmeria paniculata),
none of the sampled species were shared between the two
sites. Botanical vouchers for all species were deposited
in the Colombian Amazon Herbarium (COAH), Instituto
Amazoénico de Investigaciones Cientificas-Sinchi, Colombia.
Taxonomic identifications follow APG III (Haston et al. 2009).

We choose the frugivorous fish species Mylossoma duriventre
(Serrasalmidae, Characiformes) because it is highly abundant in
varzea forests and fruits are the most important component of its
diet during the flood season (S.B. Correa, unpublished results).
We collected samples of fish, seston, leaves of four C; aquatic
macrophytes species (Eichornia crassipes, Pistia stratiotes,
Ceratopteris pteridoides, and Phyllanthus fluitans), and leaves of
a C4 grass species (Paspalum repens) for isotopic analysis. We
sampled fish with gill nets deployed within the flooded forest.
Immediately after euthanasia, we removed a sample of approxi-
mately 2 cm? of muscle tissue from the dorsal region of the flank
below the dorsal fin. Scales and skin we removed before
preservation. We sampled seston with a plankton net, filtered
each sample onto pre-combusted Whatman GF/F filters and
dried it at 60° C for 24 h. We collected several seston samples,
however all but one sample degraded due to improper storage
after the samples were dried.

We preserved samples in NaCl immediately after collection.
This is an effective preservation technique for remote field
settings where ice is not available, and has been shown to have
a negligible effect on 8°C and 3'°N of fish muscle tissue
(Arrington & Winemiller 2002). We rinsed samples twice with
deionized water, soaked them over a 48 h period and dried
them at 60°C for 24 h (fish muscle) or 48 h (plant tissue). We
grinded dried samples to a fine powder using an electric grinder
(Wing-L-Bug, Pike Technologies). We weighed samples to the
nearest 0.1 mg using an analytical balance (Adventurer, Ohaus)
and send them to the Analytical Chemistry Laboratory,
Institute of Ecology, University of Georgia, for analysis of
carbon and nitrogen percentage composition and stable isotope
ratios. Carbon and nitrogen isotope values represent the
deviation from the isotopic ratios of Pee Dee Belemnite
limestone and atmospheric nitrogen, respectively, in delta
notation: 8'3C or 8N = ((R sample / R standard)-1) x
1000. Precision of the isotopic analysis was < 0.11%o measured
as the standard deviation among bovine reference samples.
Because all samples were collected while the forest was flooded,
isotopic variation due to seasonality was not expected. Like-
wise, within-site spatial variation was expected to be low
because sampling was confined to a single floodplain location
containing relatively consistent plant composition.

3. Statistical analyses

We compared mean values of '°C and 8'°N of leaves and
fruits between sites using anova and within-sites using t-tests.
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We compared paired tissue samples taken from a single
individual plant with non-parametric Wilcoxon signed rank
tests in order to test the null hypothesis that isotopic signatures
(8"3C, 8'°N) are equal between tissues. In the event of tied
ranks, P-values were calculated from the exact null distribution
using the COIN package of R (Hothorn et al. 2008). We
conducted Spearman’s rank correlation to determine between
tissue correlations in 3'*C and 8'°N measured from the same
plants. Statistical analyses were conducted in R (version 2.15.1,
R-Core-Development-Team 2012).

To demonstrate the importance of accounting for isotopic
interspecific- and within-plant variability in food-web research,
we ran a series of mixing models to assess the relative
contribution of forest plant material to the biomass of a
primarily fruit-eating fish (Appendix 1; standard length
ranging from 86 to 145 mm; N = 24). Plant material included
in the models were forest fruits and leaves of 20 woody plant
species (both tissues collected from the same individuals)
(Appendix 2), leaves of four C; aquatic macrophyte species
(N = 8), leaves of a C,4 grass (N = 2), and seston (N = 1).
These sources represent the main primary production sources
in Amazonian floodplains (Benedito-Cecilio et al. 2000,
Oliveira et al. 2006b).

We used MixSIR (Version 1.0.4, Moore & Semmens 2008),
a software package that allows for inclusion of isotopic
variation of consumers, sources, and trophic fractionation
rather than relying only on mean values as input. We followed
a similar approach to that of Moore and Semmens (2008) in
which we manipulated ranges of variation in mixing models.
Because we were mostly interested in assessing the influence of
source variation on model results, we only changed variation
for sources and did not vary fractionation values or consumer
isotopic ratios. Model 1: included 4 sources (fruits, C3 aquatic
macrophyte leaves, C4 grass leaves, seston) and one standard
deviation (SD) per source. Model 2: resembled model 1, but we
increased the isotopic variability of each source from 1 SD to
2 SD. Model 3: resembled model 2, but we eliminated isotopic
variation in fruits (SD = 0). Model 4: resembled model 1, but
we replaced fruits with woody plant leaves. Model 5: resembled
model 4, but we eliminated isotopic variability in leaves
(SD = 0). Model 6: resembled model 1, but we eliminated
isotopic variation in all sources (SD = 0). Although
unrealistic, we included models without isotopic variation of
sources (SD = 0) to demonstrate the various effects of isotopic
variation on model results as other popular software packages
build mixing models on mean values without accounting for
variation (e.g., IsoSource, Phillips & Gregg 2003). Fractiona-
tion values used in mixing models (N = 4.39 + 0.05; C = 0.06
* 0.08) follow those in German & Miles (2010) calculated
from plasma of a tropical herbivorous fish.

Results

1. Between-site isotopic variation

Despite differences in biogeochemistry and floristic compo-
sition, the two sites had similar mean 8'3C for both leaves and
fruits. Mean 8'°C of leaves from the varzea (mean = SD, -32.05
+ 2.10%0) was only marginally lower than the mean from
the igapd (mean + SD, -30.63 + 1.86%o; t-test = -2.00, df =
36, P = 0.06). Fruits from both sites had similar mean s3¢C
(mean * SD, varzea: -31.14 £ 2.45%0; igapo: -30.18 £ 1.91%o;
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t-test = -1.44, df = 42, P = 0.16). Leaves and fruits from
the varzea, however, had greater 8!3C variation (Figure 1).

For both leaves and fruits, mean 8'°N was lower for the
varzea (mean * SD, leaves: 1.64 = 1.41%o; fruits: 2.33 *
1.27%o) than igapd (mean + SD, leaves: 4.43 = 1.02%o; fruits:
3.92 + 1.53%0; leaves-t-test = -6.67, df = 36, P < 0.0001;
fruits-t-test = -3.77, df = 42, P < 0.0001; respectively). Fruits
from the varzea revealed less variation in 5'°N relative to those
from the igapo (Fig 2c,g).

C:N ratios of leaves were higher in the varzea than in
the igapé (mean = SD, 28.17 £ 7.79 and 19.16 = 4.91,
respectively; t-test = 3.41, df = 36, P < 0.001). No differences
in C:N ratios of fruits, however, were detected between sites
(mean * SD, 38.55 £ 16.62 and 40.79 £ 19.94, respectively;
t-test = -0.41, df = 42, P = 0.69).

2. Within-site interspecific variation

Within each site, 8'3C and 8'°N of both leaves and fruits
was variable among species. In the varzea, 813C of leaves of 28
species (Appendix 2) ranged 8.4%o (Figure la,b), whereas half
of the species had values that ranged at least 3%o (Figure la).
8'3C of fruits of 22 species (Appendix 2) revealed greater
variation than leaves (range = 11.2%o, Figure 1c,d), and half
of the species had fruit samples that varied by at least 3%o
(Figure 1c). The range in 3'>C of leaves from 10 species from
the igapo site (Appendix 3) was 5.1%o (Figure le,f), with half of
the species varying by at least 3.3%o (Figure le). 8'>C values of
fruits from 22 species (Appendix 3) ranged 6.4%o (Figure 1g,h),
with half of the species varying by at least 2.1%o (Figure 1g).

8'°N of leaves from the varzea ranged 5.1%o (Figure 2a,b),
with half of the species ranging by at least 1.8%o0 (Figure 2a).
3'°N of fruits ranged 4.1%. (Figure 2c,d), with half of the
species ranging by at least 2.2%o (Figure 2c). 8'°N of leaves
from the igapd ranged 3.2%. (Figure 2e.f), with half of the
species varying < 1%o (Figure 2e). 8'°N of fruits was more
variable with a range of 5.8%o (Figure 2g,h), and fruits of half
of the species varied by at least 1.6%o (Figure 2g).

3. Within-plant isotopic variation

Paired comparisons of different tissues sampled from
individual plants from the varzea site showed that, as expected,
8'3C of wood was generally '*C-enriched relative to leaves
(Wilcoxon signed rank test, W = 131, n = 18, P < 0.05), with
an average difference of 1.02%.. Wood of seven species, however,
was *C-depleted by < 0.5%o relative to leaves, and wood
of one species was '*C-depleted by < 1.8%o relative to leaves
(Figure 3a). 8'*C of wood was positively and significantly
correlated with that of corresponding leaves when all taxa
were analyzed (Spearman’s rank correlation, rho = 0.66,
P < 0.05).

8"°N of wood generally was '°N enriched relative to leaves;
however, the difference (0.73%o) was not statistically significant
(Wilcoxon signed rank test, W = 126, Z = 1.76,n = 18, P =
0.08). Only a few species had leaves that were '’N enriched
relative to wood. In three of these species, leaf signatures were
enriched as much as nearly 2%o (Figure 3b). 8'°N of wood was
not correlated with that of corresponding leaves (Spearman’s
rank correlation, rho = 0.22, P = 0.39). Wood C:N ratios
were consistently greater than those of leaves across all species
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Figure 1. Boxplot and frequency distributions of 8'*C of co-occurring plant species from two western Amazonian flooded forest sites with different
biogeochemistry: Tarapoto Lakes complex (varzea): (a, b) leaves (28 species), (¢, d) fruits (22 species); Lower Apaporis River (igapd): (e, f) leaves
(10 species), (g, h) fruits (22 species). The box indicates the distribution of 50% of the species.

(Wilcoxon signed rank test, W = 171, n = 18, P < 0.0001),
with an average difference of 14.7 (1.4 — 75.3).

313C of fruits generally was '*C enriched relative to leaves
(Wilcoxon signed rank test, W = 161, n = 20, P < 0.04), with
an average difference of 0.68%.. Four species, however, have
13C enriched leaves relative to fruits; in one of them, the
difference was nearly 3% (Figure 4a). 8'°C of fruits was
positively correlated with that of corresponding leaves (Spear-
man’s rank correlation, rho = 0.82, P < 0.0001).

3'°N of fruits generally was '>N enriched relative to leaves
(Wilcoxon signed rank test, W = 179, n = 20, P < 0.005),
with a difference of 1.02%.. A few species had leaves that were
5N enriched relative to fruits; in two species, the difference was
nearly 1.5%o (Figure 4b). 8'°N of fruits was weakly correlated
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with that of corresponding leaves (Spearman’s rank correla-
tion, tho = 0.44, P = 0.055). Fruit C:N ratios generally were
greater than those of leaves from the same plant (Wilcoxon
signed rank test, W = 173, n = 20, P < 0.01), with an average
difference of 9.9 (difference values ranged from -6.9 to 44.9).
A few species, however, had fruits with lower C:N ratios than
leaves (Appendix 2).

4. Influence of plant isotopic variation on estimates
of plant contributions to consumers

Estimated relative contributions of primary production
sources to Mylossoma duriventre in the varzea of the Tarapoto
Lake’s complex differed among models as a function of
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Figure 2. Boxplot and frequency distributions of 8'°N of co-occurring plant species from two western Amazonian flooded forest sites with different
biogeochemistry: Tarapoto Lakes complex (varzea): (a, b) leaves (28 species), (¢, d) fruits (22 species); Lower Apaporis River (igapd): (e, f) leaves
(10 species), (g, h) fruits (22 species). The box indicates the distribution of 50% of the species.

source variability. Fruits made the highest contribution to
M. duriventre’s biomass according to MixSIR models that
account for variation in isotopic signatures (1 and 2 SD). The
model with increased variability (2 SD), however, reduced the
predicted median contribution of fruits by 15% while increasing
the median contribution of a C4 aquatic grass by 2%. When
variability in isotopic ratios of fruit was eliminated from the
model (SD = 0), the predicted median contribution of fruit
shifted to zero and C; aquatic macrophytes became the most
important food source. Model fit, however, was low (Table 1).
Similar patterns were found in models in which fruits
were replaced by leaves (Table 1). A model without variation
in isotopic ratios of all sources failed to find a feasible
solution for source contribution to the consumer (results not
shown).
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Discussion
1. Between-site variation

Contrary to our expectation, the two flooded forest sites
analyzed in this study had similar mean values for leaves as well
as for fruits, despite significant within-site variation in 5'*C.
The two sites have similar climatic regimes (precipitation,
humidity, temperature, and hydrological cycle) but different
biogeochemistry. The varzea forest in the Tarapoto Lakes
complex grows over fine-sand sediments accumulated over
sedimentary rocks of Andean origin (Botero 1999) while the
igapo6 forest in the lower Apaporis River grows on white-clay
soil (Defler & Defler 1996) derived from Miocene sand deposits
overlying a Precambrian rock basement (Hoorn 2006). In a
study of basin-wide variation in 8'*C of Amazon terra firme

http://dx.doi.org/10.1590/1676-0611-BN-2015-0078


http://www.scielo.br/bn
http://dx.doi.org/10.1590/1676-0611-BN-2015-0078

Biota Neotrop., 16(2): €20150078, 2016

Isotopic variation Amazonian flooded forests

i

-3-2-101I21Ii45
A 513C (%o)

Annonaceae  Anin (T) 0

Gusp (T)
Cecropiaceae Cesp (T) [
Clusiaceae  Gama (T) C

Vima (T)
Euphorbiaceae Amob (T)

Physp (S) O
Myristicaceae  Irsp (T)
Myrtaceae Myrt2 (S)

Myrt3 (T)
Ochnaceae  Ousp (S) ]
Olacaceae Dusp (T)
Polygonaceae Sypa (T) O
Rubiaceae Alsp (T)

Fasp (S) C
Sapotaceae Micfve (T) [

Misp (T)

Posp (T) [ 1

|
3210123 45
A 315N (%o)

Figure 3. Isotopic variation between trunk wood and leaf tissue of 18 co-occurring plant species from the flooded forest (varzea) of the Tarapoto
Lakes complex, western Amazonia. (a) A8'>C (Wood 8'3C - Leaf 5'3C), (b) A3'*N (Wood 5'°N - Leaf 8'°N). Positive values indicate that wood has
heavier isotopic signatures with respect to leaves from the same individual plant. Species codes follow those in Appendix 2. Plant growth habit is

indicated in parenthesis (T =tree, S =shrub).

forests, Fyllas et al. (2009) found that soil fertility (Ca, K, Mg,
and P) was the best predictor of foliar '*C. In contrast to terra
firme forests of the Amazon, soil characteristics in flooded-
forests may not have a strong influence on plant §*C. The
isotopic composition of plants in additional flooded forest
sites, however, should be examined before making a general-
ization. Mean foliar §'°C values in these two flooded forests
are also congruent with those of terra firme forests in the
Amazon Basin (Table 2), despite the great differences in
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floristic composition of flooded and non-flooded forests even
within a given locality (Campbell et al. 1986, Haugaasen &
Peres 2006, Clavijo et al. 2009).

Woody plants from the igapd of the lower Apaporis
had higher mean 8'°N values for leaves (2.8%o) and fruits
(1.6%0) than plants from the varzea. Differences in mean
annual precipitation (MAP) and mean annual temperature
(MAT) have been identified as main factors contributing to
inter-site variation in site-averaged foliar 5'°N at a global scale
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Figure 4. Isotopic variation between fruits (pulp and seeds) and leaves of 20 co-occurring plant species from the flooded forest (varzea) of the
Tarapoto Lakes complex, western Amazonia. (a) A3'3C (Fruit 8'3C - Leaves §'°C), (b) A8N (Fruit 5'°N - Leaves SISN). Positive values indicate
that fruits had heavier isotopic signatures with respect to leaves from the same individual plant. Species codes follow those in Appendix 2.
Plant growth habit is indicated in parenthesis (T =tree, S =shrub, V =vine).

(Handley et al. 1999, Amundson et al. 2003). The two forest
sites analyzed in this study, however, have very high and
similar MAP (3.3 m and 3.8 m in the varzea and igapo,
respectively). MAT in the igapo site (25°C) falls within the
range of mean monthly temperature (23 — 28°C) registered at
the varzea site. Thus it is unlikely that such relatively small
differences in precipitation and temperature are causing the
observed differences in isotopic signatures.

http://www.scielo.br/bn

However, in addition to climate, plant 8'°N vary as a
function of soil 8'°N (Handley & Raven 1992). In a study of
soil chemistry in Amazon flooded forests sampled during the
dry season, Furch (1997) found no significant differences in
total N content between a varzea and an igapd forest site.
Nitrogen content, however, was higher in the humic layer in
the varzea soil, but the top mineral layer (0-10 m) in the igapd
site contained twice the amount of N than the same layer in the
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Table 1. Median and 5th-95th percentile ranges (in parentheses) of source contributions to biomass of a flooded-forest frugivorous fish (Mylossoma
duriventre) estimated from MixSIR mixing models with uninformative priors. 10 x 10° interactions were carried out per model. ¥ < 1000 posterior
draws indicates poor model fit. MIR = maximum importance ratio < 0.01 indicates good model fit (Moore and Semmens 2008). SD = standard

deviation. NA = not applicable.

Model variability Fruits Leaves C; aquatic macrophytes C,4 aquatic grass Seston MIR
1) 1SD 0.82 (0.78-0.86) NA 0.01 (0.00-0.02) 0.16 (0.13-0.20)  0.01 (0.00-0.03) 0.003
2) 2SD 0.67 (0.58-0.76) NA 0.03 (0.00-0.11) 0.18 (0.12-0.24)  0.10 (0.01-0.22) 0.000
3) Fruit SD = 0 0 (0.00-0.01) NA 0.83 (0.82-0.85) 0.17 (0.15-0.18) 0 (0.00-0.01) 0.042%
4) 1SD NA 0.76 (0.73-0.79) 0.01 (0.00-0.03) 0.23 (0.20-0.25)  0.01 (0.00-0.03) 0.004
5) Leaf SD = 0 NA 0 (0.00-0.01) 0.83 (0.82-0.85) 0.16 (0.15-0.17) 0 (0.00-0.01) 0.044+

Table 2. Foliar 5 '>C (mean * SD) reported from single forest sites in the Amazon Basin. N = number of samples analyzed, followed by the
number of species in parenthesis. Forest layer: C = canopy, U = understory, LC = lower canopy, UC = upper canopy. Source: | = Medina and

Minchin (1980), 2 = Ometo et al. (2006), 3 = Martinelli et al. (1998).

5 3C N Forest layer Forest type Region Country Source
-32.1 £ 2.1%0 28 (28) C&U Varzea Western Amazonia Colombia This study
-30.6 £ 1.9%o 24 (10) C&U Igapd Western Amazonia Colombia This study
-28.7 £ 1.7%o 50 ucC Terra-firme Western Amazonia Venezuela 1
-34.3 £ 1.5%o0 5() LC Terra-firme Western Amazonia Venezuela 1
-30.5 £ 1.4%o 4 (4) ucC Caatinga Western Amazonia Venezuela 1
-33.4 £ 1.5%o 909 LC Caatinga Western Amazonia Venezuela 1
-35.2 £ 1.2%o 11 (11) U Caatinga Western Amazonia Venezuela 1
-31.9 £ 2.2%o 40 (n/a) C&U Terra-firme Central Amazonia (Roraima) Brazil 2
-32.2 £ 2.5%0 133 (n/a) C&U Terra-firme Central Amazonia (Amazonas) Brazil 2
-32.6 = 2.7%0 42 (n/a) C&U Terra-firme Central Amazonia (Amazonas) Brazil 2
-32.8 £ 2.2%o 150 (n/a) C&U Terra-firme Central Amazonia (Para) Brazil 2
-32.1 £ 2.6%o0 280 (n/a) C&U Terra-firme Central Amazonia (Para) Brazil 2
-32.1 £ 1.5% 208 (=~ 100) C Terra-firme Southern Amazonia (Rondodnia) Brazil 3

varzea site. Soils of various natural ecosystems have increased
>N enrichment along the vertical profile (Handley & Raven
1992). Thus, perhaps igapo plants are using N from a deeper
>N enriched pool. Lastly, differences in watershed biogeo-
chemistry may also influence differences in plant 8'°N between
our sampled sites. For instance, terra firme forest growing on
white sand, which are N limited, have significantly lower foliar
3'°N relative to forests growing on other soil types in the
Amazon region, including varzea forests (Martinelli et al.
1999). Analysis of the isotopic composition of varzea and igapo
soils from multiple sites would help elucidate causes of inter-
site differences in plant 8'°N.

2. Interspecific isotopic variation

Natural variation in 8'>C among flooded forest plants has
seldom been investigated, especially among samples from the
same locality. Contrary to our expectation, isotopic variation
among plants at our two western Amazon sites (varzea and
igap6) was comparable to the variation reported from
composite samples collected from varzea forests along a
1,800-km stretch of the central Amazon River (Martinelli
et al. 1991). At a regional scale, a longitudinal gradient of *C
enrichment in foliar tissue of trees and understory plants occurs
as a result of greater recycling of *C-depleted biogenic CO, in
the western portion of the Amazon Basin. In general, tree

http://dx.doi.org/10.1590/1676-0611-BN-2015-0078

leaves from the easternmost site are enriched as much as 3%o
and understory leaves as much as 4%., with respect to leaves
from the westernmost site (Martinelli et al. 1991). At a local
scale, foliar 8'3C values of half the species we sampled at a
single forest site fell within a range of 3%o.

The variation in foliar 8'*C among co-occurring species
revealed in the present study is comparable to levels of
interspecific within-site variation found in other terra firme
forests in the Amazon Basin (e.g., 9 to 12%o at four forest sites
(see Figure 1 in Ometto et al. 2006), 8%o at a forest site in
southern Amazonia (Martinelli et al. 1998)). One of the
explanations for large within-site variation in 8'°C is the
“canopy effect” that causes leaves closer to the forest floor to
have more '*C-depleted 8'>C signatures relative to leaves in the
upper canopy. Two hypotheses have been postulated to explain
this pattern. One idea is that light availability influences CO,
concentration within leaf intercellular spaces (Farquhar et al.
1982), and the other proposes vertical stratification in the
isotopic composition of forest CO, (Medina & Minchin 1980).
Contrary to patterns described for terra firme forests, some of
the lowest 3'*C values in the two flooded forests we sampled
(<-33%0) came from tree leaves collected from the crown
(Appendices 1 and 2). Martinelli et al. (1994) hypothesized that
proximity to the river may promote better mixing of atmo-
spheric and '*C-depleted biogenic CO, that, in conjunction
with better light penetration, may prevent the occurrence of a
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strong “canopy effect” in flooded forests. Since the samples
analyzed in this study included partially submerged species
growing at different heights (e.g., small and large trees, shrubs,
and vines) and under different light conditions (e.g., inside the
forest and along the edge), the variation depicted by these data
sets are examples of the natural distribution of §'*C among
woody plants at a single forest site. Larger sample sizes within
each stratum would be needed to test for effects of plant height
or distance from the river’s edge.

The two flooded forest sites analyzed in this study also
revealed significant variation in 8'°N among co-occurring
species. Such ranges are similar to those reported for foliar
8"°N among non-N»-fixing woody plants in a virzea forest
(ca. 5.5%0, Figure 2 in Kreibich et al. 2006) and a terra firme
forest (5.5%o0, Ometto et al. 2006) sampled during the dry
season near Manaus in the central Amazon Basin. Wider
ranges of variation in foliar 8'°N among non-N,-fixing woody
plants have been reported in other tropical terra firme forests,
including three sites within the Amazon Basin (7-8%o, Ometto
et al. 2006).

Within-site variation in foliar '°N is partially explained by
the presence of N,-fixing species. Although N,-fixers generally
have 8'°N signatures slightly lower than that of atmospheric
N> (i.e., from —1 to —2%o, Shearer & Kohl 1991), non-N,-fixers
also can have low 3'°N (e.g. Domenach et al. 1989, Roggy et al.
1999, Kreibich et al. 2006). Samples from the varzea of the
Tarapoto Lakes complex did not include legume species, and
only three legume species were sampled in the igapd of the
lower Apaporis River. Foliar 8'°N of those three species,
however, had values > 3%o suggesting that these are most
likely non-N,-fixers. Access to alternative N pools due to
mycorrhizal associations and differential root depth can cause
8'°N variation among non-N,-fixing plants (Handley & Raven
1992, Hogberg 1997). In a varzea forest site near Manaus,
Kreibich et al. (2006) found a non-N,-fixing tree species
with high ectomycorrhizal density having lower 8'°N than
co-occurring non-N,-fixing species without mycorrhiza. Roggy
et al. (1999) found longer roots and more depleted 3°N
signatures among non-N,-fixing pioneer species compared with
primary-forest species in a terra firme rainforest site in French
Guiana. In flooded forests, root length can reach up to 30 m in
some species (Worbes 1997), but the relationship between
root length and foliar 8'°N remains to be examined in these
forests.

3. Within-plant isotopic variation

As expected, wood and fruit had different isotopic
signatures than paired leave samples. Generally, non-photo-
synthetic tissues in C; plants are '’C-enriched relative to
leaves (Cernusak et al. 2009). Paired wood and leaf samples of
trees in a terra firme forest in the southwestern Amazon
revealed variation in 8'3C (range = —0.85 to +9%., n = 33
trees; Martinelli et al. 1998) larger than that observed in the
varzea of the Tarapoto Lakes complex. Although the pattern of
13C enrichment in wood relative to leaves appears to be
widespread across diverse taxa and ecosystems, causal mechan-
isms remain poorly understood (Bowling et al. 2008), and a
combination of processes likely contribute to this pattern
(Cernusak et al. 2009).

Within-plant variation in 8'°N is usually < 3%o between
leaves and roots from plants in temperate deciduous forests

http://www.scielo.br/bn

and tallgrass prairies, while desert plants can have up to 7%o
individual variation (Evans 2001). Greater '*N-enrichment of
trunk wood (i.e., bark and sapwood) relative to leaves was
apparent for most of the plant species analyzed in the Tarapoto
Lakes varzea; however, this pattern may not be repeated in
other ecosystems. For example, lower 8'°N values in trunk
wood relative to those of leaves were found among a N,-fixing
legume (Prosopis glandulosa) in the Sonora Desert (Shearer
et al. 1983). Differential N values among tissues are the result
of internal N cycling within plants (Shearer et al. 1983).

Our results regarding a generalized '>C enrichment in fruit
relative to leaves in a varzea forest represent a significant
contribution to the little existing evidence for isotopic variation
between fruits and leaves among woody plants. A recent study
of mangrove forests revealed that fruits of most species had
13C-enriched signatures and lower C:N ratios relative to leaves
(Figure 3 and 7 in Muzuka & Shunula 2006). Under experi-
mental conditions, 8'3C signatures seeds of an evergreen tree
(Lithocarpus densiflorus) from the western United States, were
less negative (>2%o) than leaves (Kennedy et al. 2004). Among
herbaceous crops, 8'3C signatures of chickpea pods and seeds
were enriched by at least 3.1 and 4.7%o, respectively, relative to
leaves under experimental conditions (Behboudian et al. 2000);
and soybean pods were enriched by 1 to 2%, relative to somatic
tissues (Yoneyama et al. 2000). Varied enrichment in these
herbaceous species and among varzea plants suggests that
higher 8'3C of fruits relative to leaves is species specific.

Mechanisms causing variation in 8'°C of fruits and
leaves within an individual plant remain poorly understood.
Movement of compounds with differential isotopic composi-
tion inside the plant (Kennedy et al. 2004), respiratory
differences among tissues, and recycling of CO, inside the
pod (Behboudian et al. 2000) are hypothesized as possible
causes for the differences in 5'°C between seeds and leaves.
Fruit age also could influence isotopic variation, although,
Handley and Scrimgeour (1997) found that 8'>C of fruits from
one shrub species increased as they matured, but for a different
shrub species in the same field values declined by 3%o during
maturation. Sampling larger samples of fruits and leaves at
multiple developmental stages and from a greater number of
species would clarify these relationships.

Information concerning variation in & "N of fruit and
leaves is even more limited. Patterns of '*N enrichment in fruits
relative to leaves are consistent across three dominant shrub
species in a successional field in Scotland (Handley &
Scrimgeour 1997). In contrast to the patterns of enrichment
in fruits observed among most varzea plants, fruits of
P. glandulosa in the Sonora Desert had slightly lower 3'°N
signatures than leaves (Shearer et al. 1983). Soybean pods also
had lower 8'°N than vegetative parts (Yoneyama et al. 2000).

4. Implications of plant isotopic variation for
food-web research

Requirements for multiple samples from species, indivi-
duals, and tissues will obviously be determined by the research
question and spatiotemporal scale of the study. 8'°N of leaves
in our igap¢é forest were enriched by an average of 2.8%o with
respect to leaves from the varzea site. Because 8'°N usually
increases 2-4%o per trophic level (Post 2002, Vanderklift &
Ponsard 2003, German & Miles 2010), establishing a reliable
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baseline is essential for estimation of consumer trophic
positions.

In addition to between-site differences in 8'°N, our isotopic
analysis from multiple species showed wide inter-specific
variation in 8'3C and 8'°N at a given location. Samples
encompassing plant taxa with diverse physiological attributes
(e.g., Np-fixers- and non-N,-fixers), growth forms, and micro-
habitats (e.g., understory, canopy, inside forest, and edge) are
needed in order to characterize natural within-site isotopic
variation. This is especially true in species-rich ecosystems,
such as tropical forests. For example, including only N,-fixers
or only non-N,-fixers could produce different mean 3'°N
values for macrophytes at the base of the food web (e.g., Roggy
et al. 1999, Kreibich et al. 2006). In our study, 55N showed
significant between- and within-site variation, and therefore
in situ data should be used to establish primary production
baselines for local food webs.

Large within-site variation in both 8'>C and 8'°N observed
at both sites in this study also emphasizes the need to use
mixing models that can account for isotopic variation in basal
production sources suspected of supporting consumer biomass
(e.g., MixSIR, Moore & Semmens 2008). As expected, the
results of a mixing model predicting the relative contribution of
different food sources to a fruit-eating fish were largely
influenced by isotopic variation. The mixing model that used
mean sources values without variability failed to find feasible
source contributions to Mylossoma duriventre at our varzea
site. This is because the fish fell outside the mixing polygon
connecting mean source values (Figure 5; Phillips & Gregg
2003). The magnitude of variation for a particular source (e.g.,
none, 1 SD, 2SD) greatly influenced model results for this
consumer. Stomach contents analysis revealed that fruit is the
most important food for M. duriventre during the flood season
(Appendix 1). Models that accounted for variability in both
313C and 8'°N of fruit confirmed that fruit accounts for a large

fraction of M. duriventre’s diet. Fish frugivory in Amazonian
flooded forest is facilitated by high fruit production as most
plants have their fruiting phenology synchronized with the
flood season (Parolin et al. 2004). When only mean isotopic
ratios were included, the model predicted that C; aquatic
macrophytes had the greatest contribution; however, aquatic
macrophytes were not found in stomachs. Aquatic macro-
phytes may contribute to fish diets during the dry season,
particularly in white-water rivers where macrophytes are
abundant. Fruits have heavier 3'*C and 8'°N than leaves
which allowed for fairly good estimates of contributions of
these sources to consumer biomass.

5. Conclusions

Within-source isotopic variation increases uncertainty in
mixing model results (Boecklen et al. 2011, Fry 2013), and
understanding of this variation is pivotal for sampling
protocols for food-web research. Here we demonstrated that
mean 8'°N but not §'°C differ between riparian plants from
varzea and igapd forests of the Amazon. Within-site inter-
specific variation in 8'3C and 3'°N was large, and fruits had
heavier 8'°C and 8'°N than leaves of the same plant. Large
between-site variation in 8'°N emphasizes the need for in-situ
sampling in order to establish reliable baselines for local food
webs. Large interspecific variation in both 3'°C and §8'°N of
forest plants influenced the outcome of MixSIR models
predicting contribution of terrestrial food sources to an aquatic
consumer in a local food web. Differences in isotopic signatures
among tissues within plants increased the ability of MixSIR
models to correctly identify the most important food source.
Thus, local inter-specific and among-tissue isotopic variation
should be considered in sampling of basal production sources
and modelling their relative contribution to consumer biomass.
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Figure 5. Carbon and nitrogen stable isotope ratios (mean + SD) of a frugivorous fish and potential food sources (abundant primary producers) in
the flooded forest (varzea) of the Tarapoto Lakes complex, western Amazonia. Small black diamonds represent isotopic signatures of individual
fish. Fish positions were adjusted to account for trophic fractionation. Dashed polygon connects mean source values; dotted oval encloses sources

within approximately one standard deviation of the mean.
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Supplementary material

Appendix 1. Diet of Mylossoma duriventre assessed from the volumetric analysis of stomach contents of 55 individuals caught
during the rising waters season of 2007 in the flooded forest (varzea) of the Tarapoto Lakes complex, western Amazon Basin.
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Appendix 2. Isotopic and elemental ratios of leaves and fruits of woody plants (n = 28 and 22 species, respectively) in the

flooded forest (varzea) of the Tarapoto Lakes complex, western Amazon Basin. Species: indet. = indeterminate. Growth habit:
Pl = palm, S = shrub, T = tree, Li = liana. Tissue: L = leaf, F = fruit (pulp and seed/s), S = seed only, P = pulp only.
Maturity: M = mature, R = ripe, I = immature. *Species included in mixing models assessing the relative contribution of
different food sources to a frugivorous fish.

Family Species Code Growth Tissue Maturity 313¢C 35N C:N
habit Ratio

Annonaceae Annonaceae indet. Anin* T L M -29.52 1.64 27.46
P I -28.62 3.35 50.80

Guatteria sp. Gusp* T L M -32.97 0.46 24.90

F I -32.70 1.87 44.95

Apocynaceae Tabernaemontana sp. Tasp* S L M -29.73 1.16 18.37
F | -29.55 3.76 23.41

Blepharodon sp. Blsp Li L M -32.21 4.73 14.19

Arecaceae Bactris sp.1 Baspl* Pl L M -34.08 0.34 36.96
S n/a -33.61 3.40 74.68

Bactris sp.2 Basp2* Pl L M -33.90 0.85 28.64

F R -32.65 3.40 58.16

Bactris sp.3 Basp3 Pl F I -30.76 1.60 44.30

Clusiaceae Garcinia macrophylla Gama T L M -30.57 1.21 31.17
Euphorbiaceae Amanoa oblongifolia Amob T L M -30.19  -0.28 30.72
Croton bilocularis Crbi T F 1 -29.25 1.15 18.66

Phyllanthus sp. Physp S L M -32.64 1.21 22.59

Hypericaceae Vismia macrophylla Vima* T L M -32.96 1.04 33.59
F n/a -35.33 2.68 28.56
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Family Species Code Growth Tissue Maturity 313C 315N C:N

habit Ratio

Melastomataceae Mouriri grandiflora Mogr* T L M -34.31 2.47 30.63

F R -32.53 4.23 75.48

Tococa guianensis Togu S L M -31.47 2.71 24.52

Myristicaceae Iryanthera sp. Irsp* T L M -33.47 0.82 27.78

F I -32.01 1.91 39.80

Myrtaceae Myrtaceae indet. 1 Myrtl T L M -34.61 2.52 34.35

Myrtaceae indet. 2 Myrt2* T L M -35.41 -0.33 34.69

T F R -32.62 1.13 41.10

Myrtaceae indet. 3 Myrt3* T L M -33.01 2.18 42.51

F 1 -31.06 2.68 46.04

Ochnaceae Ouratea sp. Ousp* S L M -27.03 3.32 36.02

F R -24.97 4.40 30.93

Olacaceae Dulacia sp. Dusp* T L M -33.69  -0.11 32.21

F R -33.30 2.63 31.01

Polygonaceae Symmeria paniculata Sypa* S L M -29.84 2.56 36.45

S I -29.60  4.18 43.34

Rubiaceae Alibertia sp. Alsp T L M -32.12 4.65 15.98

Faramea sp. Fasp* S L M -33.21 2.88 26.70

F I -36.17 1.39 21.54

Psychotria sp. Pssp* S L M -30.89 4.21 15.00

F R -29.83 3.08 20.18

Sapindaceae Paullinia sp. Pasp* Li L M -32.07 0.19 33.89

F 1 -30.53 1.62 46.97

Sapotaceae Micropholis cf. Micfve* T L M -31.39 1.42 38.85
venulosa

P 1 -29.93 1.01 43.52

Micropholis sp. Misp T L M -35.22 1.24 27.23

Pouteria sp. Posp* T L M -32.82 0.67 29.62

F 1 -30.96 0.52 22.72

Urticaceae Cecropia sp. Cesp* T L M -28.70 1.44 18.23

F I -29.01 0.88 22.84

Vitaceae Cissus sp. Cisp* Li L M -29.48 0.75 15.63

F I -30.00 0.29 19.10

Appendix 3. Isotopic and elemental ratios of leaves and fruits of woody plants (n = 10 and 22 species, respectively) in the flooded
forest (igapo) of the lower Apaporis River, western Amazon Basin. Values represent mean + SD. Species: indet. = indeterminate.
Growth habit: H = hemi- epiphyte, Pl = palm, S = shrub, T = tree, Li = liana. Tissue: L = leaf, F = fruit (pulp and seeds),
S = seed only, P = pulp only. Maturity: M = mature, Y = young, R = ripe.

Family Species Growth Tissue Maturity 313C 315N C:N Ratio N
habit

Apocynaceae Marsdenia rubrofusca Li L Y&M -28.85 % 0.80 476 + 048 17.22 £ 455 4
S R -26.97 5.35 18.29 1

Aquifoliaceae Ilex sp. S F R -31.43 + 096 4.29 £ 0.39 4236 + 10.70 5
Arecaceae Bactris riparia Pl P R -32.83 5.62 47.70 1
Astrocaryum jauari Pl P R -29.57+ 0.28 5.15 £ 0.17 33.89 £ 2.02 2

Chrysobalanaceae Indet. T L Y -32.47 6.59 23.66 1
Ebenaceae Diospyros poeppigiana T S n/a -31.14 2.67 43.82 1
Euphorbiaceae Alchornea discolor T F R -27.60 1.24 19.13 1
Mabea nitida T L M -33.69 3.93 22.90 1

Fabaceae Inga sp.1 T L Y -30.14 £ 0.16 3.45 £ 041 1512 £ 1.24 2
P R -30.45 £ 1.14 0.77 £ 0.24 2243 £ 196 3

Inga sp.2 T L Y -31.60 3.41 12.53 1
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Appendix 3. Continued.

Family Species Growth Tissue Maturity 313C 3N C:N Ratio N
habit
Macrolobium T L Y -28.61 5.83 13.72 1
acaciifolium
S R -27.89 4.02 29.21 1
F R -30.52 4.26 34.80 1
Lauraceae Nectandra egensis T L M -30.86 £ 0.57 4.11 £ 0.52 26.66 £ 3.37 3
F R -29.78 £ 1.11 3.82 + 1.21 65.67 £ 23.03 3
Malpighiaceae Byrsonima japurensis T F R -32.60 £ 0.23 3.97 + 091 71.85 3
Melastomataceae  Miconia splendens T F n/a -29.38 4.14 33.01 1
Tococa coronata S F R -30.54 6.35 24.09 1
Moraceae Ficus americana H L Y&M -3246 £ 0.23 4.07 £ 0.63 2448 + 343 2
F R -31.86 £ 0.87 4.37 + 046 47.63 £ 7.18 3
Myrtaceae FEugenia sp. T F R -33.32 0.60 85.96 1
Psidium densicomum S L Y&M -29.07 £ 198 420 + 0.82 17.60 £ 501 6
Ochnaceae Quiina amazonica S F R -26.88 3.22 49.51 1
Polygonaceae Symmeria paniculata S L Y -28.57 £ 1.26 3.99 + 1.06 17.69 + 2.17 3
Rubiaceae Psychotria cf. lupulina S F R -31.46 £ 1.67 4.86 £ 0.69 23.86 £+ 497 4
Bothriospora corymbosa S F R -29.51 £ 0.76 545 £ 0.68 2224 £ 1.14 4
Genipa americana T F R -29.40 £ 0.57 3.59 + 427 43.09 £ 17.53 2
Amaioua guianensis T F R -32.18 341 78.12 1
Sapindaceae Matayba guianensis T F R -31.02 £ 1.14 3.72 + 1.08 4495 £ 641 4
Simaroubaceae Simaba orinocensis T P R -27.68 5.46 15.76 1
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